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This is the main source document regarding the topic “Age, growth, and reproduction” for the “Center Review of Fishery Independent and Dependent Data for Stock Assessments.” It also outlines a food habits monitoring program, which will be reported under other topics during the data review meeting. The document itself is organized to discuss the scope of the Population Biology Branch, which has the primary responsibility within the NEFSC for generating life history and food habits data for single-species and ecosystem assessments. Some Branch data and products are directed to assessments conducted outside the NEFSC, particularly activities in the Apex Predators Program, and these elements will not be covered by this particular data review meeting. Nonetheless, the total responsibilities and activities of the Branch are presented herein; the presentation scheduled for August 5 will select those Branch activities of direct interest to the agenda.


The Population Biology Branch is one of three branches with the NEFSC’s Fisheries and Ecosystems Monitoring and Analysis Division. The other two are the Ecosystem Survey Branch and the Fisheries Sampling Branch, representing fishery-independent and fishery-dependent sampling and data programs, respectively.



Activities of the Population Biology Branch are organized as three programmatic units: 

1) the Fishery Biology Program investigates the biology of fishes, primarily bony fishes; 

2) the Apex Predators Program does the same, primarily for elasmobranch fishes; and 

3) the Food Web Dynamics Program focuses on predator-prey relationships and feeding rates. 

These programs are linked with other NEFSC Branches and external partners to meet core mission goals, primarily to 1) monitor status and trends, 2) investigate biological and ecological processes, and 3) predict population dynamics of the northeast U.S.’s living marine resources.



The Branch collects and processes biological samples, and it enters and audits data into a number of NEFSC “enterprise” data bases, all of which are used for resource and ecosystem assessments. Sample and data sources are both fishery independent and fishery dependent, including cooperative research partnerships with industry. Major tasks common to each program are: 

1) quality control and quality assurance (QA/QC) of data from sample processing;

2) entering such data in databases that are audited in a timely manner and readily available to Center staff and external partners;

3) development and reporting of best practices at assessment meetings and in the technical literature;

4) biological and ecological investigations to document patterns and understand processes in the marine ecosystem, many leading to peer-review publications.  



The program is linked by streams of samples, data, and products to other NEFSC units as well as external partners. In its most integrated form, production aging is fully embedded between initial sample collections (i.e., port sampling, NEFSC surveys, observer coverage, or specific cooperative research projects) and delivery of audited data directly to NEFSC assessment biologists. NEFSC data on sharks are routinely requested by NMFS’ Highly Migratory Species Division for inclusion in resource assessments. Food habits data have also been directly integrated into resource assessments, particularly for forage species such as Atlantic herring, northern shrimp, and squid species, but also to develop an ecosystem approach to management in the northeast region. 



The technical expertise of the Branch is as highly regarded as its scientific expertise. Branch staff are frequently requested for training in methods, reporting of best practices, data summaries and interpretation of analyses, collaborative partnerships, and participation on scientific working groups. 
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The following sections provide more details about each program within the Population Biology Branch. Routine summaries of program activities can also be found annual reports to the Northwest Atlantic Fisheries Organization (NAFO; e.g., Sosebee [2012]. United States Research Report for 2011 (NAFO SCS Doc. 12/07). 
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This program investigates age, growth, and reproductive biology of bony fishes and selected invertebrates, particularly New England groundfishes and a variety of economically important species to the mid-Atlantic seaboard.  Core program tasks are centered on production aging and measurement of reproductive potential. Both tasks map directly into NMFS core mission goals, particularly to estimate and predict yield and spawning stock biomass, in support of sustainable single-species and ecosystem management. 



Primary linkages of this program’s samples, data, reports and other products are with NEFSC’s: 1) fishery-dependent (Fishery Sampling Branch), 2) fishery-independent (Ecosystems Survey Branch), and 3) assessment (Population Dynamics Branch) operations. 



Routine reporting of data and information at a national and international level includes: 1) SAW/SARC (Stock Assessment Workshop/Stock Assessment Review Committee); 2) assessments associated with state boundary fish under the auspices of the ASMFC (Atlantic States Marine Fisheries Commission); 3) assessments associated with Canada and the TRAC (Transboundary Resource Assessment Committee) process; and 4) the NEFSC’s report to NAFO (Northwest Atlantic Fisheries Organization).
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A major component of the Fishery Biology Program is production aging of ‘hardpart’ samples (e.g., otoliths or scales) for resource assessments. Aging of fishes at the NEFSC, or its predecessor agencies, has occurred since the 1930s. The Woods Hole laboratory developed or standardized the methods for many of the regional species (Penttila and Dery, 1988). The ‘hardparts’ (i.e., scales, otoliths, valves) used for aging have been archived and are regularly requested for re-examination or repurposing (archive loan policy is available on the website).



In 2012, the Program completed nearly 60,000 ages for 15 species (Table 1). In addition, ~21,000 summer flounder were aged, audited, and entered into an enterprise database for a special project (in collaboration with a one-time project to measure sex-specific ages from different fishery sectors, funded by the Partnership for Mid-Atlantic Fishery Science). Species aged as recently as 2011, but not aged in 2012, were Silver Hake, Pollock, and Goosefish.



In 2013, production ages have already been used by assessment biologists to determine age compositions, recruitment strength and growth dynamics in formal assessments of 5 species (Atlantic cod, haddock, yellowtail flounder, white hake, and summer flounder, so far). That information is used to inform the scientific basis for determination of stock status, biological reference points and annual catch limits. 



Table 1. Tabulation of production aging by the Fishery Biology Program in 2012

		Species

		Method

		Number aged



		Atlantic Cod

		Otoliths (sectioned)

		12,167



		Haddock

		Otoliths (sectioned)

		  9,421



		White Hake

		Otoliths (sectioned)

		  7,468



		Yellowtail Flounder

		Scales

		  7,175



		Winter Flounder

		Scales, Otoliths (whole, sectioned)

		  3,600



		Summer Flounder

		Scales, Otoliths (sectioned)

		  3,463



		Butterfish

		Otoliths (whole)

		  2,843



		Scup

		Scales

		  2,821



		Witch Flounder

		Otoliths (sectioned)

		  2,785



		Black Sea Bass

		Scales, Otoliths (whole)

		  2,115



		Acadian Redfish

		Otoliths (sectioned)

		  2,018



		Atlantic Herring

		Otoliths (whole)

		  1,276



		Atlantic Mackerel

		Ototiths (whole)

		  1,006



		American Plaice

		Otolith (sectioned)

		     710



		Surfclam

		Chondrophore (sectioned)

		     443



		Total (2012)

		

		59,311









QA/QC.- The Program has procedures to maintain 1) accuracy and 2) precision in age determinations. 



1) Accuracy: Through the use of reference collections, personnel each year determine the degree of bias or deviation of their aging results compared to previous years. The Program also partners with other agencies, by exchanging age structures and inter-reader results, to maintain inter-lab consistencies when age data are shared. In 2011, haddock, cod, and winter flounder age structures were exchanged with age readers from the St. Andrews Biological Station (Fisheries and Oceans, Canada) and the Massachusetts Department of Marine Fisheries. Also in 2011, more formal ‘workshops’ were held for Bluefish, Atlantic Halibut, and Pollock, where agers met in a common venue to compare and establish consistent ageing protocols.



2) Precision: A subsample of specimens is re-aged blindly by personnel to assess deviation from 1:1 equivalence. A test of symmetry is used to detect any systematic differences between the original ages and the random test. In addition, if the coefficient of variation is under 5%, the ages are considered precise. 



These results are posted on our website (http://www.nefsc.noaa.gov/fbp/QA-QC/). 

The volume of material aged requires a high degree of integration of processes and programs. This is best exemplified by fishery-independent collections run by NOAA, where the Fisheries Scientific Computer System (FSCS) system can follow a barcoded sample from initial trawl tow to final data entry. FSCS identifies which fish to sample, based on the statistical design for each cruise. Otolith or scales are bar-coded at sea and electronically monitored through all subsequent processing samples, which amounts to several additional processing steps in the laboratory and at the point of aging each species. Purchases associated with ‘off the shelf’ bar-coding technology – and the investment required to extend and troubleshoot the process through multiple steps – is paying off with increased processing rates and reduced error rates. This level of coordination and efficiency is not yet available from port samples or at-sea observers on industry or recreational fleets.

This program partners with many external groups. Age “exchanges” or “workshops” occur routinely, as described above (QA/QC: Accuracy). In the past two years, the Program trained an age reader and oversaw the ageing of over 20,000 summer flounder as part of an external grant to the “Partnership for Mid-Atlantic Fisheries Science;” these data regarding sex-specific age-length keys from different fishery sectors, are being using in the new benchmark assessment for summer flounder (SAW/SARC 57). Recently, the lead black sea bass ager traveled to Rutgers University to train a graduate student on production ageing of that species. Also, the aging of winter flounder collected by the State of Massachusetts has been transferred back to the State, as their resources for this task have been re-established after approximately a decade of insufficient funds to operate their aging program.



In addition to these routine QA/QC operations and support of external aging programs or projects, a ‘research track’ exists to evaluate existing or developing methods. These are more opportunistic in nature, determined by available funding, time, and partnerships. In the past year or two, largely with the support of SAIP (Stock Assessment Improvement Program) funds, the following methods have been explored:



· Full integration of bar code technology, from at sea sampling on the FSV Bigelow to data entry of final age assignments (described above).

· In 2012, the Program developed and tested new methods of aging for 9 species (Atlantic Cod, Pollock, Red Hake, White Hake, Cusk, Tilefish, Wolfish, Winter Flounder, Windowpane, and Summer Flounder). Goals ranged from testing new processing methods of existing production species (e.g., increasing processing or age assignment rates while maintaining or improving quality of final age assignments) to developing production methods for species not currently aged routinely or at all.

· Validate annuli (i.e., the optical rings) as having an annual frequency in Atlantic Herring (Wuenschel, pers. comm.), American Shad (Duffy et al. 2011, 2012), Black Sea Bass (Robillard and Sutherland, submitted), and Atlantic Surfclam (Chute et al., in prep.) using mark-recaptured fish, marginal increment analysis, or otolith microchemistry patterns.



The program is also flexible to opportunities or external funds that arise, if they fit into the NEFSC core mission. Recent projects are:



· Analysis of environmental effects on haddock growth (funded by NOAA’s FATE [Fisheries and the Environment] program);

· An investigation of the feasibility of measuring bioelectrical impedance (BIA) as a predictor of fish condition and reproductive potential (funded by NOAA’s ASTWG [Advanced Sampling Technologies Working Group]; Wuenschel et al. 2013).
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The other major component of this Program is oversight of the NEFSC’s at-sea maturity classification program. A six-class system is used based on macroscopic determinations (Burnett et al. 1989):



This information is distributed solely for the purpose of pre-dissemination peer review.  It has not been formally disseminated by NOAA.  It does not represent any final agency determination of policy. 

Draft Report for peer review only 

a) 

2



b) immature

c) developing

d) ripe

e) ripe & running

f) spent

g) resting



In the past year, maturity class was determined for 15,678 individuals of 32 species during the spring (2013) survey and 14,432 individuals of 31 species during the autumn (2012) bottom trawl survey. Spawning stock biomass reference points are set using such data to partition the immature from the mature (i.e., the five other classes) fishes in a population. In the past, these reference points were considered static, but new information suggests that maturity schedules can be dynamic or that not all mature fish spawn in a given year, and such information is being worked into recent stock assessments. 



QA/QC.- A two-pronged approach to QA/QC is ongoing. 

1) Laboratory workshops. After the first three legs of the spring and autumn bottom trawl surveys, a short (~1 hr) workshop is held using freshly dissected gonads from fish collected on each leg. Up to six workshops are held each year, depending on weather and ability to transport the fish from the FSV Bigelow to the Woods Hole laboratory.

2) Gonad histology. Histological preparations have been used for a number of species to verify the accuracy and precision of at-sea maturity determinations. Three flatfish species (i.e., summer flounder, winter flounder, yellowtail flounder) have been subject to specific tests. These involve pair-comparisons (same individual fish) of at-sea maturity versus gonad histology maturity determinations (e.g., McBride et al. 2013a). Results show that most classes can be identified accurately, and the persistent errors identified are the priority subject for the training during laboratory workshops (see above, #1)



Related research.- The Northeast Cooperative Research Program has been a substantial partner and source of funds to draw more reproductive biology data into NEFSC’s stock assessments. This is necessary, since the cooperating industry fleet is a cost-effective mechanism to get fish year round, and it can thereby target a species at the most appropriate time to sample for reproductive potential (versus the static spring and autumn periods covered by the bottom trawl survey). Although new, starting in 2009, this partnership has been a huge success, resulting in several working papers presented at recent SAW/SARC assessments for black sea bass, winter flounder, yellowtail flounder, and summer flounder. Several papers have appeared in the peer-review literature (e.g., McElroy et al. 2013; McBride et al. 2013a; see also list of citations [Appendix]) and several more are in manuscript form. The Branch’s research on this topic has been extended beyond the region as well, as part of the NAFO working group on reproductive potential (McBride et al. 2013b) and presentations at the upcoming Gadoid Fisheries meeting sponsored by NAFO and the International Council for the Exploration of the Sea (ICES). 
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This program investigates abundance, distribution, migration patterns, age and growth, feeding ecology, and reproductive biology of highly migratory species, particularly Atlantic sharks. Core tasks are aggregated here with respect to long-term monitoring of shark populations, tagging programs, and life history and trophic research. These program activities map directly into NMFS core mission goals, particularly to support sustainable management of elasmobranch resources and to contribute to ecosystem management. 



Primary linkages of program samples, data, reports, and other products are with: 1) NMFS’ Highly Migratory Species (HMS) Division, and 2) the Southeast Fisheries Science Center (SEFSC), as well as with ICCAT (International Commission for the Conservation of Atlantic Tunas) and CITES (Convention on International Trade of Endangered Species). 



Routine reporting of data and information at a national and international level includes: 1) SEDAR (Southeast Data Assessment and Review); 2) the Stock Assessment and Fishery Evaluation (SAFE) report for highly migratory species; 3) EFH (Essential Fishery Habitat) designation updates; 4) the NEFSC’s report to NAFO (Northwest Atlantic Fisheries Organization); and 5) the Shark Finning Report to Congress.
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The two primary, ongoing fishery-independent shark surveys are:



1)  The NEFSC Coastal Shark Bottom Longline Survey. This survey, which represents the broadest spatial & temporal scale survey along the Atlantic coast, has occurred very two or three years since 1986. It produces standardized values of distribution, catch rates, and individual shark sizes from south Florida to Delaware Bay. The 2012 survey captured 1,845 fish (1,831 sharks) representing 16 species, of which 1,564 (85%) were tagged and released. Sandbar sharks were the most common, followed by dusky and tiger sharks.  



2) The Cooperative Atlantic States Shark Pupping and Nursery (COASTSPAN) survey. This is an annual summer survey of juvenile sharks in estuarine waters from Florida to Massachusetts, begun in 1998.  The NEFSC manages and coordinates this program in partnership with state agencies and universities to conduct cooperative, comprehensive, and standardized investigations of coastal shark nursery habitat.  In 2012, a total of 4,281 sharks of 15 species were caught during COASTSPAN surveys and 1,724 (40%) of these sharks were tagged for migration studies.  



COASTSPAN also operates in the U.S. Virgin Islands with assistance from the NEFSC, and a similar program (GULFSPAN) in the Gulf of Mexico is operated by the SEFSC. There are historic data from NEFSC long line surveys going back to the 1950s that are still being digitized. Tournament sampling occurs annually (as discussed in the next section).



Shark survey data have been used for various purposes by NMFS, primarily as standardized, model-based indices of abundance that account for fluctuations in environmental parameters.  These indices are primary sources of abundance data for U.S. Atlantic sharks used in the SEDAR (http://www.sefsc.noaa.gov/sedar/) process. Additionally, the Coastal Shark survey is the only survey used to monitor the effectiveness of the time/area closure for sandbar and dusky sharks off North Carolina. In 2013, Dr. Cami McCandless, NEFSC, participated in SEDAR 34 (bonnethead and Atlantic sharpnose sharks) in Panama City, Florida, where she presented seven working papers.



The COASTSPAN survey is the primary contributor of distribution and abundance data used to determine essential fishery habitat (EFH) for juvenile sharks (McCandless et al. 2007).  COASTSPAN data was also used to designate a NMFS Habitat Area of Particular Concern for the prohibited sandbar shark in Delaware Bay, and this survey is the only one used to monitor these juvenile sharks in this nursery habitat.  



QA/QC of survey data.- Data from monitoring activities are entered into spreadsheet format within one month of the cruise or tournament by a participant familiar with the data.  All data are verified by two separate individuals.  Following data verification, the data are analyzed for outliers using mapping and descriptive statistics. 



Tagging – Three separate tagging programs are ongoing.



1) Cooperative Shark Tagging Program - The NEFSC Cooperative Shark Tagging Program (CSTP) partners with recreational anglers and the commercial fishing industry along the Atlantic/Gulf coasts of North America and Europe. Tagging by biologists during the fishery-independent shark surveys are also included in the CSTP database to facilitate a robust tagging design. Routine operations use conventional tags, and acoustic or satellite tags are used for special studies.  



Table 2. Number of shark individuals (species number in parentheses) 

tagged by the Cooperative Shark Tagging Program.

		Year

		Tagged

		Recaptured



		2012

		4,200

		575



		Since 1962

		235,000 (50)

		14,200 (33)







General movement patterns for 33 species of sharks have been published using these tagging data, and the stock structure inferred from these data has been used in assessment and management. For example, based on these tagging data, ICCAT manages the blue shark and shortfin mako as a single stock in the North Atlantic Ocean (Kohler et al. 1998) using a spatially-explicit assessment (Aires da Silva et al. 2009). More comprehensive species-specific analyses have been completed, including regional sizes, sex ratios, life stages, and movement patterns. Recently, these reports have been contributed to stock assessments for the sandbar and blacktip shark in the Gulf of Mexico and U.S. Atlantic.  



2) Spiny Dogfish Tagging Study - The NEFSC Cooperative Research and Apex Predators Programs launched a new initiative in 2011 to tag spiny dogfish in the Gulf of Maine, Southern New England, and Georges Bank regions.  This project aims to answer long-standing questions about stock structure, movement patterns, and life history to update and improve spiny dogfish stock assessments.  In 2012, 18,570 spiny dogfish were tagged bringing the total tagged to 34,604 for the two-year project.  Of the total tagged, 488 have been recaptured to date.  

3) 

4) Tagging in cooperation with the high seas commercial longline fleet. This collaborative work involves sampling and tagging blue sharks and shortfin makos in a potential offshore nursery area, and collecting length-frequency data and biological samples.  Thus far over 3,000 sharks have been tagged and over 225 recaptured; the recaptures are primarily blue sharks recovered by commercial fishermen working in the mid-Atlantic.  To date, 500 blue sharks have been double tagged using two different tag types to help evaluate tag-shedding rates, which are used in sensitivity analyses of population estimates and to estimate blue shark fishing mortality and movement rates.



QA/QC.– Tagging data are entered into the Integrated Mark-Recapture Database System (I-MARK), a common-format, relational database developed as an enterprise software for tag-recapture programs. I-MARK consists of several web application modules including inventory of tags, initial release events, subsequent recapture events, bulk data entry of cruise releases, contact name and address information, map display, constituent letters, reports, and statistical queries. A web application runs these modules and facilitates routine auditing of the data: checking data type, duplicate fish numbers, land locations, and allowable values, as well as more complex validations which check relationships between lengths and weights, the fate of animal, fate of tag, and event type. In addition, all locations are subsequently mapped by species for further QA/QC using a standard geographic information system (GIS). The external tagging community is provided a toll-free number as well as online training and reporting; a “Guide to Sharks, Tunas, & Billfishes of the US Atlantic and Gulf of Mexico” (Schulze-Haugen et al. 2003) is available to recreational and commercial fishermen through the Rhode Island Sea Grant.  This booklet along with tags and identification guides and placards are made available to the fishing public and are also mailed to NMFS Cooperative Shark Tagging Program participants.  In addition, staff from NMFS NEFSC attend Northeast U.S. recreational shark fishing tournaments, captains meetings, and local sport fishing shows. 
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Research is conducted on the age, growth, reproduction, and feeding of Atlantic species of elasmobranchs to address priority knowledge gaps and focus on species with declines and management issues.  Recreational shark tournament sampling, conducted during the summer from New Jersey to Maine since 1961, is the primary source of biological samples used in these studies. Biological samples are also obtained on research cruises and commercial vessels (as noted above), and opportunistically from strandings. 



Many sharks live long and are either rare or difficult to collect, or both, so that studying them requires long-term commitment. For example, shark backbones used for bomb carbon age validation or demonstrating dynamics in trophic ecology are uniquely available from the NEFSC’s collections that span several decades (e.g., Andrews et al. 2011). Production aging is not possible – as described above for bony fishes – but research studies have still been important in establishing that sharks are long-lived, slow growing, and mature late in life (e.g., Natanson et al. 2006). These life history reference points and the general data-poor condition of many other sharks, skates, and rays, make elasmobranchs vulnerable to overfishing.  This program has met these challenges by strategically building long-term collections and partnerships. They have been a collaborating source of samples, data, or analyses, which has led to coordinated papers of individual species. The biology of porbeagle was published in this manner:

· Age & growth (Natanson et al. 2002)

· Feeding (Joyce et al. 2002)

· Reproduction (Jensen et al. 2002)

· Population dynamics (Campana et al. 2002)



In 2012, life history data were obtained for over 250 individual sharks.  An addition 650 sharks were tagged and injected with oxytetracycline (OTC) for age validation studies.  Age and growth and/or reproductive studies were completed for bull, dusky, thresher, angel, and white sharks.



Spiny dogfish collected as part of a cooperative research tagging program (previous section), were given external tags and injected with oxytetracycline (OTC) for an age validation study.  A total of 91 fish that were OTC injected have been recaptured and returned and 72 of these fish were in good enough condition to obtain measurements for reproductive studies as well.



QA/QC.- Intercalibration of age counts on vertebral centra is undertaken with the co-authors for all age projects to maintain age determination comparability among collaborators and laboratories.  To ensure ages are precise as well as accurate, age validation is conducted with OTC injection and bomb radiocarbon techniques, in conjunction with collaborators at Woods Hole Oceanographic Institute and NMFS SWFSC personnel.  Quality control is maintained by having the readers count a reference set prior to initiating each reading and then cross-checking the reading with the counts from the reference set.
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This program oversees the 40-year time series (1973-2012 [ongoing]) of fish food habits data collected during NEFSC bottom trawl surveys. In total, these data include over 565,000 stomach samples from over 160 predators.  This program’s activities map into NMFS core mission goals, particularly to quantify trophic interactions, and thereby improve multispecies models and contribute to ecosystem management in the region.

 Primary linkages of program samples, data, reports, and other products are with the NEFSC’s: 1) fishery-independent (Ecosystems Survey Branch), 2) stock assessment (Population Dynamics Branch), and 3) ecosystem (Ecosystem Assessment Program) operations. 

Routine reporting of data and information at a national and international level includes: 1) SAW/SARC (Stock Assessment Workshop/Stock Assessment Review Committee); 2) assessments associated with Canada and the TRAC (Transboundary Resource Assessment Committee) process; and 3) the NEFSC’s report to NAFO (Northwest Atlantic Fisheries Organization).

[bookmark: _Toc360785291]Food Habits DataBase



The gut contents of selected fishes and invertebrates are examined each year as part of the spring and autumn NEFSC bottom trawl surveys. About 60 species are targeted for food habit determinations on every cruise leg. The species compositions on this list change every 2-3 years to cover a diversity of predators over time. Routine food habit sampling estimates prey volume to the lowest possible taxon as determined macroscopically at sea. During the 2012 spring and autumn surveys, 10,237 stomachs from 56 species, and 8,538 stomachs from 55 species were examined respectively. Diet sampling emphasized gadids, elasmobranchs, small pelagics, flatfishes, and a few common, ecologically-important but “data-poor” species. 



Similar to maturity classifications (described above for the Fishery Biology Program), most prey determinations are completed at sea, which is cost-effective but less precise compared to the laboratory. The program staff (2) have both been specifically trained in invertebrate and vertebrate taxonomy, but they cannot physically complete all these prey identifications themselves. Instead, sea-going staff and volunteers are trained to carry out these operations at sea. A majority of the staff making these determinations are from Population Biology and Ecosystem Survey Branch, and they attend training opportunities that are provided on a regular basis. 



The Food Habits data is an ORACLE relational database. This database has been made available to all NEFSC staff by a GUI (graphic user interface) tool called FEAST (Feeding Ecology Analysis and Statistical Toolkit). FEAST was initially developed in 2009 with the primary purpose to make the data readily available to more users. It has been developed further to provide add-on functions (e.g., spatial mapping of data and consumption modeling), and most recently, a variance estimator tool is being developed for consumption estimates. 



These data have already and repeatedly been used in several stock assessments. An early use was to calculate a minimum level of predation mortality (i.e., M2) for forage species such as northern shrimp (Link and Idoine 2009) and squid species (Moustahfid et al. 2009). The data were most recently used for the Atlantic herring assessment, a transboundary species that is assessed with Canadian data as well. Most stock assessments have a ‘trophic’ term of reference, and FEAST will facilitate meeting this requirement and expanding the consideration of ecosystem processes in stock assessments.


QA/QC.- A four-pronged approach to QA/QC is ongoing. 

1) Semi-annual lectures. Preceding the spring and the autumn bottom trawl surveys, an afternoon lecture is presented regarding prey identification. Lectures take two forms now: a general survey of 16 phyla of invertebrates and vertebrates, and more specific subunit lectures that rotate among common but species-rich taxa (e.g., shrimp, crabs, etc.).

2) Laboratory workshops. After the first three legs of the spring and autumn bottom trawl surveys, a short (~1 hr) workshop is held using freshly dissected stomachs from fish collected on each leg. Up to six workshops are held each year, depending on weather and ability to transport the fish from the FSV Bigelow to the Woods Hole laboratory.

3) Diet data undergo two rigorous data quality audits: an initial check at sea and a second, post-cruise check.  These checks consider the various facets of prey taxonomy, predator/prey mass, predator/prey length, and prevent missing information.

4) During 2004-2011, stomach contents regularly processed at sea were preserved from every 25th station.  These samples were processed in the laboratory as an additional form of data quality control. Diet compositions of various species compared between at-sea and preserved-laboratory identifications, are used to demonstrate the cost-effectiveness but also the limits of at-sea methods. 
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A number of research products describe operations and report diets by species, seasons, and areas (e.g., Smith and Link 2010). The sheer size of the Food Habits DataBase has been used to produce a number of peer-review papers regarding the trophic dynamics of single species, as well as to describe food web processes above the continental shelf of the northeast U.S. Selections of research using the Food Habits DataBase include:

· Examining cannibalism in resource species (Link et al. 2012)

· Adapting an ecosystem view of resource assessment (Link et al. 2008)

· Examining ontogenetic shifts in diets (Methratta and Link 2007)

· Examining diet composition and feeding rates outside spring and autumn periods (Smith et al. 2007)

· Interactions between prey consumption and habitat (Smith et al. 2013)

A complementary approach in the laboratory is aimed at detailing the diets of several small species that are ecologically important but difficult to process at sea. The outcome of these studies will be to stop at-sea processing for these small fishes to speed up routine operations. We are also exploring the use of molecular techniques to identify fish species among the well digested prey remains found in many species, and to explore the predation of larval stages of economically important species.
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Addressing the “Overarching Questions for Reviewers”



· Relationship of current and planned fishery assessment data activities to Center fishery assessments mandates and requirements – is the Center doing the right things? 

Branch activities are prioritized relative to planned fishery assessments. This is most evident for production aging (Fishery Biology Program) which meets several hard deadlines each year for national and transboundary stock assessments. Since the NEFSC’s region is governed by two councils, a Northeast Region Coordinating Committee is used to schedule stock assessments with about 2-3 years time horizon to avoid logistical problems with age-based assessments. Requests for food habits data are also routinely made and completed for the data meetings associated with stock assessments, and a small but growing number of assessments are using food habits data to estimate model parameters. Shark assessments are part of the SEDAR process, organized by the NMFS’ SEFSC and Highly Migratory Species Management Division; NEFSC staff attendance has been regularly requested at these SEDAR’s which are planned about 1 year in advance. 

So yes, most Branch data activities are directly mapped into Center (or NMFS) assessment mandates. The challenges all programs face is meeting this steady – more often, steadily increasing – stream of mandates and deadlines with fixed, uncertain, or declining budgets. Planning, evaluation, and genuine opportunities for improving best practices or achieving innovation are also part of the ‘right things,’ but these often get short changed in this environment. 

 

· Opportunities – are there opportunities that the Center should be pursuing in collecting and compiling fishery assessment data, including shared approaches with partners? 

The Branch partners with a wide number of governmental, academic, private and non-governmental organizations to achieve success. Our sample sources are fishery independent and fishery dependent. This includes core monitoring programs (NOAA ships and Northeast  observer program), as well as port sampling run by NERO, and the ‘study’ fleets organized by the Northeast Cooperative Research Program. Production aging is also pursued by several state agencies, typically in close cooperation or consultation with the Branch’s program. In addition, the Apex Predators Program has strong ties to the recreational and commercial fishing industries as well as to international management organizations for highly pelagic species (e.g. ICCAT). The samples and data collected over several decades have been archived – in warehouses and ORACLE tables – and these are frequently requested for re-examination or repurposing.

Broad partnerships already exists and the Branch is open to new partnerships as opportunities arise. In many cases, however, partnerships create demands but not necessarily funds to meet those demands. We often partner with ASMFC on aging regional species, but when the ASMFC organizes an aging workshop and request our expertise, we cannot accept funds from them to cover travel (because they receive their funds from NOAA). The shark assessments are run out of the SEFSC and managed by HMS, but the funds provided by these units are insufficient to cover the shark surveys that contribute data and samples to assessment. We need to think carefully about over-leveraged partnerships in an environment of shrinking budgets that affect our ability to meet core Center priorities.



· Scientific/technical approach – are the Center’s fishery data objectives adequate, and is the Center using the best suite of techniques and approaches to meet those objectives?

The Branch aims to use the least costly method that produces the most reliable results. In the case of aging fishes, the use of otoliths – which are inherently more costly to collect and process than scales – has become necessary to achieve acceptable accuracy and precision for nearly all species that live longer than 10 years. Unbiased diet and variance estimators for the new FEAST program will hopefully address the issue of uncertainty of feeding rates based on the Food Habits DataBase. The Apex Predators Program has a high ratio of databases to staff numbers and these various sampling designs are in different stages of evaluation for uncertainty. 

The need to evaluate and reduce uncertainty in enterprise databases is well understood within the Branch; the problem is finding the time to do so while continuously updating the databases to meet the persistent cycle of stock assessment. In recent years, the Center made a commitment to hire scientists within the Branch to bring a more quantitative approach to assessing program efficiencies and effectiveness. Hiring has been completed, progress started, but much more remains to be done.



· Organization and priorities – is the Center’s fishery data system properly organized to meet its mandates and is the allocation of resources among programs appropriate? 

The Branch benefits greatly from the organization of other Center units. This includes the statistical design of the groundfish survey, the set up and maintenance of enterprise ORACLE database systems, and the implementation capability of the Fisheries Scientific Computer System (FSCS). Many of the Branch activities are interwoven with the Ecosystem Survey Branch (ESB), such that many Branch staff participate on resource surveys. The same is true of the Northeast Cooperative Research Program (CRP) and their special sampling events. In turn, ESB and CRP staff collect life history and stomach content data. The Branch relies on the products and expertise of other Center branches and divisions, and visa versa.

Productivity in the Branch is limited by funding. In recent years, gains in efficiency and output of production aging have been made by increases in funding, particularly from the Stock Assessment Improvement Program (SAIP) but this funding was not made permanent. Although most Branch products are directly linked to core missions of the Center and Agency, Branch funding sources are not permanent from year to year, which undermines (but does not prevent) budgeting, alignment to funding priorities, and long-term planning. More funds could certainly help: to generate more ages for assessment; improve efficiencies by simulating the effect of sampling power; or ensure relevant redundancy to meet the demands for quality and quantity associated with annual catch limit advice. Still, one has to admit, the quality of assessments is not always most limited by age or other life history data, but may be more influenced by the quality of fishery-dependent data, such as bycatch estimation. 



The recent expansion of reproductive data for stock assessment has been accomplished largely by funds from the Northeast Cooperative Research Program. Reproductive traits are dynamic with each season, often each month, so we obtain samples from the NE-CRP study fleet to get the samples from the right month and right location for the right purpose. Primary purposes have been to use the data to verify the quality of our at-sea maturity classifications, and to get samples from fish populations that are closed to fishing. Despite the success of this partnership in bringing fish samples and data from the industry boats to stock assessment working groups, these are ‘soft’ funds so the future of the program is not certain. 



We are actively assessing the value of consumption rates into assessments. If more precise estimates are needed, then funds to increase sample sizes, staff size, training programs, or seasonal sampling resolution would be needed; or the purpose of the sampling and its place in shifting to ecosystem management would need to be re-evaluated.



Perhaps the most obvious target is the underfunding of the shark surveys, both the Coastal Shark Bottom Longline Survey (Coastal Shark Survey) and the Cooperative Atlantic States Shark Pupping and Nursery (COASTSPAN), which is becoming a chronic threat to these data resources. Sharks are long-lived, such that a commitment to long-term funding for monitoring is necessary. However, the loss of NOAA ships in the northeast has created uncertainty about continuing this mission; last year, funds to charter a commercial vessel were available, but funds to charter ship-time of a 2014 Coastal Shark Longline Survey have not been identified. Overall, HMS funds for both the Coastal Shark Longline Survey and COASTSPAN have remained static for at least a decade and are now at levels that are insufficient to run these surveys without additional funds from the NEFSC each year. The relatively high number of long-term databases (associated surveys, tagging database), diversity of research, and small staff numbers of the Apex Predators Program, means that continuing operations are heavily leveraged by volunteers and uncertain sources of soft funds.  Since these data do not link into any NEFSC assessments, there is a tension as to how to adequately fund and direct the research priorities and advisory services. If new funds cannot be found, one solution is to scale back the scope of this research, to strengthen the remaining products and focus on NEFSC priorities. A steering committee of individuals representing NMFS’ NEFSC, SEFSC, and HMS was recently formed to look into this.



An assessment of available resources is not limited to funds but can include time. In all programs, a minimum lead time of 1 year is necessary to make fully updated information available from Branch samples and databases. Lead time is needed to assemble and process samples, and enter and audit data. From a management perspective, the move to update assessments annually for all managed species (i.e., ACLs) increases the pace of productivity, which complicates processing and increases direct costs. Center leadership recognizes this and provided a temporary but significant allocation of SAIP funds to upgrade infrastructure and hire contractors in the production aging lab; so far so good, but no permanent funding was associated with ACL implementation.



· Scientific conduct – are the Center’s fishery data programs being conducted properly (survey design, standardization, integrity, peer review, transparency, confidentiality, PII, etc.)?

Two Branch programs have been reviewed recently: Apex Predator Program (2005), Food Web Dynamics Program (2009). Both programs received favorable reviews, and we are acting on the recommendations of both review panels. Both review documents are included here in the pdf assembled document, providing further details.
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ABSTRACT 


A variety of maturity stage classification schemes have been employed during the Northeast Fisheries Center (NEFC) bottom trawl survey series. 
A~alyses of re~lI1ting maturil~ data, ~epend, to some extent, upon lIlI, understanding of the differences between these schemes, The NEFC Reproductive 
Biology .w0rkmg Gro~p has l~enb(led the need to documen,t the history of survey maturity sampling and compile this information in a citable report, 


TIlls report provides a bnefbackground of events relatmg to survey maturity sampling and summarizes in tabular form the various classifications 
used d~rin~ 1963.~9, During ,?is ?eriod, ~atu.rity ~mpJing waS exp,anded from,two species 10 more than 30 species, and resulted in perhaps the most 
~tenslve time sene$. of malu~ty mfo~atlon lIl,exlst~n~, Ov~r tbls same penod, macroscopic maturity staging criteria have evolved from generic 
literature-based values 10 detailed, species-specific cntena dcnved from observations of collected data, 


INTRODUCTION 


Fisheries scientists have long recognized the need to 
study reproductive biology in order to depict stock dynam
ics. One such aspect is the systematic determination of 
gonadal maturity stages; not only must mature individuals 
be distinguished from immature ones, but the progression 
of the various developmental stages must be observed to 
delineate spawning cycles. 


When the Woods Hole Biological Laboratory of the 
Bureau of Commercial Fisheries (BCF, now the National 
Marine Fisheries Service) undertook a bottom trawl survey 
program in 1%3, at-sea collection of maturity information 
was limited to two species. By the early 1980s, maturity 
sampling had been expanded to include 32 species. Over 
this period, the macroscopic criteria employed for maturity 
determinations have undergone substantial evolution and 
refinement which, for the most part, have not been docu
mented adequately. In this report, welprovide the back· 
ground for the original maturity staging..sfheme used by the 
survey program and summarize in tabular form the numer
ous revisions of these criteria during a 27fyearbottom trawl 
survey time series. All tables are preSented virtually in 
their original form and text; any editorial changes have 
been enclosed in squared brackets. ;-


BACKGROUND ON ORIGINAL 
CRITERIA 


The earliest maturity classification scheme was de
vised by HJort (1910) based upon gross morphological 
observations of gonads from Atlantic herring (Clupea har
engus). The seven-stage "Hjort scale" (Table 1) was 
widely used over the next few decades, and underwent a 
minor modification in 1929 in the form of an eighth stage 
("Resting") proposed by Buckmann (1929). In 1960, the 
United Nations Food and Agriculture Organization (FAO) 
adopted Buckmann's eight-stage scheme (Table 2) for 
inclusion in its series of Manuals in Fisheries Science 
(Kesteven 1960). Although derived specifically for Atlan
tic herring, these criteria provided at least the framework 
for a standardized approach to the collection of maturity 
observations. 


In February 1958, the BCF staff initiated a monthly 
sampling program for haddock (Melanogrammus aegle-


finus) in which standardized tows were taken at a fixed 
station located at 42°15' N latitude by 70·00' W longitude 
(about 15 miles northeast of Provincetown, Massachusetts) 
in depths of 100-120 meters (Bureau of Commercial Fish~ 
cries 1958, 1959). In this project (the so-called "Highlands 
Ground Study"), biological information was collected, 
tagging operations were performed, and 100 haddock from 
each sampling period were retained for laboratory studies 
of liver condition (Bureau of Commercial Fisheries 1959), 
food habits (Wigley and Theroux 1965), and gonad devel
opmental stages (Bureau of Commercial Fisheries 1959). 


During the earlier stages of the NEFC's bottom trawl 
survey program (1963-70), only haddock and yellowtail 
flounder (Limanda Jerruginea) were sampled for age struc
tures and maturity stage data. The maturity classification 
scheme employed during this period was essentially the 
eight-stage scheme recommended by FAO (Kesteven 1960), 
except that specific refinements for haddock were intro
duced based on results from the Highlands Ground Study 
(R. Livingstone, Jr. personal communication1). Maturity 
observations were limited to those fish sampled for age and 
growth, and maturity stage data were recorded directly 
onto the coin envelopes used to retain age samples. It is 
important to note that the pool of seagoing personnel 
participating on these early research survey cruises was 
small in number, but highly experienced; interpretations of 
maturity stages for the two species over this period were 
probably very consistent. 


EVOLUTION OF MATURITY SAMPLI NG 


1970 .. 76 


By 1970, the need for age-based analytical assess
ments resulted in the expansion, over several years, of at
sea survey sampling of age structures and maturity stages to 
several other species: Atlantic cod (Gadus morhua), pol~ 
lock (Pollachius virens). and red hake (Urophycis chuss) in 
1970; Atlantic mackerel (Scomber scombrus), silver hake 
(Merluccius bilinearis), Atlantic herring, and alewife (Alosa 
pseudoharengus) in 1973; Acadian red fish (Sebastes fas
ciatus), windowpane (Scophthalmus aqllosus), and sum
mer flounder (Paralichthys dentatus) in 1975; and Ameri
can plaice (Hippoglossoides platessoides) and winter floun
der (Pseudopleuronectes americanus) in 1976. The diffi-


I R. Livingstone, Jr" c/o National Marine Fisheries Serv., Water St., Woods Hole, MA 02543. 
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Table 1. Seven-stage Hjort gonad maturity scale (from Hjort (191O)J developed for Atlantic herring and used during early phases of 
NEFC bottom trawl survey program 


Stage Description and Criteria 


Virgin individuals: very small sexual organs close under vertebral column; ovaries wine-colored, torpedo
shaped, about 2-3 em long and 2·3 mm thick; eggs invisible to naked eye; testes whitish or grayish brown, knife
shaped, 2-3 cm long and 2-3 mm broad 


II Maturing virgins or recovering spenls: ovaries somewhat longer than half the length of vent raJ cavity, about 
1 cm diameter; eggs small, but visible to naked eye; milt whitish; [testes] somewhat bloodshot, of same size 
as ovaries, but still thin and knife-shaped 


III Sexual organs more swollen, occupying about half of ventral cavity 


IV Ovaries and testes occupying almost two thirds of ventral cavity; eggs not transparent; milt whitish; swollen 


V Sexual organs filling ventral cavity; ovaries with some large transparent eggs; milt white, not yet running 


VI Roe and milt running (spawning) 


VII Spents: ovaries slack with residual eggs; testes baggy, bloodshot 


Table 2. Eight-stage FAO maturity classification scheme [from Buckmann (1929) in Kesteven (1%0)] 


Stage 


II 


HI 


IV 


V 


VI 


Description and Criteria 


Virgin: very small sexual organs close under vertebral column; testis and ovary transparent, 
colorless to gray; eggs invisible to naked eye 


Maturing virgin and recovering spent: testis and ovary translucent, gray-red; length half, or slightly 
more than half, length of ventral cavity; single eggs can be seen with magnifying glass 


Developing: tcst[ e Js and ovaries opaque, reddish with blood capillaries; occupy about half of ventral 
cavity; eggs visible to eye as whitish granular 


Developed: testis reddish white; no milt drops appear under pressure; ovary orange-reddish; eggs 
clearly discernible, opaque; testis and ovary occupy about two thirds of ventral cavity 


Gravid: sexual organs filling ventral cavity; testis white, drops of milt fall with pressure; eggs com
pletely round, some already translucent and ripe 


Spawning: roe and milt run with slight pressure; most eggs translucent with few opaque eggs left in 
ovary 


VII Spent: not yet fully empty; no opaque eggs left in ovary 


VIII Resting: testis and ovary empty, red; a few eggs in state of reabsorption 


culty of the activity was compounded by the addition of a 
regular spring survey in 1968 and intennittent summer and 
winter surveys. The need for generalized maturity classi
fication criteria which would be applicable over a range of 
species and seasons was very apparent. 


Other important Changes occurred as welL In 1973, the 
International Commission for the Northwest Atlantic Fish-


eries established catch quotas for several species, which 
necessitated greater stock assessment involvement by the 
United States as well as the addition of several new staff 
members to the Woods Hole Laboratory. These changes, 
coupled with the natural attrition of experienced seagOing 
biologists, led to a decline in survey experience levels and 
further increased the need to: (1) compile and summarize 







maturity staging criteria, (2) provide training in maturity 
determinations, and (3) develop a field guide for shipboard 
use. 


A limi ted effort at broadening criteria was made in the 
early 19708 by the Age and Growth Unit at the Woods Hole 
Laboratory, which generated species-specific staging cri
teria for yellowtail flounder, Atlantic herring, Atlantic 
mackerel, and silver hake (Tables 3A - 3D; J. Penttila, 
personal communication2). In 1972, the Age and Growth 
Unit introduced age sample envelopes listing the eight 
maturity stages; the recorder would simply circle the ap
propriate stage during the at-sea processing phase of indi
vidual fish observations. Beginning in 1973 and continu
ing to the present, all Atlantic herring, river herring (ale
wife and blueback herring, Alosa aestivalis), and Atlantic 
mackerel collected for age sampling were frozen at sea and 
processed (including maturity staging) at the Woods Hole 
Laboratory by Age and Growth Unit personnel. 


A more comprehensive attempt to develop a more 
generalized set of criteria was undertaken by R. Living
stone, Jr., head of the Spawning and Fecundity Studies 
Investigation at the Woods Hole Laboratory. ·From joint 
research conducted during 1969-70, Livingstone and R.G. 
Halliday of the Canadian Department of Fisheries and 
Oceans revised existing survey maturity criteria with par
ticular reference to Atlantic cod and pollock (R. Living
stone, Jr., personal communication3). Theirrevisions were 
based upon observations made during sprvey cruises con
ducted by both countries and augmenteJ.;by the systematic 
seasonal sampling of fish landed in the port of Boston, 
Massachusetts. Also, color photograph~;were prepared of 
the various maturity stages for several species, by sex, and 
compiled into a manual for at-sea reference. This manual 
included detailed descriptions of the/maturity stages de
vised by Livingstone and HallidaytTable 4), as well as 
instructions for at-sea maturity sampling (see Appendix), 
and became part of the survey field reference collection in 
1971. Although the maturity manual was expanded and 
improved over the next few years, the basic criteria re
mained unchanged until 1977. 


1977-84 


In 1977, responsibility for the collection of maturity 
data aboard survey cruises was transferred from the NEFC's 
Woods Hole Laboratory to its Sandy Hook (New Jersey) 
Laboratory. W. Morse, the principal investigator, simpli
fied the existing eight-stage maturity classification scheme 
to five stages (Table 5); this was achieved by combining 
stages Rl and R2 of Livingstone and Halliday into a new 
"Developing" category and by combining stages RJl SI' 
and S2 into a "Ripe" category. This change went into effect 
for the spring 1977 bottom trawl survey. During this 
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period, survey maturity sampling was expanded to include 
a total of 32 species. 


In addition, maturity data for individual fish were 
transcribed from the Age and Growth Unit's age sample 
envelopes onto maturity logs, along with length, sex, 
station, and, during 1980-84, pathology information; these 
data were then entered into a computerized maturity data 
base maintained at the Sandy Hook Laboratory. This data 
base contained maturity information by fish length only, 
since age data were not added to data records. Data audits 
for the years 1977-81 were performed to remove gross 
outliers and to adjust data for small fish identified as mature 
which were discontinuous with the lower end of the mature 
spectrum to the immature category (W. Morse, personal 
communication4


). Maturity ogives for numerous species 
were generated from these data using probit analysis (Morse 
1979). 


In 1982, maturity data collection responsibility re
verted to L. 0 'Brien of the Resource Surveys Investigation 
at the Woods Hole Laboratory. Maturity data for the years 
1982-84 were entered and archived by the Sandy Hook 
Laboratory, but not audited as described above. Pre-cruise 
meetings were initiated in 1982 for survey participants 
during which maturity sampling and staging criteria were 
reviewed with the use of color slides. Also in 1982, a 
spawning season chart (based on literature values) summa
rizing the approximate spawning seasons and sizes at first 
maturity for a variety of species was prepared for at-sea use 
(Table 6). 


In 1983, a sixth maturity stage, "Ripe and Running," 
was added, and in 1984, an "Eyed" stage for viviparous 
female redflSh was introduced; criteria for these stages are 
provided in Table 7. Also in 1984, an instructional video 
was developed highlighting maturity sampling techniques 
which is shown at the beginning of each survey cruise. 


.In 1984, the spawning season chart was revised twice. 
The first revision, used on the 1984 spring bottom trawl 
survey, partitioned existing maturity information into sepa
rate charts for Georges Bank and the Gulf of Maine (Tables 
8 and 9) in relation to estimated spawning season peaks. 
The second revision, introduced on the 1984 fall survey, 
was based upon analyses of egg and larval data [first 
presented in Smith (1983) and later destroyed in a fire, but 
subsequently given in Smith (1985)J collected during the 
NEFC's Marine Resources Monitoring, Assessment, and 
Prediction Program (MARMAP) (Table 10). This chart 
remains in use today. 


1985wpresent 


Beginning in 1985, age and maturity data for all fISh 
were included in master data records prepared by the 
Fishery Biology Investigation (successor to the Age and 


2 J. Penttila, c/o National Marine Fisheries Serv., Water St., Woods Hole, MA 02543. 


3 R. Livingstone, Jr., c/o National Marine Fisheries Serv., Water SI., Woods Hole, MA 02543. 


4 W. Morse, National Marine Fisheries Serv., P.O. Box 428, Highlands, NJ 07732. 
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Table 3A. Maturity stages derived by Woods Hole Laboratory Age and Growth Unit in early 19708 for yellowtail flounder, Limancia 
jerruginea (R = ripening, S :; spawning) 


Stage Description and Criteria 


Immature Males: testes very small and undeveloped; pinkish color 
Females: ovary small; light pink jelly 


Resting Males: testes small and fairly hard; pinkish while; no milt 
Females: pink-red jelly (may be slightly granular); ovary larger 


R! Males: some milt beginning to fonn; testes larger, not as hard; white color, or pink and white 
Females: ovary orange-peach color, granular appearance; ovary not fuJI 


Rz Males: good deal of milt present, will flow if pressure applied; testes larger, white, soft (pink edge and white) 
Females: ovary peach color; eggs can be seen; ovary large, but not swollen 


R3 Males: milt flows readily when force applied; testes white and full 
Females: ovary peach color; eggs clearing; ovary very large, full, and swol1en 


SI Males: milt flows with gentle pressure; testes white, large, and very full 
Females: ovary peach color; mostly clear eggs; .eggs flow with pressure; ovary full 


S2 Males: testes emptying somewhat, still white 
Females: ovary peach color; mostly clear eggs; ovary emptying 


Recovering Males: raw, red look to testes; milt present; testes large, empty 
Females: ovary peach color; eggs in jelly; ovary large and deflated 


Table 3B. Maturity stages derived by Woods Hole Laboratory Age and Growth Unit in early 1970s for Atlantic herring, Clupea harellgus 


Stage Description and Criteria 


Immature: testes and ovaries very small, threadlike, 2-3 mm broad; testes grayish white or brownish red; ovaries 
pinkish or wine red; fish length < 21 em 


II Immature fisb tbat will spawn next year: testes and ovaries small, 3-8 mm broad; testes reddish or grayish brown
red; ovaries bright reddish COIOf; eggs visible only with microscope 


III Ripening, early stage: testes and ovaries occupy about half of ventral cavity, 1-2 em broad; testes grayish or 
brownish red; ovaries orange-red; eggs small, but visible and granular 


IV Ripening, mid stage: testes and ovaries almost as long as body cavity; testes reddish yellow with blood ves-sels 
clearly visible; ovaries orange-red or pale yellow-red; eggs larger, opaque with only a few clear 


V Ripe: testes and ovaries fill body cavity; milt and eggs do not flow, but can be extruded by pressure; testes yellowish 
white or milk white with no reddish color and blood vessels not visible; ovaries yellowish; eggs large anc! mostly 
clear 


VI Spawning: testes and ovaries ripe and emptying; milt and eggs flow freely; testes white or pale yellowish white 
with no blood vessels visible; ovaries yellowish; eggs large and clear 


VII Spent: testes and ovaries baggy, flabby, and bloodshot; testes empty or with residual milt; ovaries empty or with 
few residual eggs 


VIU Resting: testes and ovaries finn and larger than in Stage II; walls striated with blood vessels prominent; testes 
brownish red; ovaries wine red; eggs not visible to naked eye (Stage VIII to Stage III) 


NOTE: FOlWard tips of testes blunter than ovaries; testes brownish or grayish red, while ovaries pinkish or wine red; testes smooth in appearance, while 
ovaries more wrinkled. 
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Table 3C. Maturity stages derived by Woods Hole Laboratory Age and Growth Unit in early 1970s for Atlantic mackerel, Scomber 
scombrus (R ::: ripening, S ::: spawning, Rc::: recovering) 


Stage 


Immature 


Resting 


Description and Criteria 


Males: knife-edge to testes; pink, clear, small 
Females: rounded edge to ovaries; pink, clear, small 


Males: pink, opaque, larger 
Females: pink, opaque, larger 


Males: pink-yellow; some milt 
Females: pink-yellow, granular appearance 


Males: yellow-pink; more milt 
Females: yellow-pink; eggs can be seen quite easily 


Males: yellowish; much milt; will flow with pressure 
Females: yellowish; eggs clearing 


Males: yellow-white; testes full; milt flows with little pressure 
Females: yellowish; ovaries full; most eggs clear 


Males: yellow-white; testes emptying; milt flows with little pressure 
Females: yellowish; ovaries emptying; all eggs clear 


Males: yellowish, bloody appearance; some milt; testes large, but empty 
Females: yellowish, bloody appearance; eggs decomposing; ovaries large, but empty 


Table 3D. Maturity stages derived by Woqas Hole Laboratory Age and Growth Unit in early 1970s for silver hake, Merluccius 
bilinearis (R = ripening, S = spawning, R. =~recovering) 


Stage 


Immature 


Resting 


Description and Criteria 


Males: testes white, small, like a twisted string 
Females: ovaries small, light pinkish white< color, clear; little development of blood vessels 


Males: testes white, larger, twisted with lobes 
Females: ovaries larger, pink jelly, and opaque; some blood vessels 


Males: testes larger than in Resting stage; some milt present; network collecting milt is pink and nollarge 
Females: ovaries peach color. granular; large, but not full; blood vessels developing 


. Males: more milt present; network larger 
Females: ovaries peach color; eggs visible; more blood vessels; ovaries large and full 


Males: testes full; network full of milt 
Females: ovaries peach color; eggs clearing; blood vessels prominent; ovaries Jarge and full 


Males: milt flows with pressure; network and testes full 
Females: mostly clear eggs; eggs flow with pressure; ovaries large and swollen 


Males: testes emptying; network still full of milt 
Females: ovaries emptying; clear eggs; no jelly 


Males: testes raw, red, large with some milt; deflated 
Females: ovaries peach color; eggs in jelly; ovaries large, but deflated; stm many blood vessels present 
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Table 4. Maturity staging criteria developed by Livingstone and Halliday (unpublished) and used during NEFC bottom trawl surveys, 
1970-76 


Stage Designation 


Immature 


Ripening 1 


Ripening 2 


RIpening 3 


Spawning 1 


Spawning 2 


Spent-Recovering R. 


Resting R, 


Description and Criteria 


Females 


General: small membrane, thin, translucent; pink to wine colored; eggs not visible to naked eye 
Variations: smaller fish that have actually spawned, generally late in season, and in Recovering 
(RJ or Resting (Rt) condition, but resemble stage I; ovary larger than stage I; membrane opaque 
and purplish to grayish blue, to reddish in late Resting stage; R. stage contains remains of 
unspawned eggs; R, stage usually slightly swollen and jelly-like in center (split open to examine 
interior) 


General: noticeable increase in growth as ovary becomes kidney-shaped organ; membrane with 
blood vessel network, and ovary light yellow to orange in color as yolked eggs, barely visible to 
eye, begin development prior to spawning 
Variations: during fall and early winter, some large haddock in this condition, but ovary more 
pink to red 


General: continued increase in growth, and ovary may occupy 1/3 to 1/2 ~f body cavity; mem
brane with developed blood vessel network, and color yellow-orange to pink-salmon; yolked eggs, 
now easily visible, give membrane distinct granular appearance (this is stage to collect for 
fecundity studies) 
Variations: ovary in Atlanlic cod somewhat lighter in color than in haddock (no observations for 
pollock) 


General: continued increase in growth, and ovary may nearly fill body cavity, accounting for 15-
20 % of total body weight; membrane appears speckled- blotched as unequal portions of yolked 
eggs enlarge and become transparent; color highly variable from salmon or light orange to brick 
red; center of ovary may contain liquid and transparent eggs (spawning has not yet started, but cut 
open to make certain) 
Variations: some fish may appear to be stage R2 by outward appearance, but on being split open 
will reveal tapioca- like mass of ripe-transparent and opaque-yolked eggs 


General: liquid state; ovary may fill body cavity; membrane appears thin and blotched due to 
presence of unequal portions of yolked-opaque and transparent eggs; color variable, reddening as 
spawning proceeds; fluid eggs run from vent under slightest pressure 
Variations: as with stage R


3
, outward appearance may be deceiving because of large numbers of 


liquid eggs in center; it is essential to split open these questionable examples, especially when 
catches contain individuals in spawning condition 


General: ovary as above, but would appear less than half its fanner size, and somewhat flaccid; 
membrane thin and appearing more purplish; contents mostly liquid ripe eggs (haddock ovary 
weighed 134 g, perhaps reduced in weight by factor of 6 from S1 size) 
Variations: no observations 


General: greatly reduced in size; purplish and baggy; may contain varying amounts of unspawned 
eggs that will be absorbed before next year's spawning 
Variations: small individuals that spawn late in season may have ovary resembling Immature 
stage (see variations for Immature stage); questionable stages should be cut open and scraped with 
knife for evidence that spawning has taken place (a few unspawned eggs should be present) 


General: recycling for next year's spawning has begun; color whitish to grayish blue, but later 
reddening; membrane toughens and ovary appears slightly swollen; interior jelly-like in consis
tency (eggs not visible), except for occasional globs of degenerating eggs still being absorbed 
Variations: no observations 







Table 4--Continued 


Stage Designation 


Immature 1m 


Ripening 1 


Ripening 2 


Ripening 3 


Spawning 1,2 


Spent-Recovering Ro 


Resting 
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Description and Criteria 


Males 


General: small, narrow crimped ribbon; colorless to gray; membrane slightly translucent; blood 
capillaries not visible to eye 
Variations: small males may develop prccoci[ous]ly and produce milt from very small testes 


General: growth noticeable, becomes slightly wavy and pink as blood vessel network becomes 
more visible 


General: lobes of testes increase in size and may acquire reddish tinge from continued develop
ment of blood vessels; testes may now occupy up to 1/2 of body cavity 


General: testes may fill body cavity or be less enlarged (more variable in males than females); 
lobes become very swollen, losing some redness and often turning white to chalk white; membrane 
weak and yield[sJ milt easily under pressure (e.g., squeezing lobe with thumb and forefinger), but 
questionable whether spawning has begun 


General: testes extremely fragile and liquid; freshly caught specimens may spew milt from vent 
just in process of handling; testes variable in size; membrane chalk white as S I or later dis-coloring 
and reddening around edges as spawning proceeds as 82 


General: testes greatly shrunken, ragged in appearance; Jobes rimmed with brown-red discolora
tion; small pockets of milt may still remain 


General: continued shrinking in size; lobes small and thin; color yellowish to off-white 


Table 5. Five-stage maturity classific<1l\on scheme introduced by Morse (unpublished) in 1977 [see Morse (1979)] 


Stage Designation 


Immature 


Developing D 


Ripe R 


Spent s 


Resting Rt,T 


Description and Criteria 


Femalfs: small, translucent membrane usually colorless or pink. Gadids: very thin, ribbon-like tissue 
lying,31ong dorsal wall of gut cavity. Flatfish: small translucent organ located at posterior curve of gut 
cav~ty 
Mates: testes colorless to gray, often more opaque than ovaries and appear more flattened 


Females: ovaries opaque and enlarged with blood vessels becoming prominent; small, opaque eggs 
present as ovary develops to occupy 2/3 of ventral cavity. Flatfish: ovary extending posteriorly from 
gut cavity; bright yenow and finn texture 
Males: testes opaque with lobed or wavy appearance; color variable from red or pink to gray or white; 
milt mayor may not be present in small amounts; will occupy up to 1/2 body cavity. Flatfish: appears 
as oval gray to whitish tissue at posterior curve of gut cavity 


Females: this stage is to be used when female is ready to spawn, is spawning, or has not yet completed 
spawning; ovary may fiU body cavity; eggs abundant and visible through ovary wan; a few to many 
transparent eggs may be present; as pari of eggs are spawned, ovary may have bloodshot appearance, 
but eggs still numerous, color variable from bright orange to red. Notc: if eggs run from vent under slight 
pressure to abdomen, designate as RR (Ripe and Running) 
Males: testes large, 2/3 of gut cavity filled, color white or pinkish or edges turning brown; milt present 
when testes squeezed Of cut open 


Females: ovaries flaccid, usually reddish to purple, and sac-like; interior often quite fluid with a few 
translucent eggs present; ovarian wall opaque 
Males: testes reduced in size, very little or no milt present when cut; COIOf gray 10 brown 


Females: ovaries much reduced in size, color purple to pink; interior jelly-like with no eggs visible; 
no prominent blood vessels 
Males: testes small, opaque, and shrunken in appearance; color may be brownish to gray 
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Table 6. Approximate spawning seasons and lengths (em) at first maturity of 24 finfish species derived from literature search and used 
during 1982-83 surveys 


Species Spawning Season Males Females 


Mean Range Mean Range 


Acadian redfish May-Aug 22 17·32 24 18·29 
Alewife Apr-May 28 24-32 31 2.')-34 
American plaice Mar-May 27 21-38 34 25-45 
Atlantic cod Dec-Apr 54 41-65 50 38-65 
Atlantic herring Aug-Oct 27 23·37 26 23-37 
Atlantic mackerel May-Jun 31 29-35 31 29-34 
Bluefish lun-Aug 40 40 
Butterfish Jun-Aug 12 11-17 13 11-17 
Fourspot flounder Apr-Nov 26 23-30 28 25-31 
Goosefish Jun-Sep 41 31-48 41 37-52 
Haddock Feb-May 42 32-53 43 32-55 
Longhorn SCUlpin Nov-Feb 21 18-26 21 18-26 
Ocean pout Sep-Oct 40 31-46 35 28-45 
Pollock Nov-Feb 52 43-65 49 37-66 
Red hake May-Aug 25 22-33 28 21-39 
Scup May-Jul 15 13-21 15 13-22 
Silver hake May-Oct 25 20-35 27 20-40 
Summer flounder Oct-Apr 25 23-31 28 25-32 
Weakfish May-Jul 28 20-42 30 21-39 
White hake Oct-Apr 43 36-53 48 35-59 
Windowpane May-Aug 19 15-30 22 18-29 
Winter flounder Jan-May 25 20-34 26 19-38 
Witch flounder Mar-Aug 33 26-39 35 28-46 
Yellowtail flounder Mar-Aug 24 21-37 28 22·36 


Table 7. Description and criteria for maturity stages "Ripe and Running" and "Eyed" added to five-stage classification scheme in 1983-
84 


Stage Designation 


Ripe and Running RR,A,U 


Eyed E 


Description and Criteria 


Males: same criteria as Ripe, but milt flows freely from vent with little or no pressure 
on abdomen 
Females: this stage denotes a ripe female with eggs flowing from vent with little or 
no pressure on abdomen 


Female redfish only: ovary large and robust, with transparent membrane, with dark 
spotted eggs which are developing larvae 







Growth Unit). Special projects conducted subsequent to 
1985 have resulted in a much longer time series of maturity 
data for some species. This represents the first time that 
length, age, sex, and maturity information appeared on the 
same data record, a feature which has greatly facilitated 
maturity analyses. 


Starting in autumn 1986 and continuing to the present, 
maturity workshOps have been held after each survey leg in 
which fresh fish captured during the survey are dissected 
and displayed for training and discussion. At the conclu
sion of the survey season, a voluntary "quiz" is admini
stered to seagoing personnel to help identify problem 
species and maturity stages, and to evaluate the magnitude 
of error inherent within maturity staging data. Addition
ally, samples are taken for histological analysis in an 
attempt to clarify and improve macroscopic criteria. 


A new initiative to upgrade the photographic field 
guide resulted in the introduction of a simplified, water
proof deck reference in spring 1989. In a special study for 
Atlantic cod during 1987-88, gonad and body weights of 
individual fish were measured at sea to generate gonadoso
matic indices. The possibility that such ind.ices might be 
used to audit maturity staging data is currently being 
investigated. 


Based on the ongoing work mentioned above, macro
scopic staging criteria have received a new revision (Table 
11), resulting in the most complete and species-specific set 
of criteria to date. These criteria v\:ere first used on the 
autumn 1989 survey, and represel}~ the culmination of 
years of evolution, refinement, and r~vision. 
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Table 8. Approximate spawning seasons and probable maturity stages in spring and autumn for 20 finfish species from Georges Bank 
based on analysis of survey maturity data 


Species SeaSQn (peak) 


Acadian redfish Apr-Aug (Jun-Jul) 
American plaice Feb-Jun (Apr-May) 
Atlantic cod Nov-May (Feb-Mar) 
Atlantic herring Sep-Dec (Sep-Oct) 
Atlantic mackerel Apr-luI (May-Jun) 
Butterfish Jun-Sep (Jun) 
Fourspot flounder Jun-Aug (Jul-Aug) 
Goosefish Jun-Aug (Jun-Jul) 
Haddock lan-May (Mar-Apr) 
Longhorn sculpin Nov-Feb (Dec-Jan) 
Ocean pout Sep-Oct (Sep) 
Pollock Oct-Mar (Dec-Jan) 
Red hake May-Sep (Jun-Jul) 
Silver hake Apr-Oct (May-Aug) 
Summer flounder Sep-Nov (Oct) 
White hake Oct-May 
Windowpane Jun-Oct (lui-Aug) 
Winter flounder Mar-May (Apr) 
Witch flounder Apr-Aug (May-Jun) 
Yellowtail flounder Apr-Aug (May-Jun) 


I D '" Developing; R '" Ripe; E = Eyed; S '" Spenl; and T '" Resting. 


Approximate Maturity Stage! 


Spring 


D-R-E 
D-R 
SoT 
T 


D-R 
T-D 
T·D 
o 


D-R-S-T 
SoT 
T 


SoT 
T-D 
T-D 
T 


D-R-S-T 
T-D 


D-R-S 
D-R 
T-D 


Autumn 


D·R·S 
T 


T-D-R 
D-R-S 


T 
SoT 
SoT 
SoT 
T-D 
T-D 
R-S 
T-D 
SoT 
SoT 


D-R-S 
T-D-R 
R-S-T 


T 
T-D 
SoT 


Table 9. Approximate spawning seasons and proba bJe maturity stages in spring and autumn for 18 finfish species from Gulf of Maine 
based all analysis of survey maturity data 


Spedes Season (peak) 


Acadian redfish Apr-Aug (lun-Jul) 
American plaice Feb-Jull (Apr-May) 
Atlantic cod Nov-May (Mar-May) 
Atlantic herring Aug-Dec (Sep-Oct) 
Atlantic mackerel May-Jul (Jun) 
Butterfish Jun-Sep (lui) 
Goose fish Jun-Sep (Jun-Jul) 
Haddock Feb-May (Mar-Apr) 
Longhorn sculpin Nov-Feb (Dec-Jan) 
Ocean pout Sep-Oct eSep) 
Pollock Oct-Mar (Dec-Jan) 
Red hake May-Sep (Jun-Jtll) 
Silver hake JUIl-Oct (lui-Aug) 
White hake Nov-Apr 
Windowpane JUIl-Oct (luJ-Aug) 
Winter flounder Apr-May (Apr) 
Witch flounder Apr-Aug (May-Jun) 
Yellowtail flounder Apr.Aug (May-Jun) 


D '" Developing; R '" Ripe; E =: Eyed; S =: Spent; and T '" Resting. 


Approximate Maturity Stage! 


Spring 


D-R-E 
D-R 


R-S-T 
T 


D-R 
T-D 
D 


D-R-S-T 
SoT 
T 


SoT 
T-D 
T·D 


R-S·T 
T-D 


D·R·S 
D·R 
T-D 


Autumn 


D-R-S 
T 


T-D-R 
D-R-S 


T 
SoT 
SoT 
T-D 
T·D 
R-S 
T-D 
SoT 
SoT 


T-D-R 
SoT 
T 
T 
T 
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Table 10. Approximate spawning seasons (peak in parentheses) by region of 42 species of finfish and shellfish derived from MARMAP 
egg and larval data [from Smith (1983)] 


Boreal (shallow) species 
Atlantic herring 
American plaice 
Atlantic cod 
Pollock 
Haddock 


Boreal (deep) species 
Witch flounder 
Acadian redfish 
Cusk 
Atlantic wolffish 
Atlantic argentine 
Thorny skate 


Warm water species 
Bluefish 
Northern searabin 
Scup 
Longfin squid 
Pourspot flounder 
Summer flounder 
Butterfish 


Eurythermal species 
Ocean pout 


Middle Atlantic 


None reported 
None reported 


Nov-Apr (Mar-Apr) 
Oct-Mar (Dec-Jan) 


None reported 


Apr-Aug (May-Jun) 
None reported 
None reported 
None reported 
None reported 
None reported 


May-Aug (Jul) 
Jun-Oct (Aug-Sep) 


May-Aug (May-Jun) 
Apr-Sep (Jun&Sep) 


May-Sep (Ju/) 
Sep-Dec (Oct-Nov) 
May-Sep (Jun-JuI) 


Southern New England 


Oct-Dec (Oct) 
Peb-Jun (Apr-May) 


Nov-May (Nov-Mar) 
Oct-Mar (Dec-Jan) 
Jan-May (Mar-Apr) 


Apr-Jul (May-Jun) 
Apr-Jul (Apr-May) 


Nov-Jan (peak unknown) 
None reported 
Probably none 


May-Aug (Jul) 


May-Aug (May-Jun) 
Apr-Sep (Jun) 
Jun-Aug (Jul) 


Aug-Nov (Del) 
May-Sep (Jul) 


Georges Bank 


Sep-Dce (Scp-Oet) 
Peb-Jun (Apr-May) 
Nov-May (Feb-Mar) 
Oct-Mar (Dec-Jan) 
Jan-May (Mar-Apr) 


Gulf of Maine 


Aug-Dec (Sep-Oct) 
Peb-Jun (Apr-May) 


Nov-May (Mar-May) 
Oct-Mar (Dec-Jan) 


Pcb-May (Mar-Apr) 


Apr-Aug (May-Jun) Apr-Aug (May-Jun) 
Apr-Aug (Jun-Jul) Apr-Aug (Jun-Jul) 
Apr-Jul (Apr-May) Apr-Jul (Apr-May) 


Nov-Jan (peak unknown) Nov-Jan (peak unknown) 
None reported Mar-May (Mar) 


All year (Apr-Sep) All year (Apr-Sep) 


None reported 
None reported 
None reported 
Apr-Jul (Jun) 


Jun-Aug (luI-Aug) 
Sep-Nov (Oct) 
Jun-Sep (Ju1) 


None reported 
None reported 
None reported 


JuI (JuI) 
None reported 
None reported 
Jun-Sep (Jul) 


None repor~ Sep-De! (Ocl) Sep-Oe! (Oct) 
None reportee Nov-Peb (Dec-Jan) Nov-Feb (Dec-Jan) 


Mar-Aug (Ma)') Apr-Aug (May-Jun) Apr-Aug (May-Jun) 
Mar-May (May) Pcb-May (Feb-Mar) Mar-May (Apr) 


Longhorn sculpin 
Yellowtail flounder 
Winter flounder 
Windowpane 
Little skate 


May-Nov (Ma)l,&Sep) May-Nov (Sep) Jun-Oet (Jul-Aug) 
All year (Nov-jan&Jul) All year (Nov-Jan&Jan-Jul) All year (Nov-Jan&Jul) 


None repbrted All year (Apr-May&Nov-Peb) All year (Apr-May&Nov) 


Sep-Oet (Sep) 
Nov-Pcb (Dec-Jan) 


Apr-Aug (Jun) 
Apr-May (Apr) 


Jun-Oct (Jul-Aug) 
All year (Oct-Jan) 


Aug-Nov (Sep) Winter skate 


Stenothermal species 
Red hake Mar-Oct (Jun-lul) Mar-Dc! (Aug-Sep) May-Sep (Jun-Jul) May-Sep (Jun-Jul) 
Spiny dogfish Nov-Peb (Jan) Nov-Feb (Jan) Sep-May (Jan-Mar) None reported 
Silver hake Apr-Oct (Sep) Apr-Oct (Jun) Apr-Oct (May-Aug) Jun-Oet (Jul-Aug) 
Sea raven None reported Oct-Dec (Nov-Dec) Oct-Dec (Nov) Oct-Dec (Nov) 
Cunner Apr-Oct (Jun) Apr-Oct (Jun) May-Aug (May-Jun) Jun-Sep (Jun) 
American lobster May-Aug (May-Jun) May-Aug (May-Jul) Jun-Aug (lui-Aug) Jul-Aug (Jul-Aug) 
White hake Oct-Apr (Dec-Peb) Oct-Mar (Dec-Pcb) Oct-May (peak unknown) Nov-Apr (peak unknown) 
Goosefish Mar-Aug (May-Jun) Apr-Aug (Jun) Jun-Aug (Jun-Jul) Jun-Sep (Jun-Jul) 


Other species 
Alewife Mar-Apr (Apr) Mar-Apr (Apr) None reported Apr-May (May) 
Blueback herring Apr-Jun (May) Apr-Jun (May) None reported May-Jun (Jun) 
Northern sand lance Nov-Mar (Jan-Peb) Nov-Mar (Jan-Feb) Nov-Mar (Jan-Peb) Dec-Apr (Feb-Mar) 
Atlantic mackerel Apr-Jun (Apr-May) Apr-Jun (May) Apr-Jul (May-Jun) May-Jul (Jun) 
Gulf Stream flounder May-Oct (Jul-Aug) JUn·Oct (Jul-Aug) Jun-Oct (Jul-Aug) None reported 
Atlantic rock crab All year (Apr-Jun) All year (Apr-Jun) 
Jonah crab Jul (Jul) 
Sea scallop Jul-Sep (Aug) Jul-Sep (Aug) Sep-Oct (Sep-Oct) Aug-Oct (Aug-Sep) 
Swordfish None reported None reported None reported None reported 
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Table 11. Current maturity staging criteria used during NEFC bottom trawl surveys 


Stage Code 


Immature 


Developing D 


Ripe R 


Eyed E 


Ripe and Running U 


Spent s 


Resting T 


Immature 


Description and Criteria 


Females 


Ovary paired, tube-like organ, small relative to body cavity; thin, transparent outer membrane; 
contains colorless to pink jell-like tissue with no visible eggs 


Butterlisb: ovary paired and flattened, with striations or wrinkles in ovary wall 


Ovaries enlarge to occupy up to 2/3 of body cavity; if blood vessels present, they become 
prominent; ovary has granular appearance as yellow to orange yolked eggs develop 


Enlarged ovaries may fill entire body cavity; mixture of yellow to orange yolked eggs and 
hydrated or "clear" eggs present (50% or more clear eggs denotes ripe ovary, while less than 
50% denotes developing ovary) 


Acadian redfish only: ovary large and robust with transparent membrane and with dark spotted 
eggs which are developing larvae 


Ripe female with eggs flowing from vent with little or no pressure to abdomen 


Ovaries flaccid, sac-like, similar in size to ripe ovary; color red to purple; ovary wall thickening, 
becoming cloudy and translucent vs. transparent as in ripe ovary; some eggs, either clear or 
yolked, may still be present, however most adhere to ovary wall; therefore, CUT QI'EN OVARY 
to make sure there is no mass of eggs in center of ovary (as in stages D and R) 


Gonad reduced in size relative to ripe ovary, but larger than as immature; interior jell-like with 
no visible eggs 


Flounders: ovary does not appear to reduce in size relative to body cav ily as much as in gad ids, 
and interior usually yellow or orange; apparently, eggs spawned and after a short spent stage, 
ovary develops up again with yolked eggs which are small and do not get any larger until prior 
to next spawning season; ovary wall thicker and tougher than ripe ovary wall, and wall is cloudy 
or translucent, rather than clear as in ripe ovary 


Gadids: ovary wall thick and tough with purplish membrane and no prominent blood vessels; 
since there is not a fresh blood supply, vessels more purple than bright red 


Silver hake: exception to abovc, this species more similar to flounders; eggs never seem to 
resorb into a jell-mass, but ovary continues to reduce in size while maintaining yellow-orange 
color of yolked eggs 


Males 


Testes small relative to body cavity, colorless to gray, and translucent 


Butterfish: similar in appearance to ovary, with smooth wall vs. striations in female 


Flounders: testis triangular,loc3ted at posterior edge of gut cavity; other testis in same position 
on opposite side 


Winter flounder: anterior portion similar to other flounders, however posterior portion extends 
back similar to ovary of females; shape of extreme posterior portion of testis different from 
female: instead of coming to a point as in female, endpoint is rounded, and testis more flattened 
than round as it extends posteriorly 


Gadids: testes narrow and elongate with many lobes giving appearance of crimped ribbon 







Table 11.--Continued 


Stage Code 


Developing D 


Ripe R 


Ripe and Running u 


Spent s 


Resting T 
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Description and Criteria 


Males 


Atlantic herring, Atlantic mackerel, scup: similar in appearance to ovary, but there is an edge 
to testis vs. being rounded in female 


Testes enlarge and color is gray to off-white; texture of testis is a firm consistency with very 
little or no milt present 


Testes now very large, color chalk white, and consistency mostly liquid; milt will flow easily 
if testis cut 


Gadids: testes will appear to fill entire body cavity 


Before cutting open fish, milt flows easily from vent with little or no pressure on abdomen; once 
cut open, milt flows easily and color is chalk white 


Testes flaccid, not as full of milt and robust as in Ripe stage; may contain residual milt; edges 
or parts of testes starting to turn gray and milt recedes 


Gadids: «dges of lobes reddish to brown, or gray, as milt recedes from edge 


Testes shrunken in size relative to Ripe stage; color yellow, brown, or gray with little or no milt 
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APPENDIX: INSTRUCTIONS FOR AT .. SEA MATURITY SAMPLING 


CONTAINED IN PHOTO MANUAL PREPARED BY LIVINGSTONE 


DETERMINING MATURITY STAGE 


Color, size of the gonad in relation to the body cavity, and fish length are the most helpful criteria for identifying 
maturity stages. 


DISTINGUISHING THE IMMATURE FROM THE RESTING STAGE 


After spawning, the gonad shrinks in size so that in all but the older fish one is apt to call the "resting" gonad 
"immature." For haddock, Atlantic cod, and pollock, I have noted the following differences between the two stages: 


1. The resting gonad is slightly larger than the immature gonad, a point obvious in older specimens. 


2. The membrane of the resting ovary is usually opaque; it is translucent in the immature. It is also generally more 
leathery to the touch and in males looks dried up. 


3. If cut open, the resting ovary often contains remains ofunspawned eggs or resorbing eggs (evidence of spawning); 
the immature ovary is jell-like on the inside with no visible eggs except under magnification. 


The resting phase lasts until the gonad is recycled for the next spawning season. Thus, in the autumn, we would expect 
most of the spring spawners to be in this condition. 


RECORDING MATURITY DATA 


Most maturity data are taken at the same time the age and growth samples are being processed. Sex and maturity stage 
are recorded on the scale envelopes. Some of the newer envelopes have maturity stage 'abbreviations printed on them, so 
the recorder simply circles the correct maturity stage. If the person staging the gonads is unsure, then the recorder should 
note the stage with a question mark or some such notation on the envelope. Maturity stages are copied onto maturity stage 
logsheets (provided for each cruise) during times of bad weather and at the discretion of the chief scientist. 


When the species being processed in an age-and-growth sample is required for fecundity, then the recorder should note 
this information on the envelope as FEe-! which would indicate that this was the first sample preserved for fecundity. Age 
data should always be taken with fecundity samples. 
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NMFS Cooperative SharkTagging Program, 1962-93:
 
An Atlas of Shark Tag and Recapture Data
 


NANCY E. KOHLER, JOHN G. CASEY, and PATRICIA A. TURNER 


Introduction 


The National Marine Fisheries Ser
vice (NMFS) Cooperative Shark Tag
ging Program (CSTP) is part of continu
ing research directed to the study of the 
biology of large Atlantic sharks. The 
CSTP was initiated in 1962 at the Sandy 
Hook Laboratory in New Jersey under 
the Department of Interior's U.S. Fish 
and Wildlife Service (USFWS). During 
the late 1950's and early 1960's, sharks 
were considered a liability to the 
economy of resort communities, of little 
or no commercial value, and a detriment 
to fishermen in areas where sharks 
might damage expensive fishing gear or 
reduce catches of more commercially 
valuable species. 


Several shark attacks along the New 
Jersey coast at that time gave rise to 
public concern about a perceived shark 
menace. In response to that concern, a 
shark longline survey was conducted in 
1961 from Jones Inlet, N.Y., to Cape 
Henlopen, Del., by laboratory staff. The 
objectives of that study were to deter
mine the species composition, distribu
tion, abundance, food habits, seasonal 
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occurrence, and other aspects of the bi
ology of large sharks off the middle 
Atlantic states. The survey resulted in 
the capture of over 300 sharks, includ
ing white sharks, Carcharodon car
charias; and tiger sharks, Galeocerdo 
cuvier, considered to be among the most 
dangerous species. 


When the details of the survey were 
made public, hundreds of recreational 
fishermen interested in fishing for 
sharks as "big game" in the rapidly ex
panding offshore recreational fisheries 
offered to assist USFWS biologists in 
their research on sharks. This was the 
genesis of the CSTP. Volunteer partici
pation began with an initial group of less 
than 100 fishermen involved in tagging 
feasibility studies in 1963. The program 
expanded in subsequent years, coming 
under the auspices of the U.S. Depart
ment of Commerce's National Marine 
Fisheries Service, NOAA, in 1970. It 
currently includes over 6,500 volunteers 
distributed along the Atlantic and Gulf 
coasts of North America and Europe. 
An overview of the early history of the 
CSTP is included in Casey (1985). 


This paper broadly summarizes the 
tagging and recapture (T/R) information 
from the CSTP for 1962 through 1993. 
T/R data are presented in an atlas for
mat to provide an overview of the 32
year database and show the extent of 
the tagging effort, areas of release and 
recapture, sources of recaptures, and 
movements of tagged sharks with re
spect to state boundaries, the 200-mile 
U.S. Exclusive Economic Zone (EEZ), 


and international and territorial waters 
of other countries. 


Materials and Methods 


The tagging methods used in the 
CSTP have been essentially unchanged 
during the past 30 years. The two prin
cipal tags in use are a fin tag (Jumbo Roto
tag) and a dart tag ("M" tag) (Fig. 1). The 
Rototag is a two-piece, plastic cattle ear 
tag that is inserted through the first dor
sal fin. These tags were primarily used 
by USFWS biologists on small sharks 
during the first few years of the CSTP. 
As the program expanded to include 
thousands of volunteer fishermen, the 
dart tag was developed to be easily and 
safely applied to sharks in the water. The 
"M" tag is composed of a stainless steel 
dart head, monofilament line, and a 
Plexiglas capsule containing a vinyl 
plastic legend with return instructions 
printed in English, Spanish, French, 
Japanese, and Norwegian. These dart 
tags, in use since 1965, are implanted 
in the musculature near the base of the 
first dorsal fin. Numbered dart tags are 
sent to volunteer participants on self-ad
dressed return post cards for recording 
tagging information (species, size, and sex 
of shark, and date, location, and gear). 


In addition, first time taggers are sent 
a tagging needle, tagging instructions, 
a copy of the "Anglers Guide to Sharks 
of the Northeastern United States" 
(Casey, 1964), and a current Shark 
Tagger newsletter. This newsletter is an 
annual summary of the previous year's 
T/R data and biological studies on 
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Figure I.-The two principal tags, Jumbo Rototag (left) and "M" dart tag (right), used in the NMFS Cooperative Shark Tagging 
Program from 1962 to 1993. 


sharks that is sent to all participants in 
the CSTP. Tagging studies have been 
mostly single-release events in which 
recoveries are made opportunistically 
by recreational and commercial fisher
men. When a tagged shark is recaught, 
information similar to that obtained at 
tagging is requested from the recapturer. 
Initially, a $1.00 reward was sent as an 
incentive for returning tags; after a few 
years, the reward was increased to 
$5.00. Since 1988, a hat with an em
broidered logo has been used. 


Throughout the program, special care 
has been taken with respect to identifi
cation of species. It was apparent in the 
first few years that fishermen were hav
ing difficulty identifying sharks. Sharks 
in the genus Carcharhinus were (and 
remain) the most difficult to identify. 
Difficulties were also apparent in sepa
rating the mackerel sharks (i.e. shortfin 
mako, Isurus oxyrinchus; porbeagle, 
Lamna nasus; and white shark) and 
smooth, Sphyrna zygaena; and scal
loped, S. lewini, hammerheads. In ad
dition, taggers sometimes simply re
ported "shark," "~and shark," "dogfish," 
or "gray shark," names that can refer to 
any of several species. Over the course 
of the CSTP, there has been a continu
ing effort to provide shark identifica
tion materials to participants, many of 
whom have become experts in identi
fying sharks in their areas. The cadre 


of sport and commercial fishermen, sci
entists, fish dealers, and foreign fisher
ies observers send measurements, pho
tographs, teeth, skin, and other materi
als to verify species identification. 


For this paper, the combined 32-year 
database was further relined by plotting 
TIR locations by species and verifying 
observations that fell outside expected 
distributions. Tag and recapture data 
were evaluated to provide an overview 
of the range of some of the more im
portant species of sharks and to show 
the extent of their migrations. Any data 
judged to be important with respect to 
long-distance movements, extended 
times at liberty, or unusual locations 
were considered valid only if they were 
tagged by NMFS biologists, other sci
entists, experienced foreign fisheries 
observers, or knowledgeable/experi
enced shark fishermen. Additionally, 
fishermen were contacted by telephone 
or letter to confirm details when the in
formation was judged to be particularly 
relevant. If the data could not be veri
fied, it was deleted or assigned to a non
specific category such as "unidentified 
Carcharhinus. " 


During the course of the program, 
fishermen have become more experi
enced in identifying sharks, naviga
tional systems and the accuracy of tag
ging data have improved, and question
able information from early years have 


become more obvious. Moreover, the 
additive effect of recaptures from sharks 
tagged by NMFS and other biologists 
have helped to confirm overall move
ment pattems of many species. Concerted 
attempts have also been made to critically 
and conservatively evaluate T/R infor
mation with respect to times at liberty, 
distances traveled, rates of travel and 
movements of sharks in relation to na
tional and international boundaries. 


This paper summarizes tagging and 
recapture data for 33 species of sharks 
taken in the CSTP, together with ancil
lary information, e.g. type of gear used 
and occupation of participants. Standard 
sets of figures (maps and graphs) are 
included for each species. Maps are dis
played in a longitudellatitude projection 
with the U.S. EEZ boundary represented 
by a dotted-dashed line. Species sections 
appear in taxonomic order. Figures for 
each species include the following: 


I) Atlantic distribution-Tagging and 
recapture locations are plotted on a stan
dardAtlantic Ocean map. Summary in
fOffilation includes number of males and 
females tagged and recaptured, overall 
recapture rate, and maximum observed 
speed, distance traveled, and time at lib
erty. Note that maps show a general dis
tribution of tagging and recapture loca
tions, but because of scale, do not 
readily reflect tagging density. 
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2) Tagging distribution-The initial tagged varies from 22 for the Greenland The number of fish tagged and recap
map represents an overview of the total shark, Somniosus microcephalus, to tured is influenced by a variety of fac
tagging data with distinct symbols for 60,856 for the blue shark. Most species tors, and the apparent abundance of a 
males, females, and unknowns. These (27) have more than 100 sharks tagged. species, as reflected in the T/R data, can 
data are further broken down by area on Numbers of recaptures by species be misleading. The blue shark, for ex
subsequent maps where appropriate. range from 0 to 2,339. Ninety-two per ample, is an abundant species, and be
Numbers ofeach sex and the 200 ill depth cent of the recaptures are accounted for cause of its low economic value, many 
contour are marked on each figure. by seven species: blue shark (51 %); are released. On the other hand, the 


3) Recapture distribution-All of the sandbar shark (16%); tiger shark (10%); shortfin mako is prized by both recre
recapture information for each species shortfin mako (7 %) ~ lemon shark, ational and commercial fishermen, and 
is displayed on a single map with ar Negaprion brevirostris (3%)~ dusky this is reflected in the relatively low 
rows depicting the point of tagging (ori shark (3%); and nurse shark, Gin numbers of makos tagged and released 
gin of arrow), and point of recapture glymostoma cirratum (2%). For most and high recapture rate (third highest). 
(arrowhead). In sonle instances, an en species (26), less than 100 fish were The tiger shark is an example of a spe
largement of a particular area is in recaptured. No returns to date have been cies where an intensive age and growth 
cluded on the same page (denoted as A reported for the basking shark, Ceto study. in recent years, has increased the 
and B) to improve clarity. An additional rhinus maximus; finetooth shark, numbers tagged and recaptured. Life 
map denoting long-distance movements Carcharhinus isodon; smalltail shark, history characteristics may also influ
is included for sonle species. C. porosus; and Atlantic angel shark, ence tagging and recapture success (e.g. 


4) Yearly summaries-Number of Squatina dumeril. The rate of recapture a species that stays in an area for exten
sharks tagged and recaptured by year are ranges from 0.0 to 10.9% (for the nurse sive periods of time, like the nurse 
plotted on two distinct line graphs with shark). shark, is more subject to capture and 
the same year scale for comparison. 


Table 1.-Summary of tag and recapture data for 33 species of sharks from the NMFS Cooperative SharkTaggingThe blue shark, Prionace glauca, pre-
Program during 1962-93. 


sented US with unique problems in por-
No. of Recap- Max. Max. Max.traying the tagging data. The substan-


No. of sharks ture speed distance time at
 
tial tagging effort off the northeastern sharks recap- rate (n.mi./ traveled liberty
 


Species tagged tured (%) day) (n.mi.) (years)
coast of the United States made it diffi
cult to definitively display sex ratios and	 Nurse shark, Ginglymostoma clrratum 923 101 10.9 1.3 292 7.8 


Sand tiger, Odontaspis taurus 562 31 5.5 2.9 641 3.2tagging effort. For exanlple, 22,500 blue 
Bigeye thresher, Aloplas superciliosus 329 7 2.1 9.4 1,494 6.5sharks were tagged within a 60-mile 
Thresher shark, A. vulpmus 48 2 4.2 0.1 86 8 


radius of Montauk Point. Long Island, Basking shark, Cetorhinus maximus 156 a a 
N.Y.. during the study period. The blue White shark. Carcharodon carchanas 36 2 5.6 0.9 546 2.5 


Shortfln mako, Isurus oxynnchus 3,457 320 9.3 35.7 2,453shark data were therefore divided into 9.5
 


Longfin mako, I. paucus 73 4 5.5 5.2 859 1.2
eight regions, and sex ratios (males to 
Porbeagle, Lamna nasus 457 31 6.8 22 1,005 8.6


females) were determined for each re- Blacknose shark, Carcharhmus acronotus 387 6 1.6 0.8 170 9.2 
gion. These regions were based on gen- Bignose shark. C. altimus 169 9 5.3 2.4 1.805 8.8 


eral distribution of the data and geo- Spinner shark, C. brevipinna 341 9 2.6 3.3 899 0.8 
Silky shark, C. falciformls 819 54 6.6 32.2 723 7.1graphic areas (e.g. Grand Banks). The 
Galapagos shark, C. galapagensis 339 14 4.1 1 1,544 4.4three regions off the U.S. coast have the 
Finetooth shark, C. isodon 114 a a 


EEZ as their eastern boundary. Bull shark, C. leucas 520 10 1.9 1.6 235 7 
Blacktip shark, C. limbatus 2,398 98 4.1 16.4 1,159 7.3Results and Discussion Oceanic whitetip shark, C.longimanus 542 6 1.1 17.5 1,226 3.3 
Dusky shark, C. obscurus 5.983 124 2.1 22.3 2,052The CSTP, between 1962 and 1993.	 15.8 
Reef shark, C. perezi	 546 10 1.8 < 0.1 16 4.4has resulted in 106.449 tagged sharks Sandbar shark, C. plumbeus 15,617 727 4.7 11.7 2,039 27.8 


of 33 species and 4.598 recaptures of Smalltail shark, C. porosus 29 a a 
29 species. Ninety-one percent of the	 Night shark, C. signa/us 191 12 6.3 6 1.441 12.9 


Tiger shark, Galeocerdo cuvier 4,850 446 9.2 33.2 1,871 10.9tags are accounted for by eight species: 
Lemon shark, Negaprion brevirostns 1,602 163 10.2 4 230 4.1blue shark (57%)~ sandbar shark, Car-
Blue shark, Prionace glauca 60,856 2,339 3.8 49.9 3,740 8.5


charhinus plumbeus (15%); dusky Atlantic sharpnose shark. 


shark, C. obscurus (6%); tiger shark Rh~opnonodonterraenovae 2,015 21 1 2.3 344 7.3 
Scalloped hammerhead, Sphyrna lewini 2,131 34 1.6 6 902 9.6(40/0); shortfin mako (3%); blacktip 
Great hammerhead, S. mokarran 103 2 1.9 0.4 102 0.7shark, C. limbatus (2%); scalloped ham- Bonnethead. S. tiburo 583 9 1.5 1.2 141 0.4 


merhead (2%); and Atlantic sharpnose Smooth hammerhead, S. zygaena 166 6 3.6 2.6 496 2.1 


shark, Rhizoprionodon terrraenovae Greenland shark, Somniosus microcephalus 22 1 4.5 a a 1 
Atlantic angel shark, Squatina dumeril 85 a a(2%) (Table 1). The number of sharks 
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recapture than a species that is highly 
migratory). Conversely, lower tagging 
and recapture success does not neces
sarily reflect low abundance but may 
mean that a species may be undesirable 
or inaccessible to the main body of fish
ing and tagging effort. Some species 
occur farther offshore, in deeper waters, 
are not present in areas during the pri
mary fishing season, or are not readily 
caught. For instance, 156 basking 
sharks were tagged by members of the 
CSTP, but none have been recaptured. 
This is because basking sharks are rela
tively easy to tag free swimming but are 
not taken incidentally on most types of 
fishing gear and are not subject to com
mercial fisheries. 


The annual number of fish tagged per 
year varied from 38 in 1962 to 8,113 in 
1992 and averaged 5,700 during 1984
93. The number of fish recaptured by 
year ranged from 2 in 1963 to 444 in 
1993 and averaged 300 for 1984-93 
(Fig. 2). The fairly steady rise in num
ber of recaptures is partially due to the 
fact that as the number of tagged fish 


increased (each year an additional 5,000 
to 8,000 were added), the number of 
recaptures per year increased. Trends in 
number of fish tagged and recaptured 
must be interpreted with caution, be
cause tagging effort can vary due to an
nual changes in fishing effort, weather 
conditions, water ternperature, number of 
participants in the CSTP, occurrence of 
research cruises, opening or closure of 
a commercial fishery, and number of tags 
available. All these variables are difficult 
to measure and may mask any direct cor
relation of number of tags used per year 
and population size fluctuations. 


Peaks in numbers of tags and recap
tures per year can be further clarified 
by comparing the total with the data for 
the blue and sandbar sharks. Since blue 
sharks represent the largest percentage 
of the total numbers tagged and recap
tured, the pattern in numbers per year 
for this species mirrors the total and 
dominates the trends. Species with 
fewer tags and recaptures are particu
larly affected by the variables discussed 
above. since single events can signifi


cantly increase or decrease their num
bers. For example, there were large 
numbers of sandbar sharks tagged be
tween 1964 and 1968 by NMFS biolo
gists in conjunction with commercial 
fishermen off coastal Virginia. Like
wise, since 1986, there was an increase 
in the number of sandbar sharks tagged 
(on NMFS research cruises in 1986, 
1989, and 1991) and recaptured (due to 
the developed comnlercial fishery for 
coastal sharks). 


Anglers using rod and reel accom
plished the majority of the tagging (Fig. 
3). Biologists, NMFS fisheries observ
ers, and commercial fishermen using 
primarily longlines, handlines, and nets 
(gill, trawl) accounted for the remain
der. Conversely, commercial fishermen 
(50%) using longlines and net gear, and 
rod and reel anglers (40%) were respon
sible for the majority of the tag returns 
(Fig. 4). 


Distances traveled for the 33 species 
ranged from no movement to 3,740 
n.nli. (Table I). This maximum distance 
was for a blue shark that was tagged by 


Total Number of Sharks Tagged by Year 


8000 
7000 


" 6000 
G) 


5000.Q 


E 4000 
::J 
Z 3000 


2000 
1000 


0 
61 63 65 67 69 71 73 75 77 79 81 83 85 87 89 91 93 


Year 


Total Number of Sharks Recaptured by Year 


61 63 65 67 69 71 73 75 77 79 81 83 85 87 89 91 93 


Year 


450 
400 
350 


; 300 
.Q 250 
§ 200 
Z 150 


100 
50 


0 


Figure 2.-Total number of sharks tagged and recaptured by year in the NMFS Cooperative Shark Tag
ging Program from 1962 to 1993. 


Marine Fisheries Review 4 







Other 
10/0 


Tag Releases by Gear Tag Returns by Gear 


Net Other
 
40/0 < 10/0
 


Rod & Reel 
Longline 43% 


35% 


Rod & Reel 


Handline Free Swimming 
4% 4% 


Handline 
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a sport fisherman southeast of Shinne
cock Inlet, N.Y., and recaptured ap
proximately 560 miles east of Natal, 
Brazil 1.4 years later. In total, one spe
cies, the blue shark, traveled distances 
over 3,000 miles, 3 species traveled dis
tances between 2,000 and 3,000 miles 
(shortfin mako, dusky, and sandbar 
shark), and 8 species between 1,000 and 
2,000 miles (tiger; bignose, Carcharhi
nus altimus; Galapagos, C. galapa
gensis; bigeye thresher, Alopias super
ciliosus; night, C. signatus; oceanic 
whitetip, C. longimanus; blacktip, and 
porbeagle shark). Six species traveled 
distances of 50Q-l ,000 miles (scalloped 
hammerhead; spinner, C. brevipinna; 
longfin mako, Isurus paucus; silky, 
Carcharhinus falciformis; sand tiger, 
Odontaspis taurus; and white shark). 


The longest time at liberty for any 
shark in the CSTP is 27.8 years (Table 
1). This record is for a sandbar shark 
that was tagged by NMFS Narragansett 
Laboratory biologist Charles Stillwell, 


530/0 


Tag Releases by Occupation 


Fisheries 120/0
 
Observers
 


Anglers 
550/0 


Commercial 
. 80/0


Fishermen 


Figure 3.-Summary of tag releases by gear and occupa
tion of participants in the NMFS Cooperative Shark Tag
ging Program from 1962 to 1993. 
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fishing with a gill net in Great Machi
pongo Sound, Va., in June of 1965 and 
recaptured by a commercial shark 
longline fisherman east of Daytona 
Beach, Fla. Overall, 4 species of shark 
have been at liberty for over 10 years 
(sandbar, dusky, night, and tiger shark), 
and 13 have been at liberty between 5 
and 10 years (scalloped hammerhead; 
shortfin mako; blacknose, Carcha
rhinus acronotus; bignose; porbeagle; 
blue; thresher, Alopias vulpinus; nurse; 
Atlantic sharpnose; blacktip; silky; bull; 
and bigeye thresher shark). 


One of the major challenges to fish
eries managers is the management and 
allocation of transboundary or migra
tory stocks (Hilborn et aI., 1990). Data 
fronl tagging programs, such as the 
NMFS CSTP, playa major role in this 
process by providing direct evidence of 
the extent of fish movements with re
spect to national and international 
boundaries and for defining the stocks 
ofAtlantic sharks (Fig. 5-161). Recap
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Figure 4.-Summary of tag returns by gear and occupation 
of participants in the NMFS Cooperative Shark Tagging Pro
gram from 1962 to 1993. 


ture data from the CSTP provide evi
dence of transboundary movements for 
the 29 shark species with recaptures 
(Table 2). Twenty species showed 
movement across the U.S. EEZ bound
ary. Of these, 6 belong to the pelagic 
sharks, 12 to the large coastal, and 2 to 
the small coastal shark species group 
as per the Fishery Management Plan for 
Sharks of the Atlantic Ocean (Anony
mous, 1993). TIR data provide evidence 
that 25 of the species occur in the Gulf 
ofMexico. Of these, 12 show movement 
into the Gulf and 11 show movement 
out of the Gulf. Sixteen species occur 
in the Caribbean Sea, of which 8 show 
movement in and none show movement 
out. Eight species occur in the South 
Atlantic, and one species, the blue 
shark, shows evidence of crossing the 
equator. Overall, fishermen represent
ing 32 countries have tagged sharks and 
47 countries are represented in the tag 
returns. Thus, the need for international 
cooperation and management for some 


5 







Table 2.-Summary of occurrence and transboundary movement for 33 species of sharks from the NMFS Cooperative Shark Tagging Program during 1962-93. 


Shark species tagged and/or recaptured in: Moved into: 
Moved Moved out 


N. of Cape S. of Cape Gulf of Caribbean E. N. Atl. S. Atl. across Caribbean Gulf of S. Atl. of Gulf 
Species Hatteras Hatteras Mexico Sea Ocean Ocean U.S. EEZ Sea Mexico Ocean of Mexico 


Ginglymostoma cirratum X X X X
 


Odontaspis taurus X X
 


Alopias superciliosus X X X X X X X
 


A. vulpinus X X X
 


Cetorhinus maximus X NA1 NA NA NA NA
 


Isurus oxyrinchus X X X X X X X X X X
 


~~OC~ X X X X X X
 


Carcharhinus acronotus X X
 


Carcharodon carcharias X X X
 


Lamna nasus X X X X
 


C. altimus X X X X X X X X 


C. brevipinna X X X X X X X
 


C. falciformis X X X X X X X X X X 


C. galapagensis X X X 


C. isodon X X X NA NA NA NA NA
 


C.leucas X X X X
 


C.limbatus X X X X X X X
 


C. longimanus X X X X X X X X X
 


C. obscurus X X X X X X X X X 


c.~~ X X X 
C. plumbeus X X X X X X 


C. porosus X NA NA NA NA NA 


C. signatus X X X X X
 


Galeocerdo cuvier X X X X X X X X
 


Negaprion brevirostris X X X X X X X
 


Prionace glauca X X X X X X X X X X
 


Rhizoprionodon terraenovae X X X X
 


Sphyrna lewini X X X X
 


S. mokarran X X X 


S. tiburo X X X
 


S. zygaena X X X X X X 


Somniosus microcephalus X X 


Squatina dumeril X X X NA NA NA NA NA 


1 NA =Not applicable. 


shark species is underscored by the fact 
that many have wide ranging distribu
tions, frequently traverse national 
boundaries, and are exploited by multi
national fisheries. 


The CSTP is an ongoing means to 
increase our biological understanding of 
sharks and to obtain information re
quired for their successful management. 
The tagging of sharks (and other aquatic 
animals) provides information on stock 
identity, movements and migration (in
cluding rates and routes), abundance, 
age and growth (including verification/ 
validation of age-determination meth
ods), mortality, behavior, and stocking 
success (McFarlane et aI., 1990). This 
atlas is the foundation upon which to 
begin to fill in the gaps in our knowl
edge on the migrations and other ele
ments of the biology ofAtlantic sharks. 


Future reports will provide more 
detailed analysis of the T/R data in re
lation to stock identification, size dis
tribution, reproductive biology, food 
habits, and environmental parameters 
that define the geographic ranges and 
help to explain movements of individual 
species. 
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Figure 5.-Atlantic distribution of tag and recapture locations for the nurse shark, Ginglymostoma cirratum, from 
the NMFS Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 6.-Total tagging distribution for the nurse shark, Ginglymostoma cirratum, from the NMFS Cooperative 
Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid line represents 
the 200 m depth contour. 
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Figure 7a.-Recapture distribution for the nurse shark, Ginglymostoma cirratum, from the NMFS Cooperative 
Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 7b.-Detailed map of southern Florida recapture distribution for the nurse shark, Ginglymostoma cirratum, 
from the NMFS Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the 
U.S. EEZ. 
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Figure 8.-Total number of nurse shark. Ginglymosroma cirratum. tagged and recaptured by year in the 
NMFS Cooperative Shark Tagging Program. from 1962 to 1993. 
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Figure 9.-Atlantic distribution of tag and recapture locations for the sand tiger. Odontaspis taurus. from the NMFS 
Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 10.-Total tagging distribution for the sand tiger, Odontaspis Taurus, from the NMFS Cooperative Shark 
Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid line represents the 
200 m depth contour. 
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Figure I I.-Recapture distribution for the sand tiger, Odontaspis taurus, from the NMFS Cooperative Shark Tag
ging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 12.-Total number of sand tiger. Odontaspis taurus, tagged and recaptured by year in the NMFS 
Cooperative Shark Tagging Program. from 1962 to 1993. 
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Figure 13.-Atlantic distribution of tag and recapture locations for the bigeye thresher, Alopias superciliosus, from 
the NMFS Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 14.-Total tagging distribution for the bigeye thresher, Alopias superciliosus, from the NMFS Cooperative 
Shark Tagging Program during 1962-93. 
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Figure IS.-U.S. tagging distribution of the bigeye thresher, Alopias superciliosus, from the NMFS Cooperative 
Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid line represents 
the 200 m depth contour. 
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Figure 16.-Recapture distribution for the bigeye thresher, Alopias superciliosus, from the NMFS Cooperative 
Shark Tagging Program during 1962-93. The dotted-dashed lIne represents the U.S. EEZ. 


Figure 17.-Total number of bigeye thresher, Alopias superciliosus, tagged and recaptured by year in the 
NMFS Cooperative Shark Tagging Program, from 1962 to 1993. 
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Figure 18.-Atlantic distribution of tag and recapture locations for the thresher shark, Alopias vulpinus, from the 
NMFS Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 


Figure 19.-Total tagging distribution for the thresher shark, Alopias vulpinus, from the NMFS Cooperative Shark 
Tagging Program during 1962-93. 
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Figure 20.-U.S. tagging distribution of the bigeye thresher, Alopias vu/pinus, from the NMFS Cooperative Shark 
Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid line represents the 
200 m depth contour. 
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Figure 21.-Recapture distribution for the thresher shark, A/opias vu/pinus, from the NMFS Cooperative Shark 
Tagging Program during 1962-93. 
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Figure 22.-Total number of thresher shark, Alopias vulpinus, tagged and recaptured by year in the NMFS 
Cooperative Shark Tagging Program, from 1962 to 1993. 
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Figure 23.-Atlantic distribution of tag and recapture locations for the basking shark, Cetorhinus maximus, from the 
NMFS Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 24.-Total tagging distribution for the basking shark, Cetorhinus maximus, from the NMFS Cooperative 
Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid line represents 
the 200 m depth contour. 
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Figure 25.-Total number of basking shark, Cetorhinus maximus, tagged by year in the NMFS Coopera
tive Shark Tagging Program, from 1962 to 1993. 
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Figure 26.-Atlantic distribution of tag and recapture locations for the white shark. Carcharodon carcharias. from 
the NMFS Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 27.-Total tagging distribution for the white shark. Carcharodon carcharias. from the NMFS Cooperative 
Shark Tagging Program during 1962-93. 
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Figure 28.-U.S. tagging distribution of the white shark, Carcharodon carcharias, from the NMFS Cooperative 
Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid line represents 
the 200 m depth contour. 
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Figure 29.-Northeastern U.S. tagging distribution of the white shark, Carcharodon carcharias, from the NMFS 
Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid 
line represents the 200 m depth contour. 
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Figure 30.-Recapture distribution for the white shark. Carcharodon carcharias. from the NMFS Cooperative Shark 
Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 31.-Total number of white shark, Carcharodon carcharias. tagged and recaptured by year in the 
NMFS Cooperative Shark ragging Program. from 1962 to 1993. 
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Figure 32.-Atlantic distribution of tag and recapture locations for the shortfin mako. Isurus oxyrinchus. from the 
NMFS Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 


Figure 33.-Total tagging distribution for the shortfin mako. Isurus oxyrinchus. from the NMFS Cooperative Shark 
Tagging Program during 1962-93. 
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Figure 34.-U.S. tagging distribution of the shortfin mako, Isurus oxyrinchus, from the NMFS Cooperative Shark 
Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid line represents the 
200 m depth contour. 
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Figure 35.-Grand Banks tagging distribution of the shortfin mako, Isurus oxyrinchus, from the NMFS Cooperative 
Shark Tagging Program during 1962-93. 
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Figure 36.-Northeastern U.S. tagging distribution of the shortfin mako, Isurus oxyrinchus, from the NMFS Coop
erative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid line 
represents the 200 m depth contour. 
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Figure 37.-Southeastern U.S. tagging distribution of the shortfin mako, Isurus oxyrinchus, from the NMFS Coop
erative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid line 
represents the 200 m depth contour. 
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Figure 38.-Recapture distribution for the shortfin mako, !SUrLIS oxyrinchus, from the NMFS Cooperative Shark 
Tagging Program during 1962-93. 
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Figure 39.-Total number of shortfin mako, !surus oxyrinchus, tagged and recaptured by year in the NMFS 
Cooperative Shark Tagging Program, from 1962 to J993. 


Marine Fisheries Review 24 







40' N 


20' N 


O' 


.20' S 


40' S 


+ 


--_._------,
Longtin Mako 


Sex -agged Re~dJ 
Male 281 31
 
Female --+---'1"'511-· - - -0
 
Unknown 30. 1
 
Total 73 4
 


Recapture Rate 5.5% 
Maximum Speed 5.2 nm/day 
Maximum Distance Traveled 859 nm 
Maximum Time at Liberty 1.2 yr 


.. '" ~~ 
m 


Figure 40.-Atlantic distribution of tag and recapture locations for the longfin mako, Isurus paucus, from the NMFS 
Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 41.-Total tagging distribution for the longfin mako, Isurus paucus, from the NMFS Cooperative Shark 
Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid line represents the 
200 m depth contour. 
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Figure 42.-Recapture distnbution for the longfin mako. /sums paucus. from the NMFS Cooperative Shark Tag
ging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 43.-Total number of longfin mako. {sums paucus, tagged and recaptured by year in the NMFS 
Cooperative Shark Tagging Program, from 1962 to 1993. 
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Figure 44.-Atlamic distribution of tag and recapture locations for the porbeagie, Lamna nasus, from the NMFS 
Cooperative Shark Tagging Program dUring 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 45.-Total tagging distribution for the porbeagle, Lamna nasus, from the NMFS Cooperative Shark Tagging 
Program during 1962-93. 
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Figure 46.-Northeastern U.S. tagging distribution of the porbeagle, Lamna nasus, from the NMFS Cooperative 
Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid line represents 
the 200 m depth contour. 
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Figure 47a.-Recapture distribution for the porbeagle, Lamna nasus, from the NMFS Cooperative Shark Tag
ging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 47b.-Detailed map of northeastern U.S. recapture distribution for the porbeagle, Lamna nasus, from the
 
NMFS Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ.
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Figure 49.-Atlantic distribution of tag and recapture locations for the blacknose shark, Carcharhinus acronotus, 
from the NMFS Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. 
EEZ. 
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Figure 50.-Total tagging distribution for the blacknose shark. Carcharhinus acronotus. from the NMFS Coopera
tive Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid line repre
sents the 200 m depth contour. 
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Figure 5 I.-Recapture distribution for the blacknose shark. Carcharhinus acronotus. from the NMFS Cooperative 
Shark Tagging Program during 1962-93. 
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Figure 52.-Total number of blacknose shark, Carcharhinus acronotus, tagged and recaptured by year in 
the NMFS Cooperative Shark Tagging Program, from 1962 to 1993. 
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Figure 53.-Atlantic distribution of tag and recapture locations for the bignose shark, Carcharhinus altimus, from 
the NMFS Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 54.-Total tagging distribution for the bignose shark, Carcharhinus altimus. from the NMFS Cooperative 
Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid line represents 
the 200 m depth contour. 
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Figure 55.-Recapture distribution for the bignose shark, Carcharhinus altimus, from the NMFS Cooperative Shark 
Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 56.-Total number of bignose shark, Carcharhinus altimus. tagged and recaptured by year in the 
NMFS Cooperative Shark Tagging Program. from 1962 to 1993. 
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Figure 57.-Atlantic distribution of tag and recapture locations for the spinner shark. Carcharhinus brevipinna. 
from the NMFS Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. 
EEZ. 
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Figure 58.-Total tagging distribution for the spinner shark, Carcharhinus brevipinna, from the NMFS Cooperative 
Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid line represents 
the 200 m depth contour. 
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Figure 59.-Recapture distribution for the spinner shark, Carcharhinus brevipinna, from the NMFS Cooperative 
Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 60.-Total number of spinner shark, Carcharhinus brevipinna, tagged and recaptured by year in 
the NMFS Cooperative Shark Tagging Program, from 1962 to 1993. 
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Figure 61.-Atlantic distribution of tag and recapture locations for the silky shark, Carcharhinus falciformis, from 
the NMFS Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 


Marine Fisheries Review 36 







+ fit· 


Figure 62.-Total tagging distribution for the silky shark. Carcharhinus falciformis. from the NMFS Cooperative 
Shark Tagging Program during 1962-93. 
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Figure 63.-U.S. tagging distribution of the silky shark. Carcharhinus falciformis. from the NMFS Cooperative 
Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid line represents 
the 200 m depth contour. 
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Figure 64.-Northeastern U.S. tagging distribution of the silky shark, Carcharhinus jalciformis, from the NMFS 
Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid 
line represents the 200 m depth contour. 
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Figure 65.-Southeastern U.S. tagging distribution of the silky shark, Carcharhinus jalcijormis, from the NMFS 
Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid 
line represents the 200 m depth contour. 
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Figure 66a.-Recapture distribution for the silky shark, Carcharhinusfalcijormis, from the NMFS Cooperative 
Shark TaggIng Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 66b.-Detailed map of southeastern U.S. recapture distribution for the silky shark, Carcharhinus falciformis, 
from the NMFS Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the 
U.S. EEZ. 
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Figure 67.-Total number of silky shark, Carcharhinus jalciformis, tagged and recaptured by year in the 
NMFS Cooperative Shark Tagging Program, from 1962 to 1993. 
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Figure 68.-Atlantic distribution of tag and recapture locations for the Galapagos shark, Carcharhinus galapagensis, 
from the NMFS Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. 
EEZ. 
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Figure 69.-Total tagging distribution for the Galapagos shark. Carcharhinus galapagensis. from the NMFS Coop
erative Shark Tagging Program during 1962-93. 


Galapagos Shark 
N =329 


+Female (146) I 
.Male (141) 
"'Unknown Sex (42)• I 


• 


Figure 70.-Detailed map of Bennuda tagging distribution for the Galapagos shark, Carcharhinus galapagensis, from 
the NMFS Cooperative Shark Tagging Program during 1962-93. The solid line represents the 200 m depth contour. 
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Figure 7 I.-Recapture distnbution for the Galapagos shark, Carcharhinus galapuf!,ensis, from the NMFS Coopera
tive Shark Tagging Program dunng 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 72.-Total number of Galapagos shark, Carcharhinus galapagensis, tagged and recaptured by year 
in the NMFS Cooperative Shark Tagging Program. from 1962 to J993. 
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Figure 73.-Atlantic distribution of tag and recapture locations for the finetooth shark, Carcharhinus isodon, from 
the NMFS Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 


/ ' 


/ 


/ 
/ 


./ 


/ 


/ 


\ 


\ 


\ 


I 
-" 


Figure 74.-Total tagging distribution for the finetooth shark. Carcharhinus isodon, from the NMFS Cooperative 
Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid line represents 
the 200 m depth contour. 
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Figure 75.-Total number of finetooth shark, Carcharhinus isodon, tagged by year in the NMFS Coopera
tive Shark Tagging Program, from 1962 to 1993. 


20· N 


O· 


.20· S 


40· S 


Bull Shark 


Sex rragged Recaptured 


Male 177 2 
Female 249 6 
Unknown 94 2 
rrotal 520 10 


Recapture Rate 1.9%
 
Maximum Speed 1.6 nm/day
 
Maximum Distance Traveled 235 nm 
Maximum Time at Liberty 70 yr 


.:: ~ C; 
~ ~ ~ 
::;; ::;; ::;; 


,.. '" '" ~ ~ ~ ~ 
::;; ::;; m 


Figure 76.-Atlantic distribution of tag and recapture locations for the bull shark, Carcharhinus leucas, from the 
NMFS Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 77.-Total tagging distribution for the bull shark. Carcharhinus leucas. from the NMFS Cooperative Shark 
Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid line represents the 
200 m depth contour. 
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Figure 78.-Recapture distribution for the bull shark. Carcharhinus leucas. from the NMFS Cooperative Shark 
Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 79.-Total number of bull shark, Carcharhinus leucas, tagged and recaptured by year in the NMFS 
Cooperative Shark Tagging Program, from 1962 to 1993. 
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Figure 80.-Atlantic distribution of tag and recapture locations for the blacktip shark, Carcharhinus limbatus, from 
the NMFS Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 81.-Total tagging distribution for the blacktip shark, Carcharhinus limbatus, from the NMFS Cooperative 
Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid line represents 
the 200 m depth contour. 
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Figure 82.-Northeastern U.S. tagging distribution of the blacktip shark, Carcharhinus limbatus, from the NMFS 
Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid 
line represents the 200 m depth contour. 
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Figure 83.-Southeastern U.S. tagging distribution of the blacktip shark, Carcharhinus limbalus, from the NMFS 
Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid 
line represents the 200 m depth contour. 
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Figure 84.-Recapture distribution for the blacktip shark. Carcharhinus limbatus. from the NMFS Cooperative 
Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 85.-Total number of blacktip shark, Carcharhinus limbatus, lagged and recaptured by year in the 
MFS Cooperative Shark Tagging Program, from 1962 to J993. 
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Figure 86.-Atlantic distribution of tag and recapture locations for the oceanic whitetip shark, Carcharhinus 
longimanus, from the NMFS Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line repre
sents the U.S. EEZ. 
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Figure 87.-Total tagging distribution for the oceamc whitetip shark. Carcharhinus longimanus. from the NMFS 
Cooperative Shark Tagging Program during 1962-93. 
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Figure 88.-U.S. tagging distribution of the oceanic whitetip shark, Carcharhinus longimanus, from the NMFS 
Cooperative Shark Tagging Program during J962-93. The dotted-dashed line represents the U.S. EEZ. The solid 
line represents the 200 m depth contour. 
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Figure 89.-Recapture distribution for the oceanic whitetip shark, Carcharhinus longimanus, from the NMFS Co
operative Shark Tagging Program during 1962-93. The dotted-dashed line represents (he U.S. EEZ. 


Figure 90.-Total number of oceanic whitetip shark, Carcharhinus longimanus, tagged and recaptured by 
year in the NMFS Cooperative Shark Tagging Program, from 1962 to 1993. 
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Figure 91.-Atlantic distribution of tag and recapture locations for the dusky shark, Carcharhinus obscurus, from 
the NMFS Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 


40' 


35' 


30° 


25' 


20' 


Figure 92.-Total tagging distribution for the dusky shark, Carcharhinus obscurus, from the NMFS Cooperative 
Shark Tagging Program during J962-93. The dotted-dashed line represents the U.S. EEZ. The solid line represents 
the 200 m depth contour. 
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Figure 93.-Northeastern U.S. tagging distribution of the dusky shark, Carcharhinus obscurus, from the NMFS 
Cooperative Shark Tagging Program during J962-93. The dotted-dashed line represents the U.S. EEZ. The solid 
line represents the 200 m depth contour. 
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Figure 94.-Southeastern U.S. tagging distribution of the dusky shark, Carcharhinus obscurus, from the NMFS 
Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid 
line represents the 200 m depth contour. 
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Figure 95.-Recapture distribution for the dusky shark, Carcharhinus obscurus, from the NMFS Cooperative Shark 
Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 96.-Total number of dusky shark, Carcharhinus obscurus, tagged and recaptured by year in the 
NMFS Cooperative Shark Tagging Program, from 1962 to 1993. 
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Figure 97.-Atlantic distribution of tag and recapture locations for the reef shark. Carcharhinus perezi. from the 
NMFS Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 98.-Totaltagging distribution for the reef shark, Carcharhinus perezi, from the NMFS Cooperative Shark 
Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid line represents the 
200 m depth contour. 
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Figure 99.-Recapture distribution for the reef shark, Carcharhinus perezi, from the NMFS Cooperative Shark 
Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 100.-Total number of reef shark, Carcharhinus perezi, tagged and recaptured by year in the NMFS 
Cooperative Shark Tagging Program, from 1962 to 1993. 
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Sandbar Shark 


. '" 
"l 


Sex lTa<l!led Recaptured 


Male 4368 253 
Female 8136 381 
Unknown 3113 93 
h'otal 15617 727 


o 
"l 


Recapture Rate 4.7% 
Maximum Speed 11.7 nm/day 
Maximum Distance Traveled 2039 nm 
Maximum Time at Liberty 27.8 yr 
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Figure I0 I.-Atlantic distribution of tag and recapture locations for the sandbar shark, Carcharhinus pLumbeus, from the 
NMFS Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 102.-Total tagging distribution for the sandbar shark, Carcharhinus pLumbeus, from the NMFS Cooperative 
Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid line represents 
the 200 m depth contour. 
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Figure 103.-Northeastern U.S. tagging distribution of the sandbar shark, Carcharhinus plumbeus, from the NMFS 
Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid 
line represents the 200 m depth contour. 
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Figure 104.-Southeastern U.S. tagging distribution of the sandbar shark, Carcharhinus plumbeus, from the NMFS 
Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid 
line represents the 200 m depth contour. 
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Figure 105.-Recapture distribution for the sandbar shark, Carcharhinus plumbeus, from the NMFS Cooperative 
Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 106.-Long distance recoveries (> 1000 n. mi.) for the sandbar shark, Carcharhinus plumbeus, showing 
tagging and recapture locations, from the NMFS Cooperative Shark Tagging Program during 1962-93. The dotted
dashed line represents the U.S. EEZ. 
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Figure 107.-Total number of sandbar shark, Carcharhinus plumbeus, tagged and recaptured by year in 
the NMFS Cooperative Shark Tagging Program, from 1962 to 1993. 


Smalltail Shark 


~ex rragged Recaptured 


Male 8 a 
Female 17 a 
Unknown 4 a 
rrotal 29 0 


Recapture Rate N/A 
Maximum Speed N/A 
Maximum Distance Traveled N/A 
Maximum Time at Liberty N/A 
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Figure 108.-Atlantic distribution of tag and recapture locations for the smalltail shark, Carcharhinus 
porosus, from the NMFS Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line 
represents the U.S. EEZ. 
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Figure 109.-Total tagging distribution for the smalltail shark, Carcharhinus porosus, from the NMFS Cooperative 
Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid line represents 
the 200 m depth contour. 
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Figure 110.-Total number of smalltail shark, Carcharhinus porosus, tagged by year in the NMFS Coop
erative Shark Tagging Program, from 1962 to 1993. 
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Sex Ta!'l!'led Recaptured 


Male 56 1 
Femalfe 70 6 
Unknown 65 5 


otal 191 12 


Recapture Rate 6.3% 
Maximum Speed 6.0 nmlday I 
Maximum Distance Traveled 1441 nm 
Maximum Time at Liberty 12.9 yr I' 
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Figure I I I.-Atlantic distribution of tag and recapture locations for the night shark, Carcharhinus si[matu~, from 
the NMFS Cooperative Shark Tagging Program during 1962-93. The dotted-dashed lIne represents the U.S. EEZ. 
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Figure I J2.-Total tagging distribution for the night shark, Carcharhinus signatus, from the NMFS Cooperative 
Shark Tagging Program during J962-93. The dotted-dashed line represents the U.S. EEZ. The solid hne represents 
the 200 m depth contour. 
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Figure 113.-Recapture distribution for the night shark, Carcharhinus signalus, from the NMFS Cooperative Shark 
Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 114.-Total number of night shark, Carcharhinus signalus, tagged and recaptured by year in the 
NMFS Cooperative Shark Tagging Program, from 1962 to 1993. 
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Tiger Shark 


Sex rragged Recaptured 


Male 1906 200 
Female 2326 219 
Unknown 618 27 
rrotal 4850 446 


Recapture Rate 9.2% 
Maximum Speed 33.2 nm/day 
Maximum Distance Traveled 1871 nm 
Maximum Time at Liberty 10.9 yr 


+ 


Figure 115.-Atlantic distribution of tag and recapture locations for the tiger shark. Galeocerdo cuvier. from the 
NMFS Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 116.-Total tagging distribution for the tiger shark, Galeocerdo cuvier, from the NMFS Cooperative Shark 
Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid line represents the 
200 m depth contour. 
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Figure 117.-Northeastern U.S. tagging distribution of the tiger shark, Galeocerdo cuvier, from the NMFS Coop
erative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid line 
represents the 200 m depth contour. 
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Figure 118.-Southeastern U.S. tagging distribution of the tiger shark, Galeocerdo cuvier, from the NMFS Coop
erative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid line 
represents the 200 m depth contour. 
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Figure 119.-Recapture distribution for the tiger shark, Galeocerdo cuvier, from the NMFS Cooperative Shark 
Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 120.-Total number of tiger shark, Galeocerdo cuvier, tagged and recaptured by year in the NMFS 
Cooperative Shark Tagging Program, from 1962 to 1993. 
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Sex rralllled Recaptured 


Male 681 85 
Female 787 71 
Unknown 134 7 
[Total 1602 ~ 


Lemon Shark 


20· N 
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Recapture Rate 10.2% 
Maximum Speed 4.0 nm/day 
Maximum Distance Traveled 230 nm 
Maximum Time at Liberty 4.1 yr 
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Figure 121.-Atlantic distribution of tag and recapture locations for the lemon shark, Negaprion brevirostris. from 
the NMFS Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 122.-Total tagging distribution for the lemon shark, Negaprion brevirostris. from the NMFS Cooperative 
Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid line represents 
the 200 m depth contour. 


60(2), 1998 67 







.Lemon Shark 
I 


j-N=163 


/' 


/ 


J 


I 


35° 


I 
BahamasI 


I 


I 


I 


\ 


I 
I 


I 


I 


20° 


Figure I23.-Recapture distribution for the lemon shark, Negaprion brevirostris, from the NMFS Cooperative Shark 
Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 


Figure 124.-Total number of lemon shark, Negaprion brevirostris, tagged and recaptured by year in the 
NMFS Cooperative Shark Tagging Program, from 1962 to 1993. 


Marine Fisheries Review 68 







40· N 


20· N 


Blue Shark 
O· 


Sex !Tagged Recaptured 


Male 24924 932 
Female 18937 958 
Unknown 16995 449 
!Total 60856 2339 


• 
·20· S 


Recapture Rate 3.8%
 
Maximum Speed 49.9 nmlday
 
Maximum Distance Traveled 3740 nm
 • 
Maximum Time at Liberty 8.5 yr 


40· S • 
~ .. ~ .0 . '" "l "l '""l '""l "l "l 
:E :E :E :E :E In 


Figure 125.-Atlantic distribution of tag and recapture locations for the blue shark, Prionace glauca, from the 
NMFS Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 126.-Total tagging distribution for the blue shark, Prionace glauca. from 'the NMFS Cooperative Shark 
Tagging Program during 1962-93. 
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Figure l27.-Sex ratios of the blue shark, Prionace glauca. by area, from the NMFS Cooperative Shark Tagging 
Program during 1962-93. 
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Figure I28.-RecaplUre distribution for the blue shark, Prionace glauca, from the NMFS Cooperative Shark Tag
ging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure I29.-Long distance recoveries (> 1000 n. mi.) for the blue shark, Prionace glauca, showing tag and recap
ture locations, from the NMFS Cooperative Shark Tagging Program during 1962-93. Lines are shown for those 
returns that were originally tagged outside the U.S. EEZ. The dotted-dashed line represents the U.S. EEZ. 


Figure 130.-Total number of blue shark, Prionace glauca, tagged and recaptured by year in the NMFS 
Cooperative Shark Tagging Program, from 1962 to 1993. 
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Atlantic Sharpnose Shark 


Sex agged Recaptured 


Male 917 12 
Female 940 5 
Unknown 158 4 
rrotal 2015 21 


Recapture Rate 1.0% 
Maximum Speed 2.3 nm/day 
Maximum Distance Traveled 344 nm 
Maximum Time at Liberty 7.3 yr 


Figure 131.-Atlantic distribution of tag and recapture locations for the Atlantic sharpnose shark, Rhizoprionodon 
lerraenovae, from the NMFS Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line repre
sents the U.S. EEZ. 
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Figure 132.-Total tagging distribution for the Atlantic sharpnose shark, Rhizoprionodon lerraenovae, from the 
NMFS Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The 
solid line represents the 200 m depth contour. 
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Figure 133.-Recapture distribution for the Atlantic sharpnose shark, Rhizoprionodon terraenovae, from the NMFS 
Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 134.--Total number of Atlantic sharpnose shark, Rhizoprionodon terraenovae, tagged and recap
tured by year in the NMFS Cooperative Shark Tagging Program, from 1962 to 1993. 
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Scalloped Hammerhead 


Sex tragged Recaptured 


Male 906 15 
Female 872 11 
Unknown 353 8 


olal 2131 34 


Recaplure Rale 1.6% 
Maximum Speed 6.0 nm/day 
Maximum Distance Traveled 902 nm 
Maximum Time at Liberty 9.6 yr 
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Figure 135.-Atlantic distribution of tag and recapture locations for the scalloped hammerhead, Sphyrna lewini, 
from the NMFS Cooperative Shark Tagging Program during 1962-93. The dotted-dashed hne represents the U.S. EEZ. 
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Figure 136.-TotaJ tagging distribution for the scalloped hammerhead, Sphyrna lewini, from the NMFS Coopera
tive Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid line repre
sents the 200 m depth contour. 
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Figure I37.-Northeastern U.S. tagging distribution of the scalloped hammerhead, Sphyrna lewini, from the NMFS 
Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid 
line represents the 200 m depth contour. 


Figure I38.-Southeastern U.S. tagging distribution of the scalloped hammerhead, Sphyrna lewini, from the NMFS 
Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid 
line represents the 200 m depth contour. 
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Figure 139.-Recapture distribution for the scalloped hammerhead, Sphyrna lewini, from the NMFS Cooperative 
Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 140.-Total number of scalloped hammerhead, Sphyrna lewini, tagged and recaptured by year in 
the NMFS Cooperative Shark Tagging Program, from 1962 to 1993. 
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Sex lTagged RecaDtured 


Male 47 
Female 30 
Unknown 26 


103~ 


Figure 14) .-Atlantic distribution of tag and recapture locations for the great hammerhead, Sphyma mokarran. from the 
NMFS Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 142.-Total tagging distribution for the great hammerhead, Sphyrna mokarran. from the NMFS Cooperative 
Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid line represents 
the 200 m depth contour. 
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Maximum Speed 0.4 nmlday 
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Figure 143.-Recapture distribution for the great hammerhead, Sphyrna mokarran, from the NMFS Cooperative 
Shark Tagging Program during 1962~93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 144.-Total number of great hammerhead, Sphyrna mokarran. tagged and recaptured by year in 
the NMFS Cooperative Shark Tagging Program, from 1962 to 1993. 
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Bonnethead 


Sex [Tagged Recaptured 


Male 190 0 
Female 294 5 
Unknown 99 4 
[Total 583 9 


Recapture Rate 1.5% 
Maximum Speed 1.2 nm/day 
Maximum Distance Traveled 141 nm 
Maximum Time at Liberty 0.4 yr 
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Figure 145.-Atlantic distnbution of tag and recapture locations for the bonnethead. Sphyrna tiburo. from the NMFS 
Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 146.-Total tagging distribution for the bonnethead. Sphyrna tiburo. from the NMFS Cooperative Shark 
Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid line represents the 
200 m depth contour. 
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Figure J47.-Recapture distribution for the bonnethead, Sphyrna tiburo, from the NMFS Cooperative Shark Tag
ging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure [48.-Total number of bonnethead, Sphyrna tiburo, tagged and recaptured by year in the NMFS 
Cooperative Shark Tagging Program, from 1962 to 1993. 
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Smooth Hammerhead 
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Sex [fagged Recaptured 


Male 71 2 
Female 68 2 
Unknown 27 2 
[fatal 166 6 


Recapture Rate 3.6%
 
Maximum Speed 2.6 nm/day
 
Maximum Distance Traveled 496 nm
 
Maximum Time at Liberty 2.1 yr
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Figure 149.-Atlantic distribution of tag and recapture locations for the smooth hammerhead, Sphyrna zygaena, 
from the NMFS Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 150.-Total tagging distribution for the smooth hammerhead, Sphyrna zygaena, from the NMFS Coopera
tive Shark Tagging Program during 1962-93. 
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Figure 151.-U.S. tagging distribution of the smooth hammerhead, Sphyrna zygaena, from the NMFS Cooperative 
Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The solid line represents 
the 200 m depth contour. 
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Figure I52.-Recapture distribution for the smooth hammerhead, Sphyrna zygaena, from the NMFS Cooperative 
Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 153.-Total number of smooth hammerhead. Sphyrna zygaena. tagged and recaptured by year in 
the NMFS Cooperative Shark Tagging Program. from 1962 to 1993. 
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Smooth Hammerhead 


Sex Tagged Recaptured 


~ 71 2 
Female 68 2 
Unknown 27 2 
[Total 166 6 


Recapture Rate 3.6% 
Maximum Speed 2.6 nmlday 
Maximum Distance Traveled 496 nm ,Maximum Time at Liberty 2.1 yr 
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Figure 154.-AtJantic distribution of tag and recapture locations for the Greenland shark. Somniosus microcephalus. 
from the NMFS Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. 
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Figure 155.-Total tagging distribution for the Greenland shark, Somniosus microcephalus, from the NMFS Coop
erative Shark Tagging Program during 1962-93. 
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Figure I56.-Northeastem U.S. tagging distribution of the Greenland shark, Somniosus microcephalus, from the 
NMFS Cooperative Shark Tagging Program during 1962-93. The dotted-dashed line represents the U.S. EEZ. The 
solid line represents the 200 m depth contour. 
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Figure 157.-Recapture distribution for the Greenland shark, Somniosus microcephalus, from the NMFS Coopera
tive Shark Tagging Program during 1962-93. 
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Figure 158.-Total number of Greenland shark, Somniosus microcephalus, tagged and recaptured by year 
in the NMFS Cooperative Shark Tagging Program, from 1962 to 1993. 
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Atlantic Angel Shark 


Sex ITagJled IRecaptured 


Male 321 0 
Female I 34 0 
Unknown 19 0 
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Recapture Rate Nt 
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Maximum Time at Liberty Nt 


Figure J59.-Atlantic distnbution of tag and recapture locations for the Atlantic angel shark, Squarina dumeril. 
from the NMFS Cooperative Shark lagging Program dunng 1962-93. The dotted-dashed line represents the .5. EEZ. 
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Figure 160.-Total tagging distributIOn for the Atlantic angel shark, Squarina dumeril, from the NMFS Cooperative 
Shark Tagging Program during J962-93. The dotted-dashed line represents the U.S. EEZ. The solid line represent~ 
the 200 m depth contour. 
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Figure 161.-Total number of Atlantic angel shark, Squatina dumeril, tagged by year in the NMFS Coop
erative Shark Tagging Program, from 1962 to 1993. 
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ABSTRACT 
This document describes the feeding habits of 50 fish and 2 squid species inhabiting the 


Northeast US (NEUS) continental shelf ecosystem and provides a current context for the 
Northeast Fisheries Science Center’s Food Web Dynamics Program (FWDP).  These 
descriptions are based on the examination of over 510,000 stomachs from over 150 predators 
since 1973.  Trophic dynamics were examined with respect to decadal, spatial, seasonal, and 
ontogenetic variations in feeding habits.  Most species are opportunistic, generalist feeders 
exhibiting broad diets, but feeding patterns were identified over broad temporal and spatial scales 
and in relation to ontogenetic stages.  Dietary overlap among numerous fish species within this 
ecosystem was moderate, although for the entire shelf community, diet overlap was generally 
low among all species, suggesting relatively minimal competition.  Given the wide range of 
feeding habits of most species in this ecosystem, changes in prey or predator abundance are less 
likely to impact populations and the community compared to ecosystems with a high number of 
specialists.  The recognition of patterns and processes in the NEUS continental shelf fish 
community over large temporal and spatial scales has remained a key objective for the FWDP 
given ongoing efforts with food habits sampling, particularly during periods of intense fishing 
pressure. 
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INTRODUCTION 
The examination of fish feeding habits across the Northeast US (NEUS) continental shelf 


has remained an interest to fisheries science for over a century.  Since the decline of fish 
populations was formally acknowledged in the late 1800s, ecological interactions (e.g., fish 
trophic dynamics) were considered a potential cause for those declines (Baird 1873).  This 
interest and those considerations have remained in many of the present issues facing the National 
Marine Fisheries Service (NMFS; Fogarty and Murawski 1998; Link et al. 2002b) such that 
trophic ecology has continued to be an important consideration.   


Prior to the 1960s, fish stomach sampling in conjunction with surveys (to monitor trends 
in NEUS shelf fish populations) by the US Fish and Wildlife Service Woods Hole Laboratory 
(currently NMFS, Northeast Fisheries Science Center) explored the mechanisms behind 
individual species decline and their relationships to prey availability (e.g., gadids and benthic 
macrofauna).  Ad hoc diet studies were initiated as part of a standardized bottom trawl survey to 
track trends in fish populations beginning in 1963, with a general emphasis on sampling 
commercially important groundfish.  However, it was not until the late 1960s and early 1970s 
when multispecies considerations for fish stomach sampling were first applied with a systematic 
sampling of food habits initiated in 1973.  The inception of the Feeding Ecology Project (FEP), 
followed by the formation of the Food Chain Dynamics Investigation (FCDI; predecessor to the 
Food Web Dynamics Program [FWDP]) occurred at that time. 


A programmatic history of the FWDP, including descriptions of the many precursory 
programs leading up to its current development, was provided in Link and Almeida (2000).  Here 
we aim to extend the documentation of fish trophic ecology for the NEUS in general and the 
FWDP in particular. 


The major objectives of this work were to describe the diets of 50 major fish and 2 squid 
species occurring on the NEUS continental shelf and to examine feeding trends over broad 
temporal (i.e., decadal and seasonal) and spatial sampling scales and ontogeny (i.e., size class).  
Diet overlaps among the 52 major predator species for the entire NEUS shelf were also evaluated 
with the Bray-Curtis similarity index.  A current description of FWDP stomach sampling 
requests, priorities, and methodology from 2000-2008 have also been provided to update 
previous documentation.   


 


Uses of the Data 
There have been numerous summaries of the diets of these species which use these and 


associated data such as for haddock Melanogrammus aeglefinus (Wigley 1956), yellowtail 
flounder Limanda ferruginea (Langton 1983), and silver hake Merluccius bilinearis (Bowman 
1984).  More comprehensive diet summaries for various fishes and squids of this region have 
also been provided as single documents (e.g., Bowman 1981; Langton 1982; Bowman and 
Michaels 1984; Bowman et al. 2000; Link and Almeida 2000).  Here we build upon these 
previous works and focus on a presentation of the basic diet descriptions by using the sampling 
factors: decade, geographic area, season, and size class.  For more detailed diet analyses of many 
of these species, the reader is directed to the following literature: the common hake species 
(Order Gadiformes; Garrison and Link 2000b), flatfishes (Order Pleuronectiformes; Link et al. 
2002a), Atlantic cod (Gadus morhua; Link and Garrison 2002b; Smith et al. 2007), and the 
“lesser-appreciated” fishes (e.g., goosefish Lophius americanus; Link 2007).  Additionally, the 
consumptive demands for many species of this shelf region have been reported, for example, six 
major piscivores of Georges Bank (Link and Garrison 2002a), pollock (Pollachius virens; Tyrrell 
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et al. 2007), and skates (Family Rajidae; Link and Sosebee 2008).  Furthermore, fish trophic 
guild analysis (Garrison and Link 2000a), major feeding-reproductive patterns (Link and Burnett 
2001), and the use of these fishes as “samplers” of invertebrates which are otherwise difficult to 
sample (Link 2006; Link and Ford 2006) have been examined. 


More recently the FWDP has emphasized evaluation of and explored the feasibility of 
incorporating ecological interactions (namely predation) directly into models to support fisheries 
science and management.  The integration of ecological considerations into standard stock 
assessments and associated multispecies models is one approach to implementing ecosystem-
based fisheries management (EBFM).  Additions such as the predatory removal of commercially 
valuable forage species via a large predator complex (i.e., combined skate biomass for the NEUS 
continental shelf; 10-15% of total finfish biomass surveyed [Link 2007]) have shown the 
combined consumptive demands of seven skate species (Link and Sosebee 2008) and separately, 
various demersals (Overholtz and Link 2007) to be comparable or higher than the magnitude of 
commercial fisheries.  Accordingly, predation mortality has been shown to exceed fishing 
mortality rates for various commercial fishes and invertebrates within this continental shelf 
region (e.g., age-1 and age-2 Atlantic mackerel (Scomber scombrus; Moustahfid et al. 2009), 
Atlantic herring (Clupea harengus; Overholtz et al. 2008), and northern shrimp (Pandalus 
borealis; NEFSC 2007)).  Furthermore, these studies highlight the critical need to incorporate 
fish food habits data into fisheries models such that the miscalculation of magnitude and model 
uncertainty for various biological reference points and indices has been shown in a fisheries-only 
model (Hollowed et al. 2000; Tjelmeland and Lindstrøm 2005; Overholtz et al. 2008; 
Moustahfid et al. 2009).             


The FWDP data have also been used to initialize, parameterize, and calibrate a wide 
range of multispecies and ecosystem models.  The expansion of traditional multispecies virtual 
population analysis (MSVPA; Garrison and Link 2004) has been applied to forage species 
population dynamics within the NEUS continental shelf community, revealing the importance of 
predation mortality rates which exceed 0.2 for juvenile Atlantic herring, and Atlantic mackerel 
(Tyrrell et al. 2008).  In general, the inclusion of predation into fisheries science, albeit well-
accepted conceptually for over a century, has not become operationally routine in fisheries 
management despite focused efforts and evidence of its appropriateness (e.g., Christensen 1996; 
NMFS 1999; NRC 1999; Hollowed et al. 2000; Link 2002; Tjelmeland and Lindstrøm 2005; 
Overholtz and Link 2007; Overholtz et al. 2008; Moustahfid et al. 2009).   


Further examples demonstrating the use of FWDP data in a modeling context include the 
development of multispecies production models (e.g., MS-PROD; Gamble and Link 2009) as 
extensions of the Graham-Schaefer production model (Quinn and Deriso 1999) which simulate 
the relative importance of predation, competition within and between functional feeding groups 
(see also Garrison and Link 2000a), and fisheries removals. The Energy Modeling and Analysis 
eXercise (EMAX) created an ecological network model (i.e., energy budget) for the entire NEUS 
food web (Link et al. 2006, 2008).  Other ecosystem models have involved specific regions of 
the NEUS shelf (e.g., Gulf of Maine; Ecosystem Gulf of Maine Aggregate (ECOGOMAGG; 
Overholtz and Link 2009) and have included numerous ecological processes spanning multiple 
trophic levels (i.e., primary production to seabirds and marine mammals).  In addition, models 
have also incorporated suites of ecological and bio-physical processes for the entire NEUS shelf 
though this approach can be quite exhausting given the complexity and parameterization 
requirements of these factors (e.g., Atlantis; Gamble et al. in prep.).  These examples represent a 
wide range of uses of the food habits data that will continue to be implemented as we move 
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towards EBFM and the specific application of integrated ecosystem assessments (IEAs; Levin et 
al. 2009). 


Ultimately, the underlying goals of the FWDP are to examine trophic interactions within 
the NEUS continental shelf ecosystem with an emphasis on demersal and pelagic finfish 
including various elasmobranchs and commercially important invertebrates.  The FWDP 
research objectives are to quantify predation mortality relative to fishing mortality for 
commercially important species; model species interactions that influence the status of these 
stocks; relate diet variability to changes in population level processes; and advance our 
understanding of the NEUS continental shelf ecosystem. 
 


METHODS 
Databases 
 The food habits data maintained by the FWDP are generated from multiple sources that 
provide stomach content information in the form of: total and individual prey weights (0.01 g) or 
volumes (0.1 cm3), diet composition, prey abundance, and prey length (1.0 mm).  A major source 
of this information is the Northeast Fisheries Science Center (NEFSC) standardized bottom trawl 
survey, and these food habits data are what we will focus upon in this document.  These seasonal 
surveys were implemented to monitor the distribution and abundance of the fishes and 
invertebrates inhabiting the NEUS continental shelf ecosystem as well as to investigate 
biological and ecological interests (e.g., fish maturity, competition).  Stomach sampling is 
currently a standard protocol for more than 60 species during these surveys (Appendix).   
 Additional data sources include process-oriented cruises and cooperative projects with 
industry partners that address specific questions pertaining to the feeding ecology of the fishes on 
the continental shelf.  Recent projects have focused on such topics as spatial variations in 
benthivorous fish diet as a function of benthic disturbance (i.e., bottom fishing and invasive 
benthos; Link et al. 2005; Smith 2009), predation on larval fishes (Garrison et al. 2000, 2002; 
Almeida et al. 1999), and localized (~800 km2) fish feeding effects for selected predators (e.g., 
Atlantic cod; Smith et al. 2007).  The data from these studies, while an important research 
element in terms of fish trophic dynamics, were not included in this document.  
 


Data Collection 
 Food habits data have been collected from the NEFSC Bottom Trawl Survey from Nova 
Scotia to Cape Hatteras, NC (~293,000 km2 or 85,300 nm2; Figure 1).  Seasonal surveys have 
been conducted regularly in the fall since 1963, in the spring since 1968, and less frequently in 
the winter and summer.  Sampling has occurred south of Cape Hatteras, NC, (i.e., South Atlantic 
Bight) although minimally in those southern locales with regard to fish feeding ecology.  
 Sampling locations were selected by using a stratified random design with strata defined 
by depth and latitude.  Approximately 350-400 stations per fall and spring season were sampled 
in depths ranging between 8-400 m across the NEUS continental shelf.  One station per 
approximately 690 km2 or 200 nm2 was employed such that the number of stations randomly 
assigned was proportional to the stratum area.  A minimum of two stations were sampled per 
stratum to permit statistical inference.  The catch was sorted by species and weighed (0.001 kg); 
individuals were measured (1.0 cm) and classified by sex and maturity stage, and a subset of 
species were sampled for food habits and age data.  A detailed description of the survey design 
and protocols are available in Azarovitz (1981), NEFC (1988), and Reid et al. (1999). 
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Quantitative food habits sampling by the NEFSC has been conducted since 1973 to the 
present, and the data for the current study were restricted to this time series.  From 1973-1981, 
stomachs were preserved and brought back to the laboratory for prey identification.  Total 
stomach content and individual prey mass were measured to the nearest 0.01g.  After 1981, food 
habits data were primarily collected at sea.  The total volume (0.1 cm3) of stomach contents (i.e., 
an entire bolus) was measured and the proportion of each prey item estimated.  A complete 
description of the history of NEFSC stomach content sampling through 2000 has been provided 
by Link and Almeida (2000), including conversion methods for stomach content volume (X, 
cm3) to mass (Y, g) using the formula: Y = a + bX with a = 0 and b = 1.1 (N = 10,806, r2 > 0.90, 
p = 0.0001).  Although the species sampling requests for food habits have fluctuated over the 
35+ year time series (Table 1), the general at-sea procedures for examining stomach content 
since 1981 have remained effectively the same for all sampled species.  Spiny dogfish (Squalus 
acanthias) and silver hake were consistently the most highly sampled species for each decade 
(Figures 2-5).  Since 1999 the emphasis has been placed not only on historically prioritized 
species but also has expanded to ecologically important species that appeared to be 
undersampled.  In more recent years, the FWDP has also directed efforts to collect fewer 
stomachs per species to allow for an increased number of species sampled within the NEUS 
continental shelf ecosystem.  Tables describing species, length ranges, and species priorities for 
collecting food habits data throughout the time series have been provided in the Appendix.  Since 
2004 through the present, at approximately every 25th station, stomach contents that regularly 
would be processed at sea were preserved and then processed in the laboratory.  This was done 
as an additional form of data quality control.                          
          


Prey Taxonomic Resolution 
 The taxonomic resolution of invertebrate prey species prior to 1981 was greater than that 
of more recent decades.  To correct for possible differences in prey taxonomic resolution 
between laboratory and at-sea processed stomach samples, four major prey categories were 
established.  These categories span the lowest taxonomic levels feasible (i.e., occasionally genus 
and species) to a more broad phylum- or class-level category (Table 2).  For the diet summaries 
discussed in this report, the lowest appropriate taxonomic grouping category (i.e., collection 
category) was used to describe the diets.  It was not thought that the differences in sampling 
protocols over time would interfere, given a broad range of taxonomic resolution.  
 


Data Analyses: Diet Summaries and Overlap 
 The 52 predator species selected for diet description across decadal, spatial, and seasonal 
scales and ontogeny were based on a minimum of 200 stomachs (Table 3).  The predator species 
and their respective diet summaries were grouped by taxonomic order according to Nelson et al. 
(2004); Order Teuthida (i.e., two squid species) was placed at the end.  To minimize redundancy, 
predators with similar feeding habits per taxonomic order were grouped when appropriate.  To 
begin, the general feeding habits across all factors have been provided for each predator.  The 
factors used to describe diet variability included decade: 1970s, 1980s, 1990s, and 2000s; 
geographic area: Mid-Atlantic Bight, Southern New England, Georges Bank, Gulf of Maine, and 
Scotian Shelf; season: fall, spring, winter, and summer; and size class: extra-small, small, 
medium, large, and extra-large.  Size class definitions by species are listed in Table 3.  For each 
factor considered per species, only those treatments (e.g. 1970s and 1980s) with a minimum of 
200 stomachs were reported to facilitate comparisons.  The prey categories shown for each 
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species-group represented approximately 85% or more of the diet by mass.  The trophic guild 
classifications (e.g., planktivorous or benthivorous) when specified were adopted from Garrison 
and Link (2000a) which examined an earlier version of the Food Habits Database (FHDBS).  
Specific trophic guilds reported by the current study (e.g., echinoderm specialist) followed the 
criteria of having more than 30 – 50% of the diet by mass composed of the indicated taxon 
across all sampling factors.    
 To assess dietary overlap, the Bray-Curtis index of similarity was used as a diet similarity 
measure whereby values ranged from 0-100% (i.e., no similarity to identical diets).  Prey 
taxonomic resolution was limited to the analytical category (Table 2; e.g., invertebrates grouped 
by taxonomic order and fishes grouped by taxonomic family) with the understanding that 
dissimilarities among these broader taxonomic groupings were sufficient.     
 


RESULTS 
Food Habits Database Metadata 
 Currently there are over 510,000 stomach records in the FHDBS.  Predator sizes range 
from 1 cm to over 2.4 m (Table 4).  More than 150 species have been sampled, with 39 species 
having more than 1,000 stomachs sampled, and 52 species having more than 200 stomachs 
sampled.  Approximately 30-40% of the stomachs examined by species were empty. 
  The elasmobranchs were generally the largest fishes sampled and were highly 
piscivorous; thus, they had the largest mean total stomach contents.  Some of the skates and rays 
were notable exceptions, feeding primarily on benthic macroinvertebrates.  Other large mean 
total stomach contents were observed with goosefish, white hake (Urophycis tenuis), Atlantic 
cod, striped bass (Morone saxatilis), and Atlantic halibut (Hippoglossus hippoglossus) which 
were also highly piscivorous and had large mean lengths.  Planktivorous species (e.g., herrings, 
mackerels, and northern sand lance [Ammodytes dubious]) and to a lesser degree small 
benthivores (e.g., fawn cusk-eel [Lepophidium profundorum]) had the smallest total mean 
stomach masses, reflecting a smaller mean fish size, and small crustacean (e.g., various 
zooplankton and gammarids respectively) diet.  
    


Prey 
 There are over 630,000 individual prey records in FHDBS for the 510,000 stomachs 
previously described.  Prey sizes range from 0.1 mm to 1 m.  There are 1,376 unique prey items 
composing 10 major taxa: arthropods, fishes, molluscs, polychaetes, ctenophores, echinoderms, 
cnidarians, urochordates, chaetognaths, and bryozoans.  The top 10 prey items by percent 
frequency of occurrence for all predators include: unidentified and miscellaneous fishes, 
gammarids and other amphipods, various crustacean shrimps (i.e., euphausiids, Crangon, and 
pandalids), Cancer crabs and other decapod crabs, polychaetes, ctenophores, bivalves, and 
copepods.  Other major prey items include sand lance (Ammodytes sp.), cephalopods (primarily 
squids), mysids, and ophiuroids (Figure 6).  There are a large number of empty stomachs (N = 
169,774) in the database, and unidentified fishes and well-digested prey (i.e., unidentifiable 
animal remains) were observed most frequently, suggesting most individual prey items are 
difficult to identify macroscopically when highly digested.    
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Diets of Major Species Grouped by Taxonomic Classification 
Order Squaliformes 


The diet of the squalid shark spiny dogfish had a large proportion of fishes (clupeids 
(e.g., Atlantic herring), scombrids (e.g., Atlantic mackerel), and various other fishes including 
unidentified fish; Figure 7).  Ctenophores, Loligo squid, and bivalves were additional prey items 
to note by mass. 


The prey composition of spiny dogfish has varied over the past 40 years and in general 
parallels the population dynamics of commercially important forage species (e.g., herring, 
Overholtz 2002; Overholtz and Friedland 2002) (Figures 8A-D).  In the 1970s, squids and 
unidentified cephalopods (i.e., Loligo sp. and Illex sp.) composed a substantial percentage of the 
diet (combined by mass; ~20%) although decreased to less than 10% throughout the remaining 
three decades.  In contrast, clupeids, including Atlantic herring, increased in the diet composition 
of spiny dogfish from the 1970s and 1980s (~4%) to the 1990s and 2000s (~18%).  Accordingly, 
the unidentified fish component has remained remarkably consistent over the entire time span 
(~20-25%).     


Unidentified fishes were a large dietary component for spiny dogfish across geographic 
area (Figures 9A-E).  Spiny dogfish diet on Georges Bank was dominated by ctenophores as well 
as unidentified fish with Atlantic herring and various clupeids occupying the largest percentages 
of identified fish.  Within the Gulf of Maine, ctenophores and unidentified fish were also major 
prey items, but larger percentages of clupeids in comparison to Georges Bank were observed.  
The Southern New England and Mid-Atlantic Bight regions revealed lesser ctenophore and 
clupeid diet components respectively, although greater percentages of squid and unidentified 
cephalopods (i.e., Loligo sp. or Illex sp.), scombrids (i.e., Atlantic mackerel), and bivalves were 
present.   


Seasonal differences in diet for spiny dogfish were minor (Figures 10A-D); however, 
slight ontogenetic shifts in diet were suggested over the three size classes (Figures 11A-C).  In 
general, medium and to a lesser extent small spiny dogfish ate larger proportions of ctenophores 
(~10-18%) in comparison with the large size class (~5%).  This prey item may also contribute to 
increased amounts of well-digested prey for appropriate size classes given the relatively 
immediate gastric evacuation of ctenophores (Arai et al. 2003).  Large spiny dogfish were 
predominantly piscivorous (e.g., clupeids, scombrids, and unidentified fishes). 
 
Order Carcharhiniformes  


The two ground sharks (smooth dogfish [Mustelus canis] and Atlantic sharpnose shark 
[Rhizoprionodon terraenovae]) exhibited distinct diets across broad temporal and spatial scales 
and ontogeny.  Smooth dogfish fed predominantly on benthic macroinvertebrates, with Cancer 
crabs (Cancer borealis and Cancer irroratus) and other decapod crabs dominating the diet 
throughout the four decades of sampling (Figures 12 and 13A-D).  Similar diet preferences were 
observed over spatial area, season, and size category (large and medium categories only; Figures 
14A-C, 15A-D, and 16A-B).  Conversely, the Atlantic sharpnose shark was a bentho-pelagic 
feeder, consuming various fishes distributed throughout the bentho-pelagic environment (e.g., 
pleuronectids, sciaenids, and engraulids), Loligo squid, and decapod crabs (Figure 17).   


 
Order Rajiformes 


The skates within the NEUS shelf system are primarily benthic invertebrate feeders, yet 
barndoor (Dipturus laevis) and winter skate (Leucoraja ocellata) were also piscivorous.  
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Barndoor skates consume various decapods, including Cancer crabs, pandalid and Crangon 
shrimps, and fishes such as Atlantic herring, silver hake, and other unidentified fish species 
(Figure 18).  Barndoor diet also remained relatively constant across spatial and seasonal scales 
(Figures 19A-B and 20A-B).   Additionally, winter skate fed on Ammodytes sp., their presence 
dominating the diets of the 1970s and 1980s (Figures 21 and 22A-B).  Notable increases in diet 
composition of polychaetes, gammarids, and bivalves were observed in the 1990s and 2000s, but 
the presence of Ammodytes sp. remained, albeit in lesser amounts (Figures 22C-D).  The diet 
variability of winter skate across the four geographic regions and seasons was generally minor 
(Figures 23A-D, 24A-D).  Nonetheless, increases in percent diet composition of gammarids for 
Southern New England and bivalves in the Mid-Atlantic Bight were apparent.  In general, no 
major ontogenetic shifts in diet for winter skate were observed with most size classes consuming 
gammarids, polychaetes, other benthos, and small fishes (i.e., Ammodytes sp.) (Figures 25A-D).  


Clearnose (Raja eglanteria) and thorny skate (Amblyraja radiate) generally followed a 
bentho-piscivorous diet, consuming approximately equal proportions of benthic invertebrates and 
fish.  Clearnose fed on decapod and Cancer crabs, Loligo squid, and unidentified fish (Figure 
26).  Although few diet differences were detected across seasons (Figure 27A-C),  a slight diet 
shift from predominantly benthic macroinvertebrates to approximately equal proportions of 
invertebrate benthos, various benthic fishes, and Loligo squid occurred between medium and 
large size classes (Figures 28A-B).  Thorny skate diet primarily consisted of polychaetes and 
unidentified fish including Atlantic herring (Figure 29).  These major components persisted 
throughout the four decades of sampling with the exception of the 1970s when a substantial 
proportion of squid (Loligo sp., Illex sp., and unidentified cephalopods) was present (Figures 
30A-D).  Spatial, seasonal, and ontogenetic diet variations of thorny skate were generally minor 
with piscivory and invertebrate benthivory continuous throughout all factors (Figures 31A-C, 
32A-C, and 33A-C).   


The remaining three skates—rosette (Leucoraja garmani), little (Leucoraja erinacea), 
and smooth (Malacoraja senta)-- are principally benthivorous.  Their feeding habits consist of 
decapods, including Cancer crabs, Crangon and pandalid shrimps, along with polychaetes and 
gammarids (Figures 34, 35, and 40).  Smooth skate will also feed on pelagic organisms with a 
diet that includes euphausiids and a small proportion of various fishes.  Because of the 
benthivory throughout the life histories of little and smooth skates, decadal, spatial, seasonal and 
ontogenetic diet trends were essentially absent (Figures 36A-D, 37A-E, 38A-D, 39A-B, 41A-B, 
42A-B, 43A-B).       


 
Order Clupeiformes 


The clupeids (i.e., Atlantic herring, alewife [Alosa pseudoharengus], blueback herring 
[Alosa aestivalis], and American shad [Alosa sapidissima]) were planktivorous, feeding mostly 
on pelagic organisms such as copepods, euphausiids, amphipods (i.e., hyperiids and gammarids), 
and various shrimp-like organisms (e.g., mysids) (Figures 44, 49, 50, and 53).  The common 
occurrence of well-digested prey (i.e., unidentifiable animal material) was also seen with these 
species because of difficulties in identifying small prey at sea and the rapid digestion of small 
individuals.  The general diet of Atlantic herring remained consistent over the decadal time 
series, although a large proportion of amphipods and lesser amounts of mysids, various other 
crustaceans, Ammodytes sp., and well-digested prey were observed in the 1980s (Figure 45A).  In 
the later decades, copepods, euphausiids, and well-digested prey were the predominant food 
items (Figures 45B-C).  Euphausiids composed approximately 6% of the diet by mass for 
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Atlantic herring collected in the Mid-Atlantic Bight and Southern New England (Figures 46A-
B).  In contrast, individuals sampled from Georges Bank to the Scotian Shelf had approximately 
18-60% euphausiids in their diet (Figures 46C-E).  Furthermore, within these two southern 
regions, copepods were proportionally large diet components, although the presence of well-
digested prey was noteworthy as well.  A seasonal trend in Atlantic herring diet was observed 
across the NEUS continental shelf with a large proportion of euphausiids consumed in the fall, 
whereas the spring revealed greater amounts of copepods and well-digested prey (Figures 47A-
B).  Similar feeding patterns by Atlantic herring on copepods and euphausiids were seen in the 
winter and summer seasons respectively (Figures 47C-D).  These results parallel the diets of the 
northern and southern regions previously described, and were believed to be an artifact of 
Atlantic herring’s seasonal migration patterns as demonstrated by Overholtz (2002) and 
Overholtz and Friedland (2002).  In general, no major ontogenetic shifts were observed for 
Atlantic herring diet (Figures 48A-C). 


The differences in blueback herring and American shad diets across the geographic areas 
and size categories sampled were minor (Figures 51A-C, 52A-C, 54A-B, 55A-C).  For both 
species, well-digested prey and copepods composed large proportions of the diet categories and 
additionally, various crustacean shrimps (e.g., euphausiids, mysids, and pandalids) in the feeding 
habits of American shad.   
 
Order Ophidiiformes 
  The benthic macroinvertebrate feeder, fawn cusk-eel, ate gammarids, polychaetes, and 
other small benthos, including a substantial amount of well-digested prey (Figure 56).  The 
stomach sampling of fawn cusk-eel did not begin until after 2000; thus the ability to detect 
change was limited, and only minor variations in diet were observed for the geographic areas, 
seasons, and size categories adequately sampled (Figures 57A-B, 58A-C, and 59A-B).   
 
Order Gadiformes 


The larger gadoid species-- Atlantic cod, haddock, and pollock-- have broad, extensive 
diets comprising benthic and pelagic prey.  In general, these predators occupy three relatively 
distinct feeding niches with haddock’s principal prey being benthic invertebrates (i.e., 
ophiuroids, gammarids, and polychaetes), cod with its generalist feeding habits in between, and 
pollock having a more pelagic diet consisting of various fish and crustacean shrimps (i.e., silver 
hake, Ammodytes sp., clupeids, and euphausiids) (Figures 60, 65, and 70).  The diet of haddock 
showed no major variations across decadal and seasonal scales, or ontogeny (Figures 61A-D, 
63A-D, and 64A-C).  However, diet shifts were apparent across geographic area in which 
haddock primarily ate ophiuroids or fish eggs in the Gulf of Maine and Scotian Shelf, a more 
general benthic invertebrate diet of gammarids, polychaetes, and ophiuroids on Georges Bank, 
and similarly amphipods and polychaetes in Southern New England (Figures 62A-D).  In 
comparison, cod are more of a mixture of bentho-pelagic feeders, with the diet including large 
proportions of fish (i.e., clupeids, Ammodytes sp., silver hake, and unidentified individuals), and 
benthic macroinvertebrates (i.e., Cancer crabs, various crustacean shrimps, bivalves, gastropods, 
ophiuroids, and other benthos) in their diet (Figure 65).  A general increase in clupeids (primarily 
Atlantic herring) was observed over the decadal time series with the percent diet composition 
equal to approximately 12%, 6%, 24%, and 20% from the 1970s through the 2000s (Figures 
66A-D).  The broad diet of cod remained relatively constant across the geographic and seasonal 
scales sampled although an ontogenetic shift in diet from benthivory (i.e., macroinvertebrates) 
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towards piscivory was identified throughout the size classes (Figures 67A-D, 68A-D, and 69A-
D).  Smaller cod appear to prefer small benthic macroinvertebrates (i.e., gammarids, shrimps, 
ophiuroids, and polychaetes) whereas an increase in fish particularly clupeids and silver hake 
made up greater proportions of medium to extra-large cod diet; a confirmed occurrence across 
multiple sampling scales in the northwest Atlantic Ocean (Link and Garrison 2002b; Smith et al. 
2007).  Similarly, the diet of pollock remained fairly constant and mainly focused on pelagic 
prey over the decadal, spatial, and seasonal sampling scales (Figures 71A-D, 72A-C, and 73A-
C).  Furthermore, a dietary shift from euphausiids and other shrimp-like crustaceans to silver 
hake, Ammodytes sp., and other fishes occurred throughout the general life history of pollock 
(i.e., medium through extra-large size classes; Figures 74A-D). 


The hakes within this ecosystem (offshore hake [Merluccius albidus], silver hake, white 
hake, red hake [Urophycis chuss], and spotted hake [Urophycis regia]) are generally piscivorous 
(i.e., feeding on silver hake, Atlantic herring, and unidentified fish) but also feed on pelagic 
invertebrates such as euphausiids and various other crustacean shrimps and squid (Figures 75, 
77, 82, 87, and 92).  The general diet composition of these predators experienced only minor 
variations over decadal, spatial, and seasonal sampling scales (Figures 76A-B, 79A-E, 80A-D, 
83A-D, 84A-D, 85A-D, 88A-D, 89A-E, 90A-D, 93A-D, 94A-C, and 95A-C).  Noteworthy 
exceptions to this include the increase in Atlantic herring and unidentified clupeids in the diet of 
silver hake over the decades sampled (Figures 78A-D) as well as increased piscivory across size 
class for those hakes with adequate sample sizes (i.e., silver hake, white hake, red hake, and 
spotted hake; Figures 81A-C, 86A-C, 91A-C, and 96A-B). 


 
Order Lophiiformes 
 Goosefish was a piscivorous specialist with various demersal fishes (e.g., pleuronectids, 
skates, and gadiformes), clupeids (e.g., Atlantic herring), scombrids (e.g., Atlantic mackerel), 
and a large proportion of unidentified individuals in the diet (Figure 97).  The percent diet 
composition of clupeids increased over the time series (i.e., ~4% clupeid taxa combined for each 
decade: 1970s and 1980s; ~10-15% for each decade 1990s and 2000s; Figures 98A-D).  For the 
other factors examined, no major shifts in feeding habits were observed as the prey categories 
previously described remained relatively constant (Figures 99A-D, 100A-D, and 101A-C).    
 
Order Scorpaeniformes 


The two scorpaenids-- Acadian redfish (Sebastes fasciatus) and blackbelly rosefish 
(Helicolenus dactylopterus)-- can be classified as shrimp-fish feeders with euphausiids, 
pandalids, silver hake, and various other fishes composing their diets (Figures 102 and 107).  The 
proportions of these major prey items were variable across the broad sampling scales and 
ontogeny although the general diet remained consistent (Figures 103A-D, 104A-B, 108A-B, 
109A-B, and 110A-B).  In contrast to the fall diet of Acadian redfish dominated by various 
shrimps and few fishes (~80% combined shrimp taxa; ~8% combined fish taxa), larger 
proportions of fishes (e.g., silver hake and unidentified fish) were observed in the spring diet 
(~30% combined fish taxa) (Figures 105A-B).  Likewise for Acadian redfish diet, a slight 
increase in the amount of fish was apparent from small to medium size classes (Figures 106A-B). 


Longhorn sculpin (Myoxocephalus octodecemspinosus) and sea raven (Hemitripterus 
americanus) were predominantly benthic predators.  Longhorn sculpin feed on decapods, 
including Cancer crabs, shrimps (i.e., Crangon and pandalids), gammarids, as well as some 
fishes (Figure 111).  In comparison, sea raven was a benthic piscivore, eating ocean pout 
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(Zoarces americanus), pleuronectiformes, silver hake, longhorn sculpin, and other gadiformes, 
along with some Cancer crabs (Figure 116).  The general feeding patterns of these species did 
not vary drastically over time, space, or life history (Figures 112A-D, 113A-D, 114A-D, 115A-
B, 117A-C, 118A-D, 120A-C).  Nonetheless, a seasonal variation in benthic invertebrates was 
observed for sea raven (i.e., a greater proportion of Cancer crabs in the fall diet, and the spring, 
summer, and winter diets with greater proportions of various fishes as previously described; 
Figures 119A-D).      


The two Prionotus searobins (i.e., northern [Prionotus carolinus] and striped [Prionotus 
evolans]) were primarily benthivorous, eating decapod crabs (e.g., Cancer crabs), Crangon 
shrimp, polychaetes, and gammarids (Figures 121 and 125).  The food habits sampling of these 
species was sporadic in the 1970s through the 1990s and did not become routine until the early 
2000s; thus, limited feeding inferences are reported (i.e., minor feeding variations for northern 
searobin over geographic area, season, and size class; Figures 122A-B, 123A-C, and 124A-B).  
Nonetheless, the general diet of striped searobin can be distinguished from the principally 
macroinvertebrate diet of northern searobin by the presence of various fish species in its diet 
(e.g., engraulids, scup [Stenotomus chrysops], and unidentified individuals; Figure 125).   
       
Order Perciformes 


Planktivorous feeding habits were predominant for Atlantic mackerel, butterfish 
(Peprilus triacanthus), and northern sand lance.  The diet comprised copepods, euphausiids, 
various crustacean shrimps, and ctenophores as primary prey items for these fishes (Figures 126, 
131, and 136).  Similar to the diets of the clupeids sampled, well-digested prey accounted for a 
substantial proportion of the diet of butterfish and Atlantic mackerel because of the sampling 
limitations previously described and was probably one of several zooplankton or crustacean 
shrimp species.  The diets of these predators did not vary markedly across decadal, spatial, and 
seasonal scales, or ontogeny (Figures 127A-C, 129A-C, 130A-C, 132A-D, 133A-C, 134A-D, 
135A-B, 137A-B, 138A-C, 139A-C).  In the case of Atlantic mackerel, a larger proportion of 
euphausiids were seen in Gulf of Maine diets in contrast to the southern regions (e.g., Mid-
Atlantic Bight) which had greater amounts of copepods (Figures 128A-D).               


Bluefish (Pomatomus saltatrix), weakfish (Cynoscion regalis), and to a lesser degree 
striped bass were piscivorous specialists with their diets composed of Atlantic herring, other 
clupeids, engraulids, silver hake, various other fishes, and squids (Figures 140, 145, and 150).  
Variations in these predators’ diets reflected prey availability and distribution across temporal 
and geographic scales, including fluctuations in the diet composition of Atlantic herring over the 
time series, spatial regions, and seasons similar to the diets of other piscivores previously 
described (Figures 141A-D, 142A-C, 143A-B, 146A-D, 147A-B, 148A-B, 151A-B, 152A-B, and 
153A-B).  In general, no major shifts in diet were observed with ontogeny for these three species 
except for the medium size class of striped bass which consumed benthic macroinvertebrates 
(i.e., bivalves, Crangon shrimp, gammarids, isopods, and polychaetes) in addition to the 
piscivorous diet already discussed (Figures 144A-B, 149A-C, and 154A-B).  Weakfish, along 
with being highly piscivorous, had a relatively unique diet targeting engraulids (all engraulids 
combined were greater than 35% of diet by mass; Figure 145).          
 The two sciaenids regularly sampled (i.e., Atlantic croaker [Micropogonias undulates] 
and spot [Leiostomus xanthurus]) were mainly benthivorous with polychaetes, bivalves, 
gammarids, other small benthic crustaceans, well-digested prey, and small proportions of fishes 
occupying their diets (Figures 155 and 158).  Although recent efforts to characterize Atlantic 
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croaker and spot diet within the past decade have been attempted, generally no major trends were 
observed across decade and size class for Atlantic croaker (Figures 156A-B and 157A-B).  
Similarly, only minor dietary variations were seen for spot across decade and season (Figures 
159A-B and 160A-B).   
 The broad benthic diets of scup and black sea bass (Centropristis striata) included 
gammarids, polychaetes, Cancer and unidentified decapod crabs, and small fishes; the later three 
taxa (particularly Cancer and decapod crabs) were primarily eaten by black sea bass (Figures 
161 and 166).  Diet variations across decadal, spatial, and seasonal scales, and ontogeny were 
relatively minor given the consistently benthivorous feeding habits of these predators (Figures 
162A-C, 165A-B, 167A-C, 168A-B, 169A-C, and 170A-B).  However, scup diet in the fall 
showed approximately equal proportions of polychaetes and gammarids (~18% and ~20% 
respectively), whereas in the spring a minimal amount of gammarids (<2%) was found in the 
diet, possibly because of subtle differences in regional growth of the benthos (Figures 163A-B 
and 164A-C; Theroux and Wigley 1998).   


Ocean pout can be considered an echinoderm specialist much the same as American 
plaice (Hippoglossoides platessoides; discussed below) and to a lesser degree haddock with 
echinoids (e.g., sand dollars and sea urchins), ophiuroids, and asteroids being major diet 
components (Figure 171).  Other prey taxa included Cancer crabs, gammarids, and polychaetes.  
The marked presence of these prey items in the diet of ocean pout remained relatively constant 
over the time series (Figures 172A-C).  However, the amounts of these prey did vary spatially 
with a larger proportion of ophiuroids and lesser proportion of echinoids in ocean pout stomachs 
collected in the Gulf of Maine (Figures 173A-D).  Few diet differences were observed across 
seasons; nonetheless, the percent compositions by mass of ophiuroids and echinoids were 
variable as fall diets had ~20% ophiuroids and ~5% echinoids, and the spring and winter diets 
each had less than 5% ophiuroids and greater than 40% echinoids (Figures 174A-C).  Diet 
variability with size class was present as smaller individuals tended to consume greater amounts 
of smaller benthos (i.e., gammarids and other amphipods) while larger ocean pout fed primarily 
on echinoids and asteroids (Figures 175A-C).   


 
Order Pleuronectiformes 


Flatfish diet can be categorized into one of four general feeding groups: piscivores (i.e., 
Atlantic halibut, summer flounder [Paralichthys dentatus], and fourspot flounder [Hippoglossina 
oblonga] that eat mainly fish and squids; Figures 176, 178, and 183), polychaete-gammarid 
predators (i.e., yellowtail flounder [Limanda ferruginea], winter flounder [Pseudopleuronectes 
americanus], witch flounder [Glyptocephalus cynoglossus], and Gulf Stream flounder 
[Citharichthys arctifrons]; Figures 188, 193, 198, and 203), shrimp-fish predator (i.e., 
windowpane flounder [Scophthalmus aquosus]; Figure 206), or echinoderm specialist (i.e., 
ophiuroids and echinoids; American plaice; Figure 211).  In general, no major diet variations 
were exhibited across decade, spatial area, season, and size class as most flatfish diets per 
sampling factor did not deviate from the feeding classifications previously described (Figures 
177A-B, 179A-D, 181A-C, 182A-C, 184A-D, 186A-D, 189A-D, 190A-C, 191A-D, 192A-C, 
194A-D, 195A-E, 196A-D, 197A-C, 199A-C, 200A-E, 201A-D, 202A-C, 204A-B, 205A-C, 
207A-D, 208A-D, 209A-D, 210A-B, 212A-D, 214A-C, and 215A-C).  Noteworthy exceptions 
included increased percent diet compositions of cephalopods and Loligo squid within the 
Southern New England and Mid-Atlantic Bight regions for summer and fourspot flounders 
(Figures 180A-C and 185A-D respectively); a similar shift was seen between small and medium 
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fourspot flounder size classes (Figures 187A-B).  A slight increase in the percent diet 
composition of ophiuroids (by mass) for American plaice in the Gulf of Maine was evident as 
shown for the other echinoderm specialists (i.e., haddock and ocean pout) (Figures 213A-C). 
 
Order Teuthida 


The two squids (northern shortfin [Illex illecebrosus] and longfin inshore squid [Loligo 
pealeii]) had large amounts of well-digested prey in their diets which can be attributed to the 
high degree of prey mastication associated with these predators (Figures 216 and 221).  
Cannibalism, as seen by unidentified cephalopods (i.e., well-digested squid material) in the diet, 
along with unidentified fish were the largest dietary components.  Only minor variations in 
feeding were observed across the broad sampling scales of decade, region, and season, and 
ontogenetic stages (Figures 217A-B, 218A-E, 219A-C, 220A-B, 222A-B, 223A-C, 224A-C, and 
225A-B). 


 
Dietary Overlap 
 The average diet similarity for the 52 predators examined was generally low (Bray-Curtis 
Index (BCI) average = 31.5%), suggesting relatively minimal potential for competition within 
this NEUS shelf community (Figure 226).  However, greater dietary overlap (BCI greater than 
40%, occasionally BCI greater than 60%) was observed among the seven skate species 
(barndoor, winter, clearnose, rosette, little, smooth, and thorny skate), and additionally between 
skates and separate pairings with searobins, longhorn sculpin, Acadian redfish, blackbelly 
rosefish, scup, black sea bass, some gadiformes, and flatfish (primarily fourspot and windowpane 
flounders).  High overlap was also seen for some but not all of the planktivorous feeders (i.e., 
Atlantic herring, blueback herring, and Atlantic mackerel), among the gadiformes, and between 
various gadiformes and longhorn sculpin, sea raven, blackbelly rosefish, and the searobins. 
Nonetheless, a moderate similarity in the feeding habits of benthivorous flatfish (i.e., yellowtail, 
winter, witch, and Gulf Stream flounders; BCI = 40-60%), and to a higher degree, the pairing of 
longhorn sculpin and northern searobin (BCI greater than 60%) was observed.          
 


DISCUSSION 
Food Habits Summary 
 The summary of food habits for 52 species provided here expands and updates previous 
diet descriptions for the major fish and squid species of the NEUS continental shelf (e.g., 
Sherman et al. 1978; Bowman 1981, 1984; Langton 1982, 1983; Durbin et al. 1983; Bowman 
and Michaels 1984; Bowman et al. 1984; Bowman et al. 2000; Link and Almeida 2000).  Diet 
variability over decade, geographic area, season, and ontogeny for greater than 60% of the 
species reported here was, generally speaking, relatively minor.  Major patterns in feeding habits 
were observed for approximately 20 predator species.  For instance, the increase in diet 
proportion of principal pelagic species (e.g., Atlantic herring, mackerel, etc.) over the decadal 
time series was observed in the diets of spiny dogfish, Atlantic cod, many of the hakes (e.g., 
silver, white, and red hake), and other major piscivores (i.e., bluefish and goosefish).  This 
observation most likely reflected the availability of major pelagic prey in response to variations 
in fishing intensity over the time series (Fogarty and Murawski 1998; Overholtz 2002; Overholtz 
and Friedland 2002).  Spatial variations in prey availability across the broad geographic sampling 
scale were apparent for some fishes feeding on benthic macroinvertebrates (e.g., ophiuroids for 
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haddock, American plaice, and ocean pout) as well as pelagic crustaceans (e.g., euphausiids and 
copepods for Atlantic herring and Atlantic mackerel).  An increased proportion of ophiuroids 
was observed in the diets of haddock, ocean pout, and to a lesser extent American plaice in the 
Gulf of Maine than in the more southern regions of the Mid-Atlantic Bight, Southern New 
England, and Georges Bank; a similar result was shown by Link (2006).  Atlantic herring diet 
revealed an equivalent latitudinal shift in major prey taxa such that euphausiid percent diet 
composition was markedly greater for the northern regions: Scotian Shelf, Gulf of Maine, and 
Georges Bank, whereas copepods and well-digested prey (primarily digested zooplankton) were 
the dominant prey taxa in the southern regions (i.e., Mid-Atlantic Bight and Southern New 
England).  Similar dietary trends for these prey, albeit less dramatic, were seen with Atlantic 
mackerel.  In general, few seasonal diet variations were identified particularly for those predators 
consuming pelagic taxa (namely euphausiids and various fishes) such as with Atlantic herring 
and Acadian redfish.  Additionally, seasonal differences in feeding were suggested for ocean 
pout with variable proportions of echinoderm taxa (i.e., echinoids and ophiuroids), further 
highlighting the interplay among the broad-scale factors examined by this work.  


Increased piscivory with increased size was the most common ontogenetic diet shift 
observed.  This was evident for both demersal and pelagic fishes: spiny dogfish, Atlantic cod, 
pollock, most hakes (i.e., silver, white, red, and spotted hake), striped bass, and Acadian redfish.  
Whether these fishes ate benthic macroinvertebrates or pelagic crustaceans during small or 
medium size classes, there was a shift to piscivory with larger size classes.                  


The fish community of the NEUS shelf is primarily composed of generalist feeders.  
Given the wide range of feeding habits and generally low dietary overlap for the entire shelf 
community, changes in prey or predator abundance are less likely to impact populations and the 
community compared to ecosystems with a high number of specialists.  In some limited 
instances there was evidence of dietary specialization (e.g., echinoderm feeders: haddock, 
American plaice, and ocean pout; or decapod crab feeders: smooth dogfish and black sea bass).  
Garrison and Link (2000a) noted the generalized feeding preferences for many major fish and 
squid predators of the NEUS continental shelf, grouping species into trophic guilds that 
accounted for ontogenetic diet shifts (i.e., crab eaters, planktivores, amphipod/shrimp eaters, 
shrimp/small fish eaters, benthivores, and piscivores).  The diet summaries presented here 
support the feeding guilds proposed by Garrison and Link (2000a).     


Some species still remain relatively undersampled, particularly over the broad temporal, 
spatial, and seasonal scales examined.  Sampling requests and species priorities are regularly 
modified as appropriate every two or three years to address modeling needs and research 
interests.  It is difficult to predict which species of low commercial value will gain importance, 
yet the multispecies food habits sampling currently used has provided reasonable coverage over 
such variability.  Nonetheless, sampling the feeding habits of the entire NEUS continental shelf 
fish community remains a major challenge.   


An important component of understanding fish community structure and function is 
knowledge of fish feeding ecology through a continuous diet monitoring program such as that 
described in this report.  We assert that these data constitute the preliminary information 
necessary for implementing EBFM.  Thus, the requisite monitoring and modeling of such 
ecological interactions for the NEUS continental shelf ecosystem will continue to remain a 
priority for the FWDP and the NEFSC in the near future.  
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Table 1a. Stomach sampling requests used by the NEFSC Bottom Trawl Survey during 1973-86 (Sp = spring; Fa = fall; 1 = priority species; 2 = secondary species  
               collected  as time allowed).


Common Name Scientific Name Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa
Alewife Alosa pseudoharengus - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - 2 2 2 2
Argentines Argentinidae - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - - - - -
Bass, Black sea Centropristis striata - - - - - - - - 1 1 1 1 1 1 1 1 - - - - - - - - - - - -
Bass, Striped Morone saxatilis - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - 2 2 2 2
Bluefish Pomatomus saltatrix - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - 2 2 2 2
Butterfish Peprilus triacanthus 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 - - - - - - - - - - - -
Cod, Atlantic Gadus morhua 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Croaker, Atlantic Micropogonias undulatus - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - - - - -
Cunner Tautogolabrus adspersus - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - - - - -
Cusk Brosme brosme - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - - - - -
Cusk-eel, Fawn Lepophidium profundorum - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - - - - -
Dogfish, Smooth Mustelus canis - - - - - - - - 1 1 1 1 1 1 1 1 - - - - - - - - 2 2 2 2
Dogfish, Spiny Squalus acanthias - - - - - - - - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Dory, Buckler Zenopsis conchifera - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - - - - -
Eel, American Anguilla rostrata - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - - - - -
Eel, Conger Conger oceanicus - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - - - - -
Flounder, American plaice Hippoglossoides platessoides 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 - - - - - - - - - - - -
Flounder, Fourspot Hippoglossina oblonga 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 - - - - - - - - 2 2 2 2
Flounder, Gulf Stream Citharichthys arctifrons - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - - - - -
Flounder, Summer Paralichthys dentatus - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - 2 2 2 2
Flounder, Windowpane Scophthalmus aquosus - - - - - - - - 1 1 1 1 1 1 1 1 - - - - - - - - 2 2 2 2
Flounder, Winter Pseudopleuronectes americanus - - - - - - - - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 - - - -
Flounder, Witch Glyptocephalus cynoglossus 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 - - - - - - - - - - - -
Flounder, Yellowtail Limanda ferruginea 1 1 1 1 1 1 1 1 - - - - - - - - 1 1 1 1 1 1 1 1 - - - -
Fourbeard Rockling Enchelyopus cimbrius - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Goosefish Lophius americanus - - - - - - - - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2
Grenadier Macrouridae - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - - - - -
Haddock Melanogrammus aeglefinus 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 - - - -
Hake, Longfin Phycis chesteri - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - - - - -
Hake, Offshore Merluccius albidus - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - - - - -
Hake, Red Urophycis chuss 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Hake, Silver Merluccius bilinearis 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Hake, Spotted Urophycis regia 1 1 1 1 1 1 1 1 - - - - - - - - - - - - - - - - 2 2 2 2
Hake, White Urophycis tenuis 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1
Halibut, Atlantic Hippoglossus hippoglossus - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - 2 2 2 2
Herring, Atlantic Clupea harengus - - - - - - - - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Herring, Blueback Alosa aestivalis - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Herring, Round Etrumeus teres - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - - - - -
Kingfish, Northern Menticirrhus saxatilis - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - - - - -
Kingfish, Southern Menticirrhus americanus - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - - - - -
Lanternfish Myctophidae - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Mackerel, Atlantic Scomber scombrus - - - - - - - - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Mackerel, Snake Gempylus serpens - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - - - - -
Menhaden Brevoortia tyrannus - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Needlefish, Atlantic Strongylura marina - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - - - - -
Ocean Pout Zoarces americanus 1 1 1 1 1 1 1 1 - - - - - - - - - - - - - - - - - - - -
Pollock Pollachius virens 1 1 1 1 1 1 1 1 - - - - - - - - 1 1 1 1 1 1 1 1 1 1 1 1
Rays Myliobatiformes - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - - - - -
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Table 1a. (Cont.)


Common Name Scientific Name Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa
Redfish, Acadian Sebastes fasciatus 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 - - - - - - - - 2 2 2 2
Rosefish, Blackbelly Helicolenus dactylopterus - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Salmon, Atlantic Salmo salar - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Sand Lance, Northern Ammodytes dubius - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - - - - -
Sculpin, Longhorn Myoxocephalus octodecemspinosus 1 1 1 1 1 1 1 1 - - - - - - - - - - - - - - - - 2 2 2 2
Scup Stenotomus chrysops 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 - - - - - - - - 2 2 2 2
Sea Raven Hemitripterus americanus - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - 2 2 2 2
Searobin, Armored Peristedion miniatum - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - - - - -
Searobin, Northern Prionotus carolinus - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - - - - -
Searobin, Striped Prionotus evolans - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - - - - -
Shad, American Alosa sapidissima - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - - - - -
Shad, Hickory Alosa mediocris - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Sharks Elasmobranchii - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - - - - -
Skate, Barndoor Dipturus laevis - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Skate, Clearnose Raja eglanteria - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Skate, Little Leucoraja erinacea - - - - - - - - - - - - - - - - - - - - - - - - 2 2 2 2
Skate, Rosette Leucoraja garmani - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Skate, Smooth Malacoraja senta - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Skate, Thorny Amblyraja radiata - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - 2 2 2 2
Skate, Winter Leucoraja ocellata - - - - - - - - 1 1 1 1 1 1 1 1 - - - - - - - - 2 2 2 2
Spot Leiostomus xanthurus - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - - - - -
Squid, Northern Shortfin Illex illecebrosus - - - - - - - - 1 1 1 1 1 1 1 1 - - - - - - - - - - - -
Squid, Longfin Inshore Loligo pealeii - - - - - - - - 1 1 1 1 1 1 1 1 - - - - - - - - - - - -
Tautog Tautoga onitis - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Tilefish Lopholatilus chamaeleonticeps - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - - - - -
Weakfish Cynoscion regalis - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - 2 2 2 2
Wolffish, Atlantic Anarhichas lupus - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - - - - -
Wrymouth Cryptacanthodes maculatus - - - - - - - - 2 2 2 2 2 2 2 2 - - - - - - - - - - - -
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Table 1b. Stomach sampling requests used by the NEFSC Bottom Trawl Survey during 1987-2000 (Sp = spring; Fa = fall;   1 = priority species; 2 = secondary
               species collected as time allowed).


Common Name Scientific Name Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa
Alewife Alosa pseudoharengus 2 2 2 2 2 2 2 2 2 2 - - - - - - - - - - - - - - - - - -
Argentines Argentinidae - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Bass, Black sea Centropristis striata - - - - - - - - - - - - - - - - - - - - - - - - 2 2 2 2
Bass, Striped Morone saxatilis 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Bluefish Pomatomus saltatrix 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Butterfish Peprilus triacanthus - - - - - - - - - - - - - - - - - - - - - - - - 2 2 2 2
Cod, Atlantic Gadus morhua 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2
Croaker, Atlantic Micropogonias undulatus - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Cunner Tautogolabrus adspersus - - - - - - - - - - - - - - - - - - - - - - - - 2 2 2 2
Cusk Brosme brosme - - - - - - - - - - - - - - - - - - - - - - - - 2 2 2 2
Cusk-eel, Fawn Lepophidium profundorum - - - - - - - - - - - - - - - - - - - - - - - - 2 2 2 2
Dogfish, Smooth Mustelus canis 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Dogfish, Spiny Squalus acanthias 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2
Dory, Buckler Zenopsis conchifera - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Eel, American Anguilla rostrata - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Eel, Conger Conger oceanicus - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Flounder, American plaice Hippoglossoides platessoides - - - - - - - - - - - - - - - - - - - - - - - - 2 2 2 2
Flounder, Fourspot Hippoglossina oblonga 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1 1 1 2 2 2 2
Flounder, Gulf Stream Citharichthys arctifrons - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Flounder, Summer Paralichthys dentatus 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 1 2 2
Flounder, Windowpane Scophthalmus aquosus 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Flounder, Winter Pseudopleuronectes americanus - - - - - - - - - - - - - - - - - - - - - - - - 2 2 1 1
Flounder, Witch Glyptocephalus cynoglossus - - - - - - - - - - - - - - - - - - - - - - - - 2 2 2 2
Flounder, Yellowtail Limanda ferruginea - - - - - - - - - - - - - - - - - - - - - - - - 1 1 1 1
Fourbeard Rockling Enchelyopus cimbrius - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Goosefish Lophius americanus 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Grenadier Macrouridae - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Haddock Melanogrammus aeglefinus - - - - - - - - - - - - - - - - - - - - - - - - 1 1 1 1
Hake, Longfin Phycis chesteri - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Hake, Offshore Merluccius albidus - - - - - - - - - - - - - - - - - - - - - - - - 2 2 2 2
Hake, Red Urophycis chuss 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Hake, Silver Merluccius bilinearis 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 2
Hake, Spotted Urophycis regia 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Hake, White Urophycis tenuis 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Halibut, Atlantic Hippoglossus hippoglossus 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Herring, Atlantic Clupea harengus 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 1 1 2 1 2 1 2 1 1 1 1 1
Herring, Blueback Alosa aestivalis - - - - - - - - - - - - - - - - - - - - - - - - 2 2 2 2
Herring, Round Etrumeus teres - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Kingfish, Northern Menticirrhus saxatilis - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Kingfish, Southern Menticirrhus americanus - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Lanternfish Myctophidae - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Mackerel, Atlantic Scomber scombrus 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 1 1 1 1 1
Mackerels, Snake Gempylus serpens - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Menhaden Brevoortia tyrannus - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Needlefish, Atlantic Strongylura marina - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Ocean Pout Zoarces americanus - - - - - - - - - - - - - - - - - - - - - - - - 1 1 1 1
Pollock Pollachius virens 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Rays Myliobatiformes - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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Table 1b. (Cont.)


Common Name Scientific Name Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa
Redfish, Acadian Sebastes fasciatus 2 2 2 2 2 2 2 2 2 2 - - - - - - - - - - - - - - 2 2 2 2
Rosefish, Blackbelly Helicolenus dactylopterus - - - - - - - - - - - - - - - - - - - - - - - - 2 2 2 2
Salmon, Atlantic Salmo salar - - - - - - - - - - - - - - - - - - - - - - - - 2 2 2 2
Sand Lance, Northern Ammodytes dubius - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Sculpin, Longhorn Myoxocephalus octodecemspinosus 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 2 1 2 1 2 1 1 1 1
Scup Stenotomus chrysops 2 2 2 2 2 2 2 2 2 2 - - - - - - - - - - - - - - 2 2 2 2
Sea Raven Hemitripterus americanus 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 2 1 2 1 2 2 2 2 2
Searobin, Armored Peristedion miniatum - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Searobin, Northern Prionotus carolinus - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Searobin, Striped Prionotus evolans - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Shad, American Alosa sapidissima - - - - - - - - - - - - - - - - - - - - - - - - 2 2 2 2
Shad, Hickory Alosa mediocris - - - - - - - - - - - - - - - - - - - - - - - - 2 2 2 2
Sharks Elasmobranchii - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Skate, Barndoor Dipturus laevis - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Skate, Clearnose Raja eglanteria - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Skate, Little Leucoraja erinacea 2 2 2 2 2 2 2 2 2 2 1 1 1 1 2 2 2 2 1 2 1 2 1 2 2 2 2 2
Skate, Rosette Leucoraja garmani - - - - - - - - - - - - - - - - - - - - - - - - 2 2 2 2
Skate, Smooth Malacoraja senta - - - - - - - - - - - - - - - - - - - - - - - - 2 2 2 2
Skate, Thorny Amblyraja radiata 2 2 2 2 2 2 2 2 2 2 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Skate, Winter Leucoraja ocellata 2 2 2 2 2 2 2 2 2 2 1 1 1 1 2 2 2 2 1 2 1 2 1 2 2 2 2 2
Spot Leiostomus xanthurus - - - - - - - - - - - - - - - - - - - - - - - - 2 2 2 2
Squid, Northern Shortfin Illex illecebrosus - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Squid, Longfin Inshore Loligo pealeii - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Tautog Tautoga onitis - - - - - - - - - - - - - - - - - - - - - - - - 2 2 2 2
Tilefish Lopholatilus chamaeleonticeps - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Weakfish Cynoscion regalis 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Wolffish, Atlantic Anarhichas lupus - - - - - - - - - - - - - - - - - - - - - - - - 1 1 1 1
Wrymouth Cryptacanthodes maculatus - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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Table 1c. Stomach sampling requests used by the NEFSC Bottom Trawl Survey during 2001-08 (Sp = spring; Fa = fall;   
                1 = priority species; 2 = secondary species collected as time allowed)


Common Name Scientific Name Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa
Alewife Alosa pseudoharengus - - - - - - - - - - - - - - - -
Argentines    Argentinidae - - - - - - - - - - - - - - - -
Bass, Black sea Centropristis striata 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Bass, Striped Morone saxatilis 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Bluefish Pomatomus saltatrix 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Butterfish Peprilus triacanthus 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Cod, Atlantic Gadus morhua 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1
Croaker, Atlantic Micropogonias undulatus - - - - 2 2 2 2 2 2 2 2 2 2 2 2
Cunner Tautogolabrus adspersus 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Cusk Brosme brosme 2 2 2 2 2 2 2 2 2 2 1 1 1 1 1 1
Cusk-eel, Fawn Lepophidium profundorum 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Dogfish, Smooth Mustelus canis 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Dogfish, Spiny    Squalus acanthias 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Dory, Buckler Zenopsis conchifera - - - - 2 2 2 2 2 2 2 2 2 2 2 2
Eel, American Anguilla rostrata - - - - - - - - - - - - - - - -
Eel, Conger Conger oceanicus - - - - 2 2 2 2 2 2 2 2 2 2 2 2
Flounder, American plaice    Hippoglossoides platessoides 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Flounder, Fourspot Hippoglossina oblonga 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1
Flounder, Gulf Stream   Citharichthys arctifrons - - - - 2 2 2 2 2 2 2 2 2 2 2 2
Flounder, Summer Paralichthys dentatus 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1
Flounder, Windowpane   Scophthalmus aquosus 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Flounder, Winter   Pseudopleuronectes americanus 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Flounder, Witch Glyptocephalus cynoglossus 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Flounder, Yellowtail    Limanda ferruginea 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Fourbeard Rockling     Enchelyopus cimbrius - - - - - - - - - - 2 2 2 2 2 2
Goosefish Lophius americanus 2 2 2 2 1 1 1 1 1 1 2 2 2 2 2 2
Grenadier    Macrouridae - - - - - - - - - - - - - - - -
Haddock Melanogrammus aeglefinus 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Hake, Longfin Phycis chesteri - - - - - - - - - - - - - - - -
Hake, Offshore Merluccius albidus 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1
Hake, Red Urophycis chuss 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Hake, Silver Merluccius bilinearis 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1
Hake, Spotted Urophycis regia 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Hake, White Urophycis tenuis 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Halibut, Atlantic   Hippoglossus hippoglossus 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Herring, Atlantic    Clupea harengus 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Herring, Blueback Alosa aestivalis 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Herring, Round Etrumeus teres - - - - - - - - - - - - - - - -
Kingfish, Northern   Menticirrhus saxatilis - - - - - - - - - - 2 2 2 2 2 2
Kingfish, Southern     Menticirrhus americanus - - - - - - - - - - - - - - - -
Lanternfish Myctophidae - - - - 2 2 2 2 2 2 2 2 2 2 2 2
Mackerel, Atlantic     Scomber scombrus 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Mackerels, Snake Gempylus serpens - - - - - - - - - - - - - - - -
Menhaden Brevoortia tyrannus - - - - - - - - - - 2 2 2 2 2 2
Needlefish, Atlantic     Strongylura marina - - - - - - - - - - - - - - - -
Ocean Pout Zoarces americanus 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2
Pollock Pollachius virens 2 2 2 2 1 1 1 1 1 1 1 1 1 1 1 1
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Table 1c. (Cont.)


Common Name Scientific Name Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa Sp Fa
Rays Myliobatiformes - - - - - - - - - - - - - - - -
Redfish, Acadian Sebastes fasciatus 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Rosefish, Blackbelly Helicolenus dactylopterus 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Salmon, Atlantic Salmo salar 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Sand Lance, Northern Ammodytes dubius - - - - - - - - - - - - - - - -
Sculpin, Longhorn Myoxocephalus octodecemspinosus 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2
Scup Stenotomus chrysops 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Sea Raven Hemitripterus americanus 2 2 2 2 1 1 1 1 1 1 2 2 2 2 2 2
Searobin, Armored Peristedion miniatum - - - - 2 2 2 2 2 2 2 2 2 2 2 2
Searobin, Northern Prionotus carolinus - - - - 2 2 2 2 2 2 2 2 2 2 2 2
Searobin, Striped Prionotus evolans - - - - 2 2 2 2 2 2 2 2 2 2 2 2
Shad, American Alosa sapidissima 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Shad, Hickory Alosa mediocris 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Sharks Elasmobranchii - - - - - - - - - - - - - - - -
Skate, Barndoor Dipturus laevis - - - - - - - - - - 1 1 1 1 1 1
Skate, Clearnose Raja eglanteria - - - - - - - - - - 2 2 2 2 2 2
Skate, Little Leucoraja erinacea 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Skate, Rosette Leucoraja garmani 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Skate, Smooth Malacoraja senta 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Skate, Thorny Amblyraja radiata 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Skate, Winter Leucoraja ocellata 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Spot Leiostomus xanthurus 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Squid, Northern Shortfin Illex illecebrosus - - - - - - - - - - - - - - - -
Squid, Longfin Inshore Loligo pealeii - - - - - - - - - - - - - - - -
Tautog Tautoga onitis 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Tilefish Lopholatilus chamaeleonticeps - - - - 2 2 2 2 2 2 2 2 2 2 2 2
Weakfish Cynoscion regalis 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Wolffish, Atlantic Anarhichas lupus 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2
Wrymouth Cryptacanthodes maculatus - - - - - - - - - - - - - - - -
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Table 2. Levels of taxonomic resolution for selected prey items used in FWDP analyses and summaries.  (“Collection Category” is the 
              lowest level of taxonomic resolution, with most fish and some invertebrates retaining species-level identification where 
             applicable.  This category and the actual prey name are used in analyses for specific prey taxa or a single or small group of 
             predators.  “Analytical Category” is a broader taxonomic level that groups fishes to family and invertebrates to a higher level.  
             This category is used for multispecies analyses and less detailed diet summaries.  “General Category” groups prey at the 
             phylum or class level, and is used for more cursory diet summaries.  “Modeling category” uses a species-level classification for 
             major fishes and invertebrates of interest and ecological groupings for invertebrate taxa of lesser concern such as benthic or  
             pelagic invertebrates.).


Common Name Scientific Name Collection Analytical General Modeling


Atlantic cod Gadus morhua GADMOR Gadid fam. Fish GADMOR
Winter flounder Pseudopleuronectes americanus PLEAME Pleuronectid fam. Fish PLEAME
Atlantic herring Clupea harengus CLUHAR Clupeid fam. Fish CLUHAR
Atlantic herring eggs Clupea harengus eggs CLUHAR Clupeid fam. Fish FISEGG
Atlantic herring larvae Clupea harengus larvae Fish Larvae Fish larvae Fish FISLAR
Longfin squid Loligo pealeii LOLPEA Cephalapod Mollusc LOLIGO
Northern shortfin squid Illex illecebrosus ILLILL Cephalapod Mollusc ILLEX
Sea scallop Placopecten magellanicus Pectinid fam. Bivavle Mollusc BENINV
Naked sea butterfly Clione limacina Pteropod Gastropod Mollusc BENINV
Brittle stars & basket stars Ophiuroidea OPHIU1 OPHIU1 Echinoderm BENINV
Comb jellies or sea walnuts Ctenophora CTENOP CTENOP CTENOP PELINV
Atlantic rock crab Cancer irroratus Cancer fam. Decapod Arthropod BENINV
Northern shrimp Pandalus borealis Pandalid fam. Decapod Arthropod PELINV
Mysids Mysidacea Mysida Mysida Arthropod PELINV
Krill Euphausiidae Euphausiid fam. Euphausiid fam. Arthropod PELINV
Calanoid copepods Calanoida Copepod Copepod Arthropod PELINV
Gammarid Gammaridea Gammar Amphipod Arthropod BENINV


Category







Table 3. Common and scientific names, and size category definitions for 52 predators within the Food  
              Habits Database with ≥ 200 stomachs.  Groupings are by taxonomic order.


Order/Common Name Species Name Extra-Small Small Medium Large Extra-Large


Squaliformes
Spiny dogfish Squalus acanthias - <36 36-80 >80 -


Carcharhiniformes
Smooth dogfish Mustelus canis - <36 36-80 >80 -
Atlantic sharpnose shark Rhizoprionodon terraenovae - ≤20 21-50 >50 -


Rajiformes
Barndoor skate Dipturus laevis - ≤30 31-60 61-80 >80
Winter skate Leucoraja ocellata - ≤30 31-60 61-80 >80
Clearnose skate Raja eglanteria - ≤30 31-60 61-80 >80
Thorny skate Amblyraja radiata - ≤30 31-60 61-80 >80
Rosette skate Leucoraja garmani - ≤30 31-60 61-80 >80
Little skate Leucoraja erinacea - ≤30 31-60 61-80 >80
Smooth skate Malacoraja senta - ≤30 31-60 61-80 >80


Clupeiformes
Atlantic herring Clupea harengus ≤10 11-20 21-30 >30 -
Alewife Alosa pseudoharengus ≤10 11-20 21-30 >30 -
Blueback herring Alosa aestivalis ≤10 11-20 21-30 >30 -
American shad Alosa sapidissima ≤10 11-20 21-30 >30 -


Ophidiiformes
Fawn cusk-eel Lepophidium profundorum - ≤20 21-50 - -


Gadiformes
Haddock Melanogrammus aeglefinus - ≤20 21-50 51-80 >80
Atlantic cod Gadus morhua - ≤20 21-50 51-80 >80
Pollock Pollachius virens - ≤20 21-50 51-80 >80
Offshore hake Merluccius albidus - ≤20 21-40 >40 -
Silver hake Merluccius bilinearis - ≤20 21-40 >40 -
White hake Urophycis tenuis - ≤20 21-40 >40 -
Red hake Urophycis chuss - ≤20 21-40 >40 -
Spotted hake Urophycis regia - ≤20 21-40 >40 -


Lophiiformes
Goosefish Lophius americanus - ≤30 31-60 61-90 >90


Scorpaeniformes
Acadian redfish Sebastes fasciatus - ≤25 26-50 >50 -
Blackbelly rosefish Helicolenus dactylopterus - ≤20 21-50 >50 -
Longhorn sculpin Myoxocephalus octodecemspinosus - ≤25 26-50 >50 -
Sea raven Hemitripterus americanus - ≤25 26-50 >50 -
Northern searobin Prionotus carolinus - ≤20 21-30 >30 -
Striped searobin Prionotus evolans - ≤20 21-30 >30 -


Size Categories (cm)







Table 3. (Cont.)


Order/Common Name Species Name Extra-Small Small Medium Large Extra-Large


Perciformes
Atlantic mackerel Scomber scombrus ≤10 11-20 21-35 >35 -
Butterfish Peprilus triacanthus ≤10 11-20 21-30 >30 -
Northern sand lance Ammodytes dubius - ≤10 11-25 >25 -
Bluefish Pomatomus saltatrix - ≤30 31-70 >70 -
Weakfish Cynoscion regalis - ≤25 26-50 >50 -
Striped bass Morone saxatilis - ≤30 31-70 >70 -
Atlantic croaker Micropogonias undulatus - ≤25 26-50 >50 -
Spot Leiostomus xanthurus - ≤20 21-50 >50 -
Scup Stenotomus chrysops - ≤20 21-50 >50 -
Black sea bass Centropristis striata - ≤25 26-50 >50 -
Ocean pout Zoarces americanus - ≤30 31-60 >60 -


Pleuronectiformes
Atlantic halibut Hippoglossus hippoglossus - ≤30 31-60 61-90 >90
Summer flounder Paralichthys dentatus - ≤20 21-40 41-70 >70
Fourspot flounder Hippoglossina oblonga - ≤20 21-40 41-70 >70
Yellowtail flounder Limanda ferruginea - ≤20 21-40 41-70 >70
Winter flounder Pseudopleuronectes americanus - ≤20 21-40 41-70 >70
Witch flounder Glyptocephalus cynoglossus - ≤20 21-40 41-70 >70
Gulf Stream flounder Citharichthys arctifrons - ≤20 21-40 41-70 >70
Windowpane flounder Scophthalmus aquosus - ≤20 21-40 41-70 >70
American plaice Hippoglossoides platessoides - ≤20 21-40 41-70 >70


Teuthida
Northern shortfin squid Illex illecebrosus - ≤15 16-30 >30 -
Longfin inshore squid Loligo pealeii - ≤15 16-30 >30 -


Size Categories (cm)







Table 4. Descriptive statistics for predators examined by the FWDP during 1973-2008 (units of weight = g; units of length = cm; SE = standard error of the 
             mean of stomach weight).  Groupings are by taxonomic order.


Order/Common Name Scientific Name Number Mean SE Mean Min. Max. Number Mean


Myxiniformes


Atlantic Hagfish Myxine glutinosa 4 <0.01 0.005 42.75 33 55 0 -


Squaliformes


Spiny Dogfish Squalus acanthias 65,825 15.03 0.176 69.20 3 114 38,024 1,516


Squatiniformes


Atlantic Angel Shark Squatina dumeril 158 30.83 4.534 77.89 26 128 0 -


Lamniformes


Sand Tiger Carcharias taurus 7 224.29 149.086 196.29 105 246 0 -
Shortfin Mako Isurus oxyrinchus 1 141.10 - 146.00 146 146 0 -
Thresher Shark Alopias vulpinus 1 33.00 - 169.00 169 169 0 -


Carcharhiniformes


Smooth Dogfish Mustelus canis 7,603 41.62 0.658 84.36 14 150 4,928 2,299
Atlantic Sharpnose Shark Rhizoprionodon terraenovae 217 18.11 2.193 81.62 34 154 25 2,706
Dusky Shark Carcharhinus obscurus 71 41.51 9.281 98.65 49 212 0 -
Sandbar Shark Carcharhinus plumbeus 68 95.99 34.037 112.28 60 240 2 2,209
Chain Dogfish Scyliorhinus retifer 40 2.03 0.693 29.35 15 45 4 324
Scalloped Hammerhead Shark Sphyrna lewini 5 60.25 41.207 75.60 41 112 0 -
Blacknose Shark Carcharhinus acronotus 1 8.80 - 104.00 104 104 0 -
Smooth Hammerhead Shark Sphyrna zygaena 1 2.09 - 92.00 92 92 0 -
Blacktip Shark Carcharhinus limbatus 1 - - 138.00 138 138 0 -


Torpediniformes


Atlantic Torpedo Torpedo nobiliana 15 17.96 13.012 70.60 25 125 1 17,500
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Table 4. (Cont.)


Order/Common Name Scientific Name Number Mean SE Mean Min. Max. Number Mean


Rajiformes


Little Skate Leucoraja erinacea 27,507 4.06 0.034 39.44 6 63 20,006 432
Winter Skate Leucoraja ocellata 17,143 11.08 0.192 60.45 12 111 11,341 1,834
Thorny Skate Amblyraja radiata 3,435 11.73 0.512 48.97 10 107 1,888 1,656
Smooth Skate Malacoraja senta 1,056 4.27 0.172 43.15 9 73 848 441
Clearnose Skate Raja eglanteria 960 9.44 0.748 58.22 22 93 779 1,200
Rosette Skate Leucoraja garmani 700 1.44 0.074 35.76 9 47 674 226
Barndoor Skate Dipturus laevis 655 20.46 1.542 66.37 19 163 647 2,501


Myliobatiformes


Bullnose Ray Myliobatis freminvillii 88 19.69 4.452 58.05 26 123 7 1,108
Bluntnose Stingray Dasyatis say 83 29.48 5.415 57.25 21 128 3 1,928
Spiny Butterfly Ray Gymnura altavela 55 2.43 1.119 92.39 52 199 0 -
Roughtail Stingray Dasyatis centroura 13 84.01 31.269 98.62 74 129 0 -
Cownose Ray Rhinoptera bonasus 13 1.24 1.005 48.38 40 53 0 -
Southern Stingray Dasyatis americana 1 17.22 - 84.00 84 84 0 -
Atlantic Stingray Dasyatis sabina 1 - - 77.00 77 77 0 -


Acipenseriformes


Atlantic Sturgeon Acipenser oxyrinchus 3 119.17 9.167 97.00 84 120 0 -


Anguilliformes


Conger Eel Conger oceanicus 15 10.28 4.429 64.27 39 109 2 1,725
Margined Snake Eel Ophichthus cruentifer 3 0.12 0.055 39.00 36 42 0 -
Snubnose Eel Simenchelys parasitica 1 - - 11.00 11 11 0 -


Clupeiformes


Atlantic Herring Clupea harengus 17,910 0.59 0.014 23.33 4 46 16,486 121
Blueback Herring Alosa aestivalis 1,347 0.39 0.021 17.17 7 29 1,261 63
American Shad Alosa sapidissima 874 2.10 0.236 25.38 8 58 832 305
Alewife Alosa pseudoharengus 404 0.89 0.070 23.23 7 41 32 126
Round Herring Etrumeus teres 104 0.28 0.061 12.05 10 18 0 -
Atlantic Menhaden Brevoortia tyrannus 76 0.15 0.042 21.03 6 32 41 209
Striped Anchovy Anchoa hepsetus 15 0.07 0.036 11.87 10 13 0 -
Spanish Sardine Sardinella aurita 8 <0.01 0.000 5.25 5 6 0 -
Hickory Shad Alosa mediocris 6 2.64 1.752 32.00 24 46 6 467
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Table 4. (Cont.)


Order/Common Name Scientific Name Number Mean SE Mean Min. Max. Number Mean


Argentiniformes


Atlantic Argentine Argentina silus 191 0.17 0.054 31.05 9 44 0 -
Striated Argentine Argentina striata 1 - - 8.00 8 8 0 -


Salmoniformes


Atlantic Salmon Salmo salar 1 2.61 - 34.00 34 34 0 -


Aulopiformes


Inshore Lizardfish Synodus foetens 42 2.13 0.571 24.10 16 35 1 87
Snakefish Trachinocephalus myops 25 1.66 0.757 17.84 13 23 0 -
Offshore Lizardfish Synodus poeyi 9 0.98 0.560 14.22 7 23 3 79
Shortnose Greeneye Chlorophthalmus agassizi 6 0.04 0.020 12.50 11 14 0 -


Myctophiformes


Lanternfish Unclassified Myctophidae 20 0.04 0.015 7.05 4 10 10 2
Hygophum taaningi Hygophum taaningi 9 0.02 0.007 6.67 6 7 0 -


Polymixiiformes


Beardfish Polymixia lowei 1 - - 16.00 16 16 0 -


Ophidiiformes


Fawn Cusk-eel Lepophidium profundorum 1,023 0.07 0.005 21.28 7 30 873 23
Striped Cusk-eel Ophidion marginatum 11 0.03 0.017 20.91 16 30 0 -


Gadiformes


Silver Hake Merluccius bilinearis 47,837 2.71 0.053 25.30 3 76 26,496 127
Atlantic Cod Gadus morhua 19,645 30.06 0.603 53.53 1 150 9,106 2,109
Red Hake Urophycis chuss 17,840 3.27 0.087 30.06 4 73 9,793 202
White Hake Urophycis tenuis 14,348 17.54 0.461 43.54 3 136 7,316 855
Spotted Hake Urophycis regia 13,278 2.18 0.055 23.49 4 46 10,497 131
Haddock Melanogrammus aeglefinus 9,488 4.36 0.109 42.00 8 88 5,951 901
Pollock Pollachius virens 5,820 17.59 0.711 49.94 10 120 3,112 1,503
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Table 4. (Cont.)


Order/Common Name Scientific Name Number Mean SE Mean Min. Max. Number Mean


Gadiformes (Cont.)


Offshore Hake Merluccius albidus 800 2.19 0.462 29.98 6 56 714 226
Cusk Brosme brosme 222 2.41 0.815 60.19 14 104 96 1,757
Fourbeard Rockling Enchelyopus cimbrius 131 0.19 0.025 21.01 12 33 121 43
Longfin Hake Phycis chesteri 25 0.62 0.259 21.26 16 35 0 -
Longnose Grenadier Caelorinchus caelorhincus 18 0.20 0.056 15.78 10 23 0 -
Marlin-Spike Nezumia bairdii 10 0.26 0.052 20.10 15 26 0 -
Ling Unclassified Urophycis sp. 5 0.18 0.096 13.00 13 13 1 12
Grenadier Unclassified Macrouridae 3 0.14 0.031 26.00 26 26 0 -
Carolina Hake Urophycis earllii 1 11.00 - 28.00 28 28 0 -


Batrachoidiformes


Atlantic Midshipman Porichthys plectrodon 10 0.11 0.050 14.00 14 14 0 -


Lophiiformes


Goosefish Lophius americanus 10,188 35.49 1.471 43.35 6 124 7,563 1,622


Beloniformes


Atlantic Saury Scomberesox saurus 1 - - 32.00 32 32 0 -


Zeiformes


Buckler Dory Zenopsis conchifera 197 9.24 1.786 25.87 8 66 86 601
Deepbody Boarfish Antigonia capros 15 1.08 0.194 15.40 12 19 0 -


Gasterosteiformes


Northern Pipefish Syngnathus fuscus 38 <0.01 0.001 18.87 14 24 0 -
Red Cornetfish Fistularia petimba 8 10.30 6.233 78.75 43 115 0 -
Cornetfish Unclassified Fistulariidae 1 0.02 - 32.00 32 32 0 -
Longspine Snipefish Macroramphosus scolopax 2 - - 12.50 12 13 0 -


Scorpaeniformes


Longhorn Sculpin Myoxocephalus octodecemspinosus 12,188 2.80 0.061 24.97 3 45 9,205 182
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Table 4. (Cont.)


Order/Common Name Scientific Name Number Mean SE Mean Min. Max. Number Mean


Scorpaeniformes (Cont.)


Sea Raven Hemitripterus americanus 7,472 15.37 0.582 31.73 4 68 5,505 838
Acadian Redfish Sebastes fasciatus 3,904 1.28 0.073 27.28 5 47 2,640 336
Blackbelly Rosefish Helicolenus dactylopterus 957 0.39 0.039 17.14 3 51 855 136
Northern Searobin Prionotus carolinus 727 0.54 0.044 19.99 4 49 632 93
Striped Searobin Prionotus evolans 362 2.82 0.425 24.89 3 44 339 264
Armored Searobin Peristedion miniatum 41 0.12 0.046 25.54 7 32 8 111
Moustache Sculpin Triglops murrayi 28 0.07 0.021 10.57 7 15 0 -
Hookear Sculpin Unclassified Artediellus sp. 23 0.01 0.007 6.43 4 8 1 4
Searobin Unclassified Triglidae 8 <0.01 0.001 8.63 5 11 0 -
Spiny Searobin Prionotus alatus 3 0.19 0.093 12.33 10 14 2 20
Scorpionfish and Rockfish Unclassified Scorpaenidae 2 0.24 0.234 12.00 4 20 1 1
Lumpfish Cyclopterus lumpus 2 27.87 7.386 35.50 31 40 0 -
Shorthorn Sculpin Myoxocephalus scorpius 2 0.29 0.257 39.50 33 46 1 1,360
Alligatorfish Aspidophoroides monopterygius 1 0.01 - 9.00 9 9 0 -
Horned Searobin Bellator militaris 1 - - 5.00 5 5 0 -
Bluespotted Searobin Prionotus roseus 1 - - 16.00 16 16 0 -
Bighead Searobin Prionotus tribulus 1 - - 20.00 20 20 0 -


Perciformes


Atlantic Mackerel Scomber scombrus 6,874 1.37 0.039 27.49 12 47 6,039 216
Butterfish Peprilus triacanthus 6,098 0.27 0.011 12.92 2 32 4,058 50
Weakfish Cynoscion regalis 5,117 3.44 0.170 26.27 7 85 3,746 260
Bluefish Pomatomus saltatrix 4,826 20.35 0.948 35.73 3 118 2,409 1,047
Scup Stenotomus chrysops 3,890 0.44 0.023 15.39 4 38 2,374 109
Ocean Pout Zoarces americanus 3,478 8.28 0.303 47.26 5 98 2,816 633
Black Sea Bass Centropristis striata 2,400 2.20 0.141 25.40 5 62 1,559 366
Northern Sand Lance Ammodytes dubius 1,357 0.07 0.005 14.34 2 27 0 -
Spot Leiostomus xanthurus 1,156 0.16 0.011 17.38 10 74 676 96
Striped Bass Morone saxatilis 1,089 72.91 4.837 64.56 23 118 1,070 3,954
Atlantic Croaker Micropogonias undulatus 924 1.57 0.142 25.21 9 82 553 257
Cunner Tautogolabrus adspersus 169 1.32 0.243 26.55 5 47 108 416
Atlantic Wolffish Anarhichas lupus 156 15.41 3.357 52.83 3 137 78 3,185
Northern Kingfish Menticirrhus saxatilis 139 0.71 0.118 23.77 9 37 63 181
Southern Kingfish Menticirrhus americanus 119 1.43 0.316 23.84 15 32 12 163
Tautog Tautoga onitis 52 7.75 1.686 34.87 9 64 47 1,053
Spanish Mackerel Scomberomorus maculatus 44 3.48 1.301 34.68 16 62 4 866
Chub Mackerel Scomber japonicus 35 0.44 0.123 19.31 14 23 0 -
Cobia Rachycentron canadum 26 152.97 33.860 94.36 58 125 16 12,542
Whitebone Porgy Calamus leucosteus 24 1.03 0.656 27.79 20 34 0 -
Tomtate Haemulon aurolineatum 23 0.07 0.050 15.83 11 19 0 -
Tilefish Lopholatilus chamaeleonticeps 19 0.80 0.327 41.53 19 64 9 1,330
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Table 4. (Cont.)


Order/Common Name Scientific Name Number Mean SE Mean Min. Max. Number Mean


Perciformes (Cont.)


King Mackerel Scomberomorus cavalla 17 17.20 5.667 81.94 56 117 2 8,710
Round Scad Decapterus punctatus 15 <0.01 0.001 16.33 14 18 0 -
Vermilion Snapper Rhomboplites aurorubens 15 0.69 0.436 19.07 12 24 0 -
Sheepshead Archosargus probatocephalus 15 13.64 3.435 46.87 31 55 0 -
White Grunt Haemulon plumierii 14 1.54 0.437 30.36 24 45 0 -
Banded Rudderfish Seriola zonata 13 1.44 0.478 23.23 18 27 0 -
Saucereye Porgy Calamus calamus 12 0.92 0.354 21.50 12 30 0 -
Rough Scad Trachurus lathami 11 0.03 0.003 13.64 12 15 0 -
Atlantic Bonito Sarda sarda 11 29.31 24.674 50.36 23 57 3 2,018
Banded Drum Larimus fasciatus 11 0.02 0.006 15.09 14 20 0 -
Atlantic Cutlassfish Trichiurus lepturus 11 0.08 0.033 48.36 44 53 0 -
Bigeye Scad Selar crumenophthalmus 10 0.02 0.004 13.70 13 15 0 -
Pigfish Orthopristis chrysoptera 10 0.40 0.193 18.40 16 24 0 -
Greater Amberjack Seriola dumerili 9 105.65 83.863 59.00 21 114 0 -
Sea Bass Unclassified Serranidae 9 4.22 2.315 63.00 58 71 9 4,540
Spottail Pinfish Diplodus holbrookii 9 0.25 0.124 20.44 12 29 0 -
Pinfish Lagodon rhomboides 9 0.17 0.076 16.44 15 18 0 -
Red Porgy Pagrus pagrus 9 1.47 0.750 29.89 21 40 0 -
Bigeye Priacanthus arenatus 9 1.64 0.604 27.67 15 39 0 -
Snowy Grouper Epinephelus niveatus 8 23.24 13.444 69.38 46 90 0 -
Yellowfin Bass Anthias nicholsi 7 0.27 0.150 23.57 20 27 0 -
Scamp Mycteroperca phenax 6 7.10 6.745 68.17 51 99 0 -
Silver Perch Bairdiella chrysoura 5 <0.01 0.001 19.00 18 20 0 -
Atlantic Spadefish Chaetodipterus faber 4 2.75 0.710 41.50 38 45 0 -
Sand Perch Diplectrum formosum 3 0.41 0.399 20.33 18 24 0 -
Daubed Shanny Leptoclinus maculatus 3 0.01 0.002 11.67 11 13 0 -
Radiated Shanny Ulvaria subbifurcata 3 0.04 0.019 13.00 12 14 0 -
Wrymouth Cryptacanthodes maculatus 3 0.40 0.202 34.67 23 41 0 -
Atlantic Soft Pout Melanostigma atlanticum 3 <0.01 0.001 11.00 11 11 0 -
Blue Runner Caranx crysos 2 0.06 0.055 15.00 15 15 0 -
Striped Bonito Sarda orientalis 2 35.75 8.250 56.00 55 57 2 3,130
Warsaw Grouper Epinephelus nigritus 2 203.50 126.500 104.50 84 125 0 -
Hogfish Lachnolaimus maximus 2 4.49 1.186 57.00 55 59 0 -
Black Drum Pogonias cromis 2 82.50 82.500 111.50 108 115 1 23,440
Blueline Tilefish Caulolatilus microps 2 6.60 6.600 58.00 58 58 1 2,750
Northern Stargazer Astroscopus guttatus 2 10.45 1.650 21.00 19 23 0 -
Sharksucker Echeneis naucrates 1 6.60 - 43.00 43 43 0 -
Almaco Jack Seriola rivoliana 1 209.00 - 94.00 94 94 0 -
Red Drum Sciaenops ocellatus 1 110.00 - 100.00 100 100 1 12,100
Conejo Promethichthys prometheus 1 - - 25.00 25 25 0 -
Wolf Eelpout Lycenchelys verrillii 1 - - 12.00 12 12 0 -
Southern Stargazer Astroscopus y-graecum 1 2.12 - 22.00 22 22 0 -
Yellowmouth Grouper Mycteroperca interstitialis 1 - - 76.00 76 76 0 -
Gag Mycteroperca microlepis 1 - - 108.00 108 108 0 -
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Table 4. (Cont.)


Order/Common Name Scientific Name Number Mean SE Mean Min. Max. Number Mean


Perciformes (Cont.)


Atlantic Bumper Chloroscombrus chrysurus 1 - - 16.00 16 16 0 -
Spotted Seatrout Cynoscion nebulosus 1 - - 56.00 56 56 0 -


Pleuronectiformes


Summer Flounder Paralichthys dentatus 17,386 3.20 0.102 39.53 13 82 14,440 818
Fourspot Flounder Hippoglossina oblonga 16,689 1.25 0.035 27.43 2 49 13,415 175
Windowpane Flounder Scophthalmus aquosus 14,599 1.53 0.038 25.82 3 69 11,029 216
Winter Flounder Pseudopleuronectes americanus 9,278 2.34 0.056 31.55 8 76 6,559 486
American Plaice Hippoglossoides platessoides 7,201 0.81 0.035 29.94 4 70 5,372 285
Yellowtail Flounder Limanda ferruginea 7,052 1.06 0.027 32.42 3 58 5,081 357
Witch Flounder Glyptocephalus cynoglossus 5,031 0.68 0.021 35.48 5 65 4,078 268
Gulf Stream Flounder Citharichthys arctifrons 996 0.09 0.005 10.92 2 19 771 14
Atlantic Halibut Hippoglossus hippoglossus 445 23.04 4.564 54.71 13 134 239 2,252
Southern Flounder Paralichthys lethostigma 5 3.30 3.300 26.00 21 33 0 -
Hogchoker Trinectes maculatus 5 2.24 2.189 23.40 17 28 0 -
Dusky Flounder Syacium papillosum 4 0.32 0.263 22.25 17 27 3 118
Greenland Halibut Reinhardtius hippoglossoides 3 4.51 2.446 26.33 15 36 3 191


Tetraodontiformes


Planehead Filefish Stephanolepis hispidus 7 <0.01 0.001 6.43 5 8 0 -
Gray Triggerfish Balistes capriscus 2 - - 33.50 10 57 0 -
Striped Burrfish Chilomycterus schoepfii 1 - - 14.00 14 14 0 -


Teuthida


Longfin Inshore Squid Loligo pealeii 3,078 0.54 0.027 13.29 1 39 0 -
Northern Shortfin Squid Illex illecebrosus 3,056 1.58 0.160 20.04 3 32 1 99
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Figure 1. Map of the Northeast U.S. continental shelf illustrating the primary
sampling regions covered by the NEFSC Bottom Trawl Survey.  NS
= Nova Scotia


Cape Hatteras, NC
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Figure 2. The number of stomachs examined by species in the 1970s.
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Figure 3.  The number of stomachs examined by species in the 1980s.
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Figure 4. The number of stomachs examined by species in the 1990s.
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Figure 5. The number of stomachs examined by species in the 2000s.
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Figure 6. Percent frequency of occurrence of major prey taxa, excluding well-
digested prey and empty stomachs for all predators in the database.
Misc. and Unid. Fishes = Miscellaneous and Unidentified Fishes.
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Figure 7. Percent diet composition by weight of major prey taxa for spiny dogfish (Squalus acanthias; 
n = 65,825). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 8A. Percent diet composition by weight of major prey taxa for spiny dogfish (Squalus acanthias) collected 
in the 1970s (n = 2,020).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 8B. Percent diet composition by weight of major prey taxa for spiny dogfish (Squalus acanthias) collected 
in the 1980s (n = 19,104).  WDP = well-digested prey; Unid. Fish = unidentified fishes. 
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Figure 8C. Percent diet composition by weight of major prey taxa for spiny dogfish (Squalus acanthias) collected 
in the 1990s (n = 34,082).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 8D. Percent diet composition by weight of major prey taxa for spiny dogfish (Squalus acanthias) collected 
in the 2000s (n = 10,619).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 9A. Percent diet composition by weight of major prey taxa for spiny dogfish (Squalus acanthias) collected 
in the Mid-Atlantic Bight (n = 19,395). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 9B. Percent diet composition by weight of major prey taxa for spiny dogfish (Squalus acanthias) collected
in Southern New England (n = 14,353). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 9C. Percent diet composition by weight of major prey taxa for spiny dogfish (Squalus acanthias) collected 
on Georges Bank (n = 13,932). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 9D. Percent diet composition by weight of major prey taxa for spiny dogfish (Squalus acanthias) collected
in the Gulf of Maine (n = 14,474). WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 9E. Percent diet composition by weight of major prey taxa for spiny dogfish (Squalus acanthias) collected
on the Scotian Shelf (n = 3,036). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 10A. Percent diet composition by weight of major prey taxa for spiny dogfish (Squalus acanthias) collected 
in the fall (n = 17,488). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 10B. Percent diet composition by weight of major prey taxa for spiny dogfish (Squalus acanthias) collected 
in the spring (n = 32,929). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 10C. Percent diet composition by weight of major prey taxa for spiny dogfish (Squalus acanthias) collected 
in the winter (n = 11,266). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 10D. Percent diet composition by weight of major prey taxa for spiny dogfish (Squalus acanthias) 
collected in the summer (n = 4,142). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 11A. Percent diet composition by weight of major prey taxa for spiny dogfish (Squalus acanthias) 
in the small size class (n = 6,489). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 11B. Percent diet composition by weight of major prey taxa for spiny dogfish (Squalus acanthias) 
in the medium size class (n = 42,364). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 11C. Percent diet composition by weight of major prey taxa for spiny dogfish (Squalus acanthias) 
in the large size class (n = 16,972). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 12. Percent diet composition by weight of major prey taxa for smooth dogfish (Mustelus canis; n = 7,697).
WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 13A. Percent diet composition by weight of major prey taxa for smooth dogfish (Mustelus canis) collected 
in the 1970s (n = 573). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 13B. Percent diet composition by weight of major prey taxa for smooth dogfish (Mustelus canis) collected 
in the 1980s (n = 1,579).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 13C. Percent diet composition by weight of major prey taxa for smooth dogfish (Mustelus canis) collected 
in the 1990s (n = 2,157).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 13D. Percent diet composition by weight of major prey taxa for smooth dogfish (Mustelus canis) collected 
in the 2000s (n = 2,491). WDP = well-digested prey; Unid. Fish = unidentified fish.







Figure 14A. Percent diet composition by weight of major prey taxa for smooth dogfish (Mustelus canis) collected 
in the Mid-Atlantic Bight (n = 4,416). WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Southern New England
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Figure 14B. Percent diet composition by weight of major prey taxa for smooth dogfish (Mustelus canis) collected 
in Southern New England (n = 1,648). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 14C. Percent diet composition by weight of major prey taxa for smooth dogfish (Mustelus canis) collected 
on Georges Bank (n = 220). WDP = well-digested prey; Unid. Fish = unidentified fish.







Figure 15A. Percent diet composition by weight of major prey taxa for smooth dogfish (Mustelus canis) collected 
in the fall (n = 4,316). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 15B. Percent diet composition by weight of major prey taxa for smooth dogfish (Mustelus canis) collected 
in the spring (n = 1,419). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 15C. Percent diet composition by weight of major prey taxa for smooth dogfish (Mustelus canis) collected 
collected in the winter (n = 812). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 15D. Percent diet composition by weight of major prey taxa for smooth dogfish (Mustelus canis) collected 
in the summer (n = 253). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 16A. Percent diet composition by weight of major prey taxa for smooth dogfish (Mustelus canis) 
in the medium size class (n = 2,581). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 16B. Percent diet composition by weight of major prey taxa for smooth dogfish (Mustelus canis) 
in the large size class (n = 4,251). WDP = well-digested prey; Unid. Fish = unidentified fish.


Hor
se


sh
oe


 C
ra


b (
Lim


ul
us


 po
lyp


he
mus


)







Figure 17. Percent diet composition by weight of major prey taxa for Atlantic sharpnose shark
(Rhizoprionodon terraenovae; n = 217). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 18. Percent diet composition by weight of major prey taxa for barndoor skate 
(Dipturus laevis; n = 655). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 19A. Percent diet composition by weight of major prey taxa for barndoor skate (Dipturus laevis) collected 
in Southern New England (n = 326). WDP = well-digested prey; Unid. Fish = unidentified fish.  
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Figure 19B. Percent diet composition by weight of major prey taxa for barndoor skate (Dipturus laevis) collected 
collected on Georges Bank (n = 277). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 20A. Percent diet composition by weight of major prey taxa for barndoor skate (Dipturus laevis) collected 
in the spring (n = 200). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 20B. Percent diet composition by weight of major prey taxa for barndoor skate (Dipturus laevis) collected 
collected in the winter (n = 291).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 21. Percent diet composition by weight of major prey taxa for winter skate (Leucoraja
ocellata; n = 17,143). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 22A. Percent diet composition by weight of major prey taxa for winter skate (Leucoraja ocellata) collected 
in the 1970s (n = 479). Unid. Fish = unidentified fish.  
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Figure 22B. Percent diet composition by weight of major prey taxa for winter skate (Leucoraja ocellata) collected 
in the 1980s (n = 3,225). WDP = well-digested prey; Unid. Fish = unidentified fish.







Figure 22C. Percent diet composition by weight of major prey taxa for winter skate (Leucoraja ocellata) collected 
in the 1990s (n = 9,708). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 22D. Percent diet composition by weight of major prey taxa for winter skate (Leucoraja ocellata) collected 
in the 2000s (n = 3,731). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 23A. Percent diet composition by weight of major prey taxa for winter skate (Leucoraja ocellata) collected 
collected in the Mid-Atlantic Bight (n = 1,970). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 23B. Percent diet composition by weight of major prey taxa for winter skate (Leucoraja ocellata) collected 
collected in Southern New England (n = 4,574). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 23C. Percent diet composition by weight of major prey taxa for winter skate (Leucoraja ocellata) collected 
on Georges Bank (n = 10,011). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 23D. Percent diet composition by weight of major prey taxa for winter skate (Leucoraja ocellata) collected 
in the Gulf of Maine (n = 522). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 24A. Percent diet composition by weight of major prey taxa for winter skate (Leucoraja ocellata) collected 
in the fall (n = 5,786). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 24B. Percent diet composition by weight of major prey taxa for winter skate (Leucoraja ocellata) collected 
in the spring (n = 7,741). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 24C. Percent diet composition by weight of major prey taxa for winter skate (Leucoraja ocellata) collected 
in the winter (n = 3,074). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 24D. Percent diet composition by weight of major prey taxa for winter skate (Leucoraja ocellata) collected 
in the summer (n = 542).  Unid. Fish = unidentified fish.
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Figure 25A. Percent diet composition by weight of major prey taxa for winter skate (Leucoraja ocellata) 
in the small size class (n = 1,207). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 25B. Percent diet composition by weight of major prey taxa for winter skate (Leucoraja ocellata) 
in the medium size class (n = 8,538). WDP = well-digested prey; Unid. Fish = unidentified fish.







Figure 25C. Percent diet composition by weight of major prey taxa for winter skate (Leucoraja ocellata) 
in the large size class (n = 4,333). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 25D. Percent diet composition by weight of major prey taxa for winter skate (Leucoraja ocellata) 
in the extra-large size class (n = 3,065). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 26. Percent diet composition by weight of major prey taxa for clearnose skate (Raja 
eglanteria; n = 960). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 27A. Percent diet composition by weight of major prey taxa for clearnose skate (Raja eglanteria; n = 960).
collected in the fall (n = 215). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 27B. Percent diet composition by weight of major prey taxa for clearnose skate (Raja eglanteria) 
collected in the spring (n = 277).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 27C. Percent diet composition by weight of major prey taxa for clearnose skate (Raja eglanteria) 
collected in the winter (n = 434). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 28A. Percent diet composition by weight of major prey taxa for clearnose skate (Raja eglanteria) 
in the medium size class (n = 445). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 28B. Percent diet composition by weight of major prey taxa for clearnose skate (Raja eglanteria) 
in the large size class (n = 489). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 29. Percent diet composition by weight of major prey taxa for thorny skate (Amblyraja radiata; 
n = 3,435). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 30A. Percent diet composition by weight of major prey taxa for thorny skate (Amblyraja radiata) collected
in the 1970s (n = 231). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 30B. Percent diet composition by weight of major prey taxa for thorny skate (Amblyraja radiata) collected
in the 1980s (n = 796).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 30C. Percent diet composition by weight of major prey taxa for thorny skate (Amblyraja radiata) collected
in the 1990s (n = 1,768). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 30D. Percent diet composition by weight of major prey taxa for thorny skate (Amblyraja radiata) collected
in the 2000s (n = 640). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 31A. Percent diet composition by weight of major prey taxa for thorny skate (Amblyraja radiata) collected
on Georges Bank (n = 610). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 31B. Percent diet composition by weight of major prey taxa for thorny skate (Amblyraja radiata) collected
in the Gulf of Maine (n = 2,383). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 31C. Percent diet composition by weight of major prey taxa for thorny skate (Amblyraja radiata) collected
on the Scotian Shelf (n = 417). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 32A. Percent diet composition by weight of major prey taxa for thorny skate (Amblyraja radiata) collected
in the fall (n = 1,500). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 32B. Percent diet composition by weight of major prey taxa for thorny skate (Amblyraja radiata) collected
in the spring (n = 1,508). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 32C. Percent diet composition by weight of major prey taxa for thorny skate (Amblyraja radiata) collected
in the summer (n = 393).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 33A. Percent diet composition by weight of major prey taxa for thorny skate (Amblyraja radiata)
in the small size class (n = 1,006). WDP = well-digested prey; Unid. Fish = unidentified fish.


Small


0


10


20


30


40


W
DP


Atla
nti


c H
er


rin
g


Cru
sta


ce
a S


hr
im


p
W


ry
mou


th
Dec


ap
od


 S
hr


im
p


Eup
ha


us
iid


s
Gam


m
ari


ds


Iso
po


ds
Oce


an
 P


ou
t


Pan
da


lid
s


Poly
ch


ae
tes


Unid
. F


ish
%


 C
om


po
si


ti
on


A


W
ry


mou
th


(C
ry


pt
ac


an
th


od
es


mac
ul


atu
s)


Oce
an


 P
ou


t (
Zoa


rc
es


am
er


ica
nu


s)


Atla
nt


ic 
Her


rin
g (


Clup
ea


ha
re


ng
us


)







Figure 33B. Percent diet composition by weight of major prey taxa for thorny skate (Amblyraja radiata)
in the medium size class (n = 1,509). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 33C. Percent diet composition by weight of major prey taxa for thorny skate (Amblyraja radiata)
in the large size class (n = 587). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 34. Percent diet composition by weight of major prey taxa for rosette skate (Leucoraja garmani; 
n = 700). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 35. Percent diet composition by weight of major prey taxa for little skate (Leucoraja erinacea;
n = 27,507). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 36A. Percent diet composition by weight of major prey taxa for little skate (Leucoraja erinacea) collected
in the 1970s (n = 1,406).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 36B. Percent diet composition by weight of major prey taxa for little skate (Leucoraja erinacea) collected
in the 1980s (n = 2,893).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 36C. Percent diet composition by weight of major prey taxa for little skate (Leucoraja erinacea) collected
in the 1990s (n = 16,697).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 36D. Percent diet composition by weight of major prey taxa for little skate (Leucoraja erinacea) collected
in the 2000s (n = 6,511).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 37A. Percent diet composition by weight of major prey taxa for little skate (Leucoraja erinacea) collected
in the Mid-Atlantic Bight (n = 7,621).  WDP = well-digested prey; Unid. Fish = unidentified fish.







Figure 37B. Percent diet composition by weight of major prey taxa for little skate (Leucoraja erinacea) collected
in Southern New England (n = 10,499).  WDP = well-digested prey; Unid. Fish = unidentified fish.


Southern New England


0


10


20


30


Amph
ip


od
s


W
DP


Biva
lve


s
Can


ce
r C


rab
s


Cran
go


n S
hr


im
p


Dec
ap


od
 C


rab
Gam


m
ari


ds


Iso
po


ds
Faw


n C
us


k-
ee


l
Poly


ch
ae


tes
Unid


. F
ish


%
 C


om
po


si
ti


on


B


Faw
n C


us
k-


ee
l (


Lep
op


hi
di


um
pr


of
un


do
ru


m)







Figure 37C. Percent diet composition by weight of major prey taxa for little skate (Leucoraja erinacea) collected
on Georges Bank (n = 7,831).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 37D. Percent diet composition by weight of major prey taxa for little skate (Leucoraja erinacea) collected
collected in the Gulf of Maine (n = 1,334). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 37E. Percent diet composition by weight of major prey taxa for little skate (Leucoraja erinacea) collected
on the Scotian Shelf (n = 220).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 38A. Percent diet composition by weight of major prey taxa for little skate (Leucoraja erinacea) collected
in the fall (n = 7,403).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 38B. Percent diet composition by weight of major prey taxa for little skate (Leucoraja erinacea) collected
in the spring (n = 13,394).  WDP = well-digested prey; Unid. Fish = unidentified fish.







Figure 38C. Percent diet composition by weight of major prey taxa for little skate (Leucoraja erinacea) collected
in the winter (n = 6,120).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 38D. Percent diet composition by weight of major prey taxa for little skate (Leucoraja erinacea) collected
in the summer (n = 590).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 39A. Percent diet composition by weight of major prey taxa for little skate (Leucoraja erinacea)
in the small size class (n = 6,194). WDP = well-digested prey; Unid. Fish = unidentified fish.







Figure 39B. Percent diet composition by weight of major prey taxa for little skate (Leucoraja erinacea)
in the medium size class (n = 21,311).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 40. Percent diet composition by weight of major prey taxa for smooth skate (Malacoraja senta; 
n = 1,056). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 41A. Percent diet composition by weight of major prey taxa for smooth skate (Malacoraja senta) collected 
in the 1990s (n = 221). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 41B. Percent diet composition by weight of major prey taxa for smooth skate (Malacoraja senta) collected 
in the 2000s (n = 709).  WDP = well-digested prey; Unid. Fish = unidentified fish.







Figure 42A. Percent diet composition by weight of major prey taxa for smooth skate (Malacoraja senta) collected 
in the fall (n = 446).  WDP = well-digested prey; Unid. Fish = unidentified fish.


Fall


0


10


20


30


40


W
DP


Cran
go


n S
hr


im
p


Cru
sta


ce
a S


hr
im


p
Dec


ap
od


 C
rab


s
Dec


ap
od


 S
hr


im
p


Eup
ha


us
iid


s


Silv
er 


Hak
e


Pan
da


lid
s


Unid
. F


ish


%
 C


om
po


si
ti


on


A


Silv
er 


Hak
e (


M
er


lu
cc


iu
s bi


lin
ea


ris
)







Figure 42B. Percent diet composition by weight of major prey taxa for smooth skate (Malacoraja senta) collected 
in the spring (n = 558).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 43A. Percent diet composition by weight of major prey taxa for smooth skate (Malacoraja senta)
in the small size class (n = 236).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 43B. Percent diet composition by weight of major prey taxa for smooth skate (Malacoraja senta)
in the medium size class (n = 790).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 44. Percent diet composition by weight of major prey taxa for Atlantic herring (Clupea harengus; 
n = 17,910).  WDP = well-digested prey. 
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Figure 45A. Percent diet composition by weight of major prey taxa for Atlantic herring (Clupea harengus) collected 
in the 1980s (n = 564).  WDP = well-digested prey; Unid. Fish = unidentified fish. 







Figure 45B. Percent diet composition by weight of major prey taxa for Atlantic herring (Clupea harengus) collected 
in the 1990s (n = 12,553).  WDP = well-digested prey. 
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Figure 45C. Percent diet composition by weight of major prey taxa for Atlantic herring (Clupea harengus) collected 
in the 2000s (n = 4,697).  WDP = well-digested prey. 







Figure 46A. Percent diet composition by weight of major prey taxa for Atlantic herring (Clupea harengus) collected 
in the Mid-Atlantic Bight (n = 4,003).  WDP = well-digested prey. 
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Figure 46B. Percent diet composition by weight of major prey taxa for Atlantic herring (Clupea harengus) collected 
collected in Southern New England (n = 4,653).  WDP = well-digested prey. 
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Figure 46C. Percent diet composition by weight of major prey taxa for Atlantic herring (Clupea harengus) collected 
on Georges Bank (n = 2,500).  WDP = well-digested prey; Unid. Fish = unidentified fish. 







Figure 46D. Percent diet composition by weight of major prey taxa for Atlantic herring (Clupea harengus) collected 
in the Gulf of Maine (n = 6,224).  WDP = well-digested prey. 
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Figure 46E. Percent diet composition by weight of major prey taxa for Atlantic herring (Clupea harengus) collected 
on the Scotian Shelf (n = 515). WDP = well-digested prey.







Figure 47A. Percent diet composition by weight of major prey taxa for Atlantic herring (Clupea harengus) collected 
in the fall (n = 4,496). WDP = well-digested prey. 
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Figure 47B. Percent diet composition by weight of major prey taxa for Atlantic herring (Clupea harengus) collected 
in the spring (n = 9,765).  WDP = well-digested prey. 
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Figure 47C. Percent diet composition by weight of major prey taxa for Atlantic herring (Clupea harengus) collected 
in the winter (n = 2,441).  WDP = well-digested prey. 
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Figure 47D. Percent diet composition by weight of major prey taxa for Atlantic herring (Clupea harengus) collected 
in the summer (n = 1,208).  WDP = well-digested prey. 
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Figure 48A. Percent diet composition by weight of major prey taxa for Atlantic herring (Clupea harengus) 
in the small size class (n = 4,413).  WDP = well-digested prey. 







Figure 48B. Percent diet composition by weight of major prey taxa for Atlantic herring (Clupea harengus) 
in the medium size class (n = 13,142).  WDP = well-digested prey. 
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Figure 48C. Percent diet composition by weight of major prey taxa for Atlantic herring (Clupea harengus) 
in the large size class (n = 255).  WDP = well-digested prey. 


Large


0


10


20


30


40


50


Ammod
yte


s s
p


Bay
 A


nc
ho


vy


W
DP


Cha
eto


gn
ath


s
Cop


ep
od


s
Cran


go
n S


hr
im


p
Cru


sta
ce


an
s


Dec
ap


od
 S


hr
im


p
Eup


ha
us


iid
s


Gam
m


ari
ds


Hyp
eri


ids
Silv


er 
Hak


e


M
ys


ids


%
 C


om
po


si
ti


on


C


Silv
er 


Hak
e (


M
er


lu
cc


iu
s bi


lin
ea


ris
)


Bay
 A


nc
ho


vy
 (A


nc
ho


a mitc
hi


lli
)







Alewife


0


10


20


30


40


Ammod
yte


s s
p


Amph
ip


od
s


W
DP


Cop
ep


od
s


Cran
go


n S
hr


im
p


Cru
sta


ce
a S


hr
im


p
Cru


sta
ce


an
s


Eup
ha


us
iid


s
Hyp


eri
ids


Iso
po


ds


M
ys


ids
Unid


. F
ish


%
 C


om
po


si
ti


on


Figure 49. Percent diet composition by weight of major prey taxa for alewife (Alosa pseudoharengus; 
n = 404).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 50. Percent diet composition by weight of major prey taxa for blueback herring (Alosa aestivalis; 
n = 1,347).  WDP = well-digested prey. 
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Figure 51A. Percent diet composition by weight of major prey taxa for blueback herring (Alosa aestivalis) 
collected in the Mid-Atlantic Bight (n = 552).  WDP = well-digested prey. 
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Figure 51B. Percent diet composition by weight of major prey taxa for blueback herring (Alosa aestivalis) collected 
in Southern New England (n = 362).  WDP = well-digested prey. 
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Figure 51C. Percent diet composition by weight of major prey taxa for blueback herring (Alosa aestivalis) collected 
in the Gulf of Maine (n = 372).  WDP = well-digested prey. 
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Figure 52A. Percent diet composition by weight of major prey taxa for blueback herring (Alosa aestivalis) 
in the extra-small size class (n = 206).  WDP = well-digested prey. 
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Figure 52B. Percent diet composition by weight of major prey taxa for blueback herring (Alosa aestivalis) 
in the small size class (n = 740).  WDP = well-digested prey. 
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Figure 52C. Percent diet composition by weight of major prey taxa for blueback herring (Alosa aestivalis) 
in the medium size class (n = 401). WDP = well-digested prey.
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Figure 53. Percent diet composition by weight of major prey taxa for American shad (Alosa sapidissima; 
n = 874).  WDP = well-digested prey. 







Figure 54A. Percent diet composition by weight of major prey taxa for American shad (Alosa sapidissima) collected 
in Southern New England (n = 288).  WDP = well-digested prey. 
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Figure 54B. Percent diet composition by weight of major prey taxa for American shad (Alosa sapidissima) collected 
in the Gulf of Maine (n = 304).  WDP = well-digested prey. 
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Figure 55A. Percent diet composition by weight of major prey taxa for American shad (Alosa sapidissima) 
in the small size class (n = 238).  WDP = well-digested prey. 
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Figure 55B. Percent diet composition by weight of major prey taxa for American shad (Alosa sapidissima) 
in the medium size class (n = 404).  WDP = well-digested prey. 
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Figure 55C. Percent diet composition by weight of major prey taxa for American shad (Alosa sapidissima) 
in the large size class (n = 213). WDP = well-digested prey.







Figure 56. Percent diet composition by weight of major prey taxa for fawn cusk-eel (Lepophidium profundorum;
n = 1,023). WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 57A. Percent diet composition by weight of major prey taxa for fawn cusk-eel (Lepophidium profundorum)
collected in the Mid-Atlantic Bight (n = 422).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 57B. Percent diet composition by weight of major prey taxa for fawn cusk-eel (Lepophidium profundorum)
collected in Southern New England (n = 457).  WDP = well-digested prey. 







Figure 58A. Percent diet composition by weight of major prey taxa for fawn cusk-eel (Lepophidium profundorum)
collected in the fall (n = 467).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 58B. Percent diet composition by weight of major prey taxa for fawn cusk-eel (Lepophidium profundorum)
collected in the spring (n = 272).  WDP = well-digested prey. 
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Figure 58C. Percent diet composition by weight of major prey taxa for fawn cusk-eel (Lepophidium profundorum)
collected in the winter (n = 284).  WDP = well-digested prey. 







Small


0


10


20


30


40


50


60


W
DP


Cop
ep


od
s


Cru
sta


ce
a S


hr
im


p
Cru


sta
ce


an
s


Dec
ap


od
 C


rab
s


Eup
ha


us
iid


s
Gam


m
ari


ds
Hyp


eri
ids


Iso
po


ds
Oph


iur
oid


s
Pan


da
lid


s
Poly


ch
ae


tes


%
 C


om
po


si
ti


on


A


Figure 59A. Percent diet composition by weight of major prey taxa for fawn cusk-eel (Lepophidium profundorum)
in the small size class (n = 422).  WDP = well-digested prey. 







Figure 59B. Percent diet composition by weight of major prey taxa for fawn cusk-eel (Lepophidium profundorum)
in the medium size class (n = 601).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 60. Percent diet composition by weight of major prey taxa for haddock (Melanogrammus aeglefinus; 
n = 9,488).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 61A. Percent diet composition by weight of major prey taxa for haddock (Melanogrammus aeglefinus) 
collected in the 1970s (n = 1,972).  WDP = well-digested prey. 
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Figure 61B. Percent diet composition by weight of major prey taxa for haddock (Melanogrammus aeglefinus) collected 
collected in the 1980s (n = 1,461).  WDP = well-digested prey. 
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Figure 61C. Percent diet composition by weight of major prey taxa for haddock (Melanogrammus aeglefinus) collected 
in the 1990s (n = 1,279).  WDP = well-digested prey; Unid. Fish = unidentified fish. 







Figure 61D. Percent diet composition by weight of major prey taxa for haddock (Melanogrammus aeglefinus) collected 
in the 2000s (n = 4,776).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 62A. Percent diet composition by weight of major prey taxa for haddock (Melanogrammus aeglefinus) collected 
in Southern New England (n = 249).  WDP = well-digested prey; Unid. Fish = unidentified fish. 







Figure 62B. Percent diet composition by weight of major prey taxa for haddock (Melanogrammus aeglefinus) collected 
on Georges Bank (n = 4,324).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 62C. Percent diet composition by weight of major prey taxa for haddock (Melanogrammus aeglefinus) collected 
in Gulf of Maine (n = 2,833).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 62D. Percent diet composition by weight of major prey taxa for haddock (Melanogrammus aeglefinus) 
collected on the Scotian Shelf (n = 1,973).  WDP = well-digested prey. 







Figure 63A. Percent diet composition by weight of major prey taxa for haddock (Melanogrammus aeglefinus) 
collected in the fall (n = 4,385).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 63B. Percent diet composition by weight of major prey taxa for haddock (Melanogrammus aeglefinus) 
collected in the spring (n = 4,176). WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 63C. Percent diet composition by weight of major prey taxa for haddock (Melanogrammus aeglefinus) 
collected in the winter (n = 219). WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 63D. Percent diet composition by weight of major prey taxa for haddock (Melanogrammus aeglefinus) 
collected in the summer (n = 708). WDP = well-digested prey. 
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Figure 64A. Percent diet composition by weight of major prey taxa for haddock (Melanogrammus aeglefinus) 
in the small size class (n = 1,196).  WDP = well-digested prey. 
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Figure 64B. Percent diet composition by weight of major prey taxa for haddock (Melanogrammus aeglefinus) 
in the medium size class (n = 5,154).  WDP = well-digested prey. 







Figure 64C. Percent diet composition by weight of major prey taxa for haddock (Melanogrammus aeglefinus) 
in the large size class (n = 3,108). WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 65. Percent diet composition by weight of major prey taxa for Atlantic cod (Gadus morhua;
n = 19,645).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 66A. Percent diet composition by weight of major prey taxa for Atlantic cod (Gadus morhua) collected
in the 1970s (n = 1,940).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 66B. Percent diet composition by weight of major prey taxa for Atlantic cod (Gadus morhua) collected
in the 1980s (n = 6,389).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 66C. Percent diet composition by weight of major prey taxa for Atlantic cod (Gadus morhua) collected
in the 1990s (n = 8,252).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 66D. Percent diet composition by weight of major prey taxa for Atlantic cod (Gadus morhua) collected
collected in the 2000s (n = 3,064).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 67A. Percent diet composition by weight of major prey taxa for Atlantic cod (Gadus morhua) collected
in Southern New England (n = 1,226).  Unid. Fish = unidentified fish. 
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Figure 67B. Percent diet composition by weight of major prey taxa for Atlantic cod (Gadus morhua) collected
on Georges Bank (n = 8,041).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 67C. Percent diet composition by weight of major prey taxa for Atlantic cod (Gadus morhua) collected
in Gulf of Maine (n = 7,882).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 67D. Percent diet composition by weight of major prey taxa for Atlantic cod (Gadus morhua) collected
on the Scotian Shelf (n = 2,417).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 68A. Percent diet composition by weight of major prey taxa for Atlantic cod (Gadus morhua) collected
in the fall (n = 7,170).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 68B. Percent diet composition by weight of major prey taxa for Atlantic cod (Gadus morhua) collected
collected in the spring (n = 10,114).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 68C. Percent diet composition by weight of major prey taxa for Atlantic cod (Gadus morhua) collected
in the winter (n = 1,389).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 68D. Percent diet composition by weight of major prey taxa for Atlantic cod (Gadus morhua) collected
in the summer (n = 972).  Unid. Fish = unidentified fish.
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Figure 69A. Percent diet composition by weight of major prey taxa for Atlantic cod (Gadus morhua) in the 
small size class (n = 1,827).  Unid. Fish = unidentified fish. 
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Figure 69B. Percent diet composition by weight of major prey taxa for Atlantic cod (Gadus morhua) in the 
medium size class (n = 7,749).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 69C. Percent diet composition by weight of major prey taxa for Atlantic cod (Gadus morhua)
in the large size class (n = 8,223).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 69D. Percent diet composition by weight of major prey taxa for Atlantic cod (Gadus morhua)
in the extra-large size class (n = 1,846). WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 70. Percent diet composition by weight of major prey taxa for pollock (Pollachius virens;
n = 5,820). WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 71A. Percent diet composition by weight of major prey taxa for pollock (Pollachius virens) collected
in the 1970s (n = 630). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 71B. Percent diet composition by weight of major prey taxa for pollock (Pollachius virens) collected
in the 1980s (n = 1,579). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 71C. Percent diet composition by weight of major prey taxa for pollock (Pollachius virens) collected
in the 1990s (n = 2,413).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 71D. Percent diet composition by weight of major prey taxa for pollock (Pollachius virens) collected
in the 2000s (n = 1,198).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 72A. Percent diet composition by weight of major prey taxa for pollock (Pollachius virens) collected
on Georges Bank (n = 1,568).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 72B. Percent diet composition by weight of major prey taxa for pollock (Pollachius virens) collected
collected in the Gulf of Maine (n = 3,132).  WDP = well-digested prey; Unid. Fish = unidentified fish.  
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Figure 72C. Percent diet composition by weight of major prey taxa for pollock (Pollachius virens) collected
on the Scotian Shelf (n = 1,045).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 73A. Percent diet composition by weight of major prey taxa for pollock (Pollachius virens) collected
in the fall (n = 2,551).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 73B. Percent diet composition by weight of major prey taxa for pollock (Pollachius virens) collected
in the spring (n = 2,980).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 73C. Percent diet composition by weight of major prey taxa for pollock (Pollachius virens) collected
in the summer (n = 263).  Unid. Fish = unidentified fish. 
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Figure 74A. Percent diet composition by weight of major prey taxa for pollock (Pollachius virens) in the 
small size class (n = 772).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 74B. Percent diet composition by weight of major prey taxa for pollock (Pollachius virens) in the 
medium size class (n = 2,503). WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 74C. Percent diet composition by weight of major prey taxa for pollock (Pollachius virens) in the 
large size class (n = 1,918).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 74D. Percent diet composition by weight of major prey taxa for pollock (Pollachius virens) in the 
extra-large size class (n = 627).  Unid. Fish = unidentified fish. 
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Figure 75. Percent diet composition by weight of major prey taxa for offshore hake (Merluccius albidus;
n = 800).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 76A. Percent diet composition by weight of major prey taxa for offshore hake (Merluccius albidus) collected 
in the Mid-Atlantic Bight (n = 404).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 76B. Percent diet composition by weight of major prey taxa for offshore hake (Merluccius albidus) collected 
in Southern New England (n = 345). WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 77. Percent diet composition by weight of major prey taxa for silver hake (Merluccius bilinearis; 
n = 47,837).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 78A. Percent diet composition by weight of major prey taxa for silver hake (Merluccius bilinearis)
collected in the 1970s (n = 4,277).  Unid. Fish = unidentified fish. 
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Figure 78B. Percent diet composition by weight of major prey taxa for silver hake (Merluccius bilinearis)
collected in the 1980s (n = 12,679).  Unid. Fish = unidentified fish. 
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Figure 78C. Percent diet composition by weight of major prey taxa for silver hake (Merluccius bilinearis)
collected in the 1990s (n = 22,779).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 78D. Percent diet composition by weight of major prey taxa for silver hake (Merluccius bilinearis)
collected in the 2000s (n = 8,102).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 79A. Percent diet composition by weight of major prey taxa for silver hake (Merluccius bilinearis)
collected in the Mid-Atlantic Bight (n = 5,007). WDP = well-digested prey; Unid. Fish = unidentified fish. 


Mid-Atlantic Bight


0


10


20


30


Ammod
yte


s s
p


W
DP


Cep
ha


lop
od


s
Clup


eid
s


Cran
go


n S
hr


im
p


Cru
sta


ce
a S


hr
im


p


Dec
ap


od
 S


hr
im


p
Eng


rau
lid


s
Eup


ha
us


iid
s


Lol
igo


 S
qu


id
Silv


er 
Hak


e
Pan


da
lid


s
Butt


erf
ish


Sco
mbr


ids
Unid


. F
ish


Spo
tte


d H
ak


e
%


 C
om


po
si


ti
on


A


Silv
er 


Hak
e (


M
er


lu
cc


iu
s bi


lin
ea


ris
)


Butt
er


fis
h (


Pep
ril


us
tri


ac
an


th
us


)
Spo


tte
d H


ak
e (


Uro
ph


yc
is


re
gi


a)







Figure 79B. Percent diet composition by weight of major prey taxa for silver hake (Merluccius bilinearis)
collected in Southern New England (n = 10,624). WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 79C. Percent diet composition by weight of major prey taxa for silver hake (Merluccius bilinearis)
collected on Georges Bank (n = 8,670). WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 79D. Percent diet composition by weight of major prey taxa for silver hake (Merluccius bilinearis)
collected in the Gulf of Maine (n = 21,204).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 79E. Percent diet composition by weight of major prey taxa for silver hake (Merluccius bilinearis)
collected on the Scotian Shelf (n = 2,290). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 80A. Percent diet composition by weight of major prey taxa for silver hake (Merluccius bilinearis)
collected in the fall (n = 21,465).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 80B. Percent diet composition by weight of major prey taxa for silver hake (Merluccius bilinearis)
collected in the spring (n = 18,894). WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 80C. Percent diet composition by weight of major prey taxa for silver hake (Merluccius bilinearis)
collected in the winter (n = 3,826).  Unid. Fish = unidentified fish. 
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Figure 80D. Percent diet composition by weight of major prey taxa for silver hake (Merluccius bilinearis)
collected in the summer (n = 3,652). Unid. Fish = unidentified fish. 
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Figure 81A. Percent diet composition by weight of major prey taxa for silver hake (Merluccius bilinearis)
in the small size class (n = 14,059).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 81B. Percent diet composition by weight of major prey taxa for silver hake (Merluccius bilinearis)
in the medium size class (n = 32,446).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 81C. Percent diet composition by weight of major prey taxa for silver hake (Merluccius bilinearis)
in the large size class (n = 1,332). Unid. Fish = unidentified fish. 


Large


0


10


20


30


40


Ammod
yte


s s
p


Clup
eid


s
Atla


nti
c H


er
rin


g


Lol
igo


 S
qu


id


Silv
er 


Hak
e


Butt
erf


ish


Sco
mbr


ids
Atla


nti
c M


ac
ke


re
l


Unid
. F


ish


%
 C


om
po


si
ti


on


C


Atla
nt


ic 
Her


rin
g (


Clup
ea


ha
re


ng
us


)
Silv


er 
Hak


e (
M


er
lu


cc
iu


s bi
lin


ea
ris


)


Butt
er


fis
h (


Pep
ril


us
tri


ac
an


th
us


)


Atla
nt


ic 
M


ac
ke


re
l (


Sc
om


be
r sc


om
br


us
)







Figure 82. Percent diet composition by weight of major prey taxa for white hake (Urophycis tenuis; 
n = 14,348).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 83A. Percent diet composition by weight of major prey taxa for white hake (Urophycis tenuis) 
collected in the 1970s (n = 682).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 83B. Percent diet composition by weight of major prey taxa for white hake (Urophycis tenuis) 
collected in the 1980s (n = 4,177).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 83C. Percent diet composition by weight of major prey taxa for white hake (Urophycis tenuis) 
collected in the 1990s (n = 7,617). WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 83D. Percent diet composition by weight of major prey taxa for white hake (Urophycis tenuis) 
collected in the 2000s (n = 1,872).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 84A. Percent diet composition by weight of major prey taxa for white hake (Urophycis tenuis) collected 
in Southern New England (n = 533).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 84B. Percent diet composition by weight of major prey taxa for white hake (Urophycis tenuis) collected 
on Georges Bank (n = 1,575). Unid. Fish = unidentified fish. 
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Figure 84C. Percent diet composition by weight of major prey taxa for white hake (Urophycis tenuis) collected 
in the Gulf of Maine (n = 10,683).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 84D. Percent diet composition by weight of major prey taxa for white hake (Urophycis tenuis) collected 
on the Scotian Shelf (n = 1,467).  Unid. Fish = unidentified fish.   
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Figure 85A. Percent diet composition by weight of major prey taxa for white hake (Urophycis tenuis) collected 
collected in the fall (n = 7,766). WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 85B. Percent diet composition by weight of major prey taxa for white hake (Urophycis tenuis) collected 
in the spring (n = 4,388).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 85C. Percent diet composition by weight of major prey taxa for white hake (Urophycis tenuis) collected 
in the winter (n = 236).  Unid. Fish = unidentified fish. 
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Figure 85D. Percent diet composition by weight of major prey taxa for white hake (Urophycis tenuis) collected 
in the summer (n = 1,958).  Unid. Fish = unidentified fish. 
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Figure 86A. Percent diet composition by weight of major prey taxa for white hake (Urophycis tenuis) in the 
small size class (n = 1,700).  WDP = well-digested prey; Unid. Fish = unidentified fish. 


Small


0


10


20


30


40


50


W
DP


Clup
eid


s
Atla


nti
c H


er
rin


g
Cran


go
n S


hr
im


p
Cru


sta
ce


a S
hr


im
p


Eup
ha


us
iid


s


Silv
er 


Hak
e


Pan
da


lid
s


Unid
. F


ish


%
 C


om
po


si
ti


on


A


Atla
nt


ic 
Her


rin
g (


Clup
ea


ha
re


ng
us


)


Silv
er 


Hak
e (


M
er


lu
cc


iu
s bi


lin
ea


ris
)







Figure 86B. Percent diet composition by weight of major prey taxa for white hake (Urophycis tenuis) in the 
medium size class (n = 5,617).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 86C. Percent diet composition by weight of major prey taxa for white hake (Urophycis tenuis) in the 
large size class (n = 7,031).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 87. Percent diet composition by weight of major prey taxa for red hake (Urophycis chuss; 
n = 17,841).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 88A. Percent diet composition by weight of major prey taxa for red hake (Urophycis chuss)
collected in the 1970s (n = 1,662).  WDP = well-digested prey; Unid. Fish = unidentified fish. 







Figure 88B. Percent diet composition by weight of major prey taxa for red hake (Urophycis chuss)
collected in the 1980s (n = 4,765).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 88C. Percent diet composition by weight of major prey taxa for red hake (Urophycis chuss)
collected in the 1990s (n = 7,906). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 88D. Percent diet composition by weight of major prey taxa for red hake (Urophycis chuss)
collected in the 2000s (n = 3,508).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 89A. Percent diet composition by weight of major prey taxa for red hake (Urophycis chuss) collected 
in the Mid-Atlantic Bight (n = 1,106).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 89B. Percent diet composition by weight of major prey taxa for red hake (Urophycis chuss) collected 
in Southern New England (n = 4,649).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 89C. Percent diet composition by weight of major prey taxa for red hake (Urophycis chuss) collected 
on Georges Bank (n = 4,022). WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 89D. Percent diet composition by weight of major prey taxa for red hake (Urophycis chuss) collected
in the Gulf of Maine (n = 7,383).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 89E. Percent diet composition by weight of major prey taxa for red hake (Urophycis chuss) collected
collected on the Scotian Shelf (n = 681).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 90A. Percent diet composition by weight of major prey taxa for red hake (Urophycis chuss) collected
in the fall (n = 8,399).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 90B. Percent diet composition by weight of major prey taxa for red hake (Urophycis chuss) collected
in the spring (n = 6,437).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 90C. Percent diet composition by weight of major prey taxa for red hake (Urophycis chuss) collected
in the winter (n = 1,270). WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 90D. Percent diet composition by weight of major prey taxa for red hake (Urophycis chuss) collected
in the summer (n = 1,735).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 91A. Percent diet composition by weight of major prey taxa for red hake (Urophycis chuss) collected
in the small size class (n = 3,493).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 91B. Percent diet composition by weight of major prey taxa for red hake (Urophycis chuss) collected
in the medium size class (n = 12,273).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 91C. Percent diet composition by weight of major prey taxa for red hake (Urophycis chuss) collected
in the large size class (n = 2,075).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 92. Percent diet composition by weight of major prey taxa for spotted hake (Urophycis regia;
n = 13,297).  WDP = well-digested prey; Unid. Fish = unidentified fish.    
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Figure 93A. Percent diet composition by weight of major prey taxa for spotted hake (Urophycis regia) collected
in the 1970s (n = 476).  WDP = well-digested prey; Unid. Fish = unidentified fish. 







Figure 93B. Percent diet composition by weight of major prey taxa for spotted hake (Urophycis regia) collected
collected in the 1980s (n = 1,296).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 93C. Percent diet composition by weight of major prey taxa for spotted hake (Urophycis regia) collected
in the 1990s (n = 7,042).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 93D. Percent diet composition by weight of major prey taxa for spotted hake (Urophycis regia) collected
in the 2000s (n = 4,483).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 94A. Percent diet composition by weight of major prey taxa for spotted hake (Urophycis regia) collected
collected in the Mid-Atlantic Bight (n = 8,908).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 94B. Percent diet composition by weight of major prey taxa for spotted hake (Urophycis regia) collected
in Southern New England (n = 3,809).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 94C. Percent diet composition by weight of major prey taxa for spotted hake (Urophycis regia) collected
on Georges Bank (n = 304).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 95A. Percent diet composition by weight of major prey taxa for spotted hake (Urophycis regia) collected
in the fall (n = 6,677).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 95B. Percent diet composition by weight of major prey taxa for spotted hake (Urophycis regia) collected
in the spring (n = 3,471).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 95C. Percent diet composition by weight of major prey taxa for spotted hake (Urophycis regia) collected
in the winter (n = 3,100). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 96A. Percent diet composition by weight of major prey taxa for spotted hake (Urophycis regia) in the 
small size class (n = 4,276).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 96B. Percent diet composition by weight of major prey taxa for spotted hake (Urophycis regia) in the 
medium size class (n = 8,995).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 97. Percent diet composition by weight of major prey taxa for goosefish (Lophius americanus; 
n = 10,188). WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 98A. Percent diet composition by weight of major prey taxa for goosefish (Lophius americanus) collected 
in the 1970s (n = 587). Unid. Fish = unidentified fish.
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Figure 98B. Percent diet composition by weight of major prey taxa for goosefish (Lophius americanus) collected 
collected in the 1980s (n = 1,383).  Unid. Fish = unidentified fish. 
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Figure 98C. Percent diet composition by weight of major prey taxa for goosefish (Lophius americanus) collected 
in the 1990s (n = 4,385).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 98D. Percent diet composition by weight of major prey taxa for goosefish (Lophius americanus) collected 
in the 2000s (n = 3,833). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 99A. Percent diet composition by weight of major prey taxa for goosefish (Lophius americanus) collected 
in the Mid-Atlantic Bight (n = 2,265).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 99B. Percent diet composition by weight of major prey taxa for goosefish (Lophius americanus) collected 
in Southern New England (n = 3,953).  Unid. Fish = unidentified fish. 
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Figure 99C. Percent diet composition by weight of major prey taxa for goosefish (Lophius americanus) collected 
on Georges Bank (n = 1,006).  Unid. Fish = unidentified fish. 
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Figure 99D. Percent diet composition by weight of major prey taxa for goosefish (Lophius americanus) collected 
in the Gulf of Maine (n = 2,761).  Unid. Fish = unidentified fish. 
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Figure 100A. Percent diet composition by weight of major prey taxa for goosefish (Lophius americanus) collected 
in the fall (n = 2,823).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 100B. Percent diet composition by weight of major prey taxa for goosefish (Lophius americanus) collected 
collected in the spring (n = 2,568).  Unid. Fish = unidentified fish. 
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Figure 100C. Percent diet composition by weight of major prey taxa for goosefish (Lophius americanus) collected 
in the winter (n = 4,246).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 100D. Percent diet composition by weight of major prey taxa for goosefish (Lophius americanus) collected 
in the summer (n = 551).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 101A. Percent diet composition by weight of major prey taxa for goosefish (Lophius americanus) in the
small size class (n = 3,095).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 101B. Percent diet composition by weight of major prey taxa for goosefish (Lophius americanus) in the
medium size class (n = 5,471).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 101C. Percent diet composition by weight of major prey taxa for goosefish (Lophius americanus) in the
large size class (n = 1,420).  Unid. Fish = unidentified fish. 
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Figure 102. Percent diet composition by weight of major prey taxa for Acadian redfish (Sebastes fasciatus; 
n = 3,904).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 103A. Percent diet composition by weight of major prey taxa for Acadian redfish (Sebastes fasciatus) 
collected in the 1970s (n = 660).  Unid. Fish = unidentified fish. 
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Figure 103B. Percent diet composition by weight of major prey taxa for Acadian redfish (Sebastes fasciatus) 
collected in the 1980s (n = 578).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 103C. Percent diet composition by weight of major prey taxa for Acadian redfish (Sebastes fasciatus) 
collected in the 1990s (n = 326).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 103D. Percent diet composition by weight of major prey taxa for Acadian redfish (Sebastes fasciatus) 
collected in the 2000s (n = 2,340).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 104A. Percent diet composition by weight of major prey taxa for Acadian redfish (Sebastes fasciatus) 
collected in the Gulf of Maine (n = 3,149).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 104B. Percent diet composition by weight of major prey taxa for Acadian redfish (Sebastes fasciatus) collected 
on the Scotian Shelf (n = 582).  WDP = well-digested prey. 







Figure 105A. Percent diet composition by weight of major prey taxa for Acadian redfish (Sebastes fasciatus) collected 
in the fall (n = 2,152).  WDP = well-digested prey; Unid. Fish = unidentified fish.


Fall


0


10


20


30


40


W
DP


Cru
sta


ce
a S


hr
im


p
Dec


ap
od


 S
hr


im
p


Eup
ha


us
iid


s


Hyp
eri


ids


Larv
ac


ea
ns


Silv
er 


Hak
e


M
ys


ids


Pan
da


lid
s


Unid
. F


ish


%
 C


om
po


si
ti


on


A


Silv
er 


Hak
e (


M
er


lu
cc


iu
s bi


lin
ea


ris
)







Figure 105B. Percent diet composition by weight of major prey taxa for Acadian redfish (Sebastes fasciatus) collected 
in the spring (n = 1,748).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 106A. Percent diet composition by weight of major prey taxa for Acadian redfish (Sebastes fasciatus) in the 
small size class (n = 1,592).  WDP = well-digested prey; Unid. Fish = unidentified fish. 







Figure 106B. Percent diet composition by weight of major prey taxa for Acadian redfish (Sebastes fasciatus) in the 
medium size class (n = 2,312).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Blackbelly Rosefish
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Figure 107. Percent diet composition by weight of major prey taxa for blackbelly rosefish (Helicolenus dactylopterus;
n = 957).  WDP = well-digested prey; Unid. Fish = unidentified fish.  







Figure 108A. Percent diet composition by weight of major prey taxa for blackbelly rosefish (Helicolenus dactylopterus)
collected in the Mid-Atlantic Bight (n = 300).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 108B. Percent diet composition by weight of major prey taxa for blackbelly rosefish (Helicolenus dactylopterus)
collected in the Gulf of Maine (n = 332).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 109A. Percent diet composition by weight of major prey taxa for blackbelly rosefish (Helicolenus dactylopterus)
collected in fall (n = 443).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 109B. Percent diet composition by weight of major prey taxa for blackbelly rosefish (Helicolenus dactylopterus)
collected in spring (n = 372).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 110A. Percent diet composition by weight of major prey taxa for blackbelly rosefish (Helicolenus dactylopterus)
in the small size class (n = 677).  WDP = well-digested prey; Unid. Fish = unidentified fish. 







Figure 110B. Percent diet composition by weight of major prey taxa for blackbelly rosefish (Helicolenus dactylopterus)
in the medium size class (n = 279).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 111. Percent diet composition by weight of major prey taxa for longhorn sculpin (Myoxocephalus
octodecemspinosus; n = 12,188).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 112A. Percent diet composition by weight of major prey taxa for longhorn sculpin (Myoxocephalus octodecemspinosus)
collected in the 1970s (n = 715).  WDP = well-digested prey; Unid. Fish = unidentified fish. 







Figure 112B. Percent diet composition by weight of major prey taxa for longhorn sculpin (Myoxocephalus octodecemspinosus)
collected in the 1980s (n = 1,346).  Unid. Fish = unidentified fish. 
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Figure 112C. Percent diet composition by weight of major prey taxa for longhorn sculpin (Myoxocephalus octodecemspinosus)
collected in the 1990s (n = 6,484).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 112D. Percent diet composition by weight of major prey taxa for longhorn sculpin (Myoxocephalus octodecemspinosus)
collected in the 2000s (n = 3,643).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 113A. Percent diet composition by weight of major prey taxa for longhorn sculpin (Myoxocephalus octodecemspinosus)
collected in Southern New England (n = 1,898).  WDP = well-digested prey; Unid. Fish = unidentified fish. 


Southern New England


0


10


20


30


Amph
ip


od
s


Sea
 M


ou
se


W
DP


Biva
lve


s
Can


ce
r C


rab
s


Cran
go


n S
hr


im
p


Cru
sta


ce
a S


hr
im


p
Dec


ap
od


 C
rab


s


Dec
ap


od
 S


hr
im


p
Gam


m
ari


ds
Iso


po
ds


M
oll


us
cs


M
ys


ids
Pan


da
lid


s
Unid


. F
ish


%
 C


om
po


si
ti


on


A


Sea
 M


ou
se


 (A
ph


ro
di


ta
ha


sta
ta


)







Figure 113B. Percent diet composition by weight of major prey taxa for longhorn sculpin (Myoxocephalus octodecemspinosus)
collected on Georges Bank (n = 6,703).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 113C. Percent diet composition by weight of major prey taxa for longhorn sculpin (Myoxocephalus octodecemspinosus)
collected in the Gulf of Maine (n = 2,825). WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 113D. Percent diet composition by weight of major prey taxa for longhorn sculpin (Myoxocephalus octodecemspinosus)
collected on the Scotian Shelf (n = 748).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 114A. Percent diet composition by weight of major prey taxa for longhorn sculpin (Myoxocephalus octodecemspinosus)
collected in the fall (n = 3,654).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 114B. Percent diet composition by weight of major prey taxa for longhorn sculpin (Myoxocephalus octodecemspinosus)
collected in the spring (n = 6,873).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 114C. Percent diet composition by weight of major prey taxa for longhorn sculpin (Myoxocephalus octodecemspinosus)
collected in the winter (n = 897). WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 114D. Percent diet composition by weight of major prey taxa for longhorn sculpin (Myoxocephalus octodecemspinosus)
collected in the summer (n = 764).  Unid. Fish = unidentified fish. 


Summer


0


10


20


30


40


50


Ammod
yte


s s
p


Sea
 M


ou
se


Biva
lve


s
Can


ce
r C


rab
s


Dec
ap


od
 C


rab
s


Dec
ap


od
 S


hr
im


p
Gam


m
ari


ds
Gas


tro
po


ds
Pag


ur
id


s
Pan


da
lid


s


Sca
llo


ps
Unid


. F
ish


%
 C


om
po


si
ti


on


D


Sea
 M


ou
se


 (A
ph


ro
di


ta
ha


sta
ta


)







Figure 115A. Percent diet composition by weight of major prey taxa for longhorn sculpin (Myoxocephalus octodecemspinosus)
in the small size class (n = 6,126).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 115B. Percent diet composition by weight of major prey taxa for longhorn sculpin (Myoxocephalus octodecemspinosus)
in the medium size class (n = 6,062).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 116. Percent diet composition by weight of major prey taxa for sea raven (Hemitripterus americanus;
n = 7,472).  Unid. Fish = unidentified fish. 
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Figure 117A. Percent diet composition by weight of major prey taxa for sea raven (Hemitripterus americanus) collected
in the 1980s (n = 1,072).  Unid. Fish = unidentified fish. 
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Figure 117B. Percent diet composition by weight of major prey taxa for sea raven (Hemitripterus americanus) collected
in the 1990s (n = 3,765).  Unid. Fish = unidentified fish. 
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Figure 117C. Percent diet composition by weight of major prey taxa for sea raven (Hemitripterus americanus) collected
in the 2000s (n = 2,519).  Unid. Fish = unidentified fish. 
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Figure 118A. Percent diet composition by weight of major prey taxa for sea raven (Hemitripterus americanus) collected
in Southern New England (n = 906).  Unid. Fish = unidentified fish. 
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Figure 118B. Percent diet composition by weight of major prey taxa for sea raven (Hemitripterus americanus) collected
on Georges Bank (n = 3,760).  Unid. Fish = unidentified fish. 
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Figure 118C. Percent diet composition by weight of major prey taxa for sea raven (Hemitripterus americanus) collected
in the Gulf of Maine (n = 1,992).  Unid. Fish = unidentified fish. 
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Figure 118D. Percent diet composition by weight of major prey taxa for sea raven (Hemitripterus americanus) collected
on the Scotian Shelf (n = 760).  Unid. Fish = unidentified fish. 
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Figure 119A. Percent diet composition by weight of major prey taxa for sea raven (Hemitripterus americanus) collected
in the fall (n = 2,512).  Unid. Fish = unidentified fish. 
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Figure 119B. Percent diet composition by weight of major prey taxa for sea raven (Hemitripterus americanus) collected
in the spring (n = 3,898).  Unid. Fish = unidentified fish.
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Figure 119C. Percent diet composition by weight of major prey taxa for sea raven (Hemitripterus americanus) collected
in the winter (n = 459).  Unid. Fish = unidentified fish. 
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Figure 119D. Percent diet composition by weight of major prey taxa for sea raven (Hemitripterus americanus) collected
in the summer (n = 603).  Unid. Fish = unidentified fish. 
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Figure 120A. Percent diet composition by weight of major prey taxa for sea raven (Hemitripterus americanus) 
in the small size class (n = 2,302).  Unid. Fish = unidentified fish.  
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Figure 120B. Percent diet composition by weight of major prey taxa for sea raven (Hemitripterus americanus) 
in the medium size class (n = 4,942).  Unid. Fish = unidentified fish. 
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Figure 120C. Percent diet composition by weight of major prey taxa for sea raven (Hemitripterus americanus) 
in the large size class (n = 228).  Unid. Fish = unidentified fish. 
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Figure 121. Percent diet composition by weight of major prey taxa for northern searobin (Prionotus carolinus; 
n = 727). WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 122A. Percent diet composition by weight of major prey taxa for northern searobin (Prionotus carolinus)
collected in the Mid-Atlantic Bight (n = 481).  WDP = well-digested prey.  
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Figure 122B. Percent diet composition by weight of major prey taxa for northern searobin (Prionotus carolinus) collected
in Southern New England (n = 210). WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 123A. Percent diet composition by weight of major prey taxa for northern searobin (Prionotus carolinus) collected
in the fall (n = 301).  WDP = well-digested prey; Unid. Fish = unidentified fish. 







Spring


0


10


20


30


40


50


Amph
ip


od
s


W
DP


Pleu
ro


ne
cti


fo
rm


es
Can


ce
r C


rab
s


Cop
ep


od
s


Cran
go


n S
hr


im
p


Cru
sta


ce
an


s
Dec


ap
od


 C
rab


s
Dec


ap
od


 S
hr


im
p


Eup
ha


us
iid


s
Gam


mar
ids


Oph
iur


oid
s


Poly
ch


ae
tes


%
 C


om
po


si
ti


on


B


Figure 123B. Percent diet composition by weight of major prey taxa for northern searobin (Prionotus carolinus) collected
in the spring (n = 217).  WDP = well-digested prey. 
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Figure 123C. Percent diet composition by weight of major prey taxa for northern searobin (Prionotus carolinus) collected
in the winter (n = 205).  WDP = well-digested prey. 
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Figure 124A. Percent diet composition by weight of major prey taxa for northern searobin (Prionotus carolinus) in the 
small size class (n = 335). WDP = well-digested prey.
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Figure 124B. Percent diet composition by weight of major prey taxa for northern searobin (Prionotus carolinus) in the 
medium size class (n = 377).  WDP = well-digested prey; Unid. Fish = unidentified fish. 







Figure 125. Percent diet composition by weight of major prey taxa for striped searobin (Prionotus evolans; 
n = 362).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 126. Percent diet composition by weight of major prey taxa for Atlantic mackerel (Scomber scombrus;
n = 6,875).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 127A. Percent diet composition by weight of major prey taxa for Atlantic mackerel (Scomber scombrus) collected 
in the 1980s (n = 353).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 127B. Percent diet composition by weight of major prey taxa for Atlantic mackerel (Scomber scombrus) collected 
in the 1990s (n = 4,120).  WDP = well-digested prey; Unid. Fish = unidentified fish.   







Figure 127C. Percent diet composition by weight of major prey taxa for Atlantic mackerel (Scomber scombrus) collected 
in the 2000s (n = 2,130).  WDP = well-digested prey. 
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Figure 128A. Percent diet composition by weight of major prey taxa for Atlantic mackerel (Scomber scombrus) collected 
in the Mid-Atlantic Bight (n = 2,565).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 128B. Percent diet composition by weight of major prey taxa for Atlantic mackerel (Scomber scombrus) collected 
in Southern New England (n = 2,554).  WDP = well-digested prey. 







Figure 128C. Percent diet composition by weight of major prey taxa for Atlantic mackerel (Scomber scombrus) collected 
on Georges Bank (n = 1,144).  WDP = well-digested prey; Unid. Fish = unidentified fish.  
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Figure 128D. Percent diet composition by weight of major prey taxa for Atlantic mackerel (Scomber scombrus) collected 
in the Gulf of Maine (n = 499).  WDP = well-digested prey; Unid. Fish = unidentified fish. 







Figure 129A. Percent diet composition by weight of major prey taxa for Atlantic mackerel (Scomber scombrus) collected 
in the fall (n = 960).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 129B. Percent diet composition by weight of major prey taxa for Atlantic mackerel (Scomber scombrus) collected 
in the spring (n = 4,057).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 129C. Percent diet composition by weight of major prey taxa for Atlantic mackerel (Scomber scombrus) collected 
in the winter (n = 1,784). WDP = well-digested prey.
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Figure 130A. Percent diet composition by weight of major prey taxa for Atlantic mackerel (Scomber scombrus) in the 
small size class (n = 1,158).  WDP = well-digested prey. 







Figure 130B. Percent diet composition by weight of major prey taxa for Atlantic mackerel (Scomber scombrus) in the 
medium size class (n = 4,886).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 130C. Percent diet composition by weight of major prey taxa for Atlantic mackerel (Scomber scombrus) in the 
large size class (n = 826). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 131. Percent diet composition by weight of major prey taxa for butterfish (Peprilus triacanthus;
n = 6,098).  WDP = well-digested prey. 
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Figure 132A. Percent diet composition by weight of major prey taxa for butterfish (Peprilus triacanthus) collected 
in the 1970s (n = 1,750).  WDP = well-digested prey.
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Figure 132B. Percent diet composition by weight of major prey taxa for butterfish (Peprilus triacanthus) collected
in the 1980s (n = 287). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 132C. Percent diet composition by weight of major prey taxa for butterfish (Peprilus triacanthus) collected
collected in the 1990s (n = 367). WDP = well-digested prey.
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Figure 132D. Percent diet composition by weight of major prey taxa for butterfish (Peprilus triacanthus) collected
in the 2000s (n = 3,694). WDP = well-digested prey.
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Figure 133A. Percent diet composition by weight of major prey taxa for butterfish (Peprilus triacanthus) collected
in the Mid-Atlantic Bight (n = 2,988).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 133B. Percent diet composition by weight of major prey taxa for butterfish (Peprilus triacanthus) collected
in Southern New England (n = 2,174). WDP = well-digested prey. 
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Figure 133C. Percent diet composition by weight of major prey taxa for butterfish (Peprilus triacanthus) collected
on Georges Bank (n = 465).  WDP = well-digested prey. 
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Figure 134A. Percent diet composition by weight of major prey taxa for butterfish (Peprilus triacanthus) collected
in the fall (n = 3,303). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 134B. Percent diet composition by weight of major prey taxa for butterfish (Peprilus triacanthus) collected
in the spring (n = 1,571).  WDP = well-digested prey. 
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Figure 134C. Percent diet composition by weight of major prey taxa for butterfish (Peprilus triacanthus) collected
in the winter (n = 880).  WDP = well-digested prey. 
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Figure 134D. Percent diet composition by weight of major prey taxa for butterfish (Peprilus triacanthus) collected
in the summer (n = 344).  WDP = well-digested prey. 
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Figure 135A. Percent diet composition by weight of major prey taxa for butterfish (Peprilus triacanthus) collected
in the extra-small size class (n = 1,773). WDP = well-digested prey.
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Figure 135B. Percent diet composition by weight of major prey taxa for butterfish (Peprilus triacanthus) collected
in the small size class (n = 4,230).  WDP = well-digested prey. 
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Figure 136. Percent diet composition by weight of major prey taxa for northern sand lance (Ammodytes dubius; 
n = 1,357). WDP = well-digested prey. 
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Figure 137A. Percent diet composition by weight of major prey taxa for northern sand lance (Ammodytes dubius) 
collected in the 1970s (n = 1,021). WDP = well-digested prey. 
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Figure 137B. Percent diet composition by weight of major prey taxa for northern sand lance (Ammodytes dubius) collected
in the 1980s (n = 336). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 138A. Percent diet composition by weight of major prey taxa for northern sand lance (Ammodytes dubius) collected
in the Mid-Atlantic Bight (n = 342).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 138B. Percent diet composition by weight of major prey taxa for northern sand lance (Ammodytes dubius) collected
in Southern New England (n = 521).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 138C. Percent diet composition by weight of major prey taxa for northern sand lance (Ammodytes dubius) collected
on Georges Bank (n = 424).  WDP = well-digested prey. 
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Figure 139A. Percent diet composition by weight of major prey taxa for northern sand lance (Ammodytes dubius) collected
in the fall (n = 207).  
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Figure 139B. Percent diet composition by weight of major prey taxa for northern sand lance (Ammodytes dubius) collected
in the spring (n = 915).  WDP = well-digested prey. 
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Figure 139C. Percent diet composition by weight of major prey taxa for northern sand lance (Ammodytes dubius) collected
in the summer (n = 235).  







Figure 140. Percent diet composition by weight of major prey taxa for bluefish (Pomatomus saltatrix; 
n = 4,826).  Unid. Fish = unidentified fish. 
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Figure 141A. Percent diet composition by weight of major prey taxa for bluefish (Pomatomus saltatrix) collected 
in the 1970s (n = 433).  Unid. Fish = unidentified fish. 
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Figure 141B. Percent diet composition by weight of major prey taxa for bluefish (Pomatomus saltatrix) collected 
in the 1980s (n = 1,575).  Unid. Fish = unidentified fish. 
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Figure 141C. Percent diet composition by weight of major prey taxa for bluefish (Pomatomus saltatrix) collected 
in the 1990s (n = 1,616). Unid. Fish = unidentified fish. 
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Figure 141D. Percent diet composition by weight of major prey taxa for bluefish (Pomatomus saltatrix) collected 
in the 2000s (n = 1,202).  Unid. Fish = unidentified fish. 
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Figure 142A. Percent diet composition by weight of major prey taxa for bluefish (Pomatomus saltatrix) collected
in the Mid-Atlantic Bight (n = 2,763).  Unid. Fish = unidentified fish. 
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Figure 142B. Percent diet composition by weight of major prey taxa for bluefish (Pomatomus saltatrix) collected
in Southern New England (n = 1,296).  Unid. Fish = unidentified fish. 
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Figure 142C. Percent diet composition by weight of major prey taxa for bluefish (Pomatomus saltatrix) collected
on Georges Bank (n = 472).  Unid. Fish = unidentified fish. 
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Figure 143A. Percent diet composition by weight of major prey taxa for bluefish (Pomatomus saltatrix) collected
in the fall (n = 4,312).  Unid. Fish = unidentified fish. 
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Figure 143B. Percent diet composition by weight of major prey taxa for bluefish (Pomatomus saltatrix) collected
in the spring (n = 237).  Unid. Fish = unidentified fish. 
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Figure 144A. Percent diet composition by weight of major prey taxa for bluefish (Pomatomus saltatrix) in the
small size class (n = 2,645). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 144B. Percent diet composition by weight of major prey taxa for bluefish (Pomatomus saltatrix) in the
medium size class (n = 1,882).  Unid. Fish = unidentified fish. 
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Figure 144C. Percent diet composition by weight of major prey taxa for bluefish (Pomatomus saltatrix) in the
large size class (n = 299).  Unid. Fish = unidentified fish. 
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Figure 145. Percent diet composition by weight of major prey taxa for weakfish (Cynoscion regalis;
n = 5,117).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 146A. Percent diet composition by weight of major prey taxa for weakfish (Cynoscion regalis) collected 
in the 1970s (n = 316).  Unid. Fish = unidentified fish. 
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Figure 146B. Percent diet composition by weight of major prey taxa for weakfish (Cynoscion regalis) collected 
in the 1980s (n = 739).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 146C. Percent diet composition by weight of major prey taxa for weakfish (Cynoscion regalis) collected 
in the 1990s (n = 2,575).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 146D. Percent diet composition by weight of major prey taxa for weakfish (Cynoscion regalis) collected 
in the 2000s (n = 1,487).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 147A. Percent diet composition by weight of major prey taxa for weakfish (Cynoscion regalis) collected 
in the Mid-Atlantic Bight (n = 4,014).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 147B. Percent diet composition by weight of major prey taxa for weakfish (Cynoscion regalis) collected 
in Southern New England (n = 740).  Unid. Fish = unidentified fish. 


Southern New England


0


10


20


30


Ammod
yte


s s
p


Stri
pe


d A
nc


ho
vy


Bay
 A


nc
ho


vy
Cep


ha
lop


od
s


W
ea


kf
ish


Eng
rau


lid
s


Gad
ifo


rm
es


Gam
m


ari
ds


Lol
igo


 S
qu


id


Scu
p


Unid
. F


ish
Spo


tte
d H


ak
e


%
 C


om
po


si
ti


on


B


Bay
 A


nc
ho


vy
 (A


nc
ho


a mitc
hi


lli
)


Stri
pe


d A
nc


ho
vy


 (A
nc


ho
a he


ps
etu


s)


W
ea


kf
ish


 (C
yn


os
cio


n re
ga


lis
)


Scu
p (


St
en


ot
om


us
ch


ry
so


ps
)


Spo
tte


d H
ak


e (
Uro


ph
yc


is
re


gi
a)







Figure 148A. Percent diet composition by weight of major prey taxa for weakfish (Cynoscion regalis) collected 
in the fall (n = 4,433).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 148B. Percent diet composition by weight of major prey taxa for weakfish (Cynoscion regalis) collected 
in the spring (n = 532).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 149A. Percent diet composition by weight of major prey taxa for weakfish (Cynoscion regalis) in the
small size class (n = 2,925).  WDP = well-digested prey; Unid. Fish = unidentified fish. 


Small


0


5


10


15


20


25


Stri
pe


d A
nc


ho
vy


Bay
 A


nc
ho


vy


W
DP


Cran
go


n S
hr


im
p


Cru
sta


ce
a S


hr
im


p
Dec


ap
od


 S
hr


im
p


Eng
rau


lid
s


Rou
nd


 H
err


ing
Eup


ha
us


iid
s


Gam
m


ari
ds


M
ys


ids
Pen


ae
ids


Unid
. F


ish
%


 C
om


po
si


ti
on


A


Bay
 A


nc
ho


vy
 (A


nc
ho


a mitc
hi


lli
)


Stri
pe


d A
nc


ho
vy


 (A
nc


ho
a he


ps
etu


s)


Rou
nd


 H
er


rin
g (


Etru
meu


s ter
es


)


Pen
ae


id
Shr


im
p







Figure 149B. Percent diet composition by weight of major prey taxa for weakfish (Cynoscion regalis) in the
medium size class (n = 1,989). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 149C. Percent diet composition by weight of major prey taxa for weakfish (Cynoscion regalis) in the
large size class (n = 203).  Unid. Fish = unidentified fish. 
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Figure 150. Percent diet composition by weight of major prey taxa for striped bass (Morone saxatilis;
n = 1,089).  Unid. Fish = unidentified fish.    
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Figure 151A. Percent diet composition by weight of major prey taxa for striped bass (Morone saxatilis) collected 
in the 1990s (n = 261). WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 151B. Percent diet composition by weight of major prey taxa for striped bass (Morone saxatilis) collected 
in the 2000s (n = 811). Unid. Fish = unidentified fish. 
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Figure 152A. Percent diet composition by weight of major prey taxa for striped bass (Morone saxatilis) collected 
in the Mid-Atlantic Bight (n = 764).  Unid. Fish = unidentified fish. 
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Figure 152B. Percent diet composition by weight of major prey taxa for striped bass (Morone saxatilis) collected 
in Southern New England (n = 220). WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 153A. Percent diet composition by weight of major prey taxa for striped bass (Morone saxatilis) collected 
in the fall (n = 243).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 153B. Percent diet composition by weight of major prey taxa for striped bass (Morone saxatilis) collected 
in the spring (n = 772). Unid. Fish = unidentified fish. 
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Figure 154A. Percent diet composition by weight of major prey taxa for striped bass (Morone saxatilis) in the 
medium size class (n = 604). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 154B. Percent diet composition by weight of major prey taxa for striped bass (Morone saxatilis) in the 
large size class (n = 435).  Unid. Fish = unidentified fish. 
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Figure 155. Percent diet composition by weight of major prey taxa for Atlantic croaker (Micropogonias undulatus;
n = 924). WDP = well-digested prey; Unid. Fish = unidentified fish.    
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Figure 156A. Percent diet composition by weight of major prey taxa for Atlantic croaker (Micropogonias undulatus) collected 
in the 1970s (n = 205).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 156B. Percent diet composition by weight of major prey taxa for Atlantic croaker (Micropogonias undulatus) collected 
in the 2000s (n = 518).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 157A. Percent diet composition by weight of major prey taxa for Atlantic croaker (Micropogonias undulatus) in the 
small size class (n = 555). WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 157B. Percent diet composition by weight of major prey taxa for Atlantic croaker (Micropogonias undulatus) in the 
medium size class (n = 368).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 158. Percent diet composition by weight of major prey taxa for spot (Leiostomus xanthurus;
n = 1,156).  WDP = well-digested prey. 
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Figure 159A. Percent diet composition by weight of major prey taxa for spot (Leiostomus xanthurus) collected 
in the 1970s (n = 296).  WDP = well-digested prey. 
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Figure 159B. Percent diet composition by weight of major prey taxa for spot (Leiostomus xanthurus) collected 
in the 2000s (n = 600). WDP = well-digested prey. 







Figure 160A. Percent diet composition by weight of major prey taxa for spot (Leiostomus xanthurus) collected 
in the fall (n = 790). WDP = well-digested prey.
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Figure 160B. Percent diet composition by weight of major prey taxa for spot (Leiostomus xanthurus) collected 
in the spring (n = 205).  WDP = well-digested prey. 







Figure 161. Percent diet composition by weight of major prey taxa for scup (Stenotomus chrysops;
n = 3,886).  WDP = well-digested prey; Unid. Fish = unidentified fish.  
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Figure 162A. Percent diet composition by weight of major prey taxa for scup (Stenotomus chrysops) collected 
in the 1970s (n = 1,078). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 162B. Percent diet composition by weight of major prey taxa for scup (Stenotomus chrysops) collected 
in the 1980s (n = 429). WDP = well-digested prey. 







Figure 162C. Percent diet composition by weight of major prey taxa for scup (Stenotomus chrysops) collected 
in the 2000s (n = 2,207).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 163A. Percent diet composition by weight of major prey taxa for scup (Stenotomus chrysops) collected 
in the Mid-Atlantic Bight (n = 2,039).  WDP = well-digested prey; Unid. Fish = unidentified fish. 







Figure 163B. Percent diet composition by weight of major prey taxa for scup (Stenotomus chrysops) collected 
in Southern New England (n = 1,499). WDP = well-digested prey. 
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Figure 164A. Percent diet composition by weight of major prey taxa for scup (Stenotomus chrysops) collected 
in the fall (n = 2,575).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 164B. Percent diet composition by weight of major prey taxa for scup (Stenotomus chrysops) collected 
in the spring (n = 707). WDP = well-digested prey. 
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Figure 164C. Percent diet composition by weight of major prey taxa for scup (Stenotomus chrysops) collected 
in the winter (n = 521).  WDP = well-digested prey. 
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Figure 165A. Percent diet composition by weight of major prey taxa for scup (Stenotomus chrysops) in the 
small size class (n = 3,159). WDP = well-digested prey; Unid. Fish = unidentified fish. 







Figure 165B. Percent diet composition by weight of major prey taxa for scup (Stenotomus chrysops) in the 
medium size class (n = 727).  WDP = well-digested prey. 
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Figure 166. Percent diet composition by weight of major prey taxa for black sea bass (Centropristis striata;
n = 2,400).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 167A. Percent diet composition by weight of major prey taxa for black sea bass (Centropristis striata)
collected in the 1970s (n = 478).  Unid. Fish = unidentified fish. 
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Figure 167B. Percent diet composition by weight of major prey taxa for black sea bass (Centropristis striata) collected 
in the 1980s (n = 347).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 167C. Percent diet composition by weight of major prey taxa for black sea bass (Centropristis striata) collected 
in the 2000s (n = 1,481).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 168A. Percent diet composition by weight of major prey taxa for black sea bass (Centropristis striata) collected 
in the Mid-Atlantic Bight (n = 1,704).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 168B. Percent diet composition by weight of major prey taxa for black sea bass (Centropristis striata) collected 
in Southern New England (n = 448).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 169A. Percent diet composition by weight of major prey taxa for black sea bass (Centropristis striata) collected 
in the fall (n = 926).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 169B. Percent diet composition by weight of major prey taxa for black sea bass (Centropristis striata) collected 
in the spring (n = 657).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 169C. Percent diet composition by weight of major prey taxa for black sea bass (Centropristis striata) collected 
in the winter (n = 666).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 170A. Percent diet composition by weight of major prey taxa for black sea bass (Centropristis striata) in the 
small size class (n = 1,372).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 170B. Percent diet composition by weight of major prey taxa for black sea bass (Centropristis striata) in the 
in the medium size class (n = 1,002).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 171. Percent diet composition by weight of major prey taxa for ocean pout (Zoarces americanus;
n = 3,478).  WDP = well-digested prey.   
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Figure 172A. Percent diet composition by weight of major prey taxa for ocean pout (Zoarces americanus)
collected in the 1970s (n = 459).  WDP = well-digested prey. 
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Figure 172B. Percent diet composition by weight of major prey taxa for ocean pout (Zoarces americanus) collected 
in the 1990s (n = 627).  WDP = well-digested prey. 
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Figure 172C. Percent diet composition by weight of major prey taxa for ocean pout (Zoarces americanus) collected 
in the 2000s (n = 2,222). WDP = well-digested prey.
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Figure 173A. Percent diet composition by weight of major prey taxa for ocean pout (Zoarces americanus) collected 
in the Mid-Atlantic Bight (n = 238).  
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Figure 173B. Percent diet composition by weight of major prey taxa for ocean pout (Zoarces americanus) collected 
in Southern New England (n = 1,652).  WDP = well-digested prey. 
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Figure 173C. Percent diet composition by weight of major prey taxa for ocean pout (Zoarces americanus) collected 
on Georges Bank (n = 972).  WDP = well-digested prey. 
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Figure 173D. Percent diet composition by weight of major prey taxa for ocean pout (Zoarces americanus) collected 
in the Gulf of Maine (n = 495). WDP = well-digested prey. 
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Figure 174A. Percent diet composition by weight of major prey taxa for ocean pout (Zoarces americanus) collected 
in the fall (n = 612).  WDP = well-digested prey. 
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Figure 174B. Percent diet composition by weight of major prey taxa for ocean pout (Zoarces americanus) collected 
in the spring (n = 1,958).  WDP = well-digested prey. 
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Figure 174C. Percent diet composition by weight of major prey taxa for ocean pout (Zoarces americanus) collected 
in the winter (n = 857).  WDP = well-digested prey. 
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Figure 175A. Percent diet composition by weight of major prey taxa for ocean pout (Zoarces americanus) in the 
small size class (n = 543).  WDP = well-digested prey. 
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Figure 175B. Percent diet composition by weight of major prey taxa for ocean pout (Zoarces americanus) in the 
medium size class (n = 2,270). WDP = well-digested prey.
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Figure 175C. Percent diet composition by weight of major prey taxa for ocean pout (Zoarces americanus) in the 
large size class (n = 665). WDP = well-digested prey.
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Figure 176. Percent diet composition by weight of major prey taxa for Atlantic halibut (Hippoglossus hippoglossus;
n = 447). Unid. Fish = unidentified fish.
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Figure 177A. Percent diet composition by weight of major prey taxa for Atlantic halibut (Hippoglossus hippoglossus;
collected in the fall (n = 214). Unid. Fish = unidentified fish.
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Figure 177B. Percent diet composition by weight of major prey taxa for Atlantic halibut (Hippoglossus hippoglossus;
collected in the spring (n = 201).  Unid. Fish = unidentified fish. 
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Figure 178. Percent diet composition by weight of major prey taxa for summer flounder (Paralichthys dentatus;
n = 17,387).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 179A. Percent diet composition by weight of major prey taxa for summer flounder (Paralichthys dentatus) 
collected in the 1970s (n = 517).  Unid. Fish = unidentified fish. 







Figure 179B. Percent diet composition by weight of major prey taxa for summer flounder (Paralichthys dentatus) collected 
collected in the 1980s (n = 1,334). WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 179C. Percent diet composition by weight of major prey taxa for summer flounder (Paralichthys dentatus) collected 
in the 1990s (n = 8,889). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 179D. Percent diet composition by weight of major prey taxa for summer flounder (Paralichthys dentatus) collected 
in the 2000s (n = 6,647).  Unid. Fish = unidentified fish. 
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Figure 180A. Percent diet composition by weight of major prey taxa for summer flounder (Paralichthys dentatus) collected 
in the Mid-Atlantic Bight (n = 10,377).  Unid. Fish = unidentified fish. 
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Figure 180B. Percent diet composition by weight of major prey taxa for summer flounder (Paralichthys dentatus) collected 
in Southern New England (n = 6,080).  Unid. Fish = unidentified fish. 


Southern New England


0


10


20


30


Ammod
yte


s s
p


Cep
ha


lop
od


s
Clup


eid
s


Atla
nti


c H
er


rin
g


Rou
nd


 H
err


ing
Lol


igo
 S


qu
id


Silv
er 


Hak
e


Butt
erf


ish
Sco


mbr
ids


Atla
nti


c M
ac


ke
re


l


Scu
p


Unid
. F


ish
Red


 H
ak


e
Spo


tte
d H


ak
e


%
 C


om
po


si
ti


on


B
Atla


nt
ic 


Her
rin


g (
Clup


ea
ha


re
ng


us
)


Rou
nd


 H
er


rin
g (


Etru
meu


s ter
es


)
Butt


er
fis


h (
Pep


ril
us


tri
ac


an
th


us
)


Atla
nt


ic 
M


ac
ke


re
l (


Sc
om


be
r sc


om
br


us
)


Spo
tte


d H
ak


e (
Uro


ph
yc


is
re


gi
a)


Scu
p (


St
en


ot
om


us
ch


ry
so


ps
)


Red
 H


ak
e (


Uro
ph


yc
is


ch
us


s)


Silv
er 


Hak
e (


M
er


lu
cc


iu
s bi


lin
ea


ris
)







Figure 180C. Percent diet composition by weight of major prey taxa for summer flounder (Paralichthys dentatus) collected 
on Georges Bank (n = 664).  Unid. Fish = unidentified fish. 


Georges Bank


0


10


20


30


40


50


Ammod
yte


s s
p


Cep
ha


lop
od


s
Dec


ap
od


 C
rab


s
Rou


nd
 H


err
ing


Faw
n C


us
k-


ee
l


Lol
igo


 S
qu


id
Silv


er 
Hak


e
W


ind
ow


pa
ne


Atla
nti


c M
ac


ke
re


l


Scu
p


Unid
. F


ish
Red


 H
ak


e


%
 C


om
po


si
ti


on


C


Rou
nd


 H
er


rin
g (


Etru
meu


s ter
es


)


W
in


do
wpa


ne
 (S


co
ph


tha
lm


us
aq


uo
su


s)


Atla
nt


ic 
M


ac
ke


re
l (


Sc
om


be
r sc


om
br


us
)


Scu
p (


St
en


ot
om


us
ch


ry
so


ps
)


Silv
er 


Hak
e (


M
er


lu
cc


iu
s bi


lin
ea


ris
)


Faw
n C


us
k-


ee
l (


Lep
op


hi
di


um
pr


of
un


do
ru


m)


Red
 H


ak
e (


Uro
ph


yc
is


ch
us


s)







Figure 181A. Percent diet composition by weight of major prey taxa for summer flounder (Paralichthys dentatus) collected 
in the fall (n = 5,626).  WDP = well-digested prey; Unid. Fish = unidentified fish. 


Fall


0


10


20


30


Ammod
yte


s s
p


Bay
 A


nc
ho


vy
W


DP
Can


ce
r C


ra
bs


Cep
ha


lop
od


s
W


ea
kf


ish


Dec
ap


od
 C


rab
s


Eng
rau


lid
s


Rou
nd


 H
err


ing
Lol


igo
 S


qu
id


Silv
er 


Hak
e


M
ys


ids
Butt


erf
ish


Sco
mbr


ids
Scu


p
Unid


. F
ish


Spo
tte


d H
ak


e
%


 C
om


po
si


ti
on


A


Silv
er 


Hak
e (


M
er


lu
cc


iu
s bi


lin
ea


ris
)


Butt
er


fis
h (


Pep
ril


us
tri


ac
an


th
us


)


Bay
 A


nc
ho


vy
 (A


nc
ho


a mitc
hi


lli
)


W
ea


kf
ish


 (C
yn


os
cio


n re
ga


lis
)


Spo
tte


d H
ak


e (
Uro


ph
yc


is
re


gi
a)


Scu
p (


St
en


ot
om


us
ch


ry
so


ps
)


Rou
nd


 H
er


rin
g (


Etru
meu


s ter
es


)







Figure 181B. Percent diet composition by weight of major prey taxa for summer flounder (Paralichthys dentatus) collected 
in the spring (n = 3,322).  Unid. Fish = unidentified fish. 


Spring


0


10


20


30


Ammod
yte


s s
p


Cep
ha


lop
od


s
Clup


eid
s


Atla
nti


c H
er


rin
g


Lol
igo


 S
qu


id
Silv


er 
Hak


e
Butt


erf
ish


Sco
mbr


ids


Atla
nti


c M
ac


ke
re


l


Scu
p


Unid
. F


ish
Red


 H
ak


e
Spo


tte
d H


ak
e


%
 C


om
po


si
ti


on


B


Atla
nt


ic 
Her


rin
g (


Clup
ea


ha
re


ng
us


)
Butt


er
fis


h (
Pep


ril
us


tri
ac


an
th


us
)


Atla
nt


ic 
M


ac
ke


re
l (


Sc
om


be
r sc


om
br


us
)


Spo
tte


d H
ak


e (
Uro


ph
yc


is
re


gi
a)


Scu
p (


St
en


ot
om


us
ch


ry
so


ps
)


Red
 H


ak
e (


Uro
ph


yc
is


ch
us


s)


Silv
er 


Hak
e (


M
er


lu
cc


iu
s bi


lin
ea


ris
)







Figure 181C. Percent diet composition by weight of major prey taxa for summer flounder (Paralichthys dentatus) collected 
in the winter (n = 8,328).  Unid. Fish = unidentified fish. 
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Figure 182A. Percent diet composition by weight of major prey taxa for summer flounder (Paralichthys dentatus) in the
small size class (n = 589).  Unid. Fish = unidentified fish.
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Figure 182B. Percent diet composition by weight of major prey taxa for summer flounder (Paralichthys dentatus) in the
medium size class (n = 9,850). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 182C. Percent diet composition by weight of major prey taxa for summer flounder (Paralichthys dentatus) in the
large size class (n = 6,867).  Unid. Fish = unidentified fish.
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Figure 183. Percent diet composition by weight of major prey taxa for fourspot flounder (Hippoglossina oblonga;
n = 16,689). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 184A. Percent diet composition by weight of major prey taxa for fourspot flounder (Hippoglossina oblonga) collected 
in the 1970s (n = 489). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 184B. Percent diet composition by weight of major prey taxa for fourspot flounder (Hippoglossina oblonga) collected 
in the 1980s (n = 1,569). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 184C. Percent diet composition by weight of major prey taxa for fourspot flounder (Hippoglossina oblonga) collected 
in the 1990s (n = 9,527). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 184D. Percent diet composition by weight of major prey taxa for fourspot flounder (Hippoglossina oblonga) collected 
in the 2000s (n = 5,104).  WDP = well-digested prey; Unid. Fish = unidentified fish. 


2000s


0


10


20


30


40


W
DP


Can
ce


r C
rab


s
Cep


ha
lo


po
ds


Gulf
 S


tre
am


 F
lou


nd
er


Cran
go


n S
hr


im
p


Cru
sta


ce
a S


hr
im


p
Dec


ap
od


 C
rab


s
Gad


ifo
rm


es
Ill


ex
 S


qu
id


Loli
go


 S
qu


id
Silv


er 
Hak


e
Pan


da
lid


s
Unid


. F
ish


%
 C


om
po


si
ti


on


D


Silv
er 


Hak
e (


M
er


lu
cc


iu
s bi


lin
ea


ris
)


Gul
f S


tre
am


 F
lou


nd
er


 (C
ith


ar
ich


th
ys


ar
cti


fro
ns


)







Figure 185A. Percent diet composition by weight of major prey taxa for fourspot flounder (Hippoglossina oblonga) collected 
in the Mid-Atlantic Bight (n = 5,171).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 185B. Percent diet composition by weight of major prey taxa for fourspot flounder (Hippoglossina oblonga) collected 
in Southern New England (n = 7,493). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 185C. Percent diet composition by weight of major prey taxa for fourspot flounder (Hippoglossina oblonga) collected 
on Georges Bank (n = 3,339). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 185D. Percent diet composition by weight of major prey taxa for fourspot flounder (Hippoglossina oblonga) collected 
in the Gulf of Maine (n = 665). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 186A. Percent diet composition by weight of major prey taxa for fourspot flounder (Hippoglossina oblonga) collected 
in the fall (n = 6,302).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 186B. Percent diet composition by weight of major prey taxa for fourspot flounder (Hippoglossina oblonga) collected 
in the spring (n = 5,065).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 186C. Percent diet composition by weight of major prey taxa for fourspot flounder (Hippoglossina oblonga) collected 
in the winter (n = 5,095). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 186D. Percent diet composition by weight of major prey taxa for fourspot flounder (Hippoglossina oblonga) collected 
in the summer (n = 227). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 187A. Percent diet composition by weight of major prey taxa for fourspot flounder (Hippoglossina oblonga) collected 
in the small size class (n = 2,072).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Figure 187B. Percent diet composition by weight of major prey taxa for fourspot flounder (Hippoglossina oblonga) collected 
in the medium size class (n = 14,441).  WDP = well-digested prey; Unid. Fish = unidentified fish. 
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Yellowtail Flounder
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Figure 188. Percent diet composition by weight of major prey taxa for yellowtail flounder (Limanda ferruginea;
n = 7,052).  WDP = well-digested prey. 
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Figure 189A. Percent diet composition by weight of major prey taxa for yellowtail flounder (Limanda ferruginea) collected
in the 1970s (n = 1,049). WDP = well-digested prey.
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Figure 189B. Percent diet composition by weight of major prey taxa for yellowtail flounder (Limanda ferruginea) collected
in the 1980s (n = 864).  WDP = well-digested prey. 







Figure 189C. Percent diet composition by weight of major prey taxa for yellowtail flounder (Limanda ferruginea) collected
in the 1990s (n = 952).  WDP = well-digested prey. 
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Figure 189D. Percent diet composition by weight of major prey taxa for yellowtail flounder (Limanda ferruginea) collected
in the 2000s (n = 4,187). WDP = well-digested prey.
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Figure 190A. Percent diet composition by weight of major prey taxa for yellowtail flounder (Limanda ferruginea) collected
in Southern New England (n = 2,421).  WDP = well-digested prey.
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Figure 190B. Percent diet composition by weight of major prey taxa for yellowtail flounder (Limanda ferruginea) collected
on Georges Bank (n = 3,337).  WDP = well-digested prey. 
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Figure 190C. Percent diet composition by weight of major prey taxa for yellowtail flounder (Limanda ferruginea) collected
in the Gulf of Maine (n = 959).  WDP = well-digested prey. 
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Figure 191A. Percent diet composition by weight of major prey taxa for yellowtail flounder (Limanda ferruginea) collected
in the fall (n = 2,339). WDP = well-digested prey.
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Figure 191B. Percent diet composition by weight of major prey taxa for yellowtail flounder (Limanda ferruginea) collected
in the spring (n = 3,202). WDP = well-digested prey.
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Figure 191C. Percent diet composition by weight of major prey taxa for yellowtail flounder (Limanda ferruginea) collected
in the winter (n = 904).  WDP = well-digested prey. 
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Figure 191D. Percent diet composition by weight of major prey taxa for yellowtail flounder (Limanda ferruginea) collected
in the summer (n = 607).  WDP = well-digested prey. 
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Figure 192A. Percent diet composition by weight of major prey taxa for yellowtail flounder (Limanda ferruginea)in the 
small size class (n = 383). WDP = well-digested prey. 
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Figure 192B. Percent diet composition by weight of major prey taxa for yellowtail flounder (Limanda ferruginea) in the 
medium size class (n = 5,814).  WDP = well-digested prey. 







Figure 192C. Percent diet composition by weight of major prey taxa for yellowtail flounder (Limanda ferruginea) in the 
large size class (n = 855).  WDP = well-digested prey. 
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Winter Flounder
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Figure 193. Percent diet composition by weight of major prey taxa for winter flounder (Pseudopleuronectes americanus;
n = 9,278). WDP = well-digested prey. 
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Figure 194A. Percent diet composition by weight of major prey taxa for winter flounder (Pseudopleuronectes americanus) 
collected in the 1970s (n = 1,229).  WDP = well-digested prey.  
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Figure 194B. Percent diet composition by weight of major prey taxa for winter flounder (Pseudopleuronectes americanus) 
collected in the 1980s (n = 1,395). WDP = well-digested prey. 







1990s


0


10


20


30


40


Amph
ip


od
s


Anth
oz


oa
ns


W
DP


Biva
lve


s


Cap
rel


lid
s


Fish
 E


gg
s


Gam
m


ari
ds


M
isc


ell
an


eo
us


Poly
ch


ae
tes


%
 C


om
po


si
ti


on


C


Figure 194C. Percent diet composition by weight of major prey taxa for winter flounder (Pseudopleuronectes americanus) 
collected in the 1990s (n = 848).  WDP = well-digested prey. 
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Figure 194D. Percent diet composition by weight of major prey taxa for winter flounder (Pseudopleuronectes americanus) 
collected in the 2000s (n = 5,806). WDP = well-digested prey.
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Figure 195A. Percent diet composition by weight of major prey taxa for winter flounder (Pseudopleuronectes americanus) 
collected in the Mid-Atlantic Bight (n = 676).  WDP = well-digested prey.
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Figure 195B. Percent diet composition by weight of major prey taxa for winter flounder (Pseudopleuronectes americanus) 
collected in Southern New England (n = 3,568).  WDP = well-digested prey.
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Figure 195C. Percent diet composition by weight of major prey taxa for winter flounder (Pseudopleuronectes americanus) 
collected on Georges Bank (n = 2,499). WDP = well-digested prey.
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Figure 195D. Percent diet composition by weight of major prey taxa for winter flounder (Pseudopleuronectes americanus) 
collected in the Gulf of Maine (n = 1,805).  WDP = well-digested prey. 
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Figure 195E. Percent diet composition by weight of major prey taxa for winter flounder (Pseudopleuronectes americanus) 
collected on the Scotian Shelf (n = 730).  WDP = well-digested prey. 
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Figure 196A. Percent diet composition by weight of major prey taxa for winter flounder (Pseudopleuronectes americanus) 
collected in the fall (n = 3,308).  WDP = well-digested prey. 
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Figure 196B. Percent diet composition by weight of major prey taxa for winter flounder (Pseudopleuronectes americanus) 
collected in the spring (n = 4,919).  WDP = well-digested prey. 
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Figure 196C. Percent diet composition by weight of major prey taxa for winter flounder (Pseudopleuronectes americanus) 
collected in the winter (n = 474).  WDP = well-digested prey. 
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Figure 196D. Percent diet composition by weight of major prey taxa for winter flounder (Pseudopleuronectes americanus) 
collected in the summer (n = 577).  WDP = well-digested prey. 
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Figure 197A. Percent diet composition by weight of major prey taxa for winter flounder (Pseudopleuronectes americanus) 
in the small size class (n = 1,011).  WDP = well-digested prey. 
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Figure 197B. Percent diet composition by weight of major prey taxa for winter flounder (Pseudopleuronectes americanus) 
in the medium size class (n = 6,681).  WDP = well-digested prey. 







Large


0


10


20


30


Anth
oz


oa
ns


W
DP


Biva
lve


s


Bry
oz


oa
ns


Fish
 E


gg
s


Gam
m


ari
ds


Hyd
ro


zo
an


s
M


isc
ell


an
eo


us


M
oll


us
cs


Poly
ch


ae
tes


%
 C


om
po


si
ti


on


C


Figure 197C. Percent diet composition by weight of major prey taxa for winter flounder (Pseudopleuronectes americanus) 
in the large size class (n = 1,405).  WDP = well-digested prey. 
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Figure 198. Percent diet composition by weight of major prey taxa for witch flounder (Glyptocephalus cynoglossus;
n = 5,031).  WDP = well-digested prey. 
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Figure 199A. Percent diet composition by weight of major prey taxa for witch flounder (Glyptocephalus cynoglossus)
collected in the 1970s (n = 829).  WDP = well-digested prey.
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Figure 199B. Percent diet composition by weight of major prey taxa for witch flounder (Glyptocephalus cynoglossus)
collected in the 1990s (n = 411).  WDP = well-digested prey.







2000s


0


20


40


60


80


Anth
oz


oa
ns


W
DP


Biva
lve


s


Gam
mari


ds


M
isc


ell
an


eo
us


Poly
ch


ae
tes


%
 C


om
po


si
ti


on


C


Figure 199C. Percent diet composition by weight of major prey taxa for witch flounder (Glyptocephalus cynoglossus)
collected in the 2000s (n = 3,693).  WDP = well-digested prey.
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Figure 200A. Percent diet composition by weight of major prey taxa for witch flounder (Glyptocephalus cynoglossus)
collected in the Mid-Atlantic Bight (n = 646).  WDP = well-digested prey.
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Figure 200B. Percent diet composition by weight of major prey taxa for witch flounder (Glyptocephalus cynoglossus)
collected in Southern New England (n = 611).  WDP = well-digested prey.







Figure 200C. Percent diet composition by weight of major prey taxa for witch flounder (Glyptocephalus cynoglossus)
collected on Georges Bank (n = 422). WDP = well-digested prey.
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Figure 200D. Percent diet composition by weight of major prey taxa for witch flounder (Glyptocephalus cynoglossus)
collected in the Gulf of Maine (n = 2,671).  WDP = well-digested prey.
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Figure 200E. Percent diet composition by weight of major prey taxa for witch flounder (Glyptocephalus cynoglossus)
collected on the Scotian Shelf (n = 668).  WDP = well-digested prey.
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Figure 201A. Percent diet composition by weight of major prey taxa for witch flounder (Glyptocephalus cynoglossus)
collected in the fall (n = 1,628).  WDP = well-digested prey.
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Figure 201B. Percent diet composition by weight of major prey taxa for witch flounder (Glyptocephalus cynoglossus)
collected in the spring (n = 2,126). WDP = well-digested prey.
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Figure 201C. Percent diet composition by weight of major prey taxa for witch flounder (Glyptocephalus cynoglossus)
collected in the winter (n = 1,077).  WDP = well-digested prey.







Summer


0


20


40


60


80


Anth
oz


oa
ns


W
DP


Gam
m


ari
ds


Gas
tro


po
ds


Iso
po


ds


Poly
ch


ae
tes


%
 C


om
po


si
ti


on


D


Figure 201D. Percent diet composition by weight of major prey taxa for witch flounder (Glyptocephalus cynoglossus)
collected in the summer (n = 200). WDP = well-digested prey.
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Figure 202A. Percent diet composition by weight of major prey taxa for witch flounder (Glyptocephalus cynoglossus)
in the small size class (n = 274).  WDP = well-digested prey; Unid. Fish = unidentified fish.


Small


0


20


40


60


80


Anth
oz


oa
ns


W
DP


Biva
lv


es


Eup
ha


us
iid


s


Gam
m


ari
ds


Poly
ch


ae
tes


Unid
. F


ish


%
 C


om
po


si
tio


n







Medium


0


20


40


60


80


Anth
oz


oa
ns


W
DP


Biva
lve


s


Eup
ha


us
iid


s


Gam
m


ari
ds


Poly
ch


ae
tes


%
 C


om
po


si
ti


on


B


Figure 202B. Percent diet composition by weight of major prey taxa for witch flounder (Glyptocephalus cynoglossus)
in the medium size class (n = 3,377). WDP = well-digested prey.
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Figure 202C. Percent diet composition by weight of major prey taxa for witch flounder (Glyptocephalus cynoglossus)
in the large size class (n = 1,380). WDP = well-digested prey.







Gulf Stream Flounder


0


10


20


30


40


Amph
ip


od
s


W
DP


Cran
go


n S
hr


im
p


Cru
sta


ce
a S


hr
im


p
Cru


sta
ce


an
s


Eup
ha


us
iid


s
Gam


m
ari


ds


Hyp
eri


ids


Oph
iur


oid
s


Poly
ch


ae
tes


%
 C


om
po


si
ti


on


Figure 203. Percent diet composition by weight of major prey taxa for Gulf Stream flounder (Citharichthys arctifrons;
n = 996).  WDP = well-digested prey.
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Figure 204A. Percent diet composition by weight of major prey taxa for Gulf Stream flounder (Citharichthys arctifrons)
collected in the Mid-Atlantic Bight (n = 269).  WDP = well-digested prey.
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Figure 204B. Percent diet composition by weight of major prey taxa for Gulf Stream flounder (Citharichthys arctifrons)
collected in Southern New England (n = 543). WDP = well-digested prey.
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Figure 205A. Percent diet composition by weight of major prey taxa for Gulf Stream flounder (Citharichthys arctifrons)
collected in the fall (n = 450).  WDP = well-digested prey.
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Figure 205B. Percent diet composition by weight of major prey taxa for Gulf Stream flounder (Citharichthys arctifrons)
collected in the spring (n = 265).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 205C. Percent diet composition by weight of major prey taxa for Gulf Stream flounder (Citharichthys arctifrons)
collected in the winter (n = 232). WDP = well-digested prey.







Figure 206. Percent diet composition by weight of major prey taxa for windowpane flounder (Scophthalmus aquosus;
n = 14,599).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 207A. Percent diet composition by weight of major prey taxa for windowpane flounder (Scophthalmus aquosus)
collected in the 1970s (n = 830).  Unid. Fish = unidentified fish.
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Figure 207B. Percent diet composition by weight of major prey taxa for windowpane flounder (Scophthalmus aquosus)
collected in the 1980s (n = 1,745).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 207C. Percent diet composition by weight of major prey taxa for windowpane flounder (Scophthalmus aquosus)
collected in the 1990s (n = 7,556).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 207D. Percent diet composition by weight of major prey taxa for windowpane flounder (Scophthalmus aquosus)
collected in the 2000s (n = 4,468).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 208A. Percent diet composition by weight of major prey taxa for windowpane flounder (Scophthalmus aquosus)
collected in the Mid-Atlantic Bight (n = 4,814).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 208B. Percent diet composition by weight of major prey taxa for windowpane flounder (Scophthalmus aquosus)
collected in Southern New England (n = 4,820).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 208C. Percent diet composition by weight of major prey taxa for windowpane flounder (Scophthalmus aquosus)
collected on Georges Bank (n = 4,416).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 208D. Percent diet composition by weight of major prey taxa for windowpane flounder (Scophthalmus aquosus)
collected in the Gulf of Maine (n = 533).  WDP = well-digested prey; Unid. Fish = unidentified fish.







Figure 209A. Percent diet composition by weight of major prey taxa for windowpane flounder (Scophthalmus aquosus)
collected in the fall (n = 5,244).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 209B. Percent diet composition by weight of major prey taxa for windowpane flounder (Scophthalmus aquosus)
collected in the spring (n = 5,361).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 209C. Percent diet composition by weight of major prey taxa for windowpane flounder (Scophthalmus aquosus)
collected in the winter (n = 3,635). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 209D. Percent diet composition by weight of major prey taxa for windowpane flounder (Scophthalmus aquosus)
collected in the summer (n = 359).  WDP = well-digested prey; Unid. Fish = unidentified fish.







Figure 210A. Percent diet composition by weight of major prey taxa for windowpane flounder (Scophthalmus aquosus)
in the small size class (n = 2,267).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 210B. Percent diet composition by weight of major prey taxa for windowpane flounder (Scophthalmus aquosus)
in the medium size class (n = 12,320).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 211. Percent diet composition by weight of major prey taxa for American plaice (Hippoglossoides platessoides; 
n = 7,199). WDP = well-digested prey.
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Figure 212A. Percent diet composition by weight of major prey taxa for American plaice (Hippoglossoides platessoides)
collected in the 1970s (n = 1,511). WDP = well-digested prey.
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Figure 212B. Percent diet composition by weight of major prey taxa for American plaice (Hippoglossoides platessoides)
collected in the 1980s (n = 281). WDP = well-digested prey.







1990s


0


10


20


30


40


50


60


W
DP


Sea
 S


tar
s


Biva
lve


s


Ech
ino


ids


Gam
m


ari
ds


Oph
iur


oid
s


Pan
da


lid
s


%
 C


om
po


si
ti


on


C


Figure 212C. Percent diet composition by weight of major prey taxa for American plaice (Hippoglossoides platessoides)
collected in the 1990s (n = 615). WDP = well-digested prey.
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Figure 212D. Percent diet composition by weight of major prey taxa for American plaice (Hippoglossoides platessoides)
collected in the 2000s (n = 4,792).  WDP = well-digested prey.







Georges Bank


0
10
20
30
40
50
60


Anth
oz


oa
ns


W
DP


Sea
 S


tar
s


Cru
sta


ce
a S


hr
im


p
Dec


ap
od


 C
rab


s
Ech


ino
ids


Gam
m


ari
ds


M
isc


ell
an


eo
us


Oph
iur


oid
s


Pan
da


lid
s


Poly
ch


ae
tes


%
 C


om
po


si
ti


on


A


Figure 213A. Percent diet composition by weight of major prey taxa for American plaice (Hippoglossoides platessoides)
collected on Georges Bank (n = 1,007).  WDP = well-digested prey.
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Figure 213B. Percent diet composition by weight of major prey taxa for American plaice (Hippoglossoides platessoides)
collected in the Gulf of Maine (n = 5,173).  WDP = well-digested prey.
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Figure 213C. Percent diet composition by weight of major prey taxa for American plaice (Hippoglossoides platessoides)
collected on the Scotian Shelf (n = 1,001).  WDP = well-digested prey.







Figure 214A. Percent diet composition by weight of major prey taxa for American plaice (Hippoglossoides platessoides)
collected in the fall (n = 3,153). WDP = well-digested prey.
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Figure 214B. Percent diet composition by weight of major prey taxa for American plaice (Hippoglossoides platessoides)
collected in the spring (n = 3,685).  WDP = well-digested prey.
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Figure 214C. Percent diet composition by weight of major prey taxa for American plaice (Hippoglossoides platessoides)
collected in the summer (n = 294).  WDP = well-digested prey.







Figure 215A. Percent diet composition by weight of major prey taxa for American plaice (Hippoglossoides platessoides)
in the small size class (n = 1,362).  WDP = well-digested prey.
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Figure 215B. Percent diet composition by weight of major prey taxa for American plaice (Hippoglossoides platessoides)
in the medium size class (n = 4,801).  WDP = well-digested prey.
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Figure 215C. Percent diet composition by weight of major prey taxa for American plaice (Hippoglossoides platessoides)
in the large size class (n = 1,037). WDP = well-digested prey.
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Figure 216. Percent diet composition by weight of major prey taxa for northern shortfin squid (Illex illecebrosus;
n = 3,072).  WDP = well-digested prey; Unid. Fish = unidentified fish.  
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Figure 217A. Percent diet composition by weight of major prey taxa for northern shortfin squid (Illex illecebrosus;
collected in the 1970s (n = 1,674). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 217B. Percent diet composition by weight of major prey taxa for northern shortfin squid (Illex illecebrosus)
collected in the 1980s (n = 1,397).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 218A. Percent diet composition by weight of major prey taxa for northern shortfin squid (Illex illecebrosus)
collected in the Mid-Atlantic Bight (n = 711). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 218B. Percent diet composition by weight of major prey taxa for northern shortfin squid (Illex illecebrosus)
collected in Southern New England (n = 636).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 218C. Percent diet composition by weight of major prey taxa for northern shortfin squid (Illex illecebrosus)
collected on Georges Bank (n = 916).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 218D. Percent diet composition by weight of major prey taxa for northern shortfin squid (Illex illecebrosus)
collected in the Gulf of Maine (n = 518).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 218E. Percent diet composition by weight of major prey taxa for northern shortfin squid (Illex illecebrosus)
collected on the Scotian Shelf (n = 256).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 219A. Percent diet composition by weight of major prey taxa for northern shortfin squid (Illex illecebrosus)
collected in the fall (n = 1,952).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 219B. Percent diet composition by weight of major prey taxa for northern shortfin squid (Illex illecebrosus)
collected in the spring (n = 215).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 219C. Percent diet composition by weight of major prey taxa for northern shortfin squid (Illex illecebrosus)
collected in the summer (n = 905).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 220A. Percent diet composition by weight of major prey taxa for northern shortfin squid (Illex illecebrosus)
in the small size class (n = 544). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 220B. Percent diet composition by weight of major prey taxa for northern shortfin squid (Illex illecebrosus)
in the medium size class (n = 2,501).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 221. Percent diet composition by weight of major prey taxa for longfin squid (Loligo pealeii;
n = 3,080). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 222A. Percent diet composition by weight of major prey taxa for longfin squid (Loligo pealeii)
collected in the 1970s (n = 1,654). WDP = well-digested prey; Unid. Fish = unidentified fish.







Figure 222B. Percent diet composition by weight of major prey taxa for longfin squid (Loligo pealeii)
collected in the 1980s (n =1,426).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 223A. Percent diet composition by weight of major prey taxa for longfin squid (Loligo pealeii) collected 
in the Mid-Atlantic Bight (n = 1,550). WDP = well-digested prey; Unid. Fish = unidentified fish.







Figure 223B. Percent diet composition by weight of major prey taxa for longfin squid (Loligo pealeii) collected 
in Southern New England (n = 759). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 223C. Percent diet composition by weight of major prey taxa for longfin squid (Loligo pealeii) collected 
on Georges Bank (n = 672).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 224A. Percent diet composition by weight of major prey taxa for longfin squid (Loligo pealeii) collected 
in the fall (n = 1,565). WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 224B. Percent diet composition by weight of major prey taxa for longfin squid (Loligo pealeii) collected 
in the spring (n = 754).  WDP = well-digested prey; Unid. Fish = unidentified fish.







Summer


0


20


40


60


80


W
DP


Cep
ha


lop
od


s


Cru
sta


ce
an


s


Dec
ap


od
 C


rab
s


Loli
go


 S
qu


id


Unid
. F


ish


%
 C


om
po


si
ti


on


C


Figure 224C. Percent diet composition by weight of major prey taxa for longfin squid (Loligo pealeii) collected 
in the summer (n = 761).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 225A. Percent diet composition by weight of major prey taxa for longfin squid (Loligo pealeii) collected 
in the small size class (n = 2,188).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 225B. Percent diet composition by weight of major prey taxa for longfin squid (Loligo pealeii) collected 
in the medium size class (n = 878).  WDP = well-digested prey; Unid. Fish = unidentified fish.
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Figure 226. Dietary overlap for 52 predators of the NEUS continental shelf community based on the Bray-Curtis index of similarity.
Common and scientific names for the species shown include: smooth dogfish (Mustelus canis), spiny dogfish (Squalus 
acanthias), barndoor skate (Dipturus laevis), winter skate (Leucoraja ocellata), clearnose skate (Raja eglanteria), rosette skate 
(Leucoraja garmani), little skate (Leucoraja erinacea), smooth skate (Malacoraja senta), thorny skate (Amblyraja radiata), 
Atlantic herring (Clupea harengus), alewife (Alosa pseudoharengus), blueback herring (Alosa aestivalis), American shad 
(Alosa sapidissima), offshore hake (Merluccius albidus), silver hake (Merluccius bilinearis), Atlantic cod (Gadus morhua), 
haddock (Melanogrammus aeglefinus), pollock (Pollachius virens), white hake (Urophycis tenuis), red hake (Urophycis 
chuss), spotted hake (Urophycis regia), Atlantic halibut (Hippoglossus hippoglossus), American plaice (Hippoglossoides 
platessoides), summer flounder (Paralichthys dentatus), fourspot flounder (Hippoglossina oblonga), yellowtail flounder 
(Limanda ferruginea), winter flounder (Pseudopleuronectes americanus), witch flounder (Glyptocephalus cynoglossus), 
windowpane flounder (Scophthalmus aquosus), Gulf Stream flounder (Citharichthys arctifrons), Atlantic mackerel (Scomber 
scombrus), butterfish (Peprilus triacanthus), bluefish (Pomatomus saltatrix), Atlantic croaker (Micropogonias undulatus), 
striped bass (Morone saxatilis), black sea bass (Centropristis striata), scup (Stenotomus chrysops), weakfish (Cynoscion 
regalis), spot (Leiostomus xanthurus), Acadian redfish (Sebastes fasciatus), blackbelly rosefish (Helicolenus dactylopterus), 
longhorn sculpin (Myoxocephalus octodecemspinosus), sea raven (Hemitripterus americanus), northern searobin (Prionotus 
carolinus), striped searobin (Prionotus evolans), northern sand lance (Ammodytes dubius), ocean pout (Zoarces americanus), 
fawn cusk-eel (Lepophidium profundorum), goosefish (Lophius americanus), Atlantic sharpnose shark (Rhizoprionodon 
terraenovae), northern shortfin squid (Illex illecebrosus), and longfin squid (Loligo pealeii). 
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Table A1. Species to be sampled, and maximum lengths (cm) for sampling YOY for the major sampling regions (strata sets) during 1973-76.


Mid-Atlantic Bight
Species (Strata 61-76)


American plaice (Hippoglossoides platessoides )
Butterfish (Peprilus triacanthus ) 13
Cod, Atlantic (Gadus morhua )
Flounder, Fourspot (Hippoglossina oblonga ) 7
Flounder, Witch (Glyptocephalus cynoglossus )
Flounder, Yellowtail (Limanda ferruginea )
Haddock (Melanogrammus aeglefinus )
Hake, Red (Urophycis chuss )
Hake, Silver (Merluccius bilinearis ) 20
Hake, Spotted (Urophycis regia ) 13
Hake, White (Urophycis tenuis )
Ocean Pout (Zoarces americanus )
Pollock (Pollachius virens )
Redfish, Acadian (Sebastes fasciatus )
Sculpin, Longhorn (Myoxocephalus octodecemspinosus )
Scup (Stenotomus chrysops ) 13
Skate, Little (Leucoraja erinacea ) 


Scotian Shelf
(Strata 31-35, 41-49)


Georges Bank
(Strata 13-23, 25)


Gulf of Maine
(Strata 24, 26-30, 36-40)


Southern New England
Strata (1-12)


12


20
20


13


13


13
20


20


12
20


20


13


7


20


7


20


7


20


20


20
7


7


20


7


20


20







Table A2. Offshore species to be sampled, and maximum lengths for sampling juveniles for the major sampling regions (strata sets) during 1977-80.


Mid-Atlantic Bight
(Strata 61-76)


Species


Atlantic herring (Clupea harengus )
Bass, Black Sea (Centropristis striata ) 15
Cod, Atlantic (Gadus morhua )
Dogfish, Smooth (Mustelus canis ) 60
Dogfish, Spiny (Squalus acanthias ) 60
Flounder, Windowpane (Scophthalmus aquosus ) 10
Flounder, Winter (Pseudopleuronectes americanus )
Goosefish (Lophius americanus )
Haddock (Melanogrammus aeglefinus )
Hake, Red (Urophycis chuss )
Hake, Silver (Merluccius bilinearis )
Mackerel, Atlantic (Scomber scombrus )
Redfish, Acadian (Sebastes fasciatus )
Skate, Winter (Leucoraja ocellata )
Squid, Longfin Inshore (Loligo pealeii ) 15
Squid, Northern Shortfin (Illex illecebrosus ) 15


20


Scotian ShelfGeorges Bank Gulf of Maine
(Strata 13-23, 25)


Southern New England
Strata (1-12) (Strata 24, 26-30, 36-40) (Strata 31-35, 41-49)


15


20


60
60


15
40


60


15
40


25


50
15


60
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20
20


40
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20
20
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151515
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Table A3. Species to be sampled for inshore strata north and south of Cape Cod during 1977-80.


Common Name Scientific Name Common Name Scientific Name
All sharks, skates, and rays Elasmobranchii All sharks, skates, and rays Elasmobranchii
Smooth dogfish Mustelus canis Spiny dogfish Squalus acanthias
Summer flounder Paralichthys dentatus Thorny skate Amblyraja radiata
Winter flounder Pseudopleuronectes americanus Atlantic wolffish Anarhichas lupus
Windowpane Flounder Scophthalmus aquosus Winter flounder Pseudopleuronectes americanus
Butterfish Peprilus triacanthus Witch flounder Glyptocephalus cynoglossus
Scup Stenotomus chrysops Atlantic halibut Hippoglossus hippoglossus
Bluefish Pomatomus saltatrix American plaice Hippoglossoides platessoides
Weakfish Cynoscion regalis Cunner Tautogolabrus adspersus 
Black sea bass Centropristis striata Alewife Alosa pseudoharengus
Spot Leiostomus xanthurus Atlantic cod Gadus morhua
Atlantic croaker Micropogonias undulatus Silver hake Merluccius bilinearis
Striped bass Morone saxatilis Haddock Melanogrammus aeglefinus
Northern kingfish Menticirrhus saxatilis Red hake Urophycis chuss
Southern kingfish Menticirrhus americanus White hake Urophycis tenuis
Longfin inshore squid Loligo pealeii Northern shortfin squid Illex illecebrosus 


South of Cape Cod North of Cape Cod







Table A4. Miscellaneous species to be sampled from specific regions and any region during 1977-1980 
                (A “ ” indicates that samples were collected). 


Mid-Atlantic Southern Georges Gulf of Western Nova Any 
Species  Bight  New England  Bank Maine Scotia Region


Alewife (Alosa pseudoharengus )


All grenadiers (Macrouridae)
Shad, American (Alosa sapidissima )


Argentines (Argentinidae)
Bluefish (Pomatomus saltatrix )
Butterfish (Peprilus triacanthus )
Croaker, Atlantic (Micropogonias undulatus )
Cusk (Brosme brosme )
Cusk-eel, Fawn (Lepophidium profundorum )
Dory, Buckler (Zenopsis conchifera )
Eel, American (Anguilla rostrata )
Eel, Conger (Conger oceanicus )
Flounder, Fourspot (Hippoglossina oblonga )
Flounder, Gulf Stream (Citharichthys arctifrons )
Flounder, Summer (Paralichthys dentatus )
Flounder, Windowpane (Scophthalmus aquosus )
Flounder, Winter (Pseudopleuronectes americanus ) 
Flounder, Witch (Glyptocephalus cynoglossus )
Hake, Longfin (Phycis chesteri )
Hake, Offshore (Merluccius albidus )
Hake, White (Urophycis tenuis )
Halibut, Atlantic (Hippoglossus hippoglossus )
Herring, Round (Etrumeus teres )
Mackerel, Atlantic (Scomber scombrus )
Mackerel, Snake (Gempylus serpens )
Needlefish, Atlantic (Strongylura marina )
Pollock (Pollachius virens )


Rays (Myliobatiformes)
Sand Lance, American (Ammodytes americanus )
Sand Lance, Northern (Ammodytes dubius )
Sea raven (Hemitripterus americanus )
Sea Robin, Armored (Peristedion miniatum )
Sea Robin, Northern (Prionotus carolinus )
Sea Robin, Striped (Prionotus evolans )


Sharks (Elasmobranchii)
Skate, Thorny (Amblyraja radiata )


Skates (Rajiformes)
Spot (Leiostomus xanthurus )
Tilefish (Lopholatilus chamaeleonticeps )
Weakfish (Cynoscion regalis )
Wolffish, Atlantic (Anarhichas lupus )
Wrymouth (Cryptacanthodes maculatus )


Any other unusual fish obtained







Table A5. Order of sampling priority, length categories, target numbers of stomachs to sample per watch, and sampling methods for species from which stomach contents were collected during 
                1981-1984.


Length No. to Sampling Length No. to Sampling
Category Sample/ Method Category Sample/ Method 


Species (cm)a
Watch to Use Species (cm)a


Watch to Use


Hake, Silver (Merluccius bilinearis ) 0-10 10 Preserve samples Hake, White (Urophycis tenuis ) 0-20 5 Examine at sea
11-20 10 21-40 5
21-30 20 >40 5
31-35 20


>35 20 Hake, Red (Urophycis chuss ) 0-10 5 Examine at sea
11-20 5


Cod, Atlantic (Gadus morhua ) 0-10 5 Preserve samples 21-30 5
11-30 20 31-35 5
31-50 20 >35 5
51-70 20
71-90 30 Goosefish (Lophius americanus ) All 5 Examine at sea


>90 All
Flounder, Winter (Pseudopleuronectes americanus ) 0-15 5 Preserve samples


Dogfish, Spiny (Squalus acanthias ) 0-65 20 Examine at sea 16-30 5
66-85 20 31-50 5


>85 20 >50 5


Flounder, Yellowtail (Limanda ferruginea ) 0-10 5 Preserve samples Mackerel, Atlantic (Scomber scombrus ) 0-20 5 Preserve samples
11-20 5 21-25 5
21-30 5 26-30 5
31-40 5 >30 5


>40 5
Herring, Atlantic (Clupea harengus ) 0-15 5 Preserve samples


Haddock (Melanogrammus aeglefinus ) 0-25 5 Preserve samples 16-25 5
26-50 5 26-30 5


>50 5 >30 5


Pollock (Pollachius virens ) 0-15 5 Examine at sea
16-25 5
26-50 5
51-80 5


>80 5


aLength categories are to be consistent with those of the Age and Growth Project.







Table A6. Priority species to have stomach contents collected at sea during 1985-91, and the minimum numbers of stomachs to sample per length category per watch.
                


Length Minimum Length Minimum
Category No. to Category No. to


Species (cm) Sample Species (cm) Sample


Hake, Silver (Merluccius bilinearis )a 1-20 5 Pollock (Pollachius virens ) 1-25 5
21-25 5 26-50 5
26-30 10 51-80 5
31-35 10 >80 5


>35 10
Hake, Red (Urophycis chuss ) 1-20 5


Cod, Atlantic (Gadus morhua )a 1-30 5 21-25 5
31-50 10 26-30 5
51-70 15 31-35 5
71-90 15 >35 5


>90 All
Mackerel, Atlantic (Scomber scombrus ) 1-25 5


Dogfish, Spiny (Squalus acanthias )a 1-65 20 26-30 5
66-85 25 >30 10


>85 25
Herring, Atlantic (Clupea harengus ) 1-25 5


Hake, White (Urophycis tenuis ) 1-20 5 26-30 5
21-40 5 >30 10


>40 5


aHighest priority species.







Table A7. Secondary species to have stomach contents collected at sea during 1985-91. 
               of each species should be taken for each watch.).
                


Common Name Scientific Name


Acadian redfish Sebastes fasciatus
Little skate Leucoraja erinacea
Striped bass Morone saxatilis
Alewife Alosa pseudoharengus
Longhorn sculpin Myoxocephalus octodecemspinosus
Summer flounder Paralichthys dentatus
Atlantic halibut Hippoglossus hippoglossus
Scup Stenotomus chrysops
Thorny skate Amblyraja radiata
Bluefish Pomatomus saltatrix
Sea raven Hemitripterus americanus
Weakfish Cynoscion regalis
Fourspot flounder Hippoglossina oblonga
Smooth dogfish Mustelus canis
Windowpane Scophthalmus aquosus
Goosefish Lophius americanus
Spotted hake Urophycis regia
Winter skate Leucoraja ocellata







Table A8. Species to be sampled, sampling ranges, and maximum numbers of stomachs to sample per station
                for 1992-93 bottom trawl surveys.


Sampling
Species Range (cm) Spring Fall Spring Fall


Bass, Striped (Morone saxatilis ) 1 per 1 All All All All
Bluefish (Pomatomus saltatrix ) 1 per 1 10 10 10 10
Cod, Atlantic (Gadus morhua ) 3 per 3 25 25 25 25
Dogfish, Smooth (Mustelus canis ) 1 per 3 10 10 10 10
Dogfish, Spiny (Squalus acanthias ) 1 per 3 30 30 30 30
Flounder, Fourspot (Hippoglossina oblonga ) 1 per 1 10 10 10 10
Flounder, Summer (Paralichthys dentatus ) 1 per 1 10 10 10 10
Flounder, Windowpane (Scophthalmus aquosus ) 1 per 1 10 10 10 10
Goosefish (Lophius americanus ) 1 per 1 All All All All
Hake, Red (Urophycis chuss ) 1 per 1 10 10 10 10
Hake, Silver (Merluccius bilinearis ) 1 per 1 10 10 10 10
Hake, Spotted (Urophycis regia ) 1 per 1 10 10 10 10
Hake, White (Urophycis tenuis ) 3 per 3 10 10 10 10
Halibut, Atlantic (Hippoglossus hippoglossus ) 1 per 1 All All All All
Herring, Atlantic (Clupea harengus ) 1 per 1 10 10 10 10
Mackerel, Atlantic (Scomber scombrus ) 1 per 1 10 10 10 10
Pollock (Pollachius virens ) 1 per 1 20 20 20 20
Sculpin, Longhorn (Myoxocephalus octodecemspinosus ) 1 per 1 10 10 10 10
Sea raven (Hemitripterus americanus ) 1 per 1 10 10 10 10
Skate, Little (Leucoraja erinacea ) 1 per 2 10 10 10 10
Skate, Thorny (Amblyraja radiata ) 1 per 2 10 10 10 10
Skate, Winter (Leucoraja ocellata ) 1 per 2 10 10 10 10
Weakfish (Cynoscion regalis ) 1 per 1 10 10 10 10


1992 1993
Bottom Trawl Survey







Table A9. Species to be sampled, sampling ranges, and priority designations for stomach sampling per station for 1994-98 bottom trawl surveys.  
                (A “ ” indicates that samples were requested with no particular priority ranking.).
                


Sampling 
Range


Species (cm) Spring Fall Spring Fall Spring Fall Spring Fall Spring Fall


Bass, Striped (Morone saxatilis ) 1 per 1
Bluefish (Pomatomus saltatrix ) 1 per 1
Cod, Atlantic (Gadus morhua ) 3 per 3 1 1 1 1 1 1 1 5
Dogfish, Smooth (Mustelus canis ) 1 per 3
Dogfish, Spiny (Squalus acanthias ) 1 per 3 2 2 2 2 2 2 2
Flounder, Fourspot (Hippoglossina oblonga ) 1 per 1 5 5 6 5 6 5 6 4
Flounder, Summer (Paralichthys dentatus ) 1 per 1
Flounder, Windowpane (Scophthalmus aquosus ) 1 per 1
Goosefish (Lophius americanus ) 1 per 1
Hake, Red (Urophycis chuss ) 1 per 1
Hake, Silver (Merluccius bilinearis ) 1 per 1 3 3 3 3 3 3 3 1
Hake, Spotted (Urophycis regia ) 1 per 1
Hake, White (Urophycis tenuis ) 3 per 3
Halibut, Atlantic (Hippoglossus hippoglossus ) 1 per 1
Herring, Atlantic (Clupea harengus ) 1 per 1 4 4 4 4 2
Mackerel, Atlantic (Scomber scombrus ) 1 per 1 3
Pollock (Pollachius virens ) 1 per 1
Sculpin, Longhorn (Myoxocephalus octodecemspinosus ) 1 per 1 8 8 8
Sea raven (Hemitripterus americanus ) 1 per 1 7 7 7
Skate, Little (Leucoraja erinacea ) 1 per 2 4 4 4
Skate, Thorny (Amblyraja radiata ) 1 per 2
Skate, Winter (Leucoraja ocellata ) 1 per 2 5 5 5
Weakfish (Cynoscion regalis ) 1 per 1


1998
Bottom Trawl Survey


1994 1995 1996 1997







Table A10. Species to be sampled, sampling ranges, and priority designations for 1999 bottom trawl surveys


  Sampling   Sampling
Species  Range (cm) Priority  Range (cm) Priority


Bass, Black Sea (Centropristis striata ) 1 per 5 - Halibut, Atlantic (Hippoglossus hippoglossus ) 1 per 5 -
Bass, Striped (Morone saxatilis ) 1 per 5 - Herring, Atlantic (Clupea harengus ) 1 per 5 7
Bluefish (Pomatomus saltatrix ) 1 per 5 - Herring, blueback (Alosa aestivalis ) 1 per 5 -
Butterfish (Peprilus triacanthus ) 1 per 5 - Mackerel, Atlantic (Scomber scombrus ) 1 per 5 8
Cod, Atlantic (Gadus morhua ) 1 per 5 - Ocean pout (Zoarces americanus ) 1 per 5 5
Cunner (Tautogolabrus adspersus ) 1 per 5 - Pollock (Pollachius virens ) 1 per 5 -
Cusk (Brosme brosme ) 1 per 5 - Redfish, Acadian (Sebastes fasciatus ) 1 per 5 -
Cusk-eel, Fawn (Lepophidium profundorum ) 1 per 5 - Rosefish, blackbelly (Helicolenus dactylopterus) 1 per 5 -
Dogfish, Smooth (Mustelus canis ) 1 per 10 (per sex) - Salmon, Atlantic (Salmo salar ) 1 per 5 -
Dogfish, Spiny (Squalus acanthias ) 1 per 10 (per sex) - Sculpin, Longhorn (Myoxocephalus octodecemspinosus ) 1 per 5 4
American plaice (Hippoglossoides platessoides ) 1 per 5 - Scup (Stenotomus chrysops ) 1 per 5 -
Flounder, Fourspot (Hippoglossina oblonga ) 1 per 5 - Sea raven (Hemitripterus americanus ) 1 per 5 -
Flounder, Summer (Paralichthys dentatus ) 1 per 5 3 Shad, American (Alosa sapidissima ) 1 per 5 -
Flounder, Windowpane (Scophthalmus aquosus ) 1 per 5 - Shad, hickory (Alosa mediocris ) 1 per 5 -
Flounder, Winter (Pseudopleuronectes americanus ) 1 per 5 - Skate, Little (Leucoraja erinacea ) 1 per 10 -
Flounder, Witch (Glyptocephalus cynoglossus ) 1 per 5 - Skate, rosette (Leucoraja garmani ) 1 per 10 -
Flounder, Yellowtail (Limanda ferruginea )a


1 per 5 2 Skate, smooth (Malacoraja senta ) 1 per 10 -
Goosefish (Lophius americanus ) 1 per 5 - Skate, Thorny (Amblyraja radiata ) 1 per 10 -
Haddock (Melanogrammus aeglefinus ) 1 per 5 1 Skate, Winter (Leucoraja ocellata ) 1 per 10 -
Hake, Offshore (Merluccius albidus ) 1 per 5 - Spot (Leiostomus xanthurus ) 1 per 5 -
Hake, Red (Urophycis chuss ) 1 per 5 - Tautog (Tautoga onitis ) 1 per 5 -
Hake, Silver (Merluccius bilinearis ) 1 per 5 - Weakfish (Cynoscion regalis ) 1 per 5 -
Hake, Spotted (Urophycis regia ) 1 per 5 - Wolffish, Atlantic (Anarhichas lupus ) 1 per 5 6
Hake, White (Urophycis tenuis ) 1 per 5 -


aSample ALL yellowtail flounder from Strata 5, 6, 9, and 10.  Continue to sample one fish per 5-cm length interval in all other strata


Species







Table A11. Species to be sampled, sampling ranges, and priority designations for 2000-02 bottom trawl surveys


  Sampling   Sampling
 Range (cm) Priority  Range (cm) Priority


Bass, Black Sea (Centropristis striata ) 1 per 5 - Halibut, Atlantic (Hippoglossus hippoglossus ) 1 per 1 -
Bass, Striped (Morone saxatilis ) 1 per 1 - Herring, Atlantic (Clupea harengus ) 1 per 5 7
Bluefish (Pomatomus saltatrix ) 1 per 5 - Herring, blueback (Alosa aestivalis ) 1 per 5 -
Butterfish (Peprilus triacanthus ) 1 per 5 - Mackerel, Atlantic (Scomber scombrus ) 1 per 5 8
Cod, Atlantic (Gadus morhua ) 1 per 10 - Ocean pout (Zoarces americanus ) 1 per 5 5
Cunner (Tautogolabrus adspersus ) 1 per 5 - Pollock (Pollachius virens ) 1 per 5 -
Cusk (Brosme brosme ) 1 per 1 - Redfish, Acadian (Sebastes fasciatus ) 1 per 5 -
Cusk-eel, Fawn (Lepophidium profundorum ) 1 per 5 - Rosefish, blackbelly (Helicolenus dactylopterus) 1 per 5 -
Dogfish, Smooth (Mustelus canis ) 1 per 10 - Salmon, Atlantic (Salmo salar ) 1 per 1 -
Dogfish, Spiny (Squalus acanthias ) 1 per 20 - Sculpin, Longhorn (Myoxocephalus octodecemspinosus ) 1 per 5 4
American plaice (Hippoglossoides platessoides ) 1 per 2 - Scup (Stenotomus chrysops ) 1 per 5 -
Flounder, Fourspot (Hippoglossina oblonga ) 1 per 5 - Sea raven (Hemitripterus americanus ) 1 per 5 -
Flounder, Summer (Paralichthys dentatus ) 1 per 5 - Shad, American (Alosa sapidissima ) 1 per 5 -
Flounder, Windowpane (Scophthalmus aquosus ) 1 per 2 - Shad, hickory (Alosa mediocris ) 1 per 5 -
Flounder, Winter (Pseudopleuronectes americanus ) 1 per 2 2 Skate, Little (Leucoraja erinacea ) 1 per 10 -
Flounder, Witch (Glyptocephalus cynoglossus ) 1 per 2 - Skate, rosette (Leucoraja garmani ) 1 per 5 -
Flounder, Yellowtail (Limanda ferruginea )a


1 per 2 1 Skate, smooth (Malacoraja senta ) 1 per 5 -
Goosefish (Lophius americanus ) 1 per 10 - Skate, Thorny (Amblyraja radiata ) 1 per 10 -
Haddock (Melanogrammus aeglefinus ) 1 per 5 3 Skate, Winter (Leucoraja ocellata ) 1 per 20 -
Hake, Offshore (Merluccius albidus ) 1 per 1 - Spot (Leiostomus xanthurus ) 1 per 5 -
Hake, Red (Urophycis chuss ) 1 per 5 - Tautog (Tautoga onitis ) 1 per 5 -
Hake, Silver (Merluccius bilinearis ) 1 per 5 - Weakfish (Cynoscion regalis ) 1 per 5 -
Hake, Spotted (Urophycis regia ) 1 per 5 - Wolffish, Atlantic (Anarhichas lupus ) 1 per 1 6
Hake, White (Urophycis tenuis ) 1 per 10 -


Species Species







Table A12. Species to be sampled, sampling ranges, and priority designations for 2003-05 bottom trawl surveys


  Sampling   Sampling
 Range (cm) Priority Species  Range (cm) Priority


Bass, Black Sea (Centropristis striata ) 1 per 5 - Halibut, Atlantic (Hippoglossus hippoglossus ) 1 per 1 -
Bass, Striped (Morone saxatilis ) 1 per 1 - Herring, Atlantic (Clupea harengus ) 1 per 5 7
Bluefish (Pomatomus saltatrix ) 1 per 5 - Herring, blueback (Alosa aestivalis ) 1 per 5 -
Butterfish (Peprilus triacanthus ) 1 per 5 - Lanternfish (Myctophidae)b 1 per 1 -
Cod, Atlantic (Gadus morhua ) 1 per 10 3 Mackerel, Atlantic (Scomber scombrus ) 1 per 5 7
Croaker, Atlantic (Micropogonias undulatus ) 1 per 5 - Ocean pout (Zoarces americanus ) 1 per 5 -
Cunner (Tautogolabrus adspersus )a 1 per 5 - Pollock (Pollachius virens ) 1 per 5 2
Cusk (Brosme brosme ) 1 per 1 - Redfish, Acadian (Sebastes fasciatus ) 1 per 5 -
Cusk-eel, Fawn (Lepophidium profundorum )a 1 per 5 - Rosefish, blackbelly (Helicolenus dactylopterus) 1 per 5 -
Dogfish, Smooth (Mustelus canis ) 1 per 10 (per sex) - Salmon, Atlantic (Salmo salar ) 1 per 1 -
Dogfish, Spiny (Squalus acanthias ) 1 per 20 (per sex) - Sculpin, Longhorn (Myoxocephalus octodecemspinosus ) 1 per 5 5
Dory, Buckler (Zenopsis conchifera ) 1 per 5 - Scup (Stenotomus chrysops ) 1 per 5 -
Eel, Conger (Conger oceanicus ) 1 per 5 - Sea raven (Hemitripterus americanus ) 1 per 5 1
American plaice (Hippoglossoides platessoides ) 1 per 2 - Sea Robin, Armored (Peristedion miniatum ) 1 per 5 -
Flounder, Fourspot (Hippoglossina oblonga ) 1 per 5 3 Sea Robin, Northern (Prionotus carolinus ) 1 per 5 -
Flounder, Gulf Stream (Citharichthys arctifrons ) 1 per 5 - Sea Robin, Striped (Prionotus evolans ) 1 per 5 -
Flounder, Summer (Paralichthys dentatus ) 1 per 5 3 Shad, American (Alosa sapidissima ) 1 per 5 -
Flounder, Windowpane (Scophthalmus aquosus ) 1 per 2 - Shad, hickory (Alosa mediocris ) 1 per 5 -
Flounder, Winter (Pseudopleuronectes americanus ) 1 per 2 6 Skate, Little (Leucoraja erinacea ) 1 per 10 -
Flounder, Witch (Glyptocephalus cynoglossus ) 1 per 2 - Skate, rosette (Leucoraja garmani ) 1 per 5 -
Flounder, Yellowtail (Limanda ferruginea )a


1 per 2 6 Skate, smooth (Malacoraja senta ) 1 per 5 -
Goosefish (Lophius americanus ) 1 per 10 1 Skate, Thorny (Amblyraja radiata ) 1 per 10 -
Haddock (Melanogrammus aeglefinus ) 1 per 5 4 Skate, Winter (Leucoraja ocellata ) 1 per 20 -
Hake, Offshore (Merluccius albidus ) 1 per 1 3 Spot (Leiostomus xanthurus ) 1 per 5 -
Hake, Red (Urophycis chuss ) 1 per 5 - Tautog (Tautoga onitis ) 1 per 5 -
Hake, Silver (Merluccius bilinearis ) 1 per 5 2 Tilefish (Lopholatilus chamaeleonticeps ) 1 per 5 -
Hake, Spotted (Urophycis regia ) 1 per 5 - Weakfish (Cynoscion regalis ) 1 per 5 -
Hake, White (Urophycis tenuis ) 1 per 10 - Wolffish, Atlantic (Anarhichas lupus ) 1 per 1 -


aPreserve stomach.
bPreserve entire animal.


Species







Table A13. Species to be sampled, sampling ranges, and priority designations for 2006-08 bottom trawl surveys


  Sampling   Sampling
Common Name  Range (cm) Priority Common Name  Range (cm) Priority


Bass, Black Sea (Centropristis striata ) 1 per 5 - Herring, blueback (Alosa aestivalis ) 1 per 5 -
Bass, Striped (Morone saxatilis ) 1 per 1 - Kingfish, northern (Menticirrhus saxatilis ) 1 per 5 -
Bluefish (Pomatomus saltatrix ) 1 per 5 - Lanternfish (Myctophidae)b 1 per 1 -
Butterfish (Peprilus triacanthus ) 1 per 5 - Mackerel, Atlantic (Scomber scombrus ) 1 per 5 7
Cod, Atlantic (Gadus morhua ) 1 per 10 5 Menhaden (Brevoortia tyrannus ) 1 per 5 -
Croaker, Atlantic (Micropogonias undulatus ) 1 per 5 - Ocean pout (Zoarces americanus ) 1 per 5 -
Cunner (Tautogolabrus adspersus )a 1 per 2 - Pollock (Pollachius virens ) 1 per 10 2
Cusk (Brosme brosme ) 1 per 1 3 Redfish, Acadian (Sebastes fasciatus ) 1 per 5 -
Cusk-eel, Fawn (Lepophidium profundorum )a 1 per 2 - Rosefish, blackbelly (Helicolenus dactylopterus) 1 per 5 -
Dogfish, Smooth (Mustelus canis ) 1 per 20 (per sex) - Salmon, Atlantic (Salmo salar ) 1 per 1 -
Dogfish, Spiny (Squalus acanthias ) 1 per 30 (per sex) - Sculpin, Longhorn (Myoxocephalus octodecemspinosus ) 1 per 5 -
Dory, Buckler (Zenopsis conchifera ) 1 per 5 - Scup (Stenotomus chrysops ) 1 per 5 -
Eel, Conger (Conger oceanicus ) 1 per 10 - Sea raven (Hemitripterus americanus ) 1 per 5 -
American plaice (Hippoglossoides platessoides ) 1 per 5 - Sea Robin, Armored (Peristedion miniatum ) 1 per 5 -
Flounder, Fourspot (Hippoglossina oblonga ) 1 per 10 6 Sea Robin, Northern (Prionotus carolinus ) 1 per 5 -
Flounder, Gulf Stream (Citharichthys arctifrons ) 1 per 2 - Sea Robin, Striped (Prionotus evolans ) 1 per 5 -
Flounder, Summer (Paralichthys dentatus ) 1 per 10 6 Shad, American (Alosa sapidissima ) 1 per 5 -
Flounder, Windowpane (Scophthalmus aquosus ) 1 per 2 - Shad, hickory (Alosa mediocris ) 1 per 5 -
Flounder, Winter (Pseudopleuronectes americanus ) 1 per 5 4 Skate, barndoor (Dipturus laevis ) 1 per 10 3
Flounder, Witch (Glyptocephalus cynoglossus ) 1 per 2 - Skate, clearnose (Raja eglanteria ) 1 per 5 -
Flounder, Yellowtail (Limanda ferruginea )a


1 per 5 4 Skate, Little (Leucoraja erinacea ) 1 per 10 -
Rockling, Fourbeard (Enchelyopus cimbrius )a 1 per 2 - Skate, rosette (Leucoraja garmani ) 1 per 5 -
Goosefish (Lophius americanus ) 1 per 20 - Skate, smooth (Malacoraja senta ) 1 per 5 -
Haddock (Melanogrammus aeglefinus ) 1 per 5 1 Skate, Thorny (Amblyraja radiata ) 1 per 10 -
Hake, Offshore (Merluccius albidus ) 1 per 1 2 Skate, Winter (Leucoraja ocellata ) 1 per 30 -
Hake, Red (Urophycis chuss ) 1 per 5 - Spot (Leiostomus xanthurus ) 1 per 5 -
Hake, Silver (Merluccius bilinearis ) 1 per 5 5 Tautog (Tautoga onitis )a 1 per 2 -
Hake, Spotted (Urophycis regia ) 1 per 5 - Tilefish (Lopholatilus chamaeleonticeps ) 1 per 2 -
Hake, White (Urophycis tenuis ) 1 per 10 - Weakfish (Cynoscion regalis ) 1 per 5 -
Halibut, Atlantic (Hippoglossus hippoglossus ) 1 per 1 - Wolffish, Atlantic (Anarhichas lupus ) 1 per 1 -
Herring, Atlantic (Clupea harengus ) 1 per 5 7


aPreserve stomach.
bPreserve entire animal.
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The ability to perform age determinations based on examinations
of hard anatomical parts is of fundamental importance in fisheries
research. As for trees, for which an age may be determined by
counting annual rings in a cross section of the trunk, certain struc·
tures of finfish and bivalve molluscs taken from temperate waters
also show alternating structural marks caused by changes in growth
rates. Validation of a regular periodicity in these marks permits
assigning a time scale and determination of age. The successful ap
plication of techniques to enhance detection of age marks in
biological specimens is of vital importance in estimating growth
and mortality rates, population age structure, and other parameters
needed for understanding the dynamics of fishery resources and
their response to natural phenomena and exploitation.


A wide variety of age-determination techniques have been
developed for finfish and bivalve molluscs which depend on detec
tion of contrasting bands in body parts such as scales, otoliths, fin
rays; spines, and bones offish, as well as external and internal struc
tures of mollusc valves. At the Woods Hole Laboratory, such studies
have been conducted for decades and a considerable body of infor
mation has been compiled for a variety of Northwest Atlantic
species. In many cases, however, these methods have not been for·
mally published (or were published in an incomplete form). The
purpose of this manual is to document the techniques used by staff
at Woods Hole for researchers dealing with similar species and
problems in other regions.


A brief history of the various investigations and units responsi
ble for age assessment at the Woods Hole Laboratory is given as
background information. The Laboratory was first established in
1885, although studies of age and related research was fairly limited
in the early years. The Laboratory was closed during World War
il, and significant progress on age research did not resume until
the Laboratory was reopened in 1947 and the North Atlantic Fishery
Investigation ofthe Fishery Biology Branch, U.s. Fish and Wildlife
Service, was established. Groundfish resource surveys were initiated
to investigate the biology and resource potential of various fish
stocks, with age reading conducted within "species" investigations
by project leaders and their scientific aids and technicians. Age
determinations for most species, however, were sporadic and were
completed to answer specific research needs at the time, in con
trast to a sustained production mode which has been characteristic
of more recent years. Development and validation of techniques
concurrently supported programs of the International Commission
for the Northwest Atlantic Fisheries (ICNAF) which was organ
ized in 1951 for the management of the groundfish fisheries of the
Northwest Atlantic. Age determination studies conducted from 1951
through 1964·focused on haddock (Melanogrammus aeglefinus),
redfish (Sebastes jasciatus) , Atlantic herring (Clupea harengus),
silver hake (Merluccius bilinearis), yellowtail flounder (Limanda
ferruginea) , Atlantic cod (Gadus morhua), scup (Stenotomus
chrysops), summer flounder (Paralichthys dentatus), winter flounder
(Pseudopleuronectes americanus), and Atlantic sea scallops (Placo
pecten magellanicus).


In 1965, species investigations at the Laboratory were aggregated
into the Population Dynamics Program and a separate age deter
mination unit was established. The work of the program involved
collection ofcatch information, processing and determining the age
of biological specimens, automatic data processing, and research
on vital statistics, yield, and population processes. The new Age
Reading Unit initiated routine ageing of haddock and yellowtail
flounder and conducted preliminary studies from 1965 to 1970 to
develop and validate ageing techniques for species such as fourspot







flounder (Paralichthys oblongus), American plaice (Hippoglossoides
platessoides), red hake (Urophycis chuss), and pollock (Pollachius
virens). Experiments with staining otoliths were also conducted.
Some species (e.g., redfishand Atlantic sea scallops), however,
were still aged by individual investigators in other units.


During the early to mid-1970's many new techniques for prepar
ing structures for age determination were developed, e.g., thin
sectioning and baking otoliths, and using laminated plastic for scale
impressions. The number ofspecies routinely examined for age (Le.,
in a production type ofmode) gradually increased through the '1970's
to a current total of 18, and methods for an additional ten species
have also been developed.


In 1978, the Fishery Biology Investigation was created. Currently,
the Investigation is part of the Conservation and Utilization Divi
sion (CUD) of the Northeast Fisheries Center (NEFC). The primary
function of the Investigation is to provide biological information
required for assessing the status of selected fishery resources, in
cluding population age compositions, mortality and maturation rates,
growth and fecundity parameters, and physiological and behavioral
characteristics.


Major emphasis, however, is on routine assessment of age for
45,000 to 50,000 specimens, representative of commercially and
recreationally important finfish and bivalve molluscs in the North
east region. Current studies focus on growth analyses; age valida
tions; development of new and more cost-efficient methods; studies
of size and age at sexual maturity; automatic image analyses of age
structures (Cambridge Instrument Company, Inc. 1980), including
optical Fourier transform analyses for stock identification (Almeida
et a1. 1987); and examination of daily growth increments on larval
otoliths (Jearld 1983, Campana and Neilson 1985).


This manual describes methods currently in use for biological
sample preparation and age determination of most finfish and bivalve
species for which the Investigation has responsibility. The various
techniques used for preparing anatomical structures are described
as well as criteria used to interpret growth patterns and to assign
ages. Many of these methods and criteria have not been formally
validated and must be considered "experimental." The age deter
mination process consists of the following steps: collection and
storage of age samples, preparation 'of structures for age determina
tion, examination, interpretation, and assessment of the validity and
reliability of the resl.J1ting data. Most specimens examined are from
samples taken during routine NEFC bottomtrawl and shellfish
resource surveys; specimens from commercial landings are,
however, also collected at dockside by NEFC port samplers.


The first part of this manual contains general information on pro
cessing specimens for age determination and a glossary of terms.
The remainder of the manual describes specific procedures
developed for individual species. The species descriptions include
information on biology and distribution; former studies of age and
structures used for age determinations; sample storage, prepara
tion, and methods of examination; and descriptions of growth pat
terns and problems related to age determination.


Table lUsts the species considered in this manual, the age struc
ture examined, specimen preparation method generally in use,
average number of specimens aged each year (if the species is aged
routinely), and the time series available in each case.


Note: In the figures for all sections whicb follow. black dots
indicate annuli; black dashes indicate checks. splits. or false
annuli.
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Table 1
Age structures, preparation methods, average number orspeeimem examined
each year, and time series of available data for species included in this manual.


Average
Age Preparation number Year samples


Species structure method aged/year first collected1


Atlantic herring otoliths embedded 4,800 1973
Haddock scales impressions 3,500 1931
Atlantic cod otoliths baked 4,450 1960
Pollock otoliths sectioned 2,550 1966
Silver hake otoliths sectioned 2,750 1955
Red hake otoliths sectioned 1,450 1964
Black sea bass otoliths sectioned none 1980
Weakfish scales impressions none 1978
Atlantic mackerel otoliths embedded 2,200 1973
Butterfish otoliths whole 2,550 1964
Redfish otoliths sectioned 2,500 1964
Summer flounder scales impressions 3,300 1974
Winter flounder scales impressions 3,250 1973
Witch flounder otoliths sectioned 1,450 1973
American plaice otoliths sectioned 3,200 1971
Yellowtail flounder scales impressions 5,500 1955
SUrf clams chondrophore sectioned 2,950 1978
Ocean quahogs valve acetate peels 50 1978


1meach case, sampling has been continued to the present.
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Glossary' of Terms


Age determination notation
5 Five annuli counted (only one clear interpretation)
5(6) Probably five, but possibly 6 annuli (moderately difficult


to age, two interpretations possible)
5? Five annuli is the best estimate (difficult to age, more than


two interpretations possible)
5+ Five annuli counted with an additional seasonal growth


increment
Annulus Any zone which forms once each year, usually the


"winter" growth zone which marks the end of a year of growth.
Bivalve terminology for age determinations See figures 9 (p.


13) and 11 (p. 13).
Check Zone of slow "winter" type growth which is not a true


annulus. Such rings are distinguished by the width of the zone
relative to annuli, location relative to annuli, and incomplete for
mation or poor definition. Checks may also be differentiated from
annuli on some scales by differences in platelet shape.


Chondrophore "Pit or large spoon-shaped form projecting from
the hinge plate, usually supplemented by a prop extending to the
surface of the valve" I


Circulus A concentric ridge formed on a scale by the periodic
addition of material to the edge of the basal plate. The circuli
On scales may be continuous or segmented by the scale raliH, in
which case the individual segments are termed platelets. Circuli
are formed only on the outer surface of the scale; the inner sur
face is smooth. Circuli formed on bivalves are concentric,
scalloped ridges which become crowded together at an annulus.


Collum Interruption in the sulcus acusticus which marks the loca
tion of the nucleus (Fig. 5, p. 12).


Crystallized otolith An otolith displaying inadequate calcifica
tion (Fig. 19, p. 15). An age determination is not possible because
of missing annuli.


Ctenoid scale .Type of scale having ctenH,. ~r s~ine-~ike projec
tions resemblmg the teeth of a comb, on Its postenor edge.


"Cutting over" ("crossing over," erosion marks) Disruption of
the circulus pattern on scales from erosion of the edge results
in circuli formed after erosion that appear to intersect or "cross
over" others that had been formed earlier. If scale edge erosion
is an annual event, the "cutting-over" marks may be used to
detect annuli.


Cycloid scales Scales that are oval or elliptical in shape.
Edge Outer periphery of the age structure.
Edge type Summer/winter or opaque/hyaline deposition occur


ring on the outer edge of the age structure representing the most
recent growth.


End of annulus Outermost edge of a winter growth zone desig
nated as an annulus.


'Arnold, W.H. 1965. A glossary of a thousand-and-one terms used in conchology.
Veliger 7 (Suppl.), 50 p.
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False annulus Sometimes used synonymously with "check,"
refers to a zone ofslow growth that is not counted as an annulus;
also, a characteristic check ring on scales or otoliths which oc
curs before the first annulus and fairly close to the focus (scales)
or nucleus (otoliths).


Focus Center or origin of a scale.
Hinge "Interlocking toothed devices in a bivalve; hinge plate is


the dorsal margin carrying the hinge teeth; hinge teeth are in
terlocking teeth that unite the valves" (Arnold 1965). Annuli oc
curring in the hinge teeth may correspond in number and relative
location to annular lines seen in the valves of molluscs.


Hyaline Zone that allows the passage of light (also referred to
as translucent). On otoliths, the "hyaline" zone is composed
primarily of organic material (otolin) with a reduced amount of
inorganic material in the form of short, thin calcium aragonite
needles. With transmitted light, hyaline zones appear bright; with
reflected light, they appear dark. "Winter" zones are normally
composed of hyaline material.


Lumen Central cavity of a spine.
Margin Edge of a valve. The ventral valve margin of a bivalve


is often referred to, since it represents the most recent accretion
of shell growth.


Nucleus Central portion of an otolith; sometimes used synony
mously with the terms core, kernel, or primordium.


Opaque Zone that inhibits the passage of light. On otoliths, the
"opaque" zone is composed primarily of inorganic calcium
aragonite needles which are long and thick relative to those formed
in hyaline zones. With transmitted light, opaque zones appear
dark; with reflected light, they appear bright. "Summer" zones
are normally composed of opaque material.


Otolith terminology for age determinations See figures 5 (p.
12) and 20 (p. 16).


Platelets Individual segments of a circulus on some types of scales
which are separated by the scale radii.


Regenerated scale Scale which replaces one previously lost. These
cannot be used for age determination because the central area
has no circuli or annular growth features (Fig. 18, p. 15).


Sagittae Largest of three pairs of otoliths located in the sacculus
of the inner ear of a fish; referred to simply as "otoliths" in the
following sections.


Settling check Characteristic check ring on some marine ground
fish otoliths. It occurs just outside the nucleus and is believed
to form when the fish first become benthic in habit.


Shifted otolith Otolith which has moved in the sacculus; recog
nized by additional growth occurring along a different axis from
previous growth. Annuli may thus be present only on certain parts
of a shifted otolith, and absent on other parts. Shifting often oc
curs in conjunction with crystallization of an otolith.


Split Discontinuity in an annnlar zone, analogous to a "check."
This causes the annulus to appear as two or more closely spaced
"winter" zones.


Sulcus acusticus (referred to simply as "sulcus" in the following
sections) Longitudinal groove extending down the convex sur
face of an otolith (Fig. 5, p. 12).


Umbo "That point of a bivalve situated immediately above the
hinge, the beak, the first formed part of a bivalve" (Arnold 1965)
[(See figures 9 (p. 13) and 11 (p. 13)].


Valve "One of the separable portions of a shell; bivalve, a shell
in two sections" (Arnold 1965).
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Collection and storage _


The primary sources of age samples processed by the Investiga
tion are Northeast Fisheries Center (NEFC) bottom trawl and
shellfish resource surveys and commercial landings. Additional
samples are periodically collected during various state-conducted
research surveys and by fisheries observers who serve on foreign
fishing vessels.


Scales and otoliths are the anatomical structures most frequently
collected from finfish. Scales are preferred because they are easier
to collect and process, providing, of course, that clearly defmed
growth patterns are consistently formed. Young-of-year specimens
and samples of certain species with fragile or difficult-ta-remove
age structures, e.g., Atlantic herring (Clupea harengus) and Atlantic
mackerel (Scomber scombrus) , are frozen whole for later dissec
tion and processing at the laboratory. Other anatomical structures,
such as fin rays or vertebrae, may be collected and used for special
studies, such as age validation.


While scales are the easiest structure to collect, they must be taken
from an area on the fish known to exhibit complete and clear growth
patterns. For gadids and flounders, this area is on either side of
the lateral line anterior to the caudal peduncle, the area where the
first and largest scales develop. For other species, such as bluefish
(Pomatomus saltatrix), black sea bass (Centropristis striata), striped
bass (Morone saxatilis) and scup (Stenotomus chrysops), scales are
removed from the area behind the pectoral fm where the largest
scales are located. The area is first scraped with a blunt knife from
the head towards the tail of the fish to remove adhering slime and
dirt. The knife is then cleaned and used to remove a sample ofscales
by scraping firmly towards the head of the fIsh. The knife blade
with adhering scales is then placed between the sheets of a folded
absorbent paper liner in a coin envelope and wiped clean of the
scales.


Otoliths are removed by dissection of the head of the fish with
a sharp knife or a bone saw. Only the sagittal otoliths, the largest
of the three pairs found in the sacculi of the inner ear located
posterior to. the brain, are removed for examination. Otoliths to
be stored dry are removed from the sacculi (enveloping membranes)
before being placed in an envelope. For some species (e.g., Atlan
tic mackerel, alewife (Alosa pseudoharengus) and Atlantic herring),
otoliths are stored for one or two days in water-fIlled vials after
dissection, since they require careful cleaning under a microscope
at the laboratory.


The following information is recorded on the envelope for each
specimen sampled on resource surveys: cruise, station, species,
length, sex, and maturitY. CorrespOnding information for specimens
collected from commercial sources includes: vessel name, date,
statistical area, latitude and longitude, port, depth, gear, species,
market category, sampling method, length, and sex.


Surfclams (Spisula solidissima) and ocean quahogs (Arctica islan
dica) collected during NEFC surveys are shucked at sea. Whole
paired valves are stored in cloth bags with labels referring tosta
tion location, date, and number of specimens. To minimize valve
damage, small specimens are frozen whole for later processing at
the laboratory.







Scales


Preparation of age structures _


Age determinations using scales may be made from direct obser
vations, scale impressions, or photographs. Actual fish scales are
rarely used, however, because they are often covered with dirt or
dried and pigmented residue. In addition, they are generally translu
cent because of their thickness, internal structure, and coloration,
rendering growth zones difficult to interpret with transmitted light.
Also, scales are not flat, resulting in uneven light diffraction and
distortion of the image during microscopic examination.


Scale impressions in laminated plastic film usually avoid the above
mentioned problems so that age marks are more detectable.
Cellulose acetate plastics are avoided since they require heat or
chemicals to soften the surface for adequate scale impressions.
However, studies offish species with thick scales (e.g., striped bass)
may require the use of the heavier cellulose acetate plastic. Several
types oflaminated plastic film, consisting ofa thin, soft polyethylene
or surlyn layer over a thicker, harder vinyl or polyester substrate,
are simpler to use and produce consistent results for most species.
Representative compositions are as follows (Dery 1983):


The following are general descriptions of methods for preparation
of structures commonly used for age determination in the Fishery
Biology Investigation. Other techniques, such as staining, may be
used for special studies but are not presented in detail here.
Modifications of certain techniques for particular species are
described where appropriate. A complete list of equipment used,
with specifications and possible commercial suppliers, is given in
Appendix A..


MOst of the procedures currently in use for finfish were developed
in the early 1970's under the direction of Mr. Fred Nichy, then
head of the Age and Growth Unit. From 1970 to 1975, he con
ducted numerous experiments to enhance otolith growth patterns
by heating (e.g., burning, "deep frying" in hot oil) and baking
in toaster and microwave ovens. Baking otoliths proved to be best
for our purposes. His experiments with various plastics from 1972
to 1974 led to the use of laminated plastic for making scale im
pressions. Other experiments from 1972 to 1974 with low-speed
saws and different types of blades led to development ofprocedures
for thin-sectioning otoliths.


Otoliths


Otolith preparation for microscopic examination includes whole,
baked and broken, or thin cross-sectioned specimens. Species
specific methodology has been developed and is described more
fully in the individual species sections of the manual.


Whole otoliths are microscopically viewed individually in ethyl
alcohol or placed in depressions of black plastic trays. Embedding
in resin improves contrast and enhances detection ofgrowth zones
under reflected light. Whole otoliths of some species, such as the
short-lived butterfish(Peprilus triacanthus), are examined in ethyl
alconol in the unmounted condition, since they are thin enough for
detection of early annuli and prominent, widely spaced later annuli.
Pairs of otoliths from such species as Atlantic mackerel, Atlantic
herring, and alewives are positioned in circular depressions in black
molded plastic trays (Watson 1965) and embedded in Permount or
clear fiberglass resin (Fig. 3). Permount may in time react with
the molded plastic, producing air bubbles, "yellowing," or
crystallization. Application of a few drops of solvent (xylene) after
several months of storage removes air bubbles and stabilizes the
resin for permanent storage in a sealed bag. Fiberglass casting resin
will not adhere to molded plastic, but may be used with other
materials such as plexiglass (a high-density acrylic). Other resins
("Eukitt," used in Europe, and Canadian balsam) are either pro
hibitively expensive or difficult to procure.


Currently, only Atlantic cod (Gadus morhua) otoliths are baked,
a process that takes from 3 to 6 minutes in a scientific radiant heat
oven at about 275°C (525°F). Small otoliths tend to require more
baking than large otoliths, possibly as a result of their more rapid
growth and greater diffusion of protein. Properly baked otoliths


Any of the above laminated plastics produce impressions of scale
surface features, but those having a middle layer of saran and a
surface layer of polyethylene are generally superior.


Scale impressions have several advantages over the direct use
of scales. They may be viewed by either transmitt~ or reflected
light, and several scales may be impressed at thesiune time on one
slide allowing for the selection of scales with the clearest features.
The impressions are clean, even if the original scale used was not,
and are easily stored and handled. The image of the scale is also
flatter than the original scale and causes minimal depth-of-focus
problems at high magnification. Impressions are fairly easy to
prepare and simplify the handling of a large number of specimens.


Scale impressions are prepared by placing several scales,
sculptured side up, on a heavy base slide of I-mm thick (0.040 inch)
cellulose acetate plastic. A laminated plastic slide, with the soft side
down, is then placed over the scales (Fig. 1). Another heavy plastic
slide (0.65-1 mm thick) is placed on top of the laminated plastic
slide, and the whole "sandwich" of slides is rolled through a
jeweler's press (Fig. 2). The two heavy acetate slides aet as cuShions
to help eqUalize pressure over the thin and thick areas of the scales,
resulting in a more uniform impression. The scales are then removed
from the plastic slide and the resulting impression is stored in the
original specimen envelope. The impressing procedure must be done
in one smooth, continuous motion to avoid distortion of the finished
impression. The two rollers of the press must be carefully adjusted
to obtain a complete, clear impression. The upper roller of the press
is usually canted slightly for impressing ctenoid scales. This ap
plies slightly more pressure to the thin anterior edge of the scale.
Also, two laminated slides may be used to "sandwich" very small
scales, if it is difficult to distinguish between the sculptured and
smooth sides.


Surface Layer


0.032 mm
(0.0013 inch)
polyethylene


0.019 mm
(0.0008 inch)
surlyn


0.051 mm
(0.0020 inch)
surlyn


0.051 mm
(0.0020 inch)
polyethylene


0.051 mm
(0.0020 inch)
polyethylene


none


none


Middle Layer


0.002 mm
(0.0001 inch)
saran


0.002 mm
(0.0001 inch)
saran


0.018 mm
(0.0007 inch)
saran


Substrate


0.203 mm
(0.0080 inch)
semi-rigid polyester


0.203 mm
(0.0080 inch)
semi-rigid polyester


0.190 mm
(0.0075 inch)
polyvinyl chloride


0.190 mm
(0.0075 inch)
polyvinyl chloride


0.185 mm
(0.0073 inch)
vinyl chloride
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are a caramel color; a grey or ashy color is an indication of over
baking, which may cause the otolith to crumble when broken in
half at the nucleus. Visibility of the annuli is enhanced by baking,
since the hyaline zones turn brown in contrast to the white opaque
zones. Burned otoliths may fade with time, but baked otoliths
remain unchanged even after storage for several years.


Dry otoliths are thin-sectioned on an Isomet low-speed saw (Nichy
1977) using a pair of fine-grit diamond-impregnated blades separated
by a spacer approximating the desired thickness of the section (Fig.
4). Carborundum blades are an alternative, but they tend to break
quite easily. Sectioning is accomplished by mounting the otolith
on a small cardboard tag bearing crosslines that facilitate proper
alignment. Otoliths of most species are positioned to obtain a
transverse cross-section across the collum of the sulcus (Fig. 5).
A small piece ofdouble-sided tape covers the crosslines at the center
of the tag and secures the otolith in the proper alignment for sec
tioning. Some species have fragile otoliths and the sections break
easily. For these, a bed of molten wax is flooded onto the tag and
the otolith is positioned on the wax bed before it hardens completely.
The wax is heated in a double boiler or egg poacher, with glycerin
in the base, on an adjustable-temperature hot plate at approximate
ly 115°C. The otolith is then completely embedded in a mixture
of four parts molten paraffin wax, one part decolorizing carbon
(enough to just turn the wax black), and three parts calcium oxide
powder (enough bulk to prevent the wax from running and to pro
vide additional abrasive action during sectioning). Only a thin layer
of wax covering the otolith is required. After the wax has hard
ened, the tag is inserted in a custom-machined slotted holder on
the saw which aligns the otolith for cross-sectioning by the blades
(Fig. 6). The saw's micrometer adjustment may be used for fmal
alignment to produce a precision cut. Two 7.6-cm (3-inch) diatpeter
blades separated by a 6.35-cm (2.5-inch) plastic or metal spacer
are mounted on the saw unit to produce a thin-section with one cut.
Spacer thickness varies from 0.015 to 0.030 mm (0.006 to 0.012
inch) depending on the viewing requirements for age marks in the
section. The diameter of the spacer is· normally the same, or slightly
smaller, than the flanges supporting the two blades.


The saw is operated at maximum rpm (300) and the otolith is
gently lowered onto the spinning blades with their rims immersed
in a lubricating/cooling solution of 15 parts cold water to 1 part
clear, liquid dishwashing detergent. (If foaming is excessive, the
amount of detergent may be decreased.) The detergent solution also
washes away particles of wax from the blade surfaces. A balanc
ing weight is used on the saw arm that is light enough to keep sec
tioning time between 1 and 2 minutes. This also avoids warping
the blades. The automatic shut-off on the saw is adjusted to allow
the blades to just begin cutting through the double-stick tape, but
not into the tag itself. After completing a section, the tag is removed
from the slotted holder and bent along the cuts (Fig. 7). This ex
poses the section for removal and placement on a small square of
black construction paper. It is folded inside a protective piece of
paper, and returned to the specimen envelope with the cut otolith
remaining on the tag. Preparation and sectioning of an otolith
generally takes about 2 to 3 minutes.


Bivalves


Age determinations of surf clams are· made from thin sections of
chondrophores (Ropes and O'Brien 1979). For large surf clams,
a portion of the chondrophore is first excised using a pair of 25.4
cm (10 inch) diameter diamond-impregnated sawblades spaced 4
rom apart and mounted in a high-speed (1725 rpm) saw unit (Fig..
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8); those of small surf clams are excised using 10-13 cm (4-5 inch)
diameter blades and a low-speed (300 rpm) saw to minimize
breakage. The excised portion is broken away from the valve by
finger pressure. Accurate age determination depends upon careful
orientation of the valve during excision of the chondrophore so that
the excised portion contains the earliest formed portion of the valve,
termed the umbo (Fig. 9).


After minor polishing on carbide paper to flatten the surface and
remove saw marks, the excised portion is glued to a glass slide using
epoxy cement and thin-sectioned by a single blade on the low-speed
saw (Fig. 10). An acceptable section is about 0.25 mm thick and
takes less than 15 minutes to cut. Surf clams have a chondrophore
in each valve of a pair, so the second valve may be processed if
the first does not produce a suitable thin-section. Photographically
enlarged prints may also be obtained by using the section as a
negative in a photographic enlarger. At maximum lens aperture
opening of a photographic enlarger, a 5-second exposure of the im
age onto photographic paper usually produces a·suitable print.


Age determinations for ocean quahogs are made from acetate peels
(Ropes 1987). The left valve is used, since it has a singlepromi
nent tooth in the hinge containing anilUli which can be exposed by
sectioning. The valve is marked on the ventral margin at a point
from the posterior end equal to one-third of the valve length (Fig.
11). This orients sectioning through the umbo and parallel to the
broadest tooth surface. The valve is fastened to the adjustable arm
holder of an Isomet low-speed saw with its concave, inner
surface toward a diamond-impregnated sawblade. The valve is
oriented so that the cut is made from the ventral margin through
the middle of the tooth, or beside the posterior edge of the tooth
for small valves (Fig. 12). The anterior end of the valve is saved
for subsequent processing. The cut surfaces are immersed in full
strength household bleach. for removal of the periostracum.


.An epoxy resin with a colored pigment is used to support the
valves during subsequent polishing. The mixed epoxy is poured
into molds to a depth of about Ih cm and the sectioned valve is
lowered cut-surface-down into a mold (Fig. 13). After an overnight
hardening period, three successively finer grits (240, 400, and 600)
of carbide paper are used for grinding to expose the cut valve sur
face, followed by polishing with a vibrating lap machine, to obtain
a blemish-free high-gloss surface. Treatment with a 1%hydrochloric
acid ~olution for 1 minute etches the valve surface. Acetate peels
are then made by applying an acetate sheet (0.013 mm (0.005 inch)
thick) over the etched block surface after flooding it with acetone.
After a I-hour drying period, the acetate is peeled off and sand
wiched between glass slides for examination under a light compound
microscope.


Methods of examination _


Appendix B contains detailed information on equipment mentioned
in this section and possible commercial suppliers.


Scale impressions are viewed using microprojectors (Figs. 14 and
15) and microfiche readers (Fig. 16) with transmitted light at
magnifications of 20 X to 52 x , depending on the size of the scales.


Otoliths are examined under binocular stereomicroscopes with
a reflected light illuminator inclined at 45-60 degrees at magnifica
tions of lOx to 65x (Fig. 17). Under reflected light, winter
(hyaline) zones appear dark and summer (opaque) zones are white.
Polarizing ftlters may be used to reduce glare and enhance con
trast. Growth patterns of otoliths or sections are also enhanced by
applying wetting agents, such as Kodak Photo-Flo 200, alcohol,







glycerin, or clove oil. Whole, individual otoliths are placed in black
plastic or clear glass holders with a black base or background and
then immersed in the wetting agent for viewing. Embedded otoliths
are viewed in the trays with no additional preparation. Broken otolith
halves are either hand-held under the microscope or are temporarily
mounted in a piece of soft, black plasticene. Otolith thin-sections
may be placed on small squares ofblack construction paper for ex
amination. A wetting agent flooded onto the surface soaks into the
paper providing the necessary background contrast.


Thin-sectioned chondrophores from surf clams are examined
microscopically using transmitted light. The annuli are translucent
and in sharp contrast to opaque growth increments. Photographically
enlarged prints of the sections show annuli appearing as dark zones
alternating with white growth zones (the opposite of the image seen
under transmitted light).


Acetate peels of ocean quahogs are sandwiched between glass
slides for examination under a light compound microscope with
transmitted light. Annuli appear as dark lines curving down from
exit locations at the valve surface toward the umbo; growth in
crements, which are most evident in the early ontogeny of a
specimen, have a lightly textured, granular and homogeneous
appearance.


A TV camera monitor connected to a binocular stereomicroscope
or dual-viewing heads on binocular stereomicroscopes may be used
for viewing various age structures. Such systems are very useful
for training personnel and resolving age determination of difficult
specimens.


Interpretation and· conventions _


In temperate-zone waters, both fish and shellfish species exhibit
seasonal growth patterns indicative of age. Generally, growth is
fast during warm "summer" months, and slow during cold
"winter" months. One year of growth consists of one summer zone
plus one winter zone. The annulus is usually defined as the winter
zone. Summer and winter growth zones differ in appearance, thus
providing the basis for age determinations. Increase in length is
proportional to the growth of the age structure being used and is
a basis for empirical relationships.


By convention, a birthdate of 1 January is assigned for almost
all species in the Northern Hemisphere (exceptions to this rule are
given in the individual species descriptions). This means that a
winter growth zone forming on the edge of the age structure is
designated as an annulus on 1 January, even though the zone is
not complete.


Growth patterns on age structures and growth rates often vary
geographically. Growth is generally faster in more southemareas
and slower in more northern areas. Sedentary species tend to show
greater geographical variations than migratory species. Geographical
patterns are discussed in greater detail under the individual species
descriptions.


Certain areas on age structures are preferred for interpretation
because the annuli are more distinct or have fewer visible checks.
The best area is dependent on the species being examined. Re
generated scales (Fig. 18) or crystallized otoliths (Fig. 19) cannot
be used for age determination.


Problems in age determination occur because of deviations in
growth. These may result from checks or split annuli occurring in
the age structure. Such accessory zones must be recognized as
anomalies when assigning an age to a specimen. A knowledge of
typical growth patterns helps in distinguishing checks from annuli.


10


Checks tend to be discontinuous, weak or diffuse, and inconsistent
with the general growth pattern of true annular zones.


Checks most often occur during periods of rapid growth and are
especially common at younger ages. Some may be due to changes
in food habits (e.g., a "settling check" forms when some young
fish settle to the bottom and begin feeding). Maturation, migration,
summer aestivation, or spawning may also cause checks. Some
species exhibit distinctive checks typical for certain geographical
locations.


Another .common problem occurs because of atypical edge
growth. For a specimen showing winter edge type in August, a
determination must be made as to whether summer growth is
retarded (in which case the winter edge zone would be counted as
an annulus) or winter growth is advanced (in which case the zone
would not be counted), or a check is being formed.


A major problem in assigning age is the determination of the first
annulus. Knowledge of the geographic spawning times of a given
species helps in determining if the first annulus is expected to be
very small. Such annuli consist of minimal growth around the
nucleus of an otolith or focus of a scale. For other fish, the first
winter zone is expected to be some distance from the nucleus or
focus.


Whenever possible, each specimen is examined independently
by two age readers, to prevent long-term deviations in results. In
general, percent agreement between the two readings has been main
tained at better than 85 %and exceeds 90%for many species. Com
parisons of summaries of age-length data from one season to the
next also help maintain consistency in a~e determinations.
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Figure 1
Scales arranged on a base of heavy plastic,
sculplured·side.up, and a slide of laminated
plastic, soft·side.down, placed over the scales.
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Figure 2
Scales "sandwiched" between plastic
slides are pllSsed through a jeweler's
press.


Figore 3
Tray of embedded Atlantic mackerel otoliths.


11







Figure 4
OtoUth being sectioned on lID J$omet low-speed saw.


Figure 5
Sketch of an otolith and er0s8-seetion from a
demersal species with descriptive terms and
direction ofcut (dashed line) for removing a thin
section. Proximal side of the whole otolith, with
saleus acustieus and collum, is shown.


Figut¢ 6
Close-up view ofan otolith mounted in the chuck 01 the low-speed saW being see


tloned by two diamond blades.
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Figure 7
Tag bent open to revealthe fhIn.sectioII. A prmtedeoln envelope used for specimen


storage Is In the baekground.


Figure 10
Excised cbondrophore portion being thIn-sectloned by a single blade on a low


speed saw.
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Figure 12
Close-up view of left valve of an ocean quahog fastened to the adjustable arm


of a saw unit and oriented with the tooth beside the diamond blade.


Figure 11
Internal valve features and direction of cut (dashed line) requlred to completely


section the left valve of an ocean qUllbog.
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FigureS
Hlgh-speed saw excising a portion of a dlOndropbore from a large surf clam.


Figure 9
Internal valve features and direction of cuts (dashed line) required to excise the


chondrophore from a surf clam.
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Figure 13
Ocean quahog· valves embedded In epoxy molds.


Figure 14
Mlcroprojector (contllur bench projector) used for viewing


scale lmpressious. >


Figure 16
Microfiche reader used for viewing
scale impressions.


Figure 15
Older type of microprojectllr used for viewing scale impressions.
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Figure 17
Binocular microscope used for viewing thin-sections.


Figure 18
Regenerated "SClIle from a haddock.


Figure 19
Crystallized AtIIlntic cod otolith broken In IllIIf at the nucleus.
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Figure 20
Sketch of a pair of otoliths from a pelagic species with descriptive terms. Distal side of the otoliths is shown.
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Atlantic herring
Clupea harengus
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The Atlantic herring is a pelagic schooling clupeid ranging in the
Northwest Atlantic from Greenland and Labrador south to Cape
Hatteras (Bigelow and Schroeder 1953). In U.S. waters herring
attain an overall maximum length and age of about 35 cm TL (14
inches) and 15 years, respectively (Anthony 1972). Male and female
herring grow at about the same rate and become sexually mature
by age 4 or 5.


Herring stock structure and migration patterns remain poorly
understood (Anthony and Waring 1980, Graham et al. 1984, Sinclair
and Des 1985). Off the U.S. coast, large feeding and prespawning
concentrations have been observed from May through August along
the fringes ofGeorges Bank (prior to the late 70's) and off southwest
Nova Scotia (Sinclair and lIes 1985). Spawning occurs between
August and October from Nantucket Shoals and Jeffreys Ledge
northward to coastal Maine (Anthony and Waring 1980, Graham
et al. 1984, Sinclair and Des 1985). In November, herring migrate
to overwintering areas from the New York Bight to Cape Hatteras
(Anthony and Waring 1980, Sinclair and Des 1985).


Scales were originally used to determine the age ofherring. Dur
ing the 1960's, however, many researchers began using otoliths
routinely due to problems with scale loss during handling (Hunt
et al. 1973) and difficulty with interpretation ofherring scales from
waters south of Cape Breton (Huntsman 1919, Lea 1919, Intema
tional Passamaquoddy Fisheries Board 1960). Otolith nucleii have
been found to be quite useful in discriminating between races that
spawn at different times during the year (spring vs. autumn spawn
ers) (Einarsson 1951).


Although use of otoliths to age young herring from the Gulf of
Maine was validated by Watson (1964), difficulties with the age
ing of older fish persisted through the mid 1970's, with poor levels
of age 'agreement between scales and otoliths (Messieh and Tibbo
1970), and between otolith age readings by different age readers
(e.g., Parsons and Winters 1972). More recently, however, im
provements in techniques, informal otolith exchanges, documen
tation ofanomalous zones on otoliths (Dery and Chenoweth 1979)
and indirect validation through the tracking of prominent year
classes through the fishery have resulted in substantial improve
ment in the accuracy and consistency of age interpretations.


Herring otoliths have been prepared for ageing in several ways.
Otoliths have been stored in small vials prior to examination (Lissner
1925); or an adhesive, such as ethylene dichloride, has been used
to bond each pair at the bottom of small depressions in black plastic
trays (Watson 1965). Otoliths were then covered by distilled water
or ethyl alcohol for examination. Another method, currently pre
ferred by most age readers, is to embed the otoliths in a plastic
resin after the method of Raitt (1961). At the Woods Hole Labora
tory, herring otoliths are embedded in Permount resin (distal otolith
surface up) on black molded plastic trays, and viewed under reflected
light at a magnification of 15-20x. Since hyaline zones are not
strongly developed on herring otoliths, the use of a plastic resin
affords a much higher level of opaque/hyaline zone contrast than
is possible by simple immersion in ethyl alcohol. It is especially
useful in interpreting the outer zones on the otoliths close to the
margin, which may be thin, split, or poorly defined. Difficulty with
interpretation of the otolith margin was cited by Messieh and Tibbo
(1970) as a major impediment to the use of otoliths for ageing Atlan
tic herring. At that time, most researchers used ethyl alcohol rather
than plastic resin as a viewing medium (Hunt et a1. 1973).


Herring otoliths from the Georges Bank and GulfofMaine region
exhibit a prominent hyaline core area immediately surrounding the
nucleus, the outer edge of which is interpreted as the first annulus







if hyaline zones are counted as annuli (Hunt et al. 1973) (Fig. 1).
This zone is typically overgrown with calcium on the otoliths of
older fish. Backcalculation results in an average fish size of 4-5
cm when this zone is completely formed (Dery, unpub. data).
Bigelow and Schroeder (1953) and Boyar et al. (1973) found that
herring in this size range occur in the Gulf of Maine during the
spring months. Therefore, the hyaline core area is formed over a
period of approximately 6 months, assuming that herring are
spawned during the early autumn months. Few, if any, otoliths of
herring from the Gulf of Maine or Georges Bank exhibit a tiny
hyaline core area surrounded by opaque material that would indicate
that they were spring-spawned fish. Scattergood (1952) and Bigelow
and Schroeder (1953) reported no evidence of spring spawners in
the Gulf of Maine area in the early 1950's; subsequent reports and
observations tend to support the continuance of this pattern (Wat
son 1964, Anthony and Waring 1980, Kornfield et al. 1982).


The hyaline annulus on the otoliths of age-2 fish and older general
ly begins to form in October and is completed by the following
March or April (Messieh 1974, Dery and Chenoweth 1979) (Fig.
2). However, opaque edge may persist on otoliths of age-5 fish or _
older in the late autumn months (Fig. 3) and may resume later in
the spring relative to younger fish (Fig. 4). By convention, a birth
date of 1 January is used; the hyaline zone forming on the edge
of the otolith is interpreted as an annulus whether or not it is com
plete. Time ofannulus formation can vary in some years, however.
The formation of opaque edge during winter has been characteristic
of several year-classes (Dery and Chenoweth 1979). Checks can
also cause confusion with edge interpretation. Therefore, correct
evaluation of the type of edge formed on the otolith, and its mean
ing in terms of the growth of the fish, is an important aspect of
herring age interpretation.


False annuli, formed during the first summer of the first full year
of growth, are typical anomalies encountered on herring otoliths
and may be especially characteristic ofparticular year-elasses. Nor
mally, false annuli are weak or incompletely formed hyaline zones,
and because of their proximity to the nucleus, are not readily con
fused with the second annulus (Fig. 5). However, false annuli may
occasionally appear as strong, continuous zones often associated
with a wide summer growth increment (Fig. 1). These zones can
be readily confused with annuli, and therefore the resulting age in
terpretation should be compared with that of fish of similar sizes.


The second annulus, which is sometimes a split, diffuse zone
(Figs. 6 and 7) tends to be somewhat overgrown with calcium on
otoliths of older fish, especially on the rostrum (Figs. 3 and 4).
Subsequent to the second annulus, checks are normally formed dur
ing the second, third, and fourth summers corresponding to the
prespawning period. These checks are especially prominent on the
posterior and lateral part of the otoliths and are weak or not evi
dent on the rostrum (Figs. 2, 4, and 8). Therefore, the rostrum
is very useful in discriminating between checks and annuli.


The rostrum is also critical for an accurate identification of the
fifth and subsequent annuli. With increasing age, herring otoliths
accrete relatively little calcium on the posterior edge, although ade
quate deposition for annulus formation continues on the rostrum,
which is the longest axil! of the otolith (Fig. 9). Therefore, older
herring otoliths may exhibit fewer annuli on the posterior edge
relative to the rostrum; or annuli may be so closely spaced on this
part of the otolith that it is difficult to distinguish them (Fig. 10).
Occasionally, clustering ofannuli on the posterior edge may result
in underinterpretation of age relative to the rostrum (Fig. 11).


Annuli on the rostrum, however, are sometimes split into two
(rarely more) hyaline zones (Fig. 12). Overinterpretation of age
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can be avoided by tracing each zone around the ventral edge of
the rostrum. On this part of the otolith, the split zones reliably
resolve into annuli. The second, third, and fourth annuli, however,
must be carefully traced from the posterior edge of the otolith up
to the rostrum, because the overgrowth of calcium on the rostrum
may obscure these rings.


Growth patterns and/or morphology of herring otoliths do not
appear to vary substantially in the Gulf ofMaine area south to Cape
Hatteras, except that adult herring otoliths from Georges Bank and
south ofCape Cod exhibit somewhat more complex patterns. This
greater complexity involves split, diffuse and somewhat less
coherent annular zones and more prominent checks.


In summary, although current methodology has made the age
determination of Atlantic herring relatively routine and reliable,
misinterpretations can occur because ofthe formation of false annuli,
checks, and split zones. Older herring otoliths should be interpreted
with caution, using the rostrum and not the posterior edge of the
otolith.
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Figure 1
Whole embedded otolith ofa 22-cm age-3 Atlantic herring
collected In April showing a prominent firSt annulus and


false annulus.
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Figure 2
Whole embedded otolith ofa 32-cm age-6 Atlantic herring
collected In February showing hyaline edge. Second,
third, and fourth annuli are weak on the rostrum; promi
nent checks on the postrostrum are difficult to distinguish


from annuli.


\


Figure 3
Whole embedded otolith of a 33-em age 7+ Atlantic
herring collected In October and showinghyaline edge.


Annuli 2-5 are weak on the rostrum.







Figure 4
Whole embedded otoUth ofa 3O-an age-5 Atlantic herring
collected in July and showing hyuline tt} narrow opaque
edge. Strong checks are evident between the third and


fourth, and fourth and fifth, annuli.


Figure 5
Whole embedded otolith ofa 23-an age-3 Atlantic herring
collected in April showing a weak faIse aanulus and large


second annulus.
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Figure 6
Whole embedded otolith ora 2kmage-3Atlanllc herring
collec~in April showing a split second annulus.


Figure 7
Whole embedded otolith of a 16-cm age 1+ Atlantic
herring collected in September showing a split second


annulus.







Figure 8
Whole embedded otolith of a 31-cm age· 5+ Atlantic
herring collected in October showing a weak check


between the second and third annuli.


Figure 9
Whole embedded otolith of a 36-cm age-ll Atlantic
herring collected in March showing clear annuli on the


rostrum.
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Figure 10
Whole embedded otolith ofa 34-cm age-9 Atlantic herring
collected in February. Weak second and third annuli on


the rostrum; annuli compacted on tbe postrostrum.


Figure 11
Whole embedded otolith of a J4.cm age-9 Atlantic herring
collected in February showing nine annuli on the rostrum
while only seven annuli are evident on the postrostrum.







Figure 12
Wllole embedded otolith ofa 34-em age-9 Atlantic herring
conected In February showing split annuli on the rostrum


snd postrostrnm.
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The haddock is a demersal gadoid found on both sides of the North
Atlantic; in the Northwest Atlantic, they occur from West Greenland
to Cape Hatteras, and are most common in water temperatures of
2-100 C (36-50°F) and at depths of 45-135 m (Bigelow and
Schroeder 1953). In U.S. waters, two stocks from the Gulfof Maine
and on Georges Bank have been recognized (Clark et al. 1982).
Although Georges Bank haddock are relatively sedentary, seasonal
coastal migrations are known to occur in the western GulfofMaine.


Growth rates for males and females are similar. Haddock become
sexually mature at, age 2 or 3, with individual females producing
up to 3 million eggs. Spawning occurs from January through June,
with peak activity in late March and April. A maximum age of 18
years has been documented' for Georges Bank, although fish greater
than 9 years of age are uncommon. Haddock attain lengths of75-80
em (30-32 inches) and weights to 5 kg (11 pounds).


Scales have been used for age determinations for haddock taken
off North America since the early 1900's. ,Kohler and Clark (1958)
compared age determinations based on scales and otoliths and
reported no significant differences up to about 7 years; but
thereafter, scale readings were consistently lower than otolith
readings. Jensen and Wise (1962) subsequently validated the use
of scales for haddock, particularly during their first 5 years of life.
Scales are currently used at the Woods Hole Laboratory, because
they are easier to work with, but age determinations can be readily
made from both scales and otoliths over the range of ages normal
ly present.


Scales are removed from the lateral line region anterior to the
caudal peduncle for dry storage. About 5 or 6 scales from each
fish are impressed on a laminated plastic slide by a roller press and
viewed on a microprojector using transmitted light at a magnifica
tion of about 40x. Regenerated scales are discarded.


The scales are cycloid, oval or elliptical in shape, with no radii
or transverse grooves (Figs. 1and 2). The oliter surface is sculptured
with concentric rings of circllli, comprised of individual platelets,
but the inner surface is smooth. The focus is generally anterior to
the center of the scale, and growth zones are most clearly defmed
on the posterior portion of the scale. Generally, a pie-shaped sec
tor. from the longest portion of the scale, starting' at the focus and
extending to 15° on either side of the center of the posterior edge,
is the area preferred for age determination. The spacing of circuli
and shape of the platelets indicate periods of rapid and slow growth.
Rapid summer-type growth is characterized by circuli which are
spaced relatively far apart and are composed ofplatelets with curved
edges. Slow winter-type growth is characterized by closely spaced
circuli which are composed of platelets with straight edges (Fig. 3).


The annulus is defined as a zone of close winter circuli marking
the end of a year of growth, Le., the winter growth zone. Jensen
and Wise (1962) report the following characteristics: 1) the annulus
is concentric with the margin of the scale; 2) it can be traced, by
careful scrutiny if necessary, entirely around the scale; 3) it is clearly
separated from other such zones and does not ordinarily meet them
at any point; and 4) if present, it is onall the normal scales of an
individual.


By convention, a 1January birthdate is used; therefore, a winter
growth zone forming on the edge of the scale is designated as an
annulus on 1 January, even though the zone is not complete.


Summer-type edge generally forms during May-July (Fig. 4),
with winter-type growth predominating during August-April (Figs.
5, 6, 7, 8). Older fish begin forming summer-type edge growth
later than younger fish and start'winter-type growth earlier.







A major pattern feature in the differentiation of an annulus is the
number of circuli per unit area. The number increases during slow
winter growth and decreases during rapid summer growth. Measure
ment of the distance between circuli shows relatively wide inter
spaces during rapid summer growth, and as the interspace decreases,
compaction of the circuli forms the broad, dark-appearing rings
that represent the period of slow winter growth (Fig. 5). The end
of an annulus (i.e., the last true winter circulus in the winter growth
zone) is generally followed by a rapid transition from narrow to
widening inierspaces, signifying the start of the next period of rapid
summer growth. This usually occurs in the spring of the year, but
can vary in different geographical areas. Number ofcirculi per unit
area and circuli interspaces are useful in determining the first few
annuli, but after the fifth or sixth annulus, there is a gradual reduc
tion in the number of the circuli formed during a year's growth.
This diminishes the usefulness of these two methods.


Changes in the shape of the individual platelets forming the cir
culi are also useful in recognizing an annulus, especially after the
fifth or sixth year. The outline of platelets formed during summer
growth are frequently curved or crescent-shaped, while winter
platelets tend to be straight. Scanning electron microscopy (SEM)
reveals this to be caused by greater protrusion of the summer
platelets from the basal plate. They also have a rounded upper edge,
while winter platelets have a relatively straight upper edge (Fig. 3).


Checks may be distinguished from annuli by relative width, loca
tion, and platelet shape (true winter platelets may not be formed)
(Figs. 2,4,6, 9). Although checks generally begin abruptly, annuli
usually have a transition zone showing a relative decreasing of the
interspace between circuli before the true winter zone is reached
(Figs. 4 and 6). Absence of a rapid transition to summer growth
after the check may also help to distinguish it from an annulus (Fig.
9). Checks may also be distinguished by following them around
towards the sides of the scale to determine if they merge with an
annulus to form one zone. Checks may be stronger on some scales
and weaker, or even absent, on others, while annuli are present
on all scales from a particular fish. This is one reason why several
scales are examined from each fish in orderto verify the assigned
age. It is sometimes necessary to make two or three impressions,
of 5 or 6 scales each, before a clear "composite" picture of the
fish's growth can be determined.


Spacing of the annuli relative to each other and to the focus of
the scale may be used to differentiate between annuli and checks.
For example, if two winter growth zones are found relatively close
together on a scale from a younger fish, but all the other winter
zones on the scale are relatively far apart, then one of the two close
zones will probably be a check and not an annulus. This type of
annulus construction (i.e., two close zones) is generally described
as a split annulus due to difficulty in differentiating between the
check and the annulus (Figs. 2, 4, 7, 8). On scales from older fish,
annuli formed after the fifth or sixth year are expected to be fairly
close together (Figs. 5, 9, 10).


Characteristic patterns based on geographic origin are useful for
identifying annuli. Fish from Georges Bank often have a character
istic cl,1eck, called a false annulus, before the first annulus. This
may be distinguished from a true annulus by the number of circuli
contained between the focus of the scale and the end of the false
annulus (generally 10-16 circuli) (Figs. 2, 4, 8). These fish also
grow more rapidly during their first and second years than do fish
from other areas, so that larger first and second annuli are expected
on these scales compared with scales from Gulf ofMaine or Browns
Bank fish. Georges Bank haddock scales also show more distinctly
formed annuli than do fish from the Gulf of Maine, which often
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exhibit annuli lacking winter platelets with straight edges (Figs. 1
and 2). This presents some difficulty in ageing Gulf of Maine fish
as oftl:n only circuli spacing and relative annuli spacing can be used
as age determination criteria. Moving back from the microprojec
tor screen for a better perspective of the overall pattern of growth
often permits an easier age interpretation.


Rapid first, second, and third-year growth followed by gradual
ly slower growth in later years by Georges Bank haddock is in con
trast to Browns Bank fish (Schuck and Arnold 1951, Wise 1957).
They exhibit comparatively slow growth during the first three years,
followed by more rapid growth in the fourth, fifth and sixth years,
and then a gradual slow down in growth in subsequent years (Figs.
10 and 11).


Recognition of checks caused by damage or injury to haddock
is a problem in ageing fish from all areas. In these cases, the scale
is physically shifted in the scale pocket, resulting in subsequent cir
culi that are not quite in line with previous circuli,"lost" circuli,
and irregular spaces (Fig. 7). Circuli in the damaged area may disap
pear when an attempt is made to trace them around the scale. These
marks on the scale correspond to the area of regeneration after the
scale was lost. The effect is similar to that known as "cutting over,"
caused by erosion of the scale edge, which is commonly seen with
flounder and certain other species' scales.


The relative location ofannuli is the most reliable general criterion
for discriminating between checks and annuli for haddock scales.
An initial procedure that is useful during scale examinations is to
mentally superimpose a regular growth pattern, based on prior
knowledge of typical patterns for the geographic origin of the fish.
Any zone not fitting the pattern is closely scrutinized to determine
if it is a check.


On occasion, particular year-classes may exhibit peculiar growth
characteristics which assist in determining age. The 1960 year-class
on Georges Bank exhibited very regular growth patterns with no
checks (Fig. 5). Other year-classes may form a certain split an
nulus, or a strong check between two particular annuli, or perhaps
two close annuli. Such characteristic growth patterns may be very
useful in assigning the most probable age, particularly for difficult
specimens.
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Figure 1
Scale Impression of a 41.-cm age-3 haddock coUected in
January from the Gulf of Maine showing the poorly dif


ferentiated annuli typical for this area.
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Figure 2
Scale impressIon of a 47.-cm age-3 haddock coUected in January
from Georges Bank showing a checky first year (with a false


annulus) and a spllt second annulus.







Figure 3
SEM photograph of an actual haddock scale showing summer platelets with curved edges and winter platelets with straight edges.
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Figure 4
Scale impression ofa52-em age-4 baddock coUected in June from Georges Bank
sbowing a false aonulus, a split second annulus, and a strong check before tbe


fourth annulus, witb summer edge forming.


Figure S
Scale impression ofa 74-cm age...4 haddock coUected in April from Georges Bank
showing a "textbook" pattern of extremely regular annuli formed by alternating


zones of rapid summer and slow winter growth.


Figure 6
Scale impression of a 64-em age-4 haddock col
lected in JanUllrY from .Georges Bank showing
very cheeky first and second years, with winter
edge forming.
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Figure 7
Scale impression ofa 6lkm age-6(5) haddock collected in FebrUary from Georges
Bank showing a split second annnlus, a check (caused by damage or injury to
the fish) between the third and fourth annuli, and a weak fifth annnlus, with


the sixth annulus forming on the edge.


Figure 8
Scale impression of a 64-cm age-5 haddock collected in February from Georges
Bank shOWing a false annnlus, split second annnlus, weak third annnlus, split


fourth annulus, with the fifth annulus forming on the edge.
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Figure 9
Scale Impression of a 68-em age-tO haddock collected in February from Georges
Bank showing a check after the first annulus and close third and fourth annuli.


Figure 10
Scale Impression of a 66-cm age-12 haddock collected in ,January from Browns
Bank. showing the close first, second, and third annuli typical for this area.


Figure 11
Scale Impression of a 54-cm age-7 haddock col
lected in February from Browns Bank showing
the close first, secoud, and third annuli typical
for this area.
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The Atlantic cod is a cold-temperate, demersal gadoid distributed
in the Northwest Atlantic from Greenland to North Carolina; com
mercially important concentrations occur southward from Greenland
to Cape Cod. Wise (1963) proposed the existence of four separate
groups of cod in the New England area: Gulf of Maine, Georges
Bank, Southern New England, and Mid-Atlantic coastal cod. The
latter group spends the summer in Southern New England. Age
data from the Southern New England and Mid-Atlantic groups are
usually combined because of the difficulties experienced in
separating cod from the two groups collected during the autumn
(Penttila and Gifford 1976). They migrate towards the south and
west (shoaler waters) in winter and early spring and towards the
north and east (deeper waters) in late spring and summer (Schroeder
1930, Wise 1963). Growth rates for males and females are similar
and sexual maturity is typically attained at age 2 or 3. Spawning
occurs from December through April. Maximum age is in excess
of 20 years, and a record size of a 96 kg (211 pounds) fish >180
cm in length is reported (Bigelow and Schroeder 1953). Cod com
monly attain lengths of 120-130 em, and 12-15 year old fish are
often landed.


Early studies depended on scales for age determination, but
Schroeder (1930) concluded that they were not reliable for in
dividualsolder than 6 or 7 years. Studies at the Woods Hole
Laboratory during the early 1970's confirmed that scales are not
generally reliable even for younger specimens, and, accordingly,
age determinations for Atlantic cod are based on otoliths. An im
proved method of otolith preparation involves baking to produce
brown hyaline zones in contrast to white opaque zones. This
enhances visibility of the annuli during examination with reflected
light. Otolith thin-sections may also be prepared, but require much
more time than baking and do not appreciably improve the distinc
tion ofannuli. Ageing criteria and techniques based on baking have
been informally validated by comparing cod length frequencies from
1969-74 research vessel surveys with corresponding age-length fre
quencies. Jensen (1970) validated the use of otoliths for Gulf of
Maine cod,and Kohler (1964) validated otoliths for western Gulf
of St. Lawrence cod.


Otoliths are stored dry, and one otolith from each fish is baked
at 275°C (525°F) for 3-6 minutes, or until it turns a caramel brown
color. Smaller otoliths require a longer baking time than do larger
otoliths, perhaps because their hyaline zones are not so well defined.
The otolith is then broken in half at the nucleus and examined under
a binocular microscope at a magnification of about 15 x using
reflected light. Wetting the broken surface of the otolith with un
diluted Kodak Photo-Flo 200 solution enhances visibility of the
rings. Rings formed during periods of slow winter-type growth
appear as brown, hyaline zones, while growth increments formed


.during periods of rapid summer-type growth appear as white, opaque
zones. Shifted or crystallized otoliths should not be aged (Fig. I).


The annulus is defined as a hyaline zone marking the end of a
year of growth, Le., the winter growth zone. It has the following
characteristics (following Jensen and Wise 1962): 1) it is concen
tric with the margin of the otolith; 2) it can be traced entirely around
the otolith; and 3) it is separated from other such zones and does
not ordinarily meet them at any point~ Age determinations for cod
are usually made by counting from the nucleus out to the distal edge
of the otolith. On older specimens, the dorsal end of the otolith
may be best for distinguishing annuli close to the edge. Also, the
proximal edge on either side of the sulcus groove often displays
clear annuli.







By convention, the birthday of all fish in the northern hemisphere
is 1 January, therefore, a winter hyaline zone forming on the edge
of the otolith is counted as an annulus on 1 January, even though
the zone is not complete. Opaque edge material generally forms
on the otolith during the late spring, summer, and early fall (Fig.
2); hyaline edge forms during the late fall, winter, and early spring
(Fig. 3). Older fish begin depositing opaque edge material later than
younger fish, and the hyaline edge also tends to form earlier.


A check may be distinguished by its width and location relative
to true annuli. If two hyaline zones are found relatively close
together, but all the other hyaline winter zones on the otolith are
relatively far apart, one of these zones is considered a check, or
the annulus is termed split (Fig. 4). For a split annulus, it is often
difficult to determine which zone is the check, Checks and splits
may also be distinguished by following them around the otolith to
the proximal side near the nucleus to determine if they merge
to form one annular zone. On otoliths from older fish, annuli formed
after the fifth or sixth year are often split and these annuli are ex
pected to be fairly close together (Figs. 2, 3, 5, 6, 7, 8).


General patterns based on the geographic origin of the fish may
also be used as an aid in identifying annuli. Fish from Georges Bank
grow more rapidly than do fish from other areas and tend to have
more checks on their otoliths. They generally have a large, cheeky
first year with the first annulus situated a good distance out from
the nucleus, and may often show a strong check before the second
annulus (Figs. 3 and 5). The second annulus is generally the
strongest (I.e., the darkest or widest hyaline zone) on the otolith
(Fig. 9). Annual growth increments are usually largest during the
first and second years but good growth still occurs through the third
year, followed by a gradual decrease in growth thereafter (Figs.
6 and 7).


Cod from Southern New England show a small first-year growth
increment and rapid growth in the second year, followed by a
gradual decrease in growth in subsequent years (Fig. 10). Their
growth rate is slower than that of Georges Bank fish for the first
two years, but after the third year, growth is comparable (Penttila
and Gifford 1976).


Fish from the Gulf of Maine have a slower growth rate and a
fairly small first-year annulus. Comparatively good growth in the
second year is followed by a decrease thereafter (Figs. 2, 8,
11).


Browns Bank and Scotian Shelf cod exhibit the slowest growth
of any of the areas. Browns Bank cod otoliths often exhibit a growth
pattern characteristic of the area with comparatively slow growth
during the first three years, followed by better growth in the fourth
through sixth years, and then a gradual decrease in subsequent years
(Fig. 12).


A major problem in age determinations of cod is distingl.lishing
between the settling check and the first annulus. The settling check
is usually a thin, single, or split hyaline zone immediately surround
ing an amorphous, translucent nucleus. This check tends to be more
nearly circular in shape than annuli, and a definite opaque summer.
zone found inside the first hyaline annulus is not apparent inside
a settling check (Figs. 5, 7, 8).


Difficulties may arise in finding the first annulus on otoliths that
have not been broken precisely at the collum of the sulcus. Inability
to find the settling check or the appearance of an abnormally small
or irregularly shaped first annulus usually indicates that the otolith
was not properly broken at the nucleus and that the remaining stored
otolith for the fish should be processed. Figure 13 shows serial sec
tions cut from a single cod otolith, from the anterior to the posterior
area of the first annulus. This figure illustrates the change in
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Figure 1
Otolltb section cut from a typical sblfted otolltb of an
88-cm, age?? cod collected In July from Georges Bank.


appearance and shape of the settling check and first annulus accord
ing to how far off the collum the break or cut is made.
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Figure 2
Baked otolith half from a 79-em age4 cod collected in
September from the Gulf of Maine showing split second


and fourth annuli, with opaque edge still forming.


Figure 3
Otolith section from a S9-em age4 cod collected in the
spring from Georges Bank showing a checky first annulus


with hyaline edge slill forming.
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Figure 4
Baked otolith half from an 87-em age-S cod collected in
January from Georges Bank showing a split warth


annulus.


Figure 5
Baked otoUth half from a 7Ckm age-S cod collected in March from
Georges Bank showing a strong settling check, large and checky
fJrst annulus, and a strong check before the second annulus.







Figure 6 ..
Baked otolith half I't0llla 12~.emagll-7 cod col~


lected In July from Geoq;es Bank shOwing a spilt
third annulus.


Figure 7
Baked otolith half from a J07-cm age-9 cod collected In August


from Georges Bank shOwing II clear settling check.
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Figure 8
Baked otolith half from a !Hk:m age-7 cod collected
in September from the Gulf of Maine showing a


strong settling check and a split third annulus.


Figure 9
Otolith section from an lllkm age-6(5) cod collected In
the spring from Georges Bank showing a strong second
annulus and a possible weak fifth annulus (1) close to the


sixth annulus forming on the edge.







Figure 10
Otolith section from a 69-cm age-4 cod collected in the
spring showing the small first annulus typical ofSouthern


New England cod;


Figure 11
Ototith section from a 13lkm age-14? cod collected in
the spring from the GulfofMaine shOWing the small first


annulus typical for this area.


Figure 12
Ototith section from a 97-em age-7 cod collected in the
spring from Browns Bank showing the close first, second,


and third annuli typical of this area.
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D F


Figure 13
Series of sections cut from a single cod otolith (84-tm age-S cod collected in the spring from Southern New England), from the anterior


(13A) to the posterior (13F) oHhe f"rrstannulus. Section cut at the center of the nucleus is 13C.
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Pollock is an amphiboreal gadoid found on both sides of the North
Atlantic. In the western North Atlantic it ranges from Labrador to
Cape Hatteras, but is most abundant on the southwestern Scotian
Shelf and in the Gulf of Maine. Pollock are highly migratory and
extensive movements have been documented (Steele 1963). Stock
structure has not been elucidated in the Northwest Atlantic.


Pollock spawn in winter; most individuals attain sexual maturity
in 3 or 4 years, although some pollock may not mature before age
6 or so. Pollock are comparatively long-lived, attaining a maximum
age of 23 years. They may reachJengths of 110 em (43 inches)
and weights of 16 kg (35 pounds). No significant differences have
been observed in growth rates between sexes (Bigelow and
Schroeder 1953, Hoberman and Jensen 1962, Steele 1963, Clarket
al. 1978).


Scales and otoliths have been used for age determinations· of
pollock, but otoliths are preferred for older individuals because of
the difficulty in distinguishing outer annuli on scales. Otoliths are
stored dry.


Otolith processing involves making transverse thin-sections of
from 0.17 mm to 0.28 mm in thickness cut exactly at the nucleus
along the dorsoventral axis. For large otoliths (taken from in
dividuals greater than 75 em in length), it is preferable to produce
a O.17-mm thick section. Section thickness from otoliths of smaller
fish is not as crucial.


Age determinations are made by placing the section on a square
of black paper and applying Kodak Photo-Flo 200 solution to the
surface, allowing for some spillage onto the paper. It is then viewed
under a binocular microscope at 20 to 30 x magnification using
reflected light.


Annual zones on a pollock section are composed ofa white opaque
zone representing fast summer growth and a dark hyaline zone
representing slow winter growth..The annulus is defmed as the
hyaline zone marking the end of a year of growth, Le., the winter
growth zone. These zones are easily distinguished in fish up to 6-8
years of age. Deposition of hyaline material begins as early as
October in some fish and is clearly evident in almost all specimens
collected by December and January (Fig. 1). Opaque material may
be deposited as early as December, but is typically found May
September (Steele 1963) (Fig. 2).


By convention, a 1January birthdate is used; therefore, a hyaline
zone forming on the edge of the otolith is counted as an annulus
on 1 January, even though the zone is not complete.


Age determinations are usually made by counting hyaline rings
from the center to the edge. The first annulus is rarely located close
to the nucleus. Spacing between the opaque and hyaline rings is
important in locating a settling check. This settling check consists
ofa series of light hyaline lines more widely spaced than the hyaline
lines comprising a true first annulus. The overall shape of the set
tling check is more elliptical and has fewer, if any, undulations than
the true first annulus. The settling check in some otoliths encircles
a dark area, but for others, it is barely visible. An opaque space
usually marks its location (Figs. 2 and 3).


Age determinations inay be made on several areas of the otolith.
The proximal side near the nucleus is optimal for an initial reading
and the side closer to the dorsal end sometimes is easier to read
because the annuli tend to be more spread out in this region. Rings
are also well defined on the dorsal end, but an age reader should
carefully follow the rings around to the distal and proximal sides
to insure that no splitting has occurred. For older fish, the dorsal
end can be very helpful, particularly when searching for the most
recently formed annulus. Older specimens taken in summer (July-







September) can be particularly difficult, because for most fish little
opaque summer growth is visible. The dorsal end generally
magnifies the size of the annuli, a condition that clarifies differen
tiation. Another consideration when viewing the edge is the angle
or bevel of the otolith surface. Occasionally, the section may have
been cut through an area of the otolith which had a particularly
rough surface. The result can be an optical illusion of a hyaline
edge when in reality the age reader is looking at an opaque edge.
It appears hyaline because it is thinner at the bevelled plane (Fig.
4). Therefore, it is important to examine the side of the otolith sec
tion to be sure a bevelled edge is not present.


The second, third, and fourth annuli are usually broad and fre
quently paired or split. The fifth and sixth annuli may also be split.
Split rings must be carefully followed around the otolith. Split
hyaline rings commonly occur for one or two successive years arid
may continue for up to four years (Figs. 5 and 6).


Several criteria must be considered when evaluating split hyaline
rings. Spacing is most important. Usually, the opaque increment
between the split rings is narrower than the opaque increment
between the outside split ring and the next hyaline ring towards
the edge. This next annulus, ifnot split, is usually darker with more
clearly defined boundaries than the split ring. If two closely spaced
hyaline rings, which appear suspect, merge as the reader follows
them around to the ventral/proximal side, and/or if they merge at
the sulcus, they should be recognized as a split ring and should be
counted as a single annulus (Fig. 7).


Annuli become thinner and more crowded towards the edge of
the otolith and are occasionally difficult to read. In such cases, an
age reader should count back toward the center to locate a strong
hyaline ring. It may be followed down toward the dorsal end until
an area is located that has more distinct hyaline rings. Repeated
counts on each otolith are necessary, especially for older fish.
Otoliths from specimens >12 years of age should be examined
several times until a consistent determination is reached (Fig. 8).


Although pollock otoliths cause the age reader many problems
because of settling checks and split annuli, there is a close cor
respondence between age and length, especially in small and
medium-sized fish.
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Figure 1
Otolith section from a 69-cm age-6 pollock conected
in January showing clearly defined annuli with


hyaline edge (sixth annulus) forming.


Figure 2
Otolith section from a 5lkm age-3 ponock conected
in July with opaque edge forming. A fairly strong


settling check is evident.







Figure 3
Otolllh sedion from a 5?-an age-5 pollocl\' collected


In March showing a strong settUng check.


Figure 4
Otolllh section from a 54-cm age-5? pollock col
lected In July with opaque edge forming. This
otoUlh has not been sectioned exactly at Ihe nucleus.
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Figure 5
Otollth section from a 4jkm age-3 pollock collected
In April showing a strongly split third annulus.


Figure 6
Otolilh section from a 57-em age-4 pollock collected
In Aprll showing a strongly split fourth annulus.







Figure 7
Otolith section from a So-cm age-3? pollock col
lected In September showing close second and third


annuli with hyaline edge forming.


40


Figure 8
Otollth section from a 94-cm age-I?? poUock collected In
Aprli. Clearest area on tbls otolith for ageing Is on the


dorsal/proximal side.
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Silver hake is an important gadoid ranging from Newfoundland to
South Carolina and is most abundant from Nova Scotia to New
Jersey (Bigelow and Schroeder 1953). Silver hake are found over
a wide range ofdepths, from shallow waters to depths greater than
400 m (Almeida 1984).


Two genetically distinct stocks have been defined south of Nova
Scotia: a "northern stock" occupying the Gulf of Maine-northern
Georges Bank region and a "southern stock" occurring from south
ern Georges Bank to Cape Hatteras (Anderson 1974, Schenk 1981,
Almeida 1984). Some mixing of the two stocks occurs throughout
all or most of the year, perhaps facilitated by the wide tempe,rature
tolerance of this species.


Silver hake of the southern stock overwinter primarily along the
outer continental shelf from Georges Bank to Cape Hatteras. Dur
ing spring and summer, these fish move northward and inshore onto
the southern and southeast parts of Georges Bank (Almeida 1984).
Spawning occurs on the southern slopes ofGeorges Bank from May
to November, reaching a peak in Southern New England and mid
Atlantic waters by May and June. Silver hake of the northern stock
overwinter in deep basin areas of the Gulf of Maine, moving into
shallower waters in late spring-early summer. Spawning occurs in
inshore waters from Cape Cod to Grand Manan Island from June
through November, peaking in July and August (Bigelow and
Schroeder 1953, Colton and St. Dnge 1974, Fahay 1974). Second
ary spawning occurs on the north to northwestern slopes of Georges
Bank (Sauskan 1964, Sauskan and Serebryakov 1968).


Female silver hake grow faster and live longer thanmales. Males
attain a maximum length and age of about 42 cm (17 inches) and
10 years, 'respectively, contrasting with 67 cm (26 inches) and 12
years for females (Dery unpubl. data). Most silver hake are sex
ually mature by age 2.


Ageing methods for silver hake, based on the otoliths, remain
somewhat controversial despite intensive research (Nichy 1969;
Anderson and Nichy 1975; ICNAF 1976, 1977, 1978; Hunt 1980a).
All investigators have counted hyaline zones as annuli. The pro
longed spawning season of this species, and the variability ofgrowth
patterns due to genetic and environmentalfactors have made accurate
identification of the first annulus, and discrimination between checks
and annuli, difficult. In addition, age interpretation using whole
otoliths may differ significantly from interpretations based on thin
otolith sections and or sectioned halves. The edge type on some
otoliths, either hyaline or opaque, has appeared to some investigators
to be inconsistent with the season of the year, causing confusion
with regard to edge interpretation. Age validation studies for silver
hake of the Scotian Shelfhave been conducted by Hunt (1978, 1979,
1980b). Although relatively few otoliths of these fish have been
examined at this laboratory in recent years, some of the growth
patterns appear similar to that observed on Gulf of Maine otoliths,
and others resemble those of the southern stock.


The methods used at Woods Hole Laboratory have evolved from
early studies by Nichy (1969) on the growth of young silver hake,
from participation in age and growth workshops (ICNAF 1976,
1977, 1978), and from research on types of silver hake growth pat
terns and their distribution in the study area (Dery unpubl. data).
Particular attention has been focused on otolith growth patterns of
young fish (age 0+ to 1) to facilitate accurate interpretation of the
first annulus, and to avoid assigning earlier hatched fish of the
southern stock, and later hatched northern Georges Bank-Gulf of
Maine fish, to different year classes. Hunt (1980a) summarized
previous research in the literature concerning ageing methods used
for this species. He described some aspects of otolith growth







patterns as characteristic of given geographic areas but did not pre
sent an integrated description of these patterns for different stocks
of silver hake; The method of presentation of Hunt's interpreta
tions, in addition to his use of whole otoliths rather than thin
sections, makes difficult direct comparisons of his criteria with those
used at Woods Hole. Validation of methods at Woods Hole has
involved comparisons of modal groups in fish length-at-age data
with the modal groups in length frequencies, and monitoring modal
progression of prominent year-classes in the fishery on a seasonal
and annual basis.


Methods of preparing otoliths have been described by Nichy
(1969, 1977), Anderson and Nichy (1975), ICNAF (1976, 1977,
1978) and by Hunt (1980a). Such methods have involved storage
of whole otoliths in glycerin or some other medium to "clear" the
otolith and enhance the hyaline zones. Other methods include dry
storage and soaking fora short period in ethyl alcohol before view
ing. At the Woods Hole Laboratory, otoliths are stored dry in.coin
envelopes. A thin transverse section 0.20-0.23 mm thick is removed
at the nucleus and examined under reflected light against a dark
background, using a method developed by Nichy (1977). The cut
surfaces of the sectioned otolith may be used in addition to, or in
stead of, the thin-section, depending on the degree of complexity
of the growth pattern.


For some fish, whole otoliths, examined in ethyl alcohol, are used
to verify age from thin-sections, but are not considered completely
reliable. This is because the pattern of early growth on the otolith,
which is often difficult to interpret, tends to be obscured by subse
quent calcification, despite the use of strong clearing media such
as glycerin (Anderson and Nichy 1975). In general, silver hake
otoliths become thicker with increasing age relative to an increase
in width. Therefore, misinterpretation of early growth, especially
of older fish, is more likely. Nevertheless, some whole otoliths ex
hibit a clearer pattern of annulus formation than do thin-sections,
especially if the annular zones are weak or diffuse.


Growth patterns observed on silver hake otoliths tend to support
Almeida's (1984) defmition of two separate stocks from the Gulf
of Maine to Cape Hatteras. Variations in the growth patterns on
otoliths with geographic location include size and formation of the
first annulus, relative growth increment widths between annuli due
to differences in growth rate, formation of checks and split zones,
and time of annulus formation. Although characteristic growth pat
terns can be identified for each stock, some patterns are difficult
to classify (due in part to individual variability). Other patterns are
intermediate in type, with aspects characteristic of both Gulf of
Maine fish and those further south. This may reflect stock inter
mixture as suggested by Almeida (1984). Seasonal shifts in the
distribution of growth patterns also appt)ar to be consistent from
year to year and seem to reflect observed migratory movements
(Dery unpubl. data).


The otoliths of silver hake from the southern stock tend to ex
hibit moderate to large amounts of opaque edge as early as March
or April, indicating that annulus formation is complete by the end
ofthe winter and probably earlier (Fig. 1). By convention, a birth
date of 1 January is used; the hyaline zone evident on the edge of
the otolith is interpreted as an annulus whether or not it is com
plete. As is typical for many fish species, seasonal growth resump
tion is quite advanced for young fish relative to older individuals
(Fig. 2) and age-l fish otoliths show considerable amounts of" +"
growth as early as April (Fig. 3). The timing of annulus initiation
in the autumn is somewhat variable. Opaque edge may persist on
the otoliths of age 0+ or 1+ and older individuals into autumn
(September-October) (Fig. 4); however, most otoliths collected dur~
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ing autumn tend to exhibit a narrow hyaline edge which is not in
cluded in the age determination (Figs. 5 and 6).


In spite of variability in size and timing offormation of the first
annulus, the characteristically large growth increment (wide opaque
zone) between the first and second annuli provides a means of
distinguishing between the two zones (Figs. 1 and 6). The dif
ferences in mean length at age-l and age-2 in the spring months
do not fully reflect the magnitude of this growth increment, because
of the early growth resumption of age-l fish (growth beyond the
first annulus). The first annulus frequently appears as a small, dense,
but split zone of hyaline material surrounding the nucleus of the
otolith(Fig. 2), not evident on the otoliths of0+ fish (Fig. 5). The
annulus may also be a large andlor complex zone, with a signifi
cant amount of opaque material formed between the nucleus and
the first annulus (Fig. 2). Occasionally, however, there is minimal
evidence of this annulus, probably due to later hatching (Fig. 4).


The "pelagic" zone, or settling check, traditionally noted as
important in age determination (Nichy 1969; ICNAF 1976, 1977,
1978; Hunt 1980a), was initially described by Nichy (1969) in his
study of the growth of small silver hake as a small weak zone of
hyaline material surrounding the nucleus that appears to form
between the pelagic and demersal stages in the life history of this
species. Some investigators including Hunt (1980a) have interpreted
the "pelagic" ring as an occasionally large and strong zone of
hyaline material that may be formed as late as 5 months of age.
According to Fahay (1974), however, the length ofthe pelagic phase
following hatching is about 2 months. Therefore, it is possible that
a small first annulus formed close to the nucleus of later hatched
or slower-growing fish is occasionally mistaken for the pelagic zone
by some age readers. At the Woods Hole Laboratory, the pelagic
zone has been conservatively interpreted as a small, usually weak
zone, following the ,criteria of Nichy (1969) and verified by the
appearance of this zone on age 0+ otoliths (Figs. 4 and 7). It should
be noted, however, that accurate differentiation of the pelagic zone
from the first annulus is difficult and remains a significant source
of error.


Checks formed between the first and second annuli on otoliths
collected from southern stock individuals may confuse interpreta
tion of ann1.!lar zones. The formation of a spring check on age-I
otoliths has been documented by Nichy (1969) (Fig. 6) and similar
checks may also be formed later in the season. A cheCk formed
in late summer to early autumn, close to the time at which the an
nulus begins to form, is characteristic of most silver hake otoliths
of the southern stock. Such checkS are usually weak andlor discon
tinuous zones that are not as prominent as annuli in the sulcus area
(Figs. 6 and 8). By comparison, the second and subsequent annuli
are strong and consistent around the periphery of the otolith, par
ticularly on the proximal (sulcus) and distal sides ofthe section (Figs.
2, 6, and 8). Typically, annular zones on otoliths of silver hake
of this stock are evident as thick dense bands of hyaline material
layered on the proxirnoventral part of the otolith (Figs. 6 and 8).
Occasionally, however, these bands are split into several rings that
must be traced around the periphery of the section in order to resolve
the annular zones (Figs. 9 and 10). Whole otoliths can be especial
ly useful in helping to resolve anomalous zones such as checks and
split zones on thin otolith'sections.


Subsequent to the second annulus, growth increments tend to be
quite narrow on otolith sections due to a decrease in growth rate,
so that annuli are layered rather closely together. This is particularly
characteristic of male silver hake whose growth rate is slower than
females after age-2 (Fig. 6). Because of these narrow growth in
crements, older fish may be difficult to age, especially if there







are strong checks in between the annuli. Even where growth incre
ments are relatively wide, annuli may be weak or diffuse (Fig. 10).
If growth is "shifted," that is, if there is an unusual amount of
growth on one part of the section in contrast to the normal pattern
of deposition, interpretation should be focused in the direction of
the shift in growth in order to avoid underinterpretation ofage. The
large amount of accreted material in each growth zone as a result
of this shift enhances defInition between the annuli and therefore
facilitates age interpretation.


Time of annulus formation for the northern stock is later relative
to hake further south, and follows a more seasonal pattern, as would
be expected for more northerly latitudes (Williams and Bedford
1974). Annuli of these fIsh are completed in the late-winter to early
spring months with the exception of age-l fIsh, some of whom
resume growth during the winter months. Therefore, the otoliths
of most fIsh in March and April may continue to exhibit hyaline
edge or a small amount of opaque edge, particularly on the thin
sections (Fig. 11), while age-1 fish may exhibit a larger amount
of opaque edge (Fig. 12). By October-November, some hyaline
edge is usually evident on otoliths of age 2+ and older fish (Fig.
13), while opaque edge is likely to persist somewhat longer on age
0+ and 1+ fish.


The fIrst annulus on otoliths of Gulf of Maine fish is somewhat
variable in size, reflecting a tendency for some year-classes (e.g.,
1982, 1984) to evidence a bimodal distribution of length at age-I.
The first annulus on small one-year-01d fish (e.g., 5 cm) mayap
pear as a relatively weak hyaline zone and coincident with the pelagic
zone (Fig. 14). It may.be difficult to distinguish from the pelagic
zone, spring check, and second annulus because the growth incre
ment between the first and second annulus in the Gulf Of Maine
is generally smaller than further south, and because more of these
fish are hatched later in. the year. In Some cases, the first annulus
may not be evident but is assumed near the nucleus because of the
large growth increment between the nucleus and the first strong
hyaline zone that can be interpreted as an annulus (Fig. 15). While
this interpretation may not appear justifiable biologically, it is neces
sary in order to avoid assigning these fIsh, and earlier hatched in
dividuals, to different year-classes. Figure 16, for example, shows
a section from a 13-cm fIsh sampled in April with no evidence of
an annulus. This fish is interpreted as age-1 (late hatched) and not
0+, because spawning in the Gulf of Maine does not begin until
the summer months.


Otoliths from larger age-1 fish may exhibit a well-defined hyaline
zone (fIrst annulus) formed some distance from the pelagic zone,
which may be more prominent on these otoliths (Figs. 13 and 17).
No marked discontinuity appears to exist between the growth pat'
terns of these large age-l fIsh and age-2 fish with a tiny first an
nulus. One technique for differentiating large age-l fish from small
age-2 fish with similar growth patterns involves measurement of
the first annulus on otoliths collected from fish identified as age-l
using length-frequency data. Such measurements can provide an
estimate of average and maximum first-annulus width for adult fish
so that overinterpretation of age can be avoided in cases where the
pelagic zone is prominent.


The weak zone formed around the pelagic zone on some silver
hake otoliths can be difficult to identify as either a spring check
(typical for silver hake of the southern stock) or a weak first an
nulus (more characteristic of the northern stock), since these zones
form at the same time (April-May) (compare Figures 6, 13, and
14). Some silver hake from the Gulf of Maine exhibit a large fIrst
annulus with a very weak or nonexistent pelagic zone (Fig. 18).
This type of pattern is more commonly observed on silver hake
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from the Scotian Shelf. Because ofthe variations in fIrst-year growth
patterns observed in the Gulf of Maine, the detail available on the
otolith section seems necessary in order to make the most accurate
interpretation possible.


The otoliths of GulfofMaine silver hake are narrower and thicker
in cross-section in contrast to those from more southern areas.
Subsequent to the second annulus, accurate annulus interpretations
of these fIsh are facilitated by this increased thickness and relative
ly wide increment widths between annuli resulting from faster
growth (Figs. 11 and 14). In addition, the annular zones are quite
easy to interpret because of relatively few anomalies (checks and
split zones) and because the annular zones are strong and well
defined (Figs. 14 and 19). Prominent checks are evident on some
Gulf of Maine otoliths, but they are easily recognized by weak for
mation in the sulcus area in contrast to the annular zones (Fig. 11).


Some fIsh collected in the Southern New England and southern
Georges Bank area exhibit growth patterns that appear to be hybrids
of the two basic growth patterns described above. For example,
the growth increment between the fIrst and second annulus is
intermediate in width, or the growth pattern will exhibit larger
numbers of checks than is characteristic for the Gulf of Maine but
fewer than typically seen further south (Fig. 20). Other otoliths,
especially from southern Georges Bank fish, exhibit numerous
strong checks and split zones that make annulus identifIcation dif
ficult (Fig. 21). Ingenetal, growth patterns observed among fish
collected in the spring from the southern New England-southern
Georges Bank area are rather heterogeneous compared with the


.greater consistency observed in the mid-Atlantic or northern Georges
Bank-Gulf of Maine areas.


In summary, systematic study of the types of otolith growth pat
terns exhibited by silver hake of various stocks may facilitate con
sistency of age interpretation of these fIsh because oftheir prolonged
spawning season and the variability of their growth patterns. Al
though bias may be created in anticipating an interpretation based
on the geographic location of the sample, errors due to inconsis
tent interpretations could be more serious. Age readers at the Woods
Hole Laboratory, having noted the variability of growth patterns
on silver hake otoliths, attempt to apply standard criteria for the
identifIcation of annuli and checks that are agreed upon as valid
by other age readers.
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Figure 1
Otollth section ora 31-em age2+
female sliver hake (southern
stock) in April showing strong
fn-st and second annuli and wide


opaque edge,


Figure 2
Otolith section of a 28-em age-3
male silver hake (southern stock)
collected in April showing strong
annuli and a hyaline edge.
Checks are evident between the


second and third annuli.
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Figure 3
Otollth section or an 18-em age
1+ silver hake (southern stock)
collected In April showing a
weak settlIng check, large and
complex first annulus, and


opaque edge.


Figure 4
Otolith section ofa 24-em age 1+
silver hake (southern stock) col
lected In October showing no
evidence of a first annulus, and


opaque edge.







Figure 5
Otolith section ofa lOocm age 0+
silver hake (southern stock) col·
lected in Octoher showing a
weak settling check and narrow


hyaline edge.


Figure 6
Otolith section ofa 33-cm age 5+
male silver hake (southern stock)
collected iu October showing
spring, summer, and autumn
~hecks between the first and sec·
ond annuli and a narrow hyaline
edge. Annuli 2·S are closely


spacetl.


Figure 7
Otolith section of a 13-cm age 0+ sliver bake
(southern stock) collected in September showing a


strong settling check.


Figure 8
Otolith section of a 36-cm age.S male sliver hake
(southern stock) collected in April showing strong
annuli with spring and autumn checks between the


first and second annuli.


Figure 9
Otolith section of a 42-cm age4? female silver hake
(southern stock) collected in April showing split
diffuse annuli and numerous checks between the


second and third annuli.
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Figure 10
Otolith section ofa 39-cm age4? female silver hake
(southei'n stock) collected in April showing vague
diffuse annuli and spring and autumn checks


formed between the first and second annulI.







Figure 11
Otolith section of a 4lI-cm age-5 female silver hake (north
ern stock) collected In May showing strong widely spaced
annuli, a check formed between the first and second


annuli, and hyaline edge.


Figure 12
Otolith section of a ltl-cm age-I sliver hake (north
ern stock) collected in May showing a prominent


settling check and opaque edge.


Figure 13
Otolith section of a 30-cm· age 2+ female silver hake
(northern stock) collected In October showing a promi
nent settling check, large first annulus, and narrow


hyaline edge.


Figure 14
Otolith section ofa 4lI-cm age-5 female silver hake (north
ern stock) collected in Novemher showing a small weak
first annulus followed by a spring check and strong, wide-


ly spaced annuli 2-5.


Figure 15
Otolith section ofa 39-cm age4 female sliver hake (north
ern stock) collected In November showing a large second


annulus and no evidence of a fll'st annulus.
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Figure 16
Otollth section of a 13-cm age-I silver hake
(northern stock) collected In April showing
a weak settling check but no first annulus,


possibly due to a late hatch date.







Figure 17
Otolith section of a 1<l-cm age-I silver hake
(northern stock) collected In April showing
a weak settling check and strong first an-


nulus formed on the edge.


Figure 18
Otolith section of a 3I-cm age 2+ female silver hake col
lected in November showing a Scotian Shelf type with a
large first annllius and. very weak or non-evident sctlllng


check.


Figure 19
Otolith section of a 4I-cm age 4+ female silver hake
(northern stock) showing a large first annulus and strong,
widely spaced annuli on the ventral tip due to shifting of


otolith growth.


Figure 20
Otolith section of a 3S-cm age-9 male silver hake collected
in April from Southern New England waters showing a
large complex first annulUS and closely spaced annuil3·9.


Figure 21
Otolith section of a 44-cm age-5? female sliver hake col
lected in April from the southern edge of Georges Bank.
Numerous checks and split zones are evident on this


section.
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Red hake is a demersal gadoid inhabiting the continental shelf waters
from Nova Scotia to North Carolina. North of Nova Scotia this
species is thought to be rare; its sibling' species, the white hake
(Urophycis tennis) is much more common in that region (Musick
1974). However, according to Markle et al. (1980) and Svetovidov
(1982), confusion still exists as to the identity of Urophycis species
in Canadian waters, at least on the eastern part of the Scotian shelf.
Urophycis chnss is most abundant from southwest Georges Bank
to the New York Bight (Anderson 1982).


Two stocks of red hake are currently recognized: one inhabiting
the GulfofMaine-northern Georges Bank region and a second stock
inhabiting the area from southern Georges Bank to Cape Hatteras
(Conservation and Utilization Division 1985). The migratory move
ments of this species are largely inshore-offshore in response to
seasonal changes in water temperatures. Spawning occurs May
through November from the New York Bight to Georges Bank.
It may not begin until June in the Gulfof Maine based on the absence
of red hake eggs and larvae through May in those waters (Marak'
and Colton 1961, Colton and St. Onge 1974).


Growth of this species is sexually dimorphic, with females
generally larger and longer lived than males. Males attain a max
imum length and age of about 53 cm (21 inches) and 11 years,
respectively, contrasting with 63 cm (25 inches) and 12 years for
females. Most red hake are sexually mature by age 2 (McBride and
Brown 1980).


Rikhter (1968) presented the results of age and growth studies
of red hake using otoliths but did not describe methods other than
his technique for preparing samples. At the Woods Hole Laboratory,
age determinations have been conducted for a number of years.
Validation studies (unpublished) indicate that hyaline zones traceable
in the sulcus acusticus area of the transverse section (the collum)
are valid annuli.


The otoliths of red hake from southwest Georges Bank to Cape
Hatteras generally exhibit well-defmed annular zones, including the
first annulus., Accurate age determinations of northern Georges Bank
and Gulf of Maine fish are considerably more challenging. The pat
tern of first annulus formation is more variable, and subsequent
annuli are often weak, split, or difficult to trace around the periphery
of the otoliths. Prominent second-summer checks also occur which
are difficult to distinguish from annular zones. Time of annulus
formation is variable and difficult to assess because of the forma
tion of split zones. Thus far, seasonal progression of age groups
(based on age-length keys) in the length-frequencies indicate that
the methods are valid, but the possibility for error appears to be
much greater for northern Georges Bank and Gulf of Maine red
hake than for more southern areas.


Rikhter (1968) prepared red hake otoliths by cutting them in half
and then polishing and burning the cut surfaces. The method
developed at the Woods Hole Laboratory and now in current use
involves removing a thin transverse section (0.20-0.23 mm) from
the thickest part of the otolith through the nucleus. As a rule the
otolith is not heated, although in some cases those from Gulf of
Maine fish with weak growth patterns are baked at 450°F for 2-3
minutes before sectioning.


All thin-sections are viewed in ethyl alcohol under reflected light
against a black background at 15-20X. The orientation ofthe thin
section from unbaked otoliths in relation to the light source may
be critical to accurate evaluation of annuli in the sulcus acusticus
area. This part of the section is very important for age determina
tion of this species. The sulcus is more translucent than other parts
of the otolith; therefore, the angle of incident reflected light affects







the appearance of the annuli in the sulcus. They are most clearly
evident if oriented perpendicular to incident light so that they are
reflecting light rather than channeling light rays through them.


Observed differences in otolith growth patterns between the
southern and northern stocks reflect differing times of annulus for-


.mation, growth rates, and environmental/genetic factors. These dif
ferences are stable from year to year and tend to support current
stock definition. Silver hake from southwestern Georges Bank to
Cape Hatteras exhibit clear growth patterns with strong distinct
annuli. Red 'hake of the northern Georges Bank and Gulf of Maine
region are faster growing after age 2 than more southern fish based
on age-length keys, resulting in more widely spaced annuli, and
their typically anomalous growth patterns often make analysis dif
ficult. Some fish from this area do exhibit clear growth patterns,
but the relatively wide growth increments between annuli often
distinguish them as Gulf of Maine fish.


Annulus formation (completion of hyaline zone) of most red hake
from the southern group is complete by April or May. By conven
tion, a birthdate of 1 January is used; from that date until seasonal
growth resumption, the hyaline zone evident on the edge of the
otolith is interpreted as an annulus whether or not it is complete.
The type (opaque or hyaline) and amount of edge is somewhat
variable during most seasons of the year. The observed edge dur
ingthe spring months may be narrow-to-wide hyaline, depending,
in part, on the width of the annulus being formed (Fig. 1), or growth
resumption may be indicated by the presence of narrow opaque edge
(Fig. 2). Age-l fish often show wide opaque edge (Fig. 3). In
general, the edge evaluation can best be made on the dorsal tip of
the transverse section, which is the longest radius of the section.


By September or October, seasonal growth is largely complete,
especially for young fish. While opaque edge will persist on some
otoliths, others exhibit large amounts of hyaline material that in
dicate that the beginning of annulus formation is well under way
(Fig. 4). An advanced cycle of seasonal growth for young relative
to older fish is not as predictable as it tends to be for other fish
species. For that reason, the otolith edge should be interpreted with
caution.


The pattern and rate of growth reflected on otoliths of red hake
of the southern group is in many respects similar to what is observed
for silver hake (Merluccius bilinearis) of the same geographic area.
However, the growth patterns are less complex. The first annulus
of red hake otoliths is usually a well defined hyaline zone in the
central part of the otolith (Fig. 3). This zone, however, is variable
in strength, size, and complexity due to individual variations and
differences in spawning time. But, as with silver hake, the generally
large growth increment between the first and second annulus
facilitates interpretation of this zone (Fig; 2). On some otoliths the
first annulus is tiny and/or coincident with the larval (pelagic) zone,
or not evident at all, especially if the otolith was not sectioned
precisely across the nucleus (Fig. 5). The large increment to the
second annulus, however, indicates that the otolith is from a late
hatched fish with no apparent flIst annulus.


A small "settling" check surrounding the nucleus, which is
representative of a shift from the larval pelagic habitat to the demer
sal habitat, is evident on the otoliths of both red and silver hake.
This zone is fully described in the accompanying article concern
ing the latter species. The settling check on red hake otoliths is usual
ly a weak zone and not easily confused with the first annulus (Fig.
3). In some cases where the first annulus is weak, however, the
settling check may appear relatively prominent (Figs. 1, 2, and 4).


Check formation is characteristic of the second season of growth
following the first annulus. However, since annuli on red hake
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otoliths from the southern area are normally distinct, they can usually
be readily differentiated from spring, summer, or autumn checks.
Figure 3 shows an otolith section from a 13-cm, age-! fish sam
pled in April which shows a very narrow hyaline edge indicative
of the formation of a spring check. Figure 6 shows an otolith taken
from a 40-cm, age 3+ fish with complex checkformation. A check
formed just before the second annulus on some otoliths may be con
fused with that zone, except that the check is not strongly evident
in the sulcus and is a relatively thin or weak ring. Figure 4 shows
an otolith section from a 45~cm, age 4(3)+ fish with a weak second
hyaline zone interpreted as the second annulus because it was rather
distinct in the sulcus. In general, checks are not prominent in the
sulcus area. Figure 7 is an otolith section from a 47-cm, age-5 female
red hake with a small second annulus not interpreted as a check
because of the width and strength of the zone.


The. second and subsequent annuli on these otoliths tend to be
wide, prominent hyaline zones, and closely parallel to one another
for slow-growing fish, particularly males (Figs. I and 8). Annuli
on some otoliths, although strong, are somewhat split or diffuse,
and narrow growth increments between the annuli can make it dif
ficult to distinguish one annulus from another. In addition, the in
crements between annular zones often become increasingly translu
cent after age 2 or 3. Examination of these zones in the sulcus area
tends to minimize these problems, because annular zones develop
resolution into clear separate bands in the sulcus (Figs. 4 and 8),
due to the nature of its crystalline structure and its discontinuity
with the rest of the otolith. With increasing age, red hake of the
southern group do not usually become more difficult to interpret.
In fact, many of them show unusually clear growth patterns (Fig.
9). The annuli, however, are spaced increasingly close together out
to the edge of the section.


The rounded ventral part of the section can be useful in identify
ing the first few annuli because ofthe prominence of hyaline zones
in this area. Nevertheless, it shOUld be used with caution when in
terpreting subsequent annuli, because hyaline zones tend to fuse
together on this part of the otolith. Also, the crowding of zones
near the edge may result in underinterpretation of age (Figs. 1 and
8).


Time of annulus formation for red hake of the northern group
is as variable as observed for the southern group. Correct edge
evaluations are often quite difficult due to the extensive splitting
of hyaline zones on many of the otoliths. With the exception of
some young fish, growth resumption in the Gulf of Maine is not
as advanced as observed further south. By April or May, annuli
may not be completely formed judging by the presence of only tiny
amounts ofhyaline edge on some of the otoliths (Fig. 10). Relatively
few of these otoliths exhibit opaque edge indicating seasonal growth
resumption.


During the late summer (late July and August), most otoliths of
all age groups exhibit at least some opaque edge (Fig. 11). In Octo
ber or November, many otoliths continue to exhibit small to large
amounts of opaque edge indicating that seasonal growth is not com
plete (Fig. 12).


It may be inferred from these observations that annulus forma
tion for some Gulf of Maine red hake may not be complete until
the early summer months. The presence of split hyaline zones and
the shift in time of annulus formation from north to south may con
fuse attempts to decide whether or not the edge of the otolith should
be included in the age. In addition, the type of edge observed may
vary on different parts of the same otolith.. It is helpful in this situa
tion to locate the last fully formed annulus in the sulcus, which shows
the annuli more clearly. However, the amount of newly formed







material will be somewhat underestimated because the short radius
from the nucleus to the edge of the sulcus results, overall, in less
accreted material on this part of the otolith (Fig. 12).


The pattern of growth observed on many red hake otoliths from
the northern area appears quite anomalous when compared with
the southern group or to the closely related white hake (U. tenuis).
The latter species often exhibits weak growth patterns on its otoliths,
but few other anomalies complicate age determination. As will be
shown, some red hake otoliths from the Gulf of Maine tend to resem
ble those of white hake both in terms of external morphology and
the internal growth pattern. It is sometimes difficult to distinguish
the two species using otoliths alone in this geographic area.


Similar to the southern group of red hake, the first annulus on
northern group otoliths is variable in size and complexity. However,
the integrity of hyaline zones in the center of the otolith representa
tive of the first annulus can be difficult to establish because of the
formation of numerous and sometimes prominent checks, and
because the growth increment to the second annulus is sometimes
rather small (Fig. 13). In addition, the first and second annuli are
sometimes not very strong hyaline zones (Figs. 13 and 14). All of
these factors result in the blurring of distinctions between annular
zones.


One pattern especially difficult to interpret involves a relatively
simple first hyaline zone formed some distance away from the
nucleus that, because of its size, could represent a large first an
nulus or a small second annulus in otoliths of older fish (Fig. 15).
The interpretation of this pattern is a persistent problem. However,
by first establishing reference measurements of the second annulus
on otoliths ofknown age-2 fish (via length-frequencies), it is possible
to measure the questionable annulus and interpret it basedcin a com
parison with reference measurements (for each year-class).


Subsequent to the first annulus, age interpretation of anomalous
otoliths encounters further problems. Some otoliths generally form
distinct annular zones, but the second and possibly third annuli are
very weak. However, the structure of these wide (although weak)
hyaline zones, especially in the sulcus, and their relative spacing,
tends toconfinri their identity as annuli (Figs. 13, 14, and 15).


Some otoliths exhibit a very weak growth pattern. Enhancement
by baking may be necessary to identify any of the annuli (Fig. 16).
Usually, traces of these zones are evident in the sulcus or on other
parts of the otolith. If not, these otoliths cannot be interpreted.


Hyaline zones may be prominent in some otoliths, but each an
nulus is split into two ot more hyaline zones. Strong checks are
often associated with this pattern to further confuse age interpreta
tions (Fig. 17). Figure 18 shows an otolith section from a 42-cm,
age 5(4) female sampled in May where the pattern of annulus
formation is so obscure that the sulcus is required to identify the
annular zones.


Occasionally, the sulcus is of no use in distinguishing annuli
because growth zone formation is discontinuous around the periph
ery of the otolith. Annuli on these otoliths cannot be traced with
any confidence through the sulcus, since discrete hyaline zones that
are recognizable as annuli may not be exhibited. Fortunately, the
pointed dorsal area of the otolith section often shows enough
evidence of discrete zones to estimate age with some accuracy (Fig.
15).


Red hake otoliths with anomalous patterns are typical in the Gulf
of Maine. The reasons for these patterns are not understood. Some
otoliths, however, exhibit a clearer pattern that resembles that of
red hake of more southern waters, although relatively wider growth
increments between annuli are characteristic because of a faster
growth rate in the Gulf of Maine. The growth patterns on these
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otoliths are usually characterized by 1) a generally prominent first
annulus; 2) relatively discrete annular zones, and 3) few anomalies
such as splits and checks. Age interpretation of Gulf of Maine
otoliths may not be more difficult with increasing age, despite
anomalous growth patterns. Deposition of subsequent annuli may
actually elucidate the pattern of earlier growth on the otolith (Fig.
19).


SQme otoliths collected in the Gulf of Maine, particularly from
the northwestern and eastern part near the Bay of Fundy, vary mor
phologically from red hake otoliths sampled elsewhere. Removed
from fish taxonomically identified as U. chuss, these otoliths show
characteristics that appear to be intermediate between what is nor
mally observed for U. chuss and for U. tenuis. Red hake otoliths
are characterized by a smooth surface and curvature, are rounded
in cross-sectional dimension, and have smooth, reduced rostra (Fig.
20, left). In contrast, white hake otoliths are more angular, exhibit
numerous surface ridges and dentations, are somewhat flattened
in cross-sectional dimension, and have more prominent rostra (Fig.
20, right). "Mixed" otoliths are more angular than those of red
hake, may show more surface irregularities, are mOre flattened,


. and have larger rostra (Fig. 20, center).
Since otolith shape and size are sensitive to genetic variations


and are often used to trace the evolutionary patterns of fishes (e.g.,
Gaemers 1976), it is interesting to speculate as to whether the
observed variation in otolith morphology is characteristic of red
hake of the Gulf of Maine, or whether the existence of a hybrid
Urophycis is indicated. Musick (1973) noted significant meristic
morphometric differences between white hake of Nova Scotian and
southern New England waters and red hake from the Gulf of Maine
and southern New England waters. However, his sarnplesfrom the
Gulf of Maine were collected from the southwest and southeastern
parts of the Gulf and not from the northwestern-northeastern area
where the "mixed" otolith types are most frequently observed. The
ambiguity represented by the mixed otolith types is a problem for
age determination because the growth patterns also reflect a mixed
pattern. Since the spawning season and, therefore, the interpreta
tion of the first annulus, differs for red hake and white hake, some
uncertainty exists as to ageing methods for these otoliths. Thus far,
the approach has been to assume these fish· to be red hake until other
evidence is available. Fortunately, white hake otoliths normally ex
hibit weaker growth patterns and wider growth increments than red
hake otoliths with mixed patterns (compare Figures 21 and 22).


In summary, age determinations of red hake from southern
Georges Bank to the Mid-Atlantic are as straightforward and reliable
as the same procedure is difficult and relatively unreliable for many
red hake of northern Georges Bank and the Gulf of Maine. Aspects
of the growth patterns of red hake of the southern group are similar
to what is observed for silver hake from the same area. Otolith
growth patterns of the more northern group are often anomalous.
In addition, some otoliths from the northwestern and eastern parts
of the Gulf of Maine show characteristics that are intermediate in
type between what is normally observed for red hake and for white
hake.
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Figure 1
Otolith section of a 37-em age-6 male red hake (southern
stock) eollected in April showing strong annuli and a


hyaline edge.


Figure 2
Otolith section ofa 36-cm age-4 female red hake (southern
stock) conected in April showing a strong settling check,


weak first annulus, and narrow/opaque edge.
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Figure 3
Otolith section ofa 13-cm age-I red hake,
(southern stock) collected in April show
ing a spring check forming on the edge.







Figure 4
Otolith section of a 45-em age 4(3)+ female red hake
(southern stock) collected in October showing a weak dif


fuse second annulus and narrow hyaline edge.


Figure 5
Otolith section of a 34-em age-4 male red hake (southern
stock) collected in April with no rll"st annulus evident.
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Figure 6
Otolith section of a 4O-cm age 3+ female red hake
(southern stock) in October showing a diffuse rU"St an
nulus and summer and autumn checks between the rU"st


and second annuli.


Figure 7
Otolith section of a 47-em age-5(4) female red hake
(southern stock) collected in April showing a large rarst


annulus and small second annulus.







Figure 8
Otolith section of a J4..cm age-7 male red hake (southern


stock) coliected in Aprll showing closely spaced annuli.


Figure 9
Otolith section of8 45-cm age-8 female red hake (southern


stock) collected in April showiug clear aunuli.
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Figure 10
Otolith section of a Z6-cm llge"2 male red hake (northern
stock) coRected in Aprll showing a weak first annulus and


narrow hyuline edge.


Figure 11
OtoUth section ofa 4lkm age 3+ female red bake (north·
ern stock) coUected in August showing split annuli and


opaque edge.







Figure 12
Otolith section of a 2tk:m age 2+ male red hake (north
ern stock) collected in October showing a split second an


nulus in the ventral area and opaque edge.


Figure 13
Otolith section of a 4O-cm, age-6(S) male red hake (north
ern stock) collected in May showing a small weak second


annulns.
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Figure 14
Otolith section of a 42-em age~5(4) female red hake
(northern stock) collected in May showing a weak second


annulns that may be a check.


Figure 15
Otolith section of a 4O-cm age-6 male red hake (northern
stock) collected in April showing a large Orst annulns and


weakly formed second and third annuli. .







Figure 16
Otolith section ofa 4(km age 51 female red hake (north
ern stock) cQneeted In April shQwing very weak annuli
interpretable mainly In the dorsal area near the snlcus.


Figure 17
Otolith section of a 4£H:m age4 female red hake
(northern stock) coneeted In May showing checks and


split annuli.
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Figure 18
Otolith section of a 4'-i:m age--5(4) female red hake
(northern stock) conected In April showing an obscure
pattern of annulus formation requiring use of the


suleus to identify annuli.


Figure 19
otolith section ofa 59-cm age--U(ll) female red hake
(northern stock) conected in May showing numerous


annuli interpretable ventral to the sulcus.







Figure 20
(Left) Whole otolith of a 46-cm red hake; (center) Whole otolith of a
48-cm red hake with "Intermediate" characteristics; (right) Whole


otolith of a 54-cm white hake.


Figure 21
Otolith section of a 48-cm age 5+ female red hake
coUected in May showing an "Intermediate" type


growth pattern.


Figure 22
Otolith section of a 54-cm age 2+ female white hake
collected In November showing weak annuli separated


by wide growth Increments.
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Black sea bass is an economically important serranid ranging from
New England to Florida (Kendall 1977). A protogynous herma
phrodite, sex reversal from female to male occurs for at least half
of the population, usually between the ages of 2 and 5 (Mercer
1978). Males are faster growing than females, attaining a maximum
length and age of over 60 cm TL (24 inches) and 20 years, respec
tively. Females reach a maximum length and age of38 cm and 8
years (Lavenda 1949). Female black sea bass are sexually mature
by age 2; males may not mature until age 4 (Mercer 1978).


Two·stocks of black sea bass have been recognized north and
south of Cape Hatteras (Cupka et al. 1973). The northern stock
migrates seasonally in response to temperature changes. Most of
these fish overwinter along the edge of the continental shelf in the
southern part of the Mid-Atlantic Bight. In the spring they move
inshore and northward to depths less than 40 meters for spawning
and feeding on live bottom areas during the summer months (Musick
and Mercer 1977, Kendall and Mercer 1982). Spawning extends
from June through October, reaching a peak progressively later fur
ther north (Mercer 1978, Kendall and Mercer 1982). Thesouthern
stock does not appear to be seasonally migratory, frequenting the
live bottom areas south ofCape Hatteras (Kendall and Mercer 1982).
Spawning for these fish commences in February, reaching a peak
in April or May (Mercer 1978).


Several hard structures have been used for age determination of
black sea bass. Lavenda (1949) and Briggs (1978) used cellulose
acetate impressions of the scales to age black sea bass ofNew York
and New Jersey waters. They identified zones of closely spaced
circuli as annuli on these structures. This technique, however, was
not validated and has since been questioned by other investigators
(Cupka et a1. 1973, Mercer 1978, Link 1984). In studies ofVirginia
South Carolina fish, otoliths were preferred over scales and were
found to have valid age marks. Although investigators did not
find operculae or vertebrae to be useful, pelvic spine sections and
impressions of scales from behind the pectoral fin have recently
been cross-validated with otoliths and found to be acceptable alter
nate ageing structures, although not as reliable as otoliths (Dery
unpub1.). In this study, "cutting-over" marks on scales and hyaline
zones on spines were validated as annuli. These marks were found
to form at approximately the same time as the deposition ofopaque
material on otoliths is completed. The outer edge of the opaque
zone has been interpreted as the annulus by other investigators
(Cupka et al. 1973, Mercer 1978, Link 1984, Wenner et al. 1986).
In general, otoliths are preferred at Woods Hole for routine age
determinations, but scales are also collected for verification pur~


poses since checks and split zones can cause difficulties with age
interpretation.


Glycerin has been used as a storage medium to enhance the clarity
of hyaline zones on otoliths (Cupka et al. 1973). Mercer (1978)
reported that glycerin tended to overclear the otolith's edge, and
therefore used glycerin to clear only those otoliths where annuli
were obscured by the overgrowth of calcium. Wenner et al. (1986)
stored otoliths dry, and viewed them in water. At Woods Hole,
otoliths are stored dry and examined in ethyl alcohol to avoid the
overenhancement of hyaline zones. Thin transverse sections
(0.20-0.23 mm thick) are removed at the nucleus and are examined
instead ofwhole otoliths ifthe annuli are obscured by later calcifica
tion. Otoliths are examined distal-surface-up against a black
background at 10-15 x using reflected light.


Five or six scales from behind the pectoral fin are impressed in
laminated plastic (Dery 1983) and viewed under a microprojector
at 40 x. Pelvic spines require more preparation time. The outer







tissue covering the spine can usually be readily peeled off prior
to sectioning, but may first require soaking in water or bleach. A
thin-section, about 0.20 mm thick, is removed just above the base
of the spine. This thinness is required to clearly define the annuli
on the spine section. Subsequently, the spine section must be soaked
in clove oil for several minutes to whiten' 'opaque" zones and pro
vide the necessary contrast with hyaline zones.


Annulusformation on otoliths, pelvic spines, and scales occurs
in Mayor June. The outer edge of the opaque zone is interpreted
as the annulus on otoliths, the outer edge of the hyaline' zone as
the annulus on spines, and the cutting-over mark as the annulus
on scales. By convention, a birthdate of 1 January is used; the an
nulus forming on the edge of these structures is included in the age
whether or not it is completely formed. Formation of opaque
material may persist on some otoliths into the early autumn and
should be taken into consideration when backcalculating otoliths.
The formation of hyaline zone on otoliths, which normally occurs
from June through the following January (Mercer 1978), is unusual
because hyaline material, indicating slow growth, generally forms
during the colder months of the year. It is possible that the lack
of opaque material deposited during the warmest months may be
due to shifts in calcium metabolism during onshore movements into
very warm coastal water in the summer. The summer flounder
(Paralichthys dentatus) otolith shows similar seasonal calcification
patterns, a species that has a migration and distribution pattern
similar to that observed for black sea bass.


Otoliths show the clearest record of first-year growth. Figure 1
shows the age structures from a 22-cm, age 1+ fish collected in
November. A weak hyaline core area formed after hatching oc
curs close to the center of the otolith (Fig. lA). Opaque material
is deposited around this central core. The deposition of this material
is complete by the following spring, forming the first annulus. A
wide hyaline zone then forms during the summer and autumn of
the second year. This otolith shows an unusual amount of opaque
edge for November. Hyaline edge would persist on most adult black
sea bass otoliths until January.


The spine section (Fig. IB) shows minimal evidence of the first
annulus and first-year growth, which is generally characteristic of
black sea bass spines. This annulus is located on the inner edge
of the lumen and appears as a thin band of hyaline material. All
the opaque material formed after the first annulus represents growth
in summer and autumn of the second year. A tiny amount ofhyaline
material is evident on the edge. Hyaline edge normally begins to
form on the spine during the winter months.


A poorly defmed first annulus on the corresponding scale is typical
for most black sea bass (Fig. 1C). Ifpresent it will usually appear
as a zone of closely spaced circuli without a cutting-over mark.
The first cutting-over or erosion mark representing the second
annulus is not yet evident.


Figure 2 shows the three types of age structures for a 40-cm,
age-4 fish collected from Nantucket Sound in June, the time of an
nulus formation. All show rapid growth typical of more northern
areas. The otolith (Fig. 2A) shows prominent hyaline zones
separated by wide growth increments. Four opaque zones, including
the edge, are formed on this otolith. Figure 2B shows the corre
sponding spine section with four clearly formed annuli (hyaline
zones), including the edge of the lumen and the outer edge of the
spine. A check is also evident between the first and second annuli.
Such checks formed during the second summer ofgrowth are typical
and can be confused with the second annulus, especially on the spine
sections of age 1+ or 2 fish. However, such checks are not con
tinuous around the lumen or visible in the indented area of the
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section marking the spinal groove. The scale of this 4-year~0Id fish
(Fig. 2C) has two clear cutting-over marks representing the second
and third annuli. The first annulus is vaguely indicated by the zone
of compacted circuli near the focus of the scale. The outer edge
of the scale is the fourth annulus.


Clear growth patterns are also characteristic of slower growing
black sea bass from more southerly ranges of the northern stock.
Figure 3 shows the growth patterns of a 35-cm, age-6 fish collected
from off Virginia in February. Growth increments on these struc
tures are relatively narrow. The last (sixth) annulus on the outer
edge of the otolith, spine, and scale is not complete because of the
February collection date. Nevertheless, we include the edge in the
age of the fish because of the 1 January birthdate convention.


Although opaque zones are usually well defined on the otoliths,
they may sometimes be bordered by such thin hyaline zones that
annuli could be missed in the age interpretation. Figure 4 shows
the age structures of a 31-cm, age-3 black sea bass sampled from
Nantucket Sound in June. The second hyaline zone bordering the
second annulus (opaque zone) is weakly defmed on the otolith (Fig.
4A). The second annulus, however, is very strong on the spine sec
tion (Fig. 4B) and the scale (Fig. 4C).


Weak annuli are also characteristic of the central region of the
otoliths for some older fish, prior to a sharp increase in growth
rate after four or five years of slow growth. This pattern occurs
in the age structures of a 46-cm, age~8 fish collected from Virginia
waters (Fig. 5). The second, third, and fourth annuli are clearly
formed, although they are closely spaced on the spine section (Fig.
5B) and scale (Fig. 5C). The third annulus is split into two rings
on the spine section. On the otolith (Fig. 5A), however, these an
nuli (2-4), are very difficult to distinguish without referring to one
of the other two structures. The change in growth rate reflected
by these structures may be the result of sex reversal or migration.


The formation of strong checks and split hyaline zones (or split
cutting over marks on the scale) may make annulus interpretation
difficult. Figure 6 shows the age structures of a 30-cm, age 2+
fish sampled from New Jersey waters in November. Both the first
and second annuli (opaque zones) (Fig. 6A) are split into two rings,
but the relative spacing between them does not identify these rings
as "split" zones without reference to the other two structures (Figs.
6B and 6C). Therefore, based on examination of the otolith alone,
an age of 3+ or 4+ could be interpreted. It should be noted that
the first hyaline zone is split into two or more rings on many otoliths.
Identification of this anomaly is difficult only if there are narrow
growth increments between the first several annuli.


Figure 7 shows the difficult-to-interpret age structures of a 34-cm,
age 4(3) + black sea bass sampled from New Jersey waters in
November. If the second annulus is bordered by a weak hyaline
zone (Fig. 7A), the age would be interpreted as 4+, otherwise the
age would be 3+. The spine section (Fig. 7B) indicates an age of
4 +, although the hyaline zones are somewhat close together. The
most likely interpretation of the scale impression, however, would
be age 3+, recognizing a false cutting-over mark formed between
the first and second annuli (Fig. 7C). For such fish the final age
must be determined using the strongest evidence for a particular age.


Annuli may remain relatively easy to interpret at older ages,
although increasingly narrow growth increments may cause some
confusion. The age structures of Figure 8from a 57-em, age-tO
fish sampled from Virginia waters in February, show the clear an
nuli typical of most older fish. Annuli on the otoliths may be
somewhat obscured by overgrowth of calcium, and erosion of the
scale may obliterate the annuli close to the central anterior edge
of the scale. Nevertheless, these structures can still be accurately







aged, especially if the otolith is sectioned and the anterior corners
of a scale are carefully studied.


In summary, some geographic variation in growth patterns ap
pears to exist. For example, the growth patterns on the structures
of some New Jersey fish are especially difficult to interpret because
of the formation of strong checks or split zones (Figs. 6 and 7).
Characteristic differences between the northern and southern stocks
have not been documented, however.
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Figure 1
(A) Whole otolith of a 22·cm age I + black sea bass collected in November showing wide opaque edge, First annulus is bordered by a wide hyaline zone, (B) Pelvic
spine section showing a thin first annulus (hyaline zone) bordering the lumen and the beginnings of hyaline edge, (C) Pectoral scale impression (expanded view)


showing a zone of compacted circuli near the focus which may represent the first annulus,
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Figure 2
(A) Whole otolith ofa 4O-cm age-4 female black sea bass collected in June from Massachusetts waters. showing narrow hyaline edge. Clear annuli with wide growth
increments are evident. (B) Pelvic spine section showing clear annuli and a hyaline to narrow opaque edge. Check between the first and second annuli is not con
tinuous around the lumen or separate from the first annulus. (C) Pectoral scale impression from the black sea bass of Figure 2A showing two clear' 'cutting-over"


marks at the second and third annuli and a "cutting-over" mark (annulus) at the edge of the scale included in the age.
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Figure 3
(A) Whole otolith of a 35·cm age 61 male black sea bass collected in February from Virginia waters. Clear annuli (opaque zones) are evident with an incomplete
sixth annulus on the edge. (B) Pelvic spine section showing a sixth annulus (hyaline zone) barely evident on the edge of the section. (C) Pectoral scale impression


showing split second, third, and sixth annnii.
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Figure 4
(A) Whole otolith of a 3l-cm age-3 female black sea bass collected in June showing a narrow hyaline edge. A very thin second hyaline zone borders the second
annulus. (B) Pelvic spine section showing three clear annuli (hyaline zones) including the edge of the section. Also evident is a split second annulus and weak check


between the second and third annuli. (C) Pectoral scale impression showing a split second annulus and checks between the second and third annuli.


65







c ~ I • :' ,.. 1:
l' !j,<


Figure 5
(A) Whole otolith of a 46-cm age-8 male black sea bass collected in February from Virginia waters showing poorly defined annuli (opaque zones). (8) Pelvic spine
section showing closely spaced second, third and fourth annuli (hyaline zones). In the area beneath the lumen, the third annulus is split. (C) Pectoral scale impression


showing eight clear annuli including the edge of the scale.
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Figure 6
(A) Whole otolith of a30-cm age 2+ female black sea bass collected in November from New Jersey waters showing a split first annulus. (B) Pelvic spine section
showing two annuli (hyaline zones) not including the hyaline zone beginning to fonn on the edge. (C) Pectorsl scale showing a discontinuous "cuttirtg,over" mark


interpreted as a check fonned close to the edge of the scale.
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Figure 7
(A) Whole otolith of a 35-cm age 4(3)+ female black sea bass collected in November from New Jersey waters. If the (second) thin hyaline zone borders the second
annulus, an interpretation of "age 4" would result. (B) Pelvic spine section showing four complete, although somewhat diffuse, annuli not including the hyaline


zone near the edge. (C) Pectoral scale impression showing four annuli (not including the edge) if the first weak "cutting-over" mark is the second annulus.
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Figure 8
(A) Whole otolith of a 57-em age-IO male black sea bass collected in February showing clear annuli. (B) Pelvic spine section showing clear annuli. (C) Pectoral


scale impression showing clear annuli.
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Weakfish, or gray seatrout, is a sciaenid species indigenous to
eastern United States coastal waters, where it ranges from Cape
Cod to Florida. Seasonal migrations consist of northward move
ment along the coast during the spring followed by a return migra
tion in autumn to overwinter in warmer, southern waters (Wilk
1979). Spawning takes place primarily from April to July (Mercer
1983). Ages of up to 12 years and maximum sizes up to 95 cm
have been reported (Shepherd and Grimes 1983), with females
generally larger at age than males. .


Weakfish growth is variable, depending in part on the location
sampled and the growth peculiar to a particular year-class. Pro
nounced variation in growth over the last 60 years has been ob
served. Size at age 3 from the same general locality has varied
between studies by 15 cm (Mercer 1983). Differences may be due
to density-dependent growth, mixing of different groups of fish,
or differences in ageing techniques. It is important to keep such
differences in mind to avoid the pitfalls of bias due to previously
determined expectations of age-at-length.


Age studies of weakfish were initiated in 1901 when Eigenmann
(1901) examined the natural history of young weakfish in southern
New England. Since then, investigations have been conducted for
weakfish throughout the geographic range and during different levels
of population abundance (Welsh and Breder 1923, Perlmutter et
al. 1956, Thomas 1971, Merriner 1973, Seagraves 1981, Shepherd
and Grimes 1983). In each case, the primary ageing structure has
been scales. Otoliths and vertebrae have also been used (Merriner
1973) but provided no increased information or clarity. Scales are
usually more accessible from commercial and recreational landings
and therefore are the age structure traditionally used for weakfish.


Age information generated from scales has been validated through
comparison with modal progressions in length-frequencies (Taylor
1916, Perlmutter et al. 1956) and examination of seasonal changes
in the marginal increments (Taylor 1916, Massmann 1963,Shepherd
and Grimes 1983). Marginal increment analyses have shown that
annulus formation occurs once a year from April to September,
with the principle period between May and June (Fig. I). Time
of annulus formation coincides with migration and spawning ac
tivity, but a cause-and-effect relationship has never been verified.
Information from tagging experiments has not been adequate to
validate annulus formation.


Scales are traditionally removed from one of two places on
weakfish. The primary location is an area between the middle of
the second dorsal fin and the lateral line (Fig. 2). Perlmutter et al.
(1956) chose these scales because they contain the greatest number
of circuli. An alternative area for scale samples is posterior to the
pectoral fin. Merriner (1973) used these scales because they are
the first formed during weakfish ontogeny. Weakfish have a high
number of regenerated scales and lose scales easily during the sam
pling process. Therefore, it may not always be possible to collect
scales from the preferred location and the alternate area must be
used. Both areas provide valid ages, although scales from the
primary location may be easier to read. After removing scales, they
are best stored dry prior to use.


Preparation of scales for age reading involves impressing the
scales on laminated plastic slides. Clean, nonregenerated scales
should be chosen. The thickness of the laminate should be enough
to accommodate the relatively thick scales oflarge weakfish. IHoo
thin a plastic is used, information on the thinner anterior edge may
be lost. Scale impressions are generally examined on a standard
microprojector at a magnification of 32 x, although this can be
modified depending on the scale size.







Weakfish scales are of the ctenoid type, and have a rather short
and wide configuration (Fig. 3). Scales are characterized by distinct
radii emanating from the focus to the anterior edge, and prominent
circuli in the lateral fields. Annual marks appear as thin, opaque,
broken lines and are most distinct in the radii zone. These annuli
are sometimes referred to as "cutting-over" zones. One distinc
tive feature of the annuli is the shape or lack of circuli in the thin
band. Unlike some fish scales, such as haddock, the annuli appear
as an abrupt stoppage or change in growth. This is followed by
immediate resumption of regular growth, as opposed to a gradual
change. Consequently, identifying an annulus becomes more of a
"yes or no" decision rather than a "possibly."


In assigning an age to an individual fish, the researcher should
be aware of advantages in using a standardized lJanuary birthdate.
Weakfish are somewhat unusual since the annulus is formed in late
spring, at the same time that spawning occurs. If the age reader
uses the mean spawning date for a birthdate, the same year-class
may be assigned to 0 and l-year-old fish. A 1 January birthdate
eliminates this problem, especially if the reader assigns the correct
age for samples between January and the time ofannulus formation.


Checks may create some confusion for an age reader. Checks
are distinguished from annuli by their appearance in the lateral field
and by the relative spacing since the last annulus (Fig. 4). An in
complete annulus in the lateral field is probably a check. Also, cir
culi in the lateral field intersect the annulus at oblique angles,
whereas the circuli are parallel to checks. A check may also create
a false annulus near the focus (Fig. 5). In older fish greater than
age 6 or 7, annuli may be difficult or impossible to follow into the
lateral fields because of crowding. In such specimens, the ap~


pearance of a check in the anterior field will be the sole source for
a decision (Fig. 6).


The focus of a weakfish scale is usually a large area lacking any
clearly dermed circuli. Often there is a small degree of regenera
tion that occurs near the focus which can be ignored. If the scales
are collected too close to the lateral line, the scale may have a hole
in the area of the focus. The first year ofweakfish growth is general
ly quite rapid and total length reaches 15-25 cm. Consequently,
the first annulus on the scale is relatively far from the center and
usually quite distinct (Fig. 7). Scale growth during the first year
is fairly constant for fish throughout the geographic range.


The second annulus may be quite close to the first, indicating
.a growth-rate decrease of 10-15 em per year, but may vary some
what depending on the origin of the sample. Fish in the northern
end of the range tend to have slower annual growth than fish from
southern waters and may have closely spaced first and second an
nuli(Fig. 8). This phenomena, which has also been noted by other
researchers (R. Seagraves, Del. Div. Fish Wildt., P.O. Box 1401,
Dover, DE 19903, pers. commun. April 1980) may not be consis
tent for each year. Nevertheless, close annuli are possible and age
readers should be aware of this possible source of error. Growth
between the second and third annuli varies, with the third annulus
often relatively close to the second (Fig. 9). The growth to the fourth
annulus may be as great, or greater, than the second to third incre
ment (Fig. 10). At ages of 6, 7, and older, annuli are harder to
identify and may only be visible as a line of distorted circuli in the
anterior field (Fig. 6). The frequency of older fish tends to be
greatest at the northern end of the weakfish range.


With adequate preparation techniques, weakfish scales can be
relatively easy to age. Annulus interpretation problems can be
minimized if the sampling time and location are considered.
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Figure 1
Mean marginal scale Increments with 95% confidence Intervals of weakfISh for


all ages combined. Sample size given for each month.







Figure 2
Weakfish, Cynoscion regalilf, showing primary (A) and secondary (B) locations for collecting scales.


Figure 3
Scale impression from a 75-cin age-8 female weakfish showing common configuration of annuli with cutting


edge.


73







Figure 4
.Seale impression from a 35-cm age-2 female weakfish showing 2 annuli and


a check after first annulus.


Figure 5
Scale impression from a 47-cm oge-2 male weakfish showing a false an


nulus near the focus.


Figure 6
Scale impression from a 79-cm age-ll female weakfish showing crowding of recent annuli near the anterior


edge of the scale. Last annulus on edge not yet formed.
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Figure 7
Scale impression from a 24-cm age-l male weakfISh sbowing typical


configuration of the first annulus.


Figure 8
Scale impression from a 34-cm age-2 female weakflSb showing close first and se


cond annuli.


Figure 9
Scale impression from a 73-cm age-6 female weakfish showing close second and third annuli.
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Figure 10
Scale impression from a 68-em age-S female weakfISh showing amount ofgrowth
between the third and fourth annuli relative to growth between the second and


third.
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Atlantic mackerel is a pelagic schooling species found on both sides
of the North Atlantic; in the Northwest Atlantic it occurs from
Labrador to North Carolina. Males and females grow at .about the
same rate, reaching a maximum age of about 20 years and a max
imum fork length of about 47 cm (19 inches). Most mackerel are
sexually mature by age 3.


The Northwest Atlantic population of mackerel consists of two
major components which follow different migratory patterns but
do not appear to be genetically distinct. Mackerel of both com
ponents overwinter along the edge ofthe continental shelf from Cape
Sable, Nova Scotia, to Cape Hatteras, North Carolina. The southern
component moves inshore. and northward to spawn in the Middle
Atlantic Bight in spring and then move further northward into the
Gulf of Maine in summertime. The northern component reaches
Southern New England waters in late May and then moves north
ward to the Gulf of St. Lawrence where spawning occurs in June
and July. Fish of both groups move southward en route to over
wintering areas during the autumn (Anderson and Paciorkowski
1980).


Ageing methods for this species were first described by Steven
(1952) for mackerel of the English Channel and Celtic Sea. Growth
patterns on mackerel otoliths are not as complex as some other fish
species, but can be difficult to interpret ifviewed in water or alcohol.
Several types of growth pattern anomalies, such as checks, may
cause difficulty with age interpretation. In addition, older mackerel
(>10 years) cart be difficult to age because annuli are extremely
thin and closely spaced near the edge of the otolith.


The whole otolith, mounted in clear Permount resin, is used to
age this species. The resin enhances definition of the fmely detailed
growth patterns and provides a protective, long-term· storage
medium. Pairs of otoliths are mounted in circular depressions on
black plastic trays distal-surface-up with the rostra of both otoliths
aligned together. This enables a detailed comparison of zone for
mation and ring counts on each otolith. Magnification of as much
as 60X under reflected light is required to distinguish annuli formed
near the edge of otoliths from older mackerel.


Young-of-the-year mackerel are fast growing, usually completing
about 20 cm (8 inches) of growth by theflrst autumn after hatching
(Anderson and Paciorkowski 1980). The first annulus begins to form
as early as August (Dery and Anderson 1983) and is deposited after
a large amount of opaque material has formed around the nucleus.
For that reason, the first strong hyaline zone after the nucleus is
interpreted as the first annulus. Subsequent hyaline zones are counted
as annuli. By convention, a birthdate of 1 January is used. As of
this date, the hyaline zone forming on the edge of the otolith is in
cluded as an annulus until seasonal growth resumes.


Annulus formation is completed by March or April for a few
young fish (ages 1-3), but for most individuals it may not be com
plete until Mayor June (Dery and Anderson 1983). Seasonal growth
resumption (opaque edge) may not be apparent on older fish otoliths
until late August or September. This is partly an artifact of the
relatively narrow growth increment formed, which is not easily
detectable when first deposited. On most otoliths, opaque edge is
first evident on the tip of the rostrum rather than on the posterior
edge (Fig. 1). This is because the rostrum is usually part of the
longest axis of growth on the otolith, and forms wider growth in
crements relative to other parts of the structure.


Age interpretations should be based upon the examination of more
than one part of the otolith. It is possible to interpret different
numbers of annuli on the rostrum, subrostrum, and postrostrum,
due to close spacing or weak formation of zones on various parts







of the otolith. The rostrum usually affords the widest separation
of hyaline zones unless it is truncated, with most otolith growth
shifted to the posterior end of the otolith. In Figure 2, hyaline,zones
are well spaced and clearly defined on both the rostrum and the
posterior edge of an otolith from a41-cm, age-II fish. Figures 3A,
3B, and 3C show different parts of an otolith from a 39-cm, age
16+ fish with a truncated rostrum. No age can be determined using
the rostrum (Fig. 3A), but 16 hyaline zones can readily be inter
preted on the subrostrum (Fig. 3B) and the postrostrum (Fig. 3C).


As previously mentioned, the tip of the rostrum may be more
reliable for edge interpretation, and checks usually appear weaker
on the rostrum than on other parts of the otolith. Generally, if the
number of annuli interpreted on various axes of the otolith differ,
and the cause of the difference cannot be identified as a check, split,
or weakly formed zone, the "best" age may be assigned on the
basis of the highest ring count. This is because ageing error for
older individuals has been found to be biased toward underinter
pretation of age.


On most mackerel otoliths, the first hyaline zone, representative
of the first annulus, is generally well defined. A large first annulus
is evident on an otolith from a 16~cm, age 1+ fish sampled in July
(Fig. 4). The first hyaline zone is clear and distinct around the en
tire periphery of the otolith. In contrast, Figure 5 shows an otolith
from a (young-of-year) age 0+ mackerel sampled in October that
could be interpreted as age 1+. However,the weak incomplete
hyaline zone was interpreted as a check and not an annulus.


During the second year of growth following the first annulus,
a check can form on the otolith during the summer months which
could lead to overinterpretation of age, especially if strongly formed
on the postrostrum (Dery and Anderson 1983). If such otoliths are ,
collected in late summer or early autumn after the check has formed
they could be interpreted as age 2 + rather than 1+ (Fig. 6). Nor
mally, the check is not continuous around the otolith, and is faint
or absent on the rostrum (Fig. 7). Frequently, it appears as a dif
fuse stippling ofhyaline material and does not form a discrete hyaline
zone. In Figure 8, showing an otolith from a 26ccm, age 2+ fish
sampled in July, the second hyaline zone, although weak and dif
fuse, is the second annulus. This zone is very strong on the rostrum,
confirming it as an annulus.


On otoliths from older fish, the identity of the hyaline zone as
a check is more obvious because of the relative spacing of annuli
and the contrast of the check with the more strongly formed sec
OIld, third, or fourth annuli. Frequently, such checkS are also formed
during the third or fourth summers (Fig. 9).


After formation of the third annulus, age interpretation may be
complicated by an irregular spacing of annuli. In Figure 10, show
ing an otolith from a 42-em age-9 fish, the third, fourth, fifth,' and
sixth annuli are separated by very narrow growth increments, but
the increment between the sixth and seventh annwli is wide.
Anomalous spacing of annuli tends to be quite typical of mackerel
otoliths. On some otoliths, annuli may be spaced veryclose together
and may seem to constitute one split annulus. If the "split" zone
is traced along the pararostrum or examined on the rostrum, it may
be reSOlved into two separate annuli. The pararostral area is
therefore very important in distinguishing annuli. An otolith from
an age 5 + fish has very closely spaced third and fourth annuli on
the posterior edge of the otolith, but the same annuli are spaced
more widely apart on the rostrum (Fig. 11).


For age-lO or older mackerel, thickening of the otolith may par
tially obscure the first several annuli. Outer annuli are difficult to
interpret because the hyaline zones are often thin, weak, split, or
closely spaced. Figures 12A and 12B show the rostrum and
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postrostrum of an otolith from a 42-cm mackerel which was aged
as a possible 16+ after multiple age readings. Although the rostrum
is well developed, the annuli are poorly formed and diffuse (Fig.
12A). On the postrostrum (Fig. 12B), several annuli are so weak
and obscured by calcium that they can easily be overlookedin the
age interpretation.


Contrast between hyaline and opaque zones tends to deteriorate
toward the outer edge of otoliths of older mackere1. This results
from a decrease in \he relative amount ofcalcium aragonite deposited
during the summer months, causing the "opaque" zones to appear
more translucent. Figure 13 shows an otolith from a 40-cm age
9+ fish collected in December. All the annuli (not including the
edge) can be readily interpreted on both the rostrum and
postrostrum, but after the sixth annulus there is less contrast be
tween the hyaline and opaque zones. Figures 14A and 14B are more
extreme examples, showing the rostrum and postrostrum of an
otolith from a 42-cm mackerel. It could not be aged because of the
increasing translucence of the otolith toward the edge, and because
of poorly formed hyaline zones.


No significant differences in growth patterns between mackerel
otoliths of the northern and southern components have thus far been
established. Individual variation in the shape of otoliths and relative
length and thickness of the rostrum relative to the postrostrum are
considerable.
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Figure 1
Whole embedded otolith of a J4.i:m age 3+ Atlantic mackerel coUected in August
showing a tiny amount of opaque material visible on the tip of the rostrum.


Figure 2
Whole embedded otolith of a 41-cm age-ll Atlantic mackerel collected in Jnly


showing clearly dermed anunli and persistent hyaline edge.
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B


Figure 3
(A) Whole embedded otolith ofa 39-cm age 16+ Atlantic mackerel collected in August with a truncated rostrum, unsuitable for age interpreta
tion, (B) Subrostrum showing 16 clear annuli and narrow opaque edge, (C) Posterior part of the otolith showing 16 clear annuli and narrow


opaque edge.
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· Figure 4
Whole embedded otolith of a 26-cm age 1+ Atlantic
mackerel collected in July showing a large rll'St llIlIlulus.


Figure 5
Whole embedded otolith of a 2O-Cm age 0+ Atlantic
mackerel collected in October showing a first summer


check formed close to the edge of the otolith.
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Figure 6
Whole embedded otolith of a 2S-em age 1+ Atlantic
mackerel collected in August showing a thin summer


check formed just inside the posterior edge.


Figure 7
Whole embedded otolith of a 39-em age 4+ Atlantic
mackerel collected in December showing a weak check


formed betwecn the first and second annuli.







FigureS
Whole embedded otolith of a 26-an, age 2+ Atlantic
mackerel colleeted in July showing a weak. seeond annulus


strongest on the rostrum.


Figure 9
Whole embedded otolith of a 32-cm age 2+ Atlantic
mackerel colleeted in November showIng a small first


annulus and second and third summer cheeks.
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Figure 10
Whole embedded otolith of a 42-cm, age..9 Atlantic
mackerel colleeted in August showing persistent hyuline


edge. Annuli 3-6 are spaced closely together.


Figure 11
Whole embedded otolith of a 41-cm age 5+ Atlantic
mackerel colleeted in December showing tbe tbird and
fourth annuli spaced closely together on the posterior part
of the otolith, but spaced more widely apart on the


rostrum.
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Figure 13
Whole embedded otolith of a 4lkm age 9+ Atlantic
mackerel coUected In December showing clear annuli, but
decreased opaquelhyaline zone contrast after the sixth


annulus.


Figure 12
(A) Whole embedded otolith rostrum of a 42-cm age 16+ Atlantic mackerel collected in August
showing weak, diffuse annuli. (8) Poslrostrum showing a second summer check and split twelfth


annulus. Calcium overgrowth obscures annuli 3-5, 9, 10 and 13.
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Figure 14
(A) Whole embedded otolith rostrum ofa 42-cm age? Atlantic mackerel collected in January show
ing very poor annulus definition due to poor calcification. (B) Postrostrum of the otolith showing


poor annulus definition due to poor calcification.
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Butterfish is a small, semipelagic schooling species of commercial
importance from Southern New England to Cape Hatteras, although
it has been reported from Nova Scotia south to deep waters off
Florida (Nichols and Breder 1927, Bigelow and Schroeder 1953).
Butterfish overwinter along the 183-m (loo-fathom) contour of the
continental shelf from late autumn through early spring. North of
Cape Hatteras, these fish begin to disperse over the shelf in April
or May, moving inshore and northward with increasing water
temperatures (Horn 1970, Waring 1975). South of Cape Hatteras
seasonal inshore/offshore migrations are not thought to be signifi
cant (Caldwell 1961, Horn 1970). Spawning occurs from May
through October, reaching a peak in July and August (Colton et
al. 1979).


Butterfish are fast-growing and short-lived, attaining lengths of
up to 24-25 cm (9-10 inches) and a maximum age of 4 although
a few fish may reach age 5 or 6. Females are somewhat faster grow
ing than males. Many butterfishare sexually mature by age 1; all
are mature by age 2 (DuPaul and McEachran 1973).


Previous investigators (DuPaul and McEachran 1973, Kawahara
1978) have validated hyaline zones as annuli using whole otoliths,
but did not describe growth patterns in detail. Although this species
is short-lived, growth patterns on some butterfish otoliths are quite
complex. Annuli may be very difficult to identify due to formation
of checks within opaque zones and split or diffuse hyaline zones.


Whole otoliths are used at the Woods Hole Laboratory and are
stored dry because storage in alcohol or glycerin tends to weaken
contrast between the hyaline and opaque zones. Otoliths are ex
amined by viewing the distal surface in ethyl alcohol against a dark
background using reflected light at a magnification of 15 x .


Most.butterfish, except those that hatch late, complete at least
half of their growth by,age 1 (Waring 1975). Therefore, the first
annulus, completely formed by the end of the first spring after hatch
ing, is some distance away from the nucleus ofthe otolith. By con
vention, a birthdate of 1 January is used. As of this date, the hyaline
zone evident on the edge of the otolith until spring growth resump
tion is interpreted as an annulus. Due to an overgrowth of calcium,
the nucleus is seldom visible on the otolith after the fish has at
tained 4 or 5 cm in length. Larger young-of-the-year (YOY) fish,
age 0+, complete seasonal growth by early autumn, judging by
the appearance ofhyaline material on the edge of the otolith. Smaller
late-hatched fish appear to continue growing through autumn and
perhaps winter, because opaque edge is still evident by early spring.
In general, the time of annulus formation for butterfish is mid
autumn through late spring. This may vary for different age groups
as older fish tend to begin and end seasonal growth slightly later
in the season.


For butterfish sampled from the waters of the Gulf of Maine to
Cape Fear, two types of otolith growth patterns may be identified,
though not clearly differentiated. The "offshore" pattern is
characteristic of butterfish sampled in waters deeper than 27 m,
although such otoliths are also found in specimens taken inshore
in summer and autumn. The "inshore" type of otolith growth pat
tern is characteristic of specimens collected at depths of less than
27 m, especially from the New York Bight south to Cape Fear.
Infrequently, otoliths with the inshore pattern will be noted among
offshore samples collected during the overwintering period. This
distribution of inshore and offshore growth patterns has been stable
from year to year among NEFC research and commercial samples.


Otoliths with the offshore growth pattern are predominant in
survey and commercial catches, and tend to exhibit clearly defined
annular zones. Checks may be prominent on these otoliths but can







easily be distinguished from alIDular zones, and do not normally
complicate age interpretation. The otoliths are usually well calcified,
with· good contrast between the hyaline and opaque zones. They
are somewhat elongate in shape and the posterior edge is squared
in outline.


Figures 1 to 12 illustrate variations in the offshore pattern. Dur
ing the summer months, otoliths of young-of-the-year fish exhibit
opaque edge, indicating vigorous growth (Fig. 1). By September
or October,hyaline'edge begins to. form, especially on otoliths of
age 0+ individuals. The initial deposition of hyaline material often
appears as a closely spaced series of thin hyaline rings (Fig. 2);
continuous hyaline edge may form during the winter months. If
this •'split" zone (intermittent deposition ofhyaline material) is com
posed of two apparently distinct but closely spaced hyaline zones,
the first zone may be misidentified as a separate annulus, resulting
in overestimation of age (Fig. 3).


Checks formed before the fITst annulus are characteristic of off
shore otoliths, but because they contrast with more prominent
annular zones they are usually not difficult to differentiate from
annuli (Compare Figures 2, 3, and 4). Figure 5 shows an otolith
from a 13-cm, age-l fish with three checks formed before,the first
annulus on the edge. These are thin, superficial, and/or discon
tinuous. In Figure 6, however, the hyaline zone near the center
of the otolith of a lO-cm fish may represent the fITst annulus of
a late-hatched fish. The zone is narrow but deeply formed and con
tinuous around the periphery of the otolith.


Subsequent to the first annulus, growth increments (opaque zones)
narrow considerably in width. If the first annulus is small, however,
growth compensation may result in relatively wide increments (Figs.
6 and 7). In general, growth increments subsequent to the first an
nulus are larger for more northerly sampled butterfish with faster'
growth after age 1. Otoliths with very narrow increments between
annuli may be difficult to distinguish from otoliths with split an
nuli (Fig. 3). In addition, individual differences in timing of incre
ment/annulus formation can cause considerable indecision in age
interpretation. For example, Figures 8 and 9 show otoliths from
fish of similar sizes that were sampled in October. The second
summer-growth incremehtincluding winter. (hyaline) edge is easily
recognizable in Figure 8; in Figure 9, however, the growth incre
ment after the first annulus is barely distinguishable, probably due
to retarded seasonal growth. In general, a "split" annulus may be
distinguished from an annulus close to the edge (due to retarded
seasonal growth) by the strength and width of the hyaline zone near
the edge: Ifthis zone is thin and/or weak, a split annulus is indicated;
if strong and/or wide, the zone may be interpreted as an annulus
followed by a narrow growth increment.


Growth patterns become easier to recognize after several annuli
have formed. Distinct patterns of check or annulus formation may
be repeated on otoliths of individual fish and relative spacing of
hyaline zones becomes easier to evaluate. Figure 10, for example,
shows an otolith from an 18-cm, age 2 + fish. Both the first and
second annuli are weak diffuse zones, but the first annulus can be
distinguished laterally on the otolith where the hyaline rings com
prisingthe zone are compacted together.


Figures 4, 7, 11, and 12 show growth patterns characteristic of
adult offshore butterfish otoliths. Note especially the otolith in Figure
11. Here, a strong check or split is formed after the first annulus.
This is a frequently oc~rring anomaly and could be confused with
an annulus, but the zone is relatively weak in the rostral and
subrostral area and closely spaced with the first annulus.


Otoliths exhibiting an inshore growth pattern are typically dif
ficult to age. This pattern involves numerous checks and diffuse
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annuli. Many of these otoliths have a generally rounderoutline than
is characteristic of the offshore type, and are often poorly calcified.
Figure 13 shows an age 1+ otolith from a 12-cm fish where the
increment after the first annulus contains very little opaque material.
Otoliths are sometimes so poorly calcified that they are impossible
to age, the amount of calcium being insufficient to define annuli
(see Figure 14). It is possible that calcification may have been
disrupted as these structures were formed, or later resorption
removed opaque material. The lack of adequate calcium reduces
hyaline/opaque zone contrast making it difficult to distinguish checks
from annuli. Otoliths sampled from the shoal waters off Maryland
south to Cape Fear are most problematic in this respect.


Figure 15 shows an otolith from a 4-cm YOY fish which has
formed a check but is still growing actively in October, judging
from the presence of opaque edge. Many larger age 0+ fish are
difficult to distinguish from small age 1+ fish if strong checks have
formed on the otolith. In Figure 16, numerous checks are present
on the otolith, but the obvious contrast of these checks with the
stronger first annulus indicates an age-2 individual, since the edge
is included in the age. In Figure 17, however, it is difficult to in
terpret anyone ofthe hyaline zones as an annulus; this lO-cm fish
could be age interpreted as 0 + or age 1+.


In addition to problems with checks, annuli of inshore otoliths
are frequently split into multiple rings and are not well defined.
Figure 18, showing a 9-cm, age 1+ fish, is an extreme example
of this type, but the zone of split rings is strong enough to be iden
tified as an annulus.


Figures 19 through 22 are examples of adult inshore butterfish
otoliths with complex growth patterns. On such otoliths, it is
necessary to search for areas where annular zones are strongest and
most condensed, such as the rostrum and lateral edges.


The growth pattern phenomena described for inshore otoliths,
involving numerous checks and diffuse annuli, may be correlated
with environmental factors. Pannella (1974) has observed that for
tropical species the incidence ofcheck formation due to environmen
tal influences tends to increase for fish of shoaler water habitats.
These fish are exposed to greater variation and extremes of water
temperature, anaerobic conditions, and tidal influences. Pannella
has also observed that annular zones may be indistinct or missing
due to lack of marked seasonal changes in the environment. In
shore butterfish otoliths, sampled south of the New York Bight,
are undoubtedly subject to such influences.


Regarding problems with poor mineralization of inshore butter
fish otoliths south from New York Bight, mechanisms controlling
otolith calcification in fishes are still poorly understood, although
water temperature has been cited as an important factor (Pannella
1980). Poor mineralization of otoliths occurs for a number of
tropical and semitropical species. It is possible that high seasonal
water temperatures in southern inshore areas are partly responsible
for poor calcification. Because poor calcification of fish otoliths
can cause serious difficulties with age interpretation, more research
is necessary, especially concerning how otolith calcification relates
to environmental variables.


Although observations ofdifferences in growth patterns are useful
in describing ageing methods used for butterfish, a more systematic
study is in order before inferences can be made about their
significance, especially for stock separation. Thus far, existing
meristic and morphometric studies by Caldwell (1961) and Horn
(1970) indicate a separate stock of butterfish, possibly a P. triacan
thus/Po burti hybrid, distributed in shallow water (to 20 m) from
Cape Hatteras south to Florida. No comment can be made concern
ing the appearance of these otolithS, since no such fish have been







identified during the Cape Hatteras to Cape Fear component of our
bottom trawl surveys. Waring (1986) identified five subregions of
butterfish distribution based on length-frequency data and trends
in abundance. Two inshore groups, north and south of Delaware
Bay, were differentiated from offshore groups. However, no infer
ences were drawn concerning the existence ofseparate subpopula
tions in those regions.
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Figure 1
Whole otolith of a 6-em age 0+ butterflSh collected


offshore in August showing opaque edge.


Figure 2
Whole otolith of a 10-cm age 0+ butterflsh collected off
shore in October showing a fIrSt Sll1lllller check and split


hyaline edge forming.







Figure 3
Whole otolith ofan km age 0+ butterfish collected off
shore in October showing a check or spOt formed just


il!Side the (hyaline) edge.


Figure 4
Whole otonth of a 14-cm age 1+ butterfish collected off
shore in September showing stroag wide annuli and a thin


check between the first and second annuli.
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Figure 5
Whole otonth ofa lJ-em age-I butterfish collected
offshore in April showing three weak superficial
checks formed before the first annulus (hyaline


zone) on the edge.


Figure 6
Whole otolith of a lO-em age-2? butterflsh collected off
shore in May showing a possible small fll'St annulus.







Figure 7
Whole otoUth of It 21-em llge-4 butterfish coUected off
shore in April showing It smllll ftrst lIDnulus and weak


check.~ between successive llDDuU.


Figure 8
Whole otoUth of It 15-em llge 1+ butterflSh collected off
shore in October showing It strong fU'st ItDDuius and


hYIIUne edge.
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Figure 9
Whole otoUth of II 14-cm i1ge 1+ butterfish collected off
shore in October showing II diffuse fU'st llDDulus and
unusulllly lIl!rrow sel!Sonlll growth increment (opllque


zone) on the edge.


Figure 10
. Whole otolith of an 18-cm llge 2+ butterfish collected off
shore in November showing thin fU'St summer checks and


weak, spUt ftrst lIDd second IlDDUU.







Figure 11
Whole otolith of a 19-cm age-3 butterfish collected ofT
shore in April showing a strong check (or split) formed


after the first annulus.


Figure 12
Whole otolith of au 18-cm age-4 butlerflsh collected ofT


shore in March showing dear annuli.


90


Figure 13
Whole otolith of a 12-cm age 1+ butlerflsh cllllected in
shore in October showing poor calcification subsequent


to the rU'St annulus.


Figure 14
Whole otolith of a 16-cm age? butlerrISh collected
inshore in October showing indistinct zones due. to poor


calcification.







Figure 15
Whole otolith of a· 7-em age 0+ butterf"1Sh collected
inshore in October showing a thin check formed inside


opaque edge.


Figure 16
Whole otolith ofa 15-cm age-2 butterfish collected inshore
in April showing numerous first summer checks and


hyalIne edge.
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Figure 17
Whole otulith of a 1O-cm age 0(1)+ butterfish col
lected inshore in October showing a complex growth


pattern with a possible small first annulus.


Figure 18
Whole otolith of a 9-cm age 1+ butterfish collected


inshore in October showing a split first annulus.







Figure 19
Whole otol1tb of a 17-cm lIge 3+(1) butterf"tsb collected
inshore lu November showing a tlny check close to the


nucleus and spilt, dlffose hyaline zones.


Figure 20
Whole otolith of a IS-em lIge 3+ butterf"1Sh collected
inshore lu October showing strong checks and split zones.
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Figure 21
Whole otolith oran 18-cm lIge 3(4)+ butterf"tsh colleeted
inshore lu October showing poorly differentiated annuli.


Figure 22
Whole otolitb of a 16-cm lIge 2+ butterrlSh colleeted lu
October showlug a complex pattern with two annuli


apparent inside the dorsal (lateral) edge.
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Redfish is a slow-growing long-lived scorpaenid. In the Northwest
Atlantic it is found from Davis Strait southward to the Gulf of Maine
and Georges Bank at water depths up to 300 meters (Bigelow and
Schroeder 1953). Growth rates attained to age 6 are the same for
both sexes, but thereafter females grow faster than males. Both sexes
mature sexually at age 8 or 9. Mating occurs during the fall, and
gravid females can be found the following spring with larvae ap
pearing in the water column from April to September (Kelly and
Wolf 1959). A maximum age of 50 years has been documented
and a size of 45-50 cm (18-20 inches). (Mayo et al. 1983).


Both scales ~nd otoliths have been used to determine the age of
redfish. Scales have been used by European investigators and are
prepared by impregnating the scales with silver nitrate and view
ing under polarized light (Kosswig 1971, 1980). In earliest investiga
tions of redfish at the Woods Hole Laboratory, scales were cleaned
in an acidic solution, impressed on a plastic slide, and observed
using a microprojector. This method proved unsatisfactory because
the annuli on older fish are very compact along the edge of the scale.
Attempts were also made to stain otoliths; use of a silver-diammino
solution provided a greater- contrast between annuli (H. Foster and
F. Nichy, unpubl. data, Woods Hole Lab.), but proved to be
time-consuming.


Otoliths are preferred because they can be readily processed and
annuli on older fish are more distinct than on scales. The otoliths
are stored dry and prepared by the fonow~g method (Nichy 1977).
An otolith is placed on a c~rdboard tag and covered with wax. A
low-speed macrotome saw (fitted with two diamond blades,
separated by a spacer) is then used to thin-section through the nucleus
along the dorsoventral axis. The result is a transverse section ap
proximately 0.178 mm thick. The s~tionis viewed with a binocular
microscope- -against a d~rk background using reflected light at a


- magnificationof~5X or SOX. T:he sec~on is moistened with clove
oil, alcol1ol, or Kodak Photo-Flo-200 '·solution to- enhance, the con
trast between opaque and hyaline zoneS.


Along the -edge of tlle otolith, gependi:ng upon the time of the
year, there may be eithetan opaque or hyaiine zone. The hyaline
zone predominates from November -to May; the opaque zone is
usually formed from March to November. _lvIayo et ale (1981) were
able to validate that growth marks are annual events, based on
seasonal fOrmation of hyaline and opaque z()nes and comparisons
of mean lengths-at-age with modes of length-frequencies.


rhe annual zones on a redfish section -consist of a white opaque
zone, represellting fast summer growth,followed by a dark hyaline
zone, representing slow wiiIter growth. An opaque zone succeeded
by a hyaline zone constitutes one year of growth. For age deter
mination purposes,·the·annulus is dermed as the hyaline zone mark':'
ing-the end of a year 9f growth. By convention, a 1 January birth
date is used.


Age detenninations may be m,ade by counting annuli from the
nucleus to the dorsal edge, with corroborating counts usually made
to· the proximal and ventral edges (Figs. 1 and 2). The nucleus is
centrally located and'surrounded by the first annulus, which is a
normally distinct, oval-shaped hyaline zone (Figs. 1-5). Figure 1
shows a fairly wide gray zone immediately surrounding the nucleus,
inside the first annulus. This zone may be the result of a settling
check, but is less apparent on otoliths from older fish (Figs. 2-5).
The first annulus may be distinguished from this settling zone
because it is separated from the gray zone and extends further out
to the edges of the otolith (Fig. 1). If the first annulus appears
irregularly shaped, the otolith should be resectioned closer to the
nucleus (Fig. 4).







Alnuli from the second to about the tenth year are broad and
relatively easy to read. The opaque zone between the fIrst and second
mnuli is usually a clear white band. After ten years of age, annuli
oecome morecompact and less distinct (Figs. 3-5). An age reader
~an more readily discern split annuli and checks in younger «12
years) rather than in older fish. Split annuli are recognized because
the closely spaced hyaline zones are repeatedly interrupted by nar
row opaque bands (Figs. 1-4). Checks are recognized because they
are usually quite close to the preceding annulus and become dif
fuse along the proximal edge (Figs. 1-3).


DiffIculties caused by checks can be overcome by following the
annuli from the dorsal side of the otolith (where the hyaline zones
are relatively broad) to the proximal side (wbere the hyaline zones
narrow) back towards the nucleus. Along tbe proximal edge, split
annuli converge to form a single narrow hyaline zone. Also, the
checks become more diffuse and fade away. In specimens>15 years
of age, annuli are quite compacted on the dorsal edge. For such
sIXtimens, age can be better determined by counting the annuli from
the'tucleus towards the proximal edge (Fig. 5). Increased thickness
relative to width may result in serious underestimation of age if
only the dorsal axis is used to interpret age. Age determinations
for younger fIsh «12) can usually be corroborated by counting the
annuli along both the proximal and ventral edgesof the otolith (Figs.
1 and 2). Thus, there are three ways of verifying annuli counts on
a sectioned redfIsb otolith. One can begin at the nucleus and count
out to the dorsal edge, or to the proximal edge, or count the annuli
along the ventral edge.
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Figure 1 >".
OtoUth from a a 27-£m age-8 male redfisb. As indicated by the markers, the first annulusseparates from the gray setlUng
zone and extends further out to the edges of the otolith. The second and third annuli are spUt zones which converge to form
single annuli along the proximal edge. Note the strong check between the third and fourth annuli. The fourth annulus Is fairly
weak but discernible, especially niong the proximal and ventral edges. The fifth to the eighth annuli are quite distinct and clear.
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Figure 2
Otolith section from a 28-cm age-12 male redrISh. Annuli along the ventral edge are more distinct and ctlrroborate the age
found along the dorsal edge. The second to fourth annuli are composed of numerous checks and splits but form clear annuli
along the proximal edge. Atso, the section shows an irregular growth pattern especially in later years where there are pairs
of close annuli (7 and 8, 9 and 10, and 11 and 12) with a large opaque zone evident between the tenth and eleventh annuli.


Figure 3
Otolith section from a 34-an age-IS male redrISh. This demonstrates how, with older otoliths, the ages along the dorsal edge
are impossible to veritY along the ventral edge. Additionaliy, the annuli are quite compact along the dorsal edge, making the


age determination difficult.


Figure 4
Otolith section from a 29-cm age-17 male redrISh. This otolith has been sectioned slightly off the nucleus resulting in an ir
regularly shaped nrst annulus. Because annuli along the dorsal edge are compact and not very distinct, counting annuli out


ward towards the proximal edge is the most accurate .and precise way of determiuingage in older rISh (>15).
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FigureS
Otolith sedion from a 33~m age-31 male redfisb. Annuli are elearellt on the proximal edge.
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Summer flounder is a relatively active, predaceous, andfast-growing
species ranging from Nova Scotia to the northern Gulf of Mexico;
it is most common from Cape Cod to South Carolina (Vladykov
and McKenzie 1935, Bigelow and Schroeder 1953, Briggs 1958,
Leim and Scott 1966). Females grow faster than males; males at
tain a maximum age and length of about 7 years and 60 cm (24
inches), respectively, as compared with 12 years and 82 cm (32
inches) for females. Summer flounder are sexually mature by age
2 (Morse 1981).


Summer flounder of the U.S. continental shelf appear to be
divided into two populations, north and south of Cape Hatteras,
although in the vicinity of Cape Hatteras there may be some mix
ing of the two groups (Wilk et al. 1980, Fogarty et al. 1983).
Seasonal inshore/offshore migrations occur in response to changes
in water temperature. During winter and early spring, summer
flounder are concentrated offshore in depths of 70-155 m along the
outer edge of the continental shelf (Byrne and Azarovitz 1982), but
in late spring and early summer they move inshore and concen
trate in shallow coastal waters and estuaries. An offshore migra
tion begins in August or September (Wilk et al. 1977). Spawning
begins in September in southern New England and New Jersey
waters coincident with offshore movement, and progresses south
ward with cooling water temperatures, ending by February offCape
Hatteras (Smith 1973, Morse 1981). Coastal estuarine areas are
nurserygrounds for this species.


Many investigators have used otoliths to age summer flounder
(Poole 1961; Eldridge 1962; Powell 1974, 1982; Smith and Daiber
1977). The results of some of these studies have been controver
sial due to uncertainty in locating the first annulus (complicated
by north/south differences in spawning times), poor calcification
of otoliths, and apparent reversal of the usual seasonal timing of .
formation of opaque and hyaline zones (Smith et al. 1981). Hyaline
edge forms on otoliths during spring and summer months; opaque
edge forms during autumn and winter months.


In the late 1970's, investigators at Woods Hole developed age
ing methods for summer flounder using laminated plastic impres
sions of scales; this is now the preferred method at the Woods Hole
Laboratory. Shepherd (1980) cross-validated methods in a com
parison of zone formation on scales, otoliths, and fin ray sections
from individual fish. A State/Federal summer flounder age and
growth workshop held at Woods Hole in May 1980 reviewed
previous studies and established standard criteria for interpretation
of the first annulus on scales, otoliths, and fin ray sections (Smith
et al. 1981). Dery (1981) compared growth pattern formation on
the scales and otoliths of young fish from various nursery areas
and established more accurately the location of the first annulus.


Summer flounder scales are removed from a localized area just
above the lateral line anterior to· the caudal peduncle and stored
dry in coin envelopes. These scales are ctenoid (although the ctenii
are greatly reduced) with numerous radial grooves extending from
the focus to the anterior edge of the scale. Since the segmented cir
culi ridges on these scales are finely sculptured, laminated plastic,
composed ofa thin, soft layer ofpolyethylene laminated to a harder
layer of vinyl chloride (Dery 1983), is used for scale impressions.
A minimum of six scales are impressed evenly and quickly under
heavy pressure of a roller press. Scale impressions are then ex
amined at 40 x using a microprojector or microfIlm reader.


"Cutting over" or erosion marks represent annuli on ctenoid sum
mer flounder scales. Such marks are formed from annular erosion
of the scale edge, and appear as a sudden break or discontinuity
in the formation of one or more (segmented) circuli. In the anterior







field of the scale impression, these marks resemble concentric
"white" lines, indicating fragmentation or absence of circuli due
to erosion (Fig. 1). In the lateral field of the scale, circuli immediate
ly following the mark appear to cross-over or cut across previous
ly formed circuli (Fig. 2). A cutting-over mark should be continuous
and intersect the ctena to be interpreted as a true annulus (Fig. 2).


North of Cape Hatteras, annulus formation (scale edge erosion)
normally occurs during late spring-early summer. By September,
most summer flounder scales exhibit substantial amounts ofseasonal
growth beyond the last cutting-over mark formed. From late June
through July, however, interpretation of the scale edge may be dif
ficult due to individual variation in the timing of annual scale edge
,erosion. Although cutting-over marks form as late as June, the edge
of the scale is included in the assigned age as of 1 January by con
vention. Scale edge formed subsequent to cutting-over (through
December) is interpreted as "+" growth and is not included in
the assigned age. Figure 3 shows a scale from an age 5 +, 51-cm
female summer flounder collected in June with a small amount of
scale growth (" +" edge) beyond the last cutting over mark.


Variations in scale growth patterns (north of Cape Hatteras) have
not been systematically studied. However, latitudinal differences
in rate of growth as reflected by spacing of circuli on the scales,
and changes in the size of the first annulus (presumably due in part
to north-south shifts in spawning time) have been observed.


Following criteria established at the 1980 summer flounder age
and growth workshop (Smith et al. 1981), the first annulus is in
terpreted as the first continuous cutting~overmark formed on the
scale. For summer flounder hatched in October in more northerly
waters (e.g., off southern New England and New Jersey), the
distance from the focus to the first annulus may be relatively great,
reflecting 18 to 21 months of growth from hatching to fonnation
of the first cutting-over mark (second spring following hatching).
Relatively wide spacing between circuli up to the formation of the
first cutting-over mark is characteristic of the scales of many of
these fish (Fig. 4) (see also Dery 1981).


Further south, with a later spawning season (13 to 21 months
of growth) and different environmental conditions, circuli in the
"0+" region of the scale tend to be spaced more closely together
reflecting slower growth (Fig. 5). The distance from the focus to
the first annulus decreases; on some scales the first annulus marks
a sharp discontinuity between a . '0+" zone of closely spaced cir
culi and a subsequent zone of widely spaced circuli (Fig. 6). Dery
(1981) studied scales from small samples ofyoung summer flounder
from several coastal nursery areas. Mean backcalculated fish length
at the first cutting-over mark was 26 cm for New Jersey samples,
21 cm for Delaware/Maryland samples, and 19 cm for Virginia
samples.


Accurate interpretation of the first annulus may be complicated
by several factors. Some scales exhibit a small zone of thin, close
ly spaced circuli near the focus that is not bounded by a cutting
over mark (Fig. 7). This zone may be confused with the small first
annulus described above for summer flounder of more southern
areas because of close circulus spacing. However, the lack of a
cutting-over mark bordering this zone and more frequent associa
tion with scales from more northerly areas suggests that this zone
may reflect slow growth experienced by autumn-early winter
hatched juveniles during the first winter of life.


The presence of a weak, incomplete cutting-over mark formed
prior to the first annulus may also result in overinterpretation of
age. Such marks are generally evident only in the anterior field of
the scale and do not continue into the ctena (Fig. 5). Sudden and
marked shifts in circulus spacing can also resemble annuli, especially
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if the location of such a shift suggests an annulus (Fig. 7). These
shifts in spacing do not involve cutting-over; the rows of circuli
remain parallel to one another and do not intersect (Fig. 2). Erratic
shifts in circulus spacing are generally characteristic of summer
flounder scales and will be discussed in more detail. For this reason
circulus spacing is not normally used as a criterion for annulus
interpretation unless a consistent annual pattern is evident for in
dividual fish.


Subsequent to the first cutting-over mark, age is interpreted by
counting the number of complete cutting-over mark&. (Figs. 1 and
3). In general, scales of summer flounder from more northerly areas
are easier to age due to relatively rapid scale growth (indicated by
wide circulus spacing) and clear cutting-over marks (Figs. 1 and 3).


Anomalies causing difficulty with age interpretation include
checks, split annular zones (double cutting-over marks), and erratic
changes in circulus spacing. In addition,scale size may vary
significantly for individual fish and for fish ofsimilar lengths, despite
attempts to remove scales from a specific location. This makes it
difficult to achieve a perspective concerning the size of scales and
proportional size of growth zones in relation to fish length.


A check (false cutting-over mark) is characteristic of the second
year of growth on some scales and has been a major source of age
disagreement. This check may be strongly evident in the anterior
field and < resemble an annulus since itis often associated with a
wide increment between the first and second annuli. However, cut
ting over of cirCuli is weak or absent laterally on the scale. Alter
natively, an erosion mark may appear weak in the anterior field
but more pronounced laterally on the scale (Figs. 6 and 8). In
rare cases the check may resemble an annulus, but the anomalous
spacing ofzones indicates that the mark is more likely to be a check
(Fig. 1).


Checks greatly complicate interpretation ofsome scales from older
fish, since annuli become increasingly closely spaced near the edge
of the scale. These marks may appear identical to annuli in the
anterior field but on close examination are not continuous into the
lateral fields. Some scales exhibit many such marks that may reflect
scale damage (Fig. 9).


Two cutting-over marks spaced closely together are interpreted
as constituting a single annular zone if they fuse together laterally
on the scale (Fig. 10). Scales forming such marks ("split" annuli)
tend to repeat this pattern from year to year, facilitating interpreta
tion of this anomaly.


Erratic shifts in circulus spacing can mask cutting-over marks.
As previously mentioned, sudden brief growth spurts can super
ficially resemble annuli (Fig. 7). If the same pattern of circulus
spacing is repeated on individual scales from year to year, true an
nular marks, otherwise masked by erratic growth shifts, may be
more easily identified (Fig. 11). One type of repeating pattern that
actually highlights the annular zones is the tendency for some scales
to exhibit a zone of very wide circulus spacing immediately prior
to cutting-over (Fig. 12). In general, a helpful approach to inter
preting scales exhibiting confusing or erratic patterns is to avoid
examining the scale in detail until a general sense of the pattern
has been achieved. Figure 13, however, shows a scale from a 71-cm,
age 5(6) + female where the pattern of growth is so erratic that age
interpretation is very difficult. An estimated age was assigned based
on the number of completed cutting-over marks observed laterally
on the scale.


In summary, age interpretation of most summer flounder scales
is straightforward if good scale impressions are available, and if
cutting-over marks are carefully evaluated for continuity into the
ctena and spacing relative to other zones. Familiarity with varia-







tion in the pattern of first-year growth with geographic area seems
necessary for accurate interpretation of the first annulus.


In tenns ofgeneral orientation to scale patterns, it is recommended
that a sense of the overall pattern of growth be achieved before
more detailed features are evaluated. Experience has indicated that
overinterpretation of age is otherwise likely to result, since growth
patterns on some summer flounder scales are quite complex.


Figure 1
Scale impression ofa 64-cm age 5+ suinmer flounder collected in November show


ing clear annuli (cutting-over marks) and a strong second summer check.
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Figure 2
Detail of scale impression from the summer flounder of Figure 11 showing a trne
"cutting-over" mark (annulus) contrasted with a growth shift (indicated by an


"x") formed previous to the annulus.


Figure 3
Scale impression of a 5l-cm age-4 summer flounder collected iu June showing


clear annuli and "cutting over" just inside the scale edge.
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Figure 4
Scale impression of a 26-cm age-l summer flounder collected in May
showing an expanded· view of widely spaced circuli with some erratic


growth close to the scale edge.


Figure 5
Scale impression of a 29-cm age-l summer flounder collected in
April showing an expanded view of closely spaced circuli and a


weak check most evident laterally on the scale.







Figure 6
Scale impression of a 38-cm age-2 sununer flounder collected in May show
ing a strong check between the fll'St and second annuli most evident laterally


on the scale.


Figure 7
Scale impression of a 31-cm age-2 sununer flounder collected in March showing
a dense zone of circuli not bounded by "cntting over" close to the focus of the
·scale. This zone is interpreted as the first winter zone of autumn spawned sum-


mer flounder.
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Figure 8
Scale impression of a 5O-cm age 2+ sununer flounder collected in November show
ing a strong check between the first and second annuli most evident laterally on


the scale.


Figure 9
Scale impression of a 62-cm age-8(7) sununer flounder collected in March show


ing numerous checks and scale damage.







Figure 10
Scale impression of a 54-cm age-' summer flounder collected in May showing


a weak first annulus and split zones (douhle "cutting-over" marks).


Figure 11
Scale impression of a 49-cm age-3 summer flounder collected In March
showing growth shifts formed in a repeating pattern prior to the first


and second annuli.


Figure 12
Scale impression of a 61-em age 41 summer flounder collected in May showing
erratic growth and numerous checks. Repeating pattern ofwide circulus spacing


occurs just prior to "cutting over."


Figure 13
Scale impression ofa 71-em age 5(6)+ summer flounder collected in October show


ing highly erratic growth and numerous checks.
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Winter flounder is distributed in the Northwest Atlantic from lower
Labrador southward to Georgia, and is most abundant from the Gulf
ofSt. Lawrence to Chesapeake Bay. For descriptive purposes, the
winter flounder resource and fishery have been divided into four
major geographic groups: Gulf of Maine, Georges Bank, Southern
New England, and Mid-Atlantic. Migrations ofwinter flounder are
not extensive. The fish appear to be broken up into local subpopula
tions that are relatively stationary. Movements north of Cape Cod
are relatively localized and confined to inshore waters, whereas
south of Cape Cod, flounder disperse seasonally in relation to water
temperature. Little mixing occurs between Georges Bank and
inshore areas (Howe and Coates 1975). Lux (1973) observed that
winter flounder on Georges Bank grow faster than fish from. in
shore areas.


Winter flounder are relatively long-lived, reaching a maximum
age of about 15 years and a length of 58 cm. The growth rate up
to age 2 is the same for both sexes, but thereafter females grow
faster and live longer than males (Lux 1973). Bothmales and females
mature sexually at age 2, although males mature at a smaller size
than females. Winter flounder spawn from January through May
with spawning beginning earlier in southern portions of its range.


Because interpretation ofwinter flounder growth in inshore areas
has not been validated, this section deals only with age determina
tion for Georges Bank fish. Recent research employing daily growth
increments as an age-validation tool for inshore winter flounder has
shown promise, but such studies are as yet incomplete.


Early investigators (Lobell 1939, Perlmutter 1940) chose scales
as the preferred structure; later investigators based age determina
tions on otoliths (Berry at al. 1965, Pearcy 1962). At the Woods
Hole Laboratory, scales are used as the primary structure, although
otoliths are used quite frequently for a corroboration of age
determination.


Scales are taken from the lateral line area a few centimeters
anterior to the caudal peduncle for dry storage. Impressions of the
dried scales are made in laminated plastic using a roller press and
viewed on a microprojector at a magnification of40 x . Regenerated
scales are discarded.


The scales are ctenoid, with radial grooves extending from the
focus to the forward margin of the scale. Otoliths from young-of
the-year fish may be covered with Kodak Photo-Flo 200 solution
for viewing whole by a binocular microscope at a magnification
of 25 x, under reflected light. Otoliths from older fish are thin
sectioned by a low-speed macrotome saw (Nichy 1977). The sec
tions are covered with Photo-Flo, and examined under a binocular
microscope against a dark field with transmitted light at a magnifica
tion of 25-50x.


By convention, a 1 January birthdate is used. Annular zones on
winter flounder scales appear as changes in the circuli pattern. Zones
of fast and slow growth are reflected by wide or narrow spacing,
respectively, of circuli, made up of individual platelets on the
sculptured upper surface of the scale..


When using either whole or sectioned otoliths, a year's growth
consists of a white opaque zone, representing fast summer growth,
followed by a dark hyaline zone, representing slow winter growth.
The annulus, by definition, is the hyaline zone marking the end
of a year of growth, Le., the winter growth zone.


On winter flounder scales and otoliths, the first winter zone
representative of the first annulus is well defined for slow-growing
fish but not for fast-growing fish. The scale winter zone appears
on the edge approximately coincident with the hyaline edge on







otoliths. Studies have demonstrated close agreement between scale
and otolith readings from the same fish through age 4.


The fIrst annulus on a scale is identifIed by a dense mass ofwinter
growth (closely spaced circuli) near the focus; the end of the an
nulus is considered to be the outermost of these circuli. Sometimes,
pigmentation on the scale will cover the fIrst annulus almost com
pletely. The fIrst annulus on many scales is barely discernible and
is usually estimated by slight changes in the formation of the cir
culi (Fig. 1). For all succeeding years, spring and summer growth
are characterized by widely spaced circuli (rapid length accretion)
and fall and winter growth by closely spaced circuli (slow length
accretion). The outer edge of the zone of closely spaced circuli is
considered to be the end of the annulus. Slight checks in growth
consisting of only a few closely spaced circuli on the scale are con
sidered to be checks and may be ignored in assigning age (Fig. 2).


On scales from older fIsh the identity of checks is more obvious
because of the relative spacing ofannuli and the contrast of checks
with the more strongly formed annuli (Fig. 3 and 4). After forma
tion of the third annulus, age interpretation may be complicated
by irregular spacing of annuli (Fig. 5). The growth increment
between the second and third annuli is generally wide, with decreas
ing growth increments between later annuli (Figs. 6 and 7).


Contrast between winter and summer zones tends to deteriorate
toward the outer edge of scales of older winter flounder. After the
fourth winter zone, summer growth appears to merge with the slow
winter growth and the narrow growth increments may make inter
pretation difficult (Fig. 8).


Figure 1
Scale impression ofa 36-cm age-2 female winter flounder coIlected in the
faU from Georges Bank showiag a small first annulus with good growth


in the second year.
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Figure 2
Scale Impression of a 46-cm age-5 male winter flounder coUected in the
spring from Georges Bank showing a fairly strong check after the second


annulus.







Figure 3
Scale impression of a 54-cm age-51 female winter flounder collected in the
spring from Georges Bank showing a check before the second annulus with


split fourth and fifth annuli.
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Figure 4
SCale impression of a 47-em age-6 male winter flounder collected in


the spring from Georges Bank showing a split third annulus.
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Figure 5
Scale impression of a 49-em age-8 female winter flounder collected in the
spring from Georges Bank showing fairly small first, second, and third annuli.
There is also a check or damage evident between the fifth and sixth annuli.
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Figure 6
Scale impression of a 46-cm age-3 female winter flounder col
lected in the fall from Georges Bank showing a fairly small


second annulus with good growth in the third year.







Figure 7
Scale impression of a 4O-cm age-3 female winter flounder col
lected in the fall from Georges Bank showing moderate growth


in the second year with good growth in the third.
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Figure 8
Scale" impression of a 51-em age-6 female winter flounder collected in the
spring from Georges Bank showing close fourth, rd'th, and sixth annuli.
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Witch flounder, or grey sole, is a small-mouthed, right-sided
pleuronectid distributed in deep, cold waters from Labrador to North
Carolina. Although numerous stocks of witch flounder have been
delineated in Canadian waters (Fairbairn 1981, Bowering and Misra
1982), no stock-identification studies have been conducted for our
region. Witch flounder in the Gulf of Maine-Georges Bank region
are considered to be a unit stock for assessment purposes. Witch
flounder are sedentary and do not undertake seasonal migrations
(Bigelow and Schroeder 1953). Most commercial catches occur at
depths of 90-270 m over mud bottom at temperatures ranging from
2°C in winter to 9°C during summer (Burnett and Clark 1983).


Relative to other flatfish in the region, the witch flounder can
be characterized as a slow-growing, late-maturing, long-lived
species. Maximum observed length and age for the Gulf of Maine
Georges Bank region are 72 cm total length and 30 years, respec
tively. Median age at sexual maturity for male witch flounder is
4 years; for females, 6.5 years. Spawning occurs over a protracted
season with a peak occurring during May and June. The pelagic
larval stage is lengthy compared with other flounders, lasting from
4-6 months (Bigelow and Schroeder 1953) to a year (Evseenko and
Nevinsky 1973).


The first study of witch flounder age was conducted by Hunts
man (1918), who used scales as the ageing structure. Molander
(1925) and Bowers (1960) both employed whole otoliths for witch
flounder from the eastern Atlantic, but did not validate their method
ology. Powles and Kennedy (1967) polished whole otoliths from
Scotian Shelfsamples, validating their interpretation ofhyaline zones
as annuli by using modal analysis of back-calculated mean lengths
at-age of younger fish. Burnett (1987) examined thin-sectioned
otoliths from the GulfofMaine-Georges Bank collections. Valida
tion te.chniques in this study consisted of comparing ages obtained
from scales with otolith-based ages of individual fish and examin
ing the seasonal progression of otolith edge type.


At Woods Hole, thin-sectioned otoliths are examined with the
following exceptions: 1) Whole otoliths are used when possible for
younger fish to save preparation time, and 2) scales are used for
commercial samples when dealers do not allow otolith extraction
by National Marine Fisheries Service port samplers. (However,
scales cannot be aged accurately beyond 10 years-of-age due to com
pression of annuli on the scale edge). Upon removal from the fish,
otoliths are stored dry.


Although either otolith is a suitable structure, the ventral otolith
(easily distinguished in larger fish by its greater length and lesser
height) generally provides better interpretations in older fish due
to minimal dorsolateral compression within the sacculus. A low
speed macrotome saw is used for thin-sectioning otoliths to
thicknesses ofO.178±O.051 mm (O.OO7±O.OO2 inches); the most
successful orientation of the section is transversely through the
nucleus along the dorsolateral axis. The resulting section allows.
tracing of hyaline zones from the sulcus area into the otolith body.


Sections are immersed in ethyl alcohol and viewed against a dark
background at magnifications of 25-50x with reflected lighting.
Age determinations are based on the number of hyaline zones
present. Figure 1shows a section from an otolith taken from a 54-cm
female witch flounder assigned an age of 17 years. Features of in
terest include: A) poorly defined first annulus; B) broad, well
defined opaque and hyaline zones present through ages 2-9; C) a
check between annuli 6 and 7, possibly associated with i.nitial
reproductive efforts; D) narrowing of both zones subsequent to age
5; and E) splitting of opaque zones which can be mistaken for an
nuli in the outer fields. The section from an II-em male illustrates







both a settling check within the nucleus associated with metamor
phosis and settling to a benthic habitat and the lack of a well-dermed
first annulus (Fig. 2); this fish, captured in July, was assigned an
age of 1+. Figure 3 represents a typical intermediate-aged fish,
in this instance, a 34-cm female captured in April. Again, the first
annulus is poorly defined; however, the settling check and annuli
2-4 are prominent in this age-5 interpretation. For older fish, both
lateral fields must be utilized: earlier annuli, more distinct and less
subject to zone-splitting in the ventral field, can be traced around
to the dorsal field. This generally affords better interpretation of
later annuli. Later annuli may also be more accurately evaluated
within the sulcus, providing a point of reference has been established
in the otolith body. Care must be taken in evaluating the outer an
nuli of older fish and in categorizing the type and width of edge
material; often increasing magnifications and the examination of
the otolith halves are necessary in both instances.


An important clue in the age-determination process is also pro
vided by the spacing ofopaque and hyaline zones.. Annual incremen
tal growth of witch flounder diminishes sharply after age 12 and
remains fairly uniform thereafter; often decisions between true an
nuli and splits within opaque zones can be made by examining the
spacing of otolith events.


To summarize, thin-sectioning of otoliths is a reliable method
for witch flounder. Sectioning increases the preparation time, but
the resulting improvement in accuracy ofage determinations justifies
the approach. Reliable age determinations beyond age 10 or so will
be an important prerequisite for analytical assessments of this
species.
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Figure 1
Otolith section from a~m age-17 female witch Bounder couected in November
showing a poorly defined first annulus; broad, well deftned zones present through
ages 2-9; a check between annuU 6 and 7, possibly associated with inltlaI reproduc
tive efforts; narrowing ofzones subsequent to age 5; and spOtting of opaque zones


in the outer fields. (ThIs section Is not cut exactly at the nucleus.)


Figure 2
OtoUth section from an ll-cm age 1+ male witch flounder collected in July show·


ing a settlingcbeck and poorly dermed rU'St annulus.


Figure 3
Otolith section from a 34-em age-5 female witch Bounder collected in April showing
a prominent settUng cbeek, poorly defined rU'St annulus, and well defined annuli


2-4. .
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American plaice is a sedentary, slow-growing flatfish ranging from
southern Labrador to Rhode Island (Bigelow and Schroeder 1953).
In the Gulf of Maine and Georges Bank area, individuals attain a
maximum length of about 70 cm (28 inches) and ages in excess
of 20+ years, with females growing faster than males after age
4 (Sullivan 1982, Dery unpub1.). Most American plaice in these
waters are sexually mature by age 3 (Sullivan 1982).


American plaice tend to be distributed in deep water from 90 to
180 m, and do not occur in waters less than 25-35 m. Feeding and
spawning migrations appear to be limited (Bigelow and Schroeder
1953, Pitt 1967, Sullivan 1982). Spawning in the Gulf of Maine
extends from March through May, with peak activity in·April and
May (Bigelow and Schroeder 1953, Colton et al. 1979). Coastal
waters along the Gulf of Maine are nurserygrounds for this species
(Bigelow and Schroeder 1953).


Studies by Powles (1965, 1966) and Pitt (1967) validated hyaline
zones on otoliths as annuli for American plaice in Canadian waters.
Ageing techniques for the Gulf of Maine-Georges Bank region have
not been validated (Lux 1969, 1970, Sullivan 1982). Although the
hyaline zones are considered to be valid annuli, a large number
of Gulf of Maine and Georges Bank American plaice otoliths are
often difficult to interpret, exhibiting weak, diffuse, or split hyaline
zones, and, occasionally, strong checks. Little documentation of
such problems is available, although Powles (1966) noted the
presence of checks on the otoliths of small fish.


Powles (1965) and Lux (1970) examined whole otoliths stored
in glycerin; Pitt (1967) broke otoliths in half and examined the
broken surfaces. Sullivan (1982) examined thin-sections of otoliths
of specimens greater than 35 em. Smaller otoliths were examined.
whole in glycerin.


Age determinations have been performed at the Woods Hole
Laboratory by examination of the thin-section and cut surfaces of
one otolith. Tranverse sections 0.20 rom thick are made precisely
at the nucleus of the otolith. The other whole otolith may be used
to verify the age from the section and for young fish with clear
zone formation. Prior to examination, otoliths are stored dry. For
purposes of consistency with.terminology applied to otolith sec
tions of other species described in the manual, the terms "dorsal,"
"ventral," "proximal," and "distal" are used to describe loca
tions on sections as if the fish's left eye had not migrated, resulting
in a change of orientation of the otoliths to a vertical position, one
above the other. Generally, the right or dorsal otolith provides the
best section forage interpretation. This otolith is relatively thick
and has a deeper sulcus acusticus. This is important in locating an
nular zones on thin-sections.


Although glycerin is an effective "clearing" medium for enhance
ment ofhyaline zones, it has not been used at this laboratory because
of difficulties with edge interpretation of overly cleared otoliths.
Whole otoliths or sections are viewed in ethyl alcohol against a dark
background under reflected light. Magnifications of up to 50"60 x
are used in order to distinguish the closely spaced annuli near the
edge of older plaice otoliths.


The size of the first annulus is somewhat variable according to
time of hatching and individual growth differences. Annulus for
mation generally occurs during the winter months and seems to be
influenced by temperature (Pitt 1967). American plaice sampled
further inshore tend to form opaque edge earlier in the season than
deeper-water fish, possibly in response to advanced warming of
coastal waters. Younger fish also resume growth earlier than older
individuals, with some otoliths exhibiting large amounts of opaque
edge as early as April (Fig. 1). By October, most otoliths ofyoung







fish have begun to form hyaline edge (Fig. 2), while otoliths of
older fish may continue to exhibit opaque edge (Fig. 3). It is
important to note that the transverse section will reveal less newly
formed edge than the otolith as a whole. More detailed informa
tion on time of annulus formation in the Georges Bank-Gulf of
Maine area is not currently available since specimens were available
only from spring and autumn survey sampling. By convention, a
birthdate of 1January is used. As of this date, an annulus is inter
preted on the edge of the otolith until spring growth resumption.


The dark central kernel or nucleus of the otolith represents the
larval-to-juvenile pelagic phase of growth described by Powles
(1966) (Fig. 4). Surrounding this central kernel is a thin, weak
hyaline ring or "settling check" (Fig. 4) possibly representing the
change from pelagic to demersal habitat, and similar to the
"pelagic" ring described by Nichy (1969) for the silver hake. This
zone is sometimes evident through the surface of the whole otolith
and may be confused with the first annulus, which is formed rather
close to the nucleus (Powles 1966).


The first annulus is usually a relatively strong hyaline zone and
is clearly marked in the sulcus area (Figs. 2 and 5). A few plaice
otoliths exhibit an unusually large first annulus, with the settling
check surroundingthe nucleus (Fig. 1). The first annulus may also
be very tiny and close to the nucleus, appearing as thin concentric
rings of hyaline material (Fig. 6).


Several factors that appear to influence the clarity of annulus for
mation on plaice otoliths include depth, temperature, growth rate,
and sampling location. Otoliths ofplaice from deeper GulfofMaine
waters often have less distinct annuli, probably because seasonal
influences on the growth of these fish are muted. Otoliths of faster
growing fish from the western partofthe Gulfof Maine and Georges
Bank also exhibit less distinct zones than those of the eastern Gulf
ofMaine and Scotian Shelf areas. These differences in growth rate
are apparent from examination of age/length keys (Dery unpubl.
data). Since stock structure in the Gulf of Maine is currently
unresolved (F.E. Serchuk, Woods Hole Lab., pers. commun.), the
significance of these regional differences is unclear.


Figures 1-8 show otolith sections with distinct annulus forma
tion. Although annuli may be clearly evident on all parts of a sec
tion (Fig. 2), they are usually most distinct on the proximal side
of a section from the right otolith in the area between the sulcus
and the dorsal edge (Fig. 7). Annuli tend to be more compacted
on the shorter ventral axis which could lead to erroneously low age
estimates. Because of the depth of the sulcus on sections shown
in Figures 3 and 7, the annuli are especially distinct. Figure 8 pro
vides an example of very slow growth, with the third through eighth
annuli formed very close together on the otolith of a fish of only
28 em. These zones are quite distinct, however, on the proximal
(sulcus) side of the section. After age 3, this otolith increased more
in thickness than in width or length, resulting in the apparent layering
of annuli.


Otoliths with split or diffuse annular zones are more difficult to
read, but are nevertheless interpretable in the sulcus area where
the hyaline zones are more clearly resolved. Figure 9 provides an
example of a split, diffuse second annulus. This section could easily
be overaged if interpreted along the transverse axis. However, only
one distinct zone (second annulus), in addition to the first annulus
and edge annulus, is evident in the sulcus area. Similarly, if
numerous checks are formed in-between annuli (Fig. 10), age.can
be reliably interpreted only in the sulcus, because checks are not
normally evident on this part of the section. Figure 11 shows a
similar growth pattern for an older fish.
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The sulcus area, however, is not always the most reliable part
of the otolith section for age interpretation. Although the annuli
of Figure 12 are most distinct in the sulcus area, the eleven annuli
on the otolith section of Figure 13 are clearest along the dorsoprox
imal axis. On this section, two groups or clusters of annuli are evi
dent: annuli 2, 3, 4, and 5, 6, 7. In Figure 14, annuli are much
more distinct on the dorsal axis than in the sulcus, which is very
difficult to interpret. Therefore, each section should be individual
ly evaluated for the best location to interpret the annuli, and alter
nate locations should be used to verify age.


Individual otoliths of American plaice may exhibit both strongly
and weakly defined hyaline zones, unlike individuals ofother species
which tend to show a consistent pattern of hyaline zone formation
from year to year. The first several annuli may be distinct, with
those of the outer zones poorly formed (Fig. 15), or the outer an
nuli may be more distinct and the central or mid zone of the otolith
difficult to interpret (Fig. 16). This intra-otolith variability in defini
tion of hyaline zones is typical of many American plaice otoliths.


On some otoliths, the growth patterns are so weak and variable
that error in age interpretation is likely. On these otoliths, each
hyaline zone must be carefully traced around the periphery of the
section to determine whether or not it is continuous and therefore
an annulus. The annular zones may appear as indistinct clusters
of very thin hyaline rings. In Figure 17, the separation between
the annuli is most evident on the distal side (bottom) of the section.
A growth pattern such as this may be very difficult to interpret on
a section from the thinner, more convex left otolith with a shallow
sulcus (zones near the sulcus may be poorly defined). Figure 18
is a left otolith section with a shallow sulcus, which is, however,
possible to interpret. The annuli along the dorsoventral axis are quite
weak and diffuse, which is characteristic of some fast-growing plaice
(Figs. 17 and 18). Some otoliths exhibit such poorly defined growth
zones that they cannot be reliably interpreted (Fig. 19).


The otoliths of older American plaice can be quite difficult to
age without a clear sulcus area on the section, or without an inter
pretable whole otolith. Figure 20 shows an otolith section from a
60-cm, age-17(18) fish where the growth pattern is increasingly
complex toward the dorsal tip of the section. Annuli can be traced
from the sulcus area, which is fairly easy to interpret, around the
dorsal edge of the section. Age can also be determined using the
whole otolith (Fig. 21), which shows 17 continuous hyaline zones.


In summary, American plaice otoliths often exhibit complex'zone
formation requiring cross-verification of age using both the thin
section and/or whole otolith or sectioned otolith half. Young
American plaice can be aged by simply examining the whole otolith
in alcohol ifthe hyaline zones are strong and well defined. However,
where the interpretation is not clear, preparation of a thin-sectioned
otolith, preferably the left otolith, is necessary.
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Figure 1
Otolith section of a 34-cm age 4+ American plaice col
lected In April showing a large rU'St annulus and opaque


edge.
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Figure 2
Otolith section of a 35-cm age 5+ American plaice col
lected In November showing strong clear annuli and a


hyaIlnee!Jge.


Figure 3
Ventral part of an otolith section from a 54-cm age 12+
American plaice collected in OCtober showing a deep
sulcus facilitating interpretation of annuli around that


area.







Figure 4
Otolith section of119-em age 0+ American plaice collect~
in November ~howing a well defined larval zone and


settling check.


Figure 5
Otolith section of a 33-cm age-5 American plaice collected
in March showing strong clear annuli, especially around


the sulcus, and split fifth annulus.
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Figure 6
Otolith section of a 16-an age 2+ American plaice cal
lected in October showing a strong, tiny first annulus.


Figure 7
Otolith section of a 48-cm age-l0 female American plaice
collected in May showing a deep sulcus and strong clear


annuli.







Figure 8
Otolitb seetion of a 28-cm age-8 male American plaice
collected in AprU sbowing very slow growth, with closely
spaced annuli layered on the proxbnlll part oftbe seetion.


Figure·9
Otolith section ofa2s.cm age-3 American plaice collected
in April showing a spllt diffuse second annulus, inter


pretable near the sulcus.
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Figure 10
Otolith section of a 23-cm age 4+ American plaice


collected in April showing split zones and checks.


Figure 11
Otolith section of a 34-cm age 7+? American plaice


collected in April showing split zones and checks.







Figure 12
Otolith section ofa S5-cm ag~9 American plaice collected
in April showing annuli clearly dermed near the sulcus,


but becoming more diffuse out to the dorsal edge.


Figure 13
Otolith section ofa 6J.i:m ag~11? American plaice show
ing groups of clustered annuli2-J.4, 5-6-7, and 8-9-16-11.


116


Figure 14
Otolith section of a 63-em i1g~13 American plaice
collected in May showing annuli more distinct along the


dorsal axis than near the sulcus.


Figure 15
Otolith section ofa 56-cm age 9+ or 10+ American plaice
collected in October showing weak annuli formed after


the fourth annulus.







Figure 16
Otolith section of a 5km age-lO American plaice col
lected In April sbowlng weak, diffuse tblrd, fourtb, and


fifth annuli.


Figure 17
Otolith section of a 53-cm age 6+? American plaice col
lected in October sbowing very indistinct, dif1'use annuli,
somewbat distingulsbable on tbe distal (bottom) side of


tbe section.
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Figure 18
Left otolltb section of a 57-em age-7 American plaice


coUected in April showing weak, diffiJse annuli 4-7.


Figure 19
Otolitb section of a 33-cm age ? American plaice coUected


in April sbowlng very weak diffuse annnli.







Figure 20
Dorsal part of an otolith section from a 6(km age-17(18)
American plaice collected In April showing Increasingly


diffuse lInnuli out to the dorsal edge.
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Figure 21
Whole otolith from the American plaice of Figure 20


showing 17 or 18 continuous hyaline zones.
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Yellowtail flounder are found in the Northwest Atlantic from
Labrador to Chesapeake Bay; they prefer sandy bottom at water
depths of 37-73 m (20-40 fathoms) (Bigelow and Schroeder 1953).
Yellowtail tend to be relatively sedentary although seasonal move
ments have been documented. In U.S. waters, commercially 00
portantconcentrations occur on Georges Bank, off Cape Cod, and
in the Southern New England-Middle Atlantic region.


The growth rate to age 2 is the same for both sexes, but thereafter
females grow faster than males and also live longer (Lux and Nichy
1969). Growth rates differ by geographical area, with fish from
Georges Bank generally growing more rapidly than those from other
areas. Both males and females become sexually mature at age 2
or 3; males tend to mature at a younger age and at a smaller size
than females. Spawning occurs during spring and summer, with
peak activity in May. Ages to 17 years have been documented,
although individuals more than 7 years old are uncommon.
Yellowtail attain lengths of up to 47 cm (18.5 inches) and weights
up to 1.0 kg (2.2 pounds).


Historically, scales have been used for age determinations. Royce
et al' (1959) and Lux and Nichy (1969) have validated procedures
for age determinations based on scales. These procedures give good
results over the range of ages normally present in the population
(ages 0 to 7).


Scales are removed from the eyed side of the fish along the lateral
line immediately anterior to the caudal peduncle for dry storage.
About 5 or 6 scales from each fish are impressed on a laminated
plastic slide using a roller press and viewed on a microprojector
at a magnification of 52 x with transmitted light. Regenerated scales
are discarded.


The scales are ctenoid and radial grooves extend from the focus
to the ·forward margin of the scale (Fig. 1). Scanning electron
microscopy shows the outer surface is sculptured with concentric
rings of circuli comprised of individual platelets, while the inner
surface is smooth. The spacing of the circuli indicates periods of
rapid and slow growth. Rapid summer-type growth is character
ized by circuli which are spaced relatively far apart; slow winter
type growth is characterized by circuli spaced relatively close
together (Fig. 2).


The annulus is defined as a zone of close winter circuli marking
the end of a year of growth, i.e., the winter growth zone. The first
annulus is a small, central zone of closely spaced circuli found very
close to the focus of the scale (Figs. I and 3). The following
characteristics, following the criteria of Jensen and Wise (1962)
for haddock, also identify annuli on yellowtail scales: an annulus
1) can be traced entirely around the anterior portion of the scale;
2) can be traced, by careful scrutiny if necessary, entirely around
the scale; 3) is clearly separated from other such zones, either by
a zone of summer-type growth or because of "cutting over" marks
on the scale, and does not ordinarily meet other annular zones at
any point on the anterior portion of the scale; and 4) if present,
is found on all the normal scales from that particular fish. Many
of the criteria used for distinguishing annuli on yellowtail scales
are also used for scales from other species (e.g., haddock).


By convention, the birthday of all fish in the northern hemisphere
is 1 January; therefore, a winter growth zone forming on the edge
of the scale is designated as an annulus on 1 January, even though
the zone is not complete. Summer-type edge generally forms dur
ing spring and summer (Fig. 3) with winter-type growth predomi
nating during fall and winter (Figs. 1 and 4). Older fish begin put
ting down summer-type edge growth later than younger fish do and
start winter-type growth earlier.







A major pattern feature which determines annuli is the number
of circuli per unit area. The number increases during slow winter
growth and decreases during rapid summer growth. Measurement
of the distance between circuli shows relatively wide interspaces
during rapid summer growth, and as the interspace decreases, com
paction of the circuli forms the broad dark-appearing rings that
represent the period of slow winter growth. The end of an annulus
(i.e., the last true winter circulus in the winter growth zone) is
generally followed by a rapid transition from narrow to widening
interspaces, signifying the start of the next period of rapid summer
growth. This usually occurs in the spring of the year, but can vary
in different geographical areas. Number of circuli per unit area and
circuli interspaces are useful in determining the first few annuli,
but after the third or fourth annulus, there is a gradual reduction
in the number of the circuli formed during a year's growth. This
diminishes the usefulness of these criteria. Cutting-over marks are
often helpful in determining annuli for older fish.


Checks may be distinguished from annuli by general appearance,
relative width, and location. Checksusually begin abruptly, whereas
annuli generally have a transition zone showing a relative decreas
ing of the interspace between circuli before the true winter zone
is reached. Absence of a rapid transition to summer growth after
the check may also help to distinguish it from an annulus. Checks
may also be distinguished by following them towards the sides of
the scale to determine if they merge with an annulus to form one
zone. This method is generally applicable for only the first few an
nuli. Later annuli may be too crowded together for easy separation
on the sides of the scale. Checks may be stronger on some scales
and weaker, or even absent, on others, while annuli are present
on all scales from a particular fish. Thus several scales are examined
from each fish for a verification of the assigned age. It is sOl,TIetimes
necessary to make two or three impressions, with five or six scales
each, before a clear "composite" picture of the fish's growth can
be determined.


Spacing of the annuli relative to each other and to the focus of
the scale may be used to differentiate between annuli and checks.
For example, if two winter growth zones are found relatively close
together on a scale from a younger fish, and all the other winter
zones on the scale are relatively far apart, then one of the two close
zones will probably be called a check and not an annulus. This type
of annulus construction (i.e., two close zones) is generally described
as a split annulus, since it is usually difficult to determine which
zone is the check and which is the annulus (Fig. 3). On scales from
older fish, annuli formed after the third or fourth year are expected
to be fairly close together.


General patterns based on the geographic origin of the fish are
also used as an aid in identifying annuli. For example, a character
istic check, called the third summer check, is often apparent in the
spring or summer growth zone of the third year of life for fish from
Southern New England (Figs. 4 and 5). This check is generally
strong on scales from fish from the Southern New England area,
but it is usually weak or absent on scales from fish from the eastern
part of Georges Bank (Figs. 6 and 7). Southern New England fish
also grow more slowly than do fish from other areas so that annuli
formed after the third year are composed of few circuli and are
very close together. Cutting-over marks are often helpful in deter
mining annuli for older Southern New England fish. A rule ofthumb
for older fish from this area is to count as annuli all "possible"
zones delineated by cutting-over after the fourth annulus, especial
ly if the specimen is a male. Females from this area, being faster
growing, show slightly better separation of annuli up until the
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fifth or sixth annulus, after which annuli are closely compacted on
the scale.


Fish from the southwestern area of Georges Bank generally show
only a weak third summer check, if it is present at all. Because
of their more rapid growth rate, their scales show a better separa
tion of annuli which are fairly distinct through the sixth year of
life for both sexes. (Note the pronounced alteration ofsummer and
winter growth zones in Figures 6 and 7).


Fish from the northern and eastern parts ofGeorges Bank general
ly lack the third summer check and, because of their rapid growth
rate, also have distinct, well-separated annuli (Fig. 8). Sometimes,
however, growth is so rapid that winter zones do not contain closely
spaced circuli and consequently annuli are often indistinct. With
these fish it sometimes helps to actually move back from the
microprojector screen to gain a better perspective of the overall
pattern of growth when assigning an age.


Yellowtail taken on the Cape Cod grounds generally show slower
growth in the first two years, followed by more rapid growth in
the third and fourth years. There may sometimes be a distinctive
check immediately after the second annulus (Fig. 9).


Yellowtail from the Browns Bank region on the Scotian Shelf
grow even more slowly in the first three years of life, although
growth in the fourth through sixth years is more rapid. A gradual
slowdown in growth is evident in subsequent years (Fig. 10).


A consistent problem involves distinguishing checks caused by
damage or injury to the fish. In these cases, the scale is physically
shifted in the scale pocket so that subsequent circuli are not quite
in line with previous circuli and "lost" circuli and irregular spaces
result. Circuli in the damaged area may disappear when an attempt
is made to follow them around thescale. These marks on the scale
correspond with the area of regeneration on lost scales. The effect
is similar to that of cutting-over, a condition caused by erosion of
the scale edge, and can create a good deal of confusion in deter
mining annuli. One way to distinguish between damage and cutting
over marks is to identify marks occurring at the end of a winter
zone. If this occurs, then it can usually be assumed to be cutting
over (Fig. 8).


Another major problem is in determining the type of growth
present on the edge of the scale. The thinness of the scale edge
often results in an impression with a light coloration that may ap
pear to be summer edge (Fig. 5). However, the only true difference
between summer and winter edge is seen in the relative spacing
between circuli. A simple way of improving impressions to lessen
this optical problem is by angling the upper roller of the press. This
applies slightly more pressure to the edge of the scale.


The most reliable general criterion for distinguishing checks from
annuli for yellowtail scales is the relative location of the annuli.
In first looking at a scale, an attempt is made to mentally superim
pose a regular growth pattern, based on prior knowledge oftypical
patterns for the geographic origin of the fish. Any zone not fitting
the pattern is closely scrutinized to determine if it is a check or
a split (Fig. 7). Particular year-classes may also exhibit peculiar
growth characteristics which assist in determining age. Some year
classes may exhibita certain split annulus, or a strong check between
two particular annuli, or perhaps two close annuli. Recognition of
a characteristic growth pattern for a difficult specimen may be used
to help assign the most probable age for the fish.
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Figure 2
Scanning electron microscope pbotograph of BlI actual yellowtail flounder scale
(magnification 166 x) showing the difference between summer and winter platelets.


Figure 1
Scale impression from a 2lJ.em age-I immature yeUowtail floUllder collected In
the ran from Southern New England, with winter edge just beginning to form.


Figure 3
Scale impression from a 12-em age-I
immature yeDowtail floUllder col
lected In the spring from Southern
New Engl8lld showing a spilt first 811


nulus, with sommer edge forming.
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Figure 4
Scale impression from a 3lkm· age-3 female yellOwtail flounder
collected in the spring from Southern New England showing a third


sununer check.


Figure 6
Scale impression from a 3ll-em age-3
female yellowtail flounder collected
in the fall from southwestern
Georges Bank showing well·
separated and defined annuli, with
no tbird sununer check.
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Figure 5
Scale impression from a 32-cm age-4 male yellowtail flounder
collected in February from Southern New England showing 8


strong tbird summer check, with possible summer edge forming.







Figure 7
Scale impression from a 38-cm age-4 male yellowtail flounder collected in October
from southwestern Georges Bank showing a split fourth annulus, with no third


summer check.
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Figure 8
Scale impression from Ii 54-cm age-8 female yellowtail flounder collected in May
from northern Georges Bank showing distinct annuli with strong cutting-over.







Figure 9
Scale impression from a 31~m age.2 yellowtail flounder collected
In November from tbe Cape Cod area showing the distinctive


check after tbe second annulus.
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Figure 10
Scale impression from a 36-cm age.7 male yellowtail flounder coUected In the
spring from Browns Bank showing thll close first, second, and third annuli typical


for thls area.
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Surf clams are found from the Gulf of St. Lawrence to Cape Hat
teras (Ropes 1980). In the Middle Atlantic Bight, where the resource
is extensive and an active fishery exists, this maetrid occurs from
the coastal beach zone to depths of over 60 m. Off New England,
surf clams are found along nearshore ocean beaches, on shoals off
Nantucket and Martha's Vineyard, and on Georges Bank.


Surf clams are of separate sexes, although some individuals are
hermaphroditic (Ropes 1982). In the Middle Atlantic Bight, spawn
ing occurs primarily during summer, although some activity has
also been documented in autumn (Ropes 1968). Sperm and eggs
are released into the environment where fertilization and larval
development occur. Full sexual maturity is attained in the second
year oflife at a shell length of 45 to 85 mm (Ropes 1979). Growth
is fairly rapid to about age 7, but diminishes thereafter (Fig. 1).
A maximum shell length of 226 mm and longevity estimate of 37
years have been reported for surf clams (Ropes and Jearld 1987).


Belding (1910) reported the earliest age information for surf clams
based on observations that rings or bands on the external valve sur
face probably form annually. Mean shell length at age values were
reported for surf clams ~7 years old. The method was extended
to studies of surf clams at Prince Edward Island, Canada (Kerswill
1944), off Long Island, New York (Westman and Bidwell 1946),
off central New Jersey (W.R. Welch, Maine Dep. Mar. Resour.,
W. Boothbay Harbor, ME 04575, pers. commun. 1963), offBuc
touch, Canada (Caddy and Billard 1976), and off Virginia (Loesch
and Ropes 1977). An age of 17 years was the oldest reported in
these studies, but none of the shell-length measurements exceeded
163 mm (Ropes 1980). Age was not determined for larger clams,
because early rings on the valves were obliterated by erosion, and
later rings became too crowded together at the valve margin for
definite separation. Since significant numbers of clams >163 mm
are found in natural populations (Ropes and Merrill 1976), the
method is not generally applicable.


Bivalves have been found to deposit specific internal microstruc
tures annually (Rhoads and Lutz 1980). These are considered to
be relatively unaffected by external conditions and can be critical
ly examined by microscopic enlargement. Therefore, methods were
developed for exposing and examining such deposits in the shells
of surf clams. In 1975, procedures were developed at Oxford,
Maryland, for sectioning whole valves from the umbo to valve
margin using a diamond-impregnated sawblade. The cut edges were
then polished to remove saw marks and enhance the age-growth
structures. Distinctive dark lines seen in the cut edges of the valves
terminated at external rings. The annual periodicity of these lines
was validated by marking experiments (Ropes and Merrill 1970,
Jones et al. 1978). Although the method was reliable, age deter
minations required careful microscopic examination of the cut sur
face, which, together with the cutting and polishing procedures,
proved to be excessively time-consuming.


A more efficient method has been developed based on similarity
between the number and relative location of annuli in the valve and
chondrophore (Ropes and O'Brien 1979). A linear correspondence
has been found between chondrophore and valve growth (r =0.97).
The preparation of a chondrophore for examination includes ex
cision of the chondrophore from the valve by a pair of diamond
impregnated blades, gluing the excised chondrophore onto a slide,
and production of a thin-section (0.25 mm thick) using an Isomet
low-speed saw.


Age determinations are conducted under transmitted light at
50-100 X . Wetting agents on the surface of the sections are un
necessary. A television/microscope monitoring unit also provides







adequate resolution of most sectioned chondrophores and has the
advantage of permitting examinations by several viewers. Such
devices are invaluable for training age readers and resolving age
determinations ofdifficult specimens. In these examinations, light
is transmitted through the translucent age annuli and blocked by
the opaque growth increments, producing alternate zones of white
and black, respectively. The exact opposite occurs in a photographic
print (Fig. 2).


Bivalves may alter construction of their shells to· form annular
marks because of extrinsic or intrinsic factors (Lutz and Rhoads
1980). Low winter temperatures have been cited as the cause for
annulus formation in several bivalves, including Stimpson's surf
clam, S. polynyma (Feder et al. 1976). For the surf clam, annuli
may form in response to spawning stress (Jones et al. 1978).
Anaerobic conditions reportedly contribute to annulus formation
in the northern quahog, Mercenaria mercenaria, and the ocean
quahog, Arctica islandica (Lutz and Rhoads 1980).


Jones (1980, 1981a) investigated age-growth phenomena of surf
clams and examined shells under a s(".annmg electron microscope.
He identified specific microstructural elements constituting the age
annuli and growth increments in the outer shell layer and found
that very fine layers in the shells of surf clams had no subdaily,
daily, or tidal periodicity. OulY annual layers were formed with
a consistent periodicity.


The aforementioned research provides the basis for making
routine age estimates from thin-sectioned surf clam chondrophores.
Since age readers customarily use the term "hyaline zones" for
age-mark determinations ofother animals, this term is used herein
to describe and identify the translucent age annulus or portions of
an annulus in surfclam chondrophores. Three types ofannuli have
been recognized: the first annulus formed near the umbp, those
formed during the next 9 years or so, and those formed from the
10th year or so onward. This separation is based on the apparent
thickness ofhyaline zones and·a repetitive accretion ofhyaline zones
in some annuli. Age readers are instructed to count annuli begin
ning at the distal growing edge ofa chondrophore, since it has been
found that counts initiated at the umbo often resulted in an under
estimation of age.


Environmental conditions at the sample location may influence
the time of annulus formation. Jones (1980) found developing an
nual marks during late summer-early fall for specimens collected
off New Jersey. Our observations confirm these data with the ex
ception that clams from off Delmarva Peninsula form the annulus
later in the fall, Le., from October to December. These geographic
differences in time of annulus formation may create confusion in
age interpretation. A difficulty arises with the designation of 1
January as the standardized birthdate, since all annuli formed in
early fall may show that substantial growth had· occurred before
the January birthdate. Therefore, caution must be exercised assign
ing an additional year of age due to rmding a hyaline zone at the
distal edge of chondrophores collected between the time of annulus
formation and 1 January. This procedure assumes an annulus is
formed in the first few months after larvae settle to the bottom.


The first annulus is usually a single, relatively narrow hyaline
zone (Fig. 2a). Distance from the umbo to the most distal edge of
the first hyaline zone is often variable. This may occur from im
proper technique during the cutting or grinding operations. More
typically, variation may result from an annual variation in timing
of larval production and settlement due to protracted spawning ac
tivity. One to three-month periods ofpeak spawning activities have
been reported by Ropes (1968) and Jones (198Ib), with some lo~er


levels of spawning before and afterwards. This interpretation,
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however, does not take into account possible differences in grow
ing conditions at the place of settlement.


The second through about the tenth annuli may be characterized
by alternating weak and strong hyaline zones separated by narrow
opaque bands (Fig. 3). The terms "strong" and "weak"relate to
the relative thickness of the hyaline zones and degree of light
transmission through the zones. Double hyaline zones comprising
an annulus are delimited from preceding and subsequent annuli by
wide opaque bands. A reduction and increase in the growth rate
during the formation of an annulus are suggested by this alternative
pattern of zones and bands.


The hyaline zones and opaque bands of subsequent annuli are
greatly compressed, although variation in growth between annuli
.may occur (Fig. 3). Bitch distinct hyaline zone is counted as an
annuli. The more compressed pattern of these annuli is suggestive
of a reduction in the growth rate.


Occasionally chondrophores have incomplete hyaline zones, par
ticularly in the case of annuli formed after the tenth year of life.
These are narrow hyaline zones in the middle of a chondrophore
that fail to clearly extend to the lateral edges (Fig. 3). They are
categorized as growth checks.


Although patterns of annular growth are similar for most areas
that have been sampled, others have unique characteristics. Surf
clams from Nantucket Shoals have much more diffuse hyaline bands.
The bands are not discrete groups sharply delineated by opaque
zones but tend to split more frequently and blend together. The
dynamic environment of this area may create conditions which are
not conducive to consistent deposition ofannular material. Inshore
and offshore samples along the Middle Atlantic coast also exhibit
different growth patterns (Jones et al. 1978) and consequently the
annuli pattern varies. In this area, though, the rings are defined
well enough to age.
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Figure 1
Relationship between age and growth in sorf clams.
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Figure 2
Photographic enlargements of thin-sectioned chondrophores from sorf clams: (a) 139 mm (shell length), age 8; and
(b) 137 mm (shell leag!h), age 13. The rll'st annulus formed in the nfe of a surf clam is sometimes faint (arrow in
dicates a bold annulus in the ehondrophore of the upper clam). The most recent annulus at the marginal edge of


these ehondrophores was not completely formed.
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Figure 3
Photographic enlargement of the thin-sectioned chondrophore of a 175-mrn (shell length), age-32 surf clam.
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The geographic range of the ocean quahog is extensive. This arc
ticid occurs along the east coast of North America north of Cape
Hatteras to St. George's Bay, Newfoundland, Canada, off the
southern coast of Iceland, off the Faroe and Shetland Islands, and
along the European coast northward from the Bay of Cadiz, Spain,
around the British Isles, in the North Sea, and off the Norwegian
coast to the White Sea in Russia (Merrill and Ropes 1969, Ropes
1979). Off the Middle Atlantic coast it is common at depths of 35
to 75 m.


The sexes are separate, although hermaphroditism may occur
(Mann 1982). A period of intense spawning from August into
November has been found for ocean quahogs, although minor
spawning activity has been observed in earlier and later months
(Loosanoff 1953, Jones 1981, Mann 1982). Sperm and eggs are
released into the environment where fertilization and larval develop
ment occur. In samples from off Long Island, NY, the youngest
ocean quahogs that had attained sexual maturity were an age-5 male
and an age-6 female (Ropes et al. 1984b). Growth of ocean quahogs
is fairly rapid during the first 20 years of life but lessens greatly
thereafter (Murawski et al. 1982, see Figure 1). Ocean quahogs
ofabout 100 years and older are common; a maximum shell length
of 140 mm (5.5 inches) and a maximum longevity estimate of 225
years have been reported (Ropes 1985).


Murawski et al. (1982) reviewed early studies that presented large
ly unsubstantiated age and growth observations for ocean quahogs.
Earlier investigators interpreted dark concentric rings or bands found
on the external valve surface ofsmall quahogs (~60 mm shell length)
as annual marks. Larger, older quahogs were not aged because the
rings crowded together at the valve margin and became obscured
by the thick, black periostracum.


Recent age determinations at the Woods Hole Laboratory have
been based on enumeration of annuli in acetate peel preparations
(Thompson et al. 1980a,b; Jones 1980; Ropes et a1. 1984a,b). In
light microscope examinations ofthese acetate peels, outer and in
ner layers of the three-layered aragonitic ocean quahog shell are
quite obvious, unlike the very thin prismatic pallial myostracum,
which separates the outer from inner layers. Annuli occur in the
relatively thick outer valve layer, curve toward the umbo from exit
locations at valve surface bands, and seem to merge with the
prismatic pallial myostracallayer. Annuli in peels appear as dark
lines; growth increments form a lighter, textured background (Figs.
2 and 3). Definite prismatic microstructures, considered to be an
nuli, were found by investigators at Princeton University (Thomp
son et al. 19808, Jones 1980) that separated growth increments from
predominantly homogeneous microstructures. Although the
microstructures are only visible by scanning electron microscopy
(Ropes et al. 1984a), light microscope examinations ofacetate peels
clearly revealed the periodicity of annuli in small and large marked
quahogs (Figs. 2 and 3).


The left valves of ocean quahogs are prepared, since they have
a single tooth that contains age marks, and correspondence in the
number of marks in the tooth and valve adds confirmation to an
age estimate for a specimen. The valves are sectioned by a diamond
impregnated blade on an Isomet slow-speed saw machine. A valve
is oriented on the machine to make a cut through the umbo and
to the ventral margin such that the broadest surface of the tooth
remains in the anterior valve portion. This portion is immersed in
bleach (sodium hypochlorite ru 5.25%) to remove the periostracum,
rinsed in tapwater, and allowed to dry before embedding it in Epon
815 resin. After hardening, the embedded valve cut surface is ex
posed by grinding off excess resin and polished to a high luster







on a vibrating lap machine. Etching the cut surface of the valve
for 1 minute with 1% HCl preceeds application of sheet acetate
and acetone. The sheet is peeled off after the acetone evaporates.
The image produced in the peel is a necessary procedure, since the
thin-age annuli are microscopically indistinct on the external valve
surface, in the cut surface, or thin-sections ofocean quahog shells.
Although age annuli and growth increments are reproduced clear
ly in the peels, they must be examined microscopically. Optimal
contrast between annuli and growth increments in examinations of
peel preparations is possible under a compound microscepe at low
(40 x) magnifications, low transmitted light intensity, and with the
iris/diaphragm of the substage condenser closed down.


Various experimental evidence, including radiometric analyses
(Turekian et al. 1982, Bennett et al. 1982), suggests that annual
age marks are formed in the valves of ocean quahogs. Validation
of an annual periodicity for these marks has been supported by a
marking experiment (Murawski et al. 1982). Recovered individuals
show the expected number of annuli formed during the period
between marking and recapture (Figs. 2 and 3).


Problems in determining an age for an ocean quahog relate to
the loss of the earliest-formed annuli in the valve from erosion of
the outer valve layer, a condition not uncommon in old individuals.
Annuli formed during the first 10-15 years in the life of an ocean
quahog may split into multiple lines at the valve-surface exit loca
tions. Careful observation will usually reveal that they merge at
the pallial myostracum. These conditions can result in deviations
in agreement between annuli counts of the valve and hinge tooth,
and individuals have been found to have a confusing pattern of
growth lines suggestive of aberrant growth (Ropes et al. 1984b).
The labor-intensive preparation ofacetate peels and ages approach
ing or exceeding 100 years for many ocean quahogs are additional
problems.
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Figure 1
Relationship between age and growth in ocean quahogs.
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Figure 2
(a) A llO-mrn (shell length), age-l25 ocean quahog, Arctica islandica, released after marking in 1978 off Long Island, NY, and recovered 6
September 1983 before the annulus had formed for that year; (b) enlargement of the marked area; (c) photomicrograph of the valve margin show


ing the annulus formed soon after marking (arrow) and four additional annuli.
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Figure 3
(a) A 62-mm (shell length), age-ll ocean quahog, Arctica islandica, released after marking in 1978 off Long Island, NY, and recovered 6 September 1983 before the annulus


had formed for that year; (b) hinge tooth showing 11 annuli; (0) photomicrograph of the valve margin with each annulus identified by the year of its formation.
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This report is a response to the Program Review for the NMFS/NEFSC Apex Predators Program (APP). It summarizes the major issues brought up by the Review Panel and how Apex has implemented change to improve the program as a result of this review. Additional commentary is provided regarding the status of resources available to Apex since the review and future plans.


The Review Panel met on 26-28 January 2005; the panel members were:


Dr. Elizabeth A. Babcock


Dr. George W. Benz


Dr. Gregor M. Cailliet


Mr. Christopher Rogers


Dr. Gerry Scott


The program review was a planned activity to review APP’ activities in light of the changes in legislative mandates, international activities, and organizational structures that have occurred since 1960 (i.e., when Apex began). This review is designed to inform regional and national planning, coordination and budget processes, as well as guide the implementation of a relevant and top-quality research program to meet the agency’s current and future information needs. Specific goals of the review were:

1.  To review and evaluate ongoing research programs within the Apex Predators Program and provide guidance for future improvements, program directions and priorities in the areas of:


a.)
Monitoring programs


Longline surveys (Pelagic, coastal, juvenile)




Recreational tournament sampling


b.)  
Cooperative Shark Tagging Program (including survival rate estimates)


c.)  
Age and growth studies


d.)  
Reproductive biology studies


e.)  
Feeding habits studies


f.)  
Studies of Essential Fish Habitat/COASTSPAN


2.  To compare the current research and information products of the Apex Predators Program with the current and likely future information needs to support assessment and management of Atlantic sharks under national legislation, international conventions and ecosystem management policies;  and to recommend research directions for the Program consistent with and responsive to those needs. 


3.  With the Highly Migratory Species Division and the Southeast Fisheries Science Center, to develop groundwork for a more formally integrated Atlantic coastal shark science and assessment program, including definition of programmatic responsibilities, planning and coordination, and identification of resource and information requirements.


Overview


The consensus of the panel members was that the quality of the work of the program is exceptional, and is accomplished through creativity and enthusiasm in the face of limited resources. It was noted that the Apex Predators Program (APP) provides a unique and valuable long-term data series on shark abundance, movement, life history and diet.  Many of its current activities are linked to data sets with considerable historic value. The usefulness of the data from the tagging and survey programs increases every year as the sample sizes increase.  The long-term monitoring activities should be considered the core function of the APP, and they should be consistently funded.  This program has a long (~45 year) history and has been very productive, both for achieving research results and for promoting better management of elasmobranch resources.  With its modest budget and facilities and small staff, the APP has contributed significantly to the general and specific understanding of sharks that forms the foundation for science-based management.  In addition, through its extra-agency collaborations, outreach, and other activities, the APP has prompted basic science, supported education and professional development, and facilitated the efforts of sport and commercial fishers.  Through the APP, a large, connected network of shark constituencies, interest groups, and researchers has developed.  Many of the researchers engaged within the APP web depend upon the inter-connectedness of the APP for access to specimens, etc., which has obvious benefit to the agency.


Mission Statement and Research Plan


The Review Panel requested a mission statement identifying the focus and role of the Apex Predators Program in the context of the entire coast wide shark science and management community.


Mission statement


To provide scientific information required for the assessment and management of Northwest Atlantic Ocean shark resources


· Determine broad and fine scale movements, and delineate nursery and pupping areas to provide stock assessment parameters, essential fish habitat information, and to monitor the distribution and abundance of shark species.

· Conduct life history research on age and growth, reproduction, and food habits to improve the knowledge of the biology of Atlantic shark species.

· Collect catch and effort, biological, and oceanographic data from fishery-dependent sampling and fishery-independent cruises.

· Expand analytical work to use derived life history, catch and oceanographic information to estimate parameters for demographic, fisheries, and ecosystem models.


The Panel also saw a need for a comprehensive research plan, integrated within the agency and drawing on external on-going activities.


· Development of the plan should be consultative, in coordination with both external and internal entities.

· An Operational Planning Committee should provide oversight.


· The research plan should be peer-reviewed.


· The plan should contain two elements: long-term and short-term plans.


· The latter can form the basis for input into the Agency’s PPBES process.


Outreach and Collaboration


All Panel members remarked that one of the strengths of the APP is its ability to produce high-quality research with a small budget, by engaging in cooperative research projects with fishermen, collaborations with other institutions, and projects that take advantage of windows of opportunity.  These linkages with other NMFS line offices, academic institutions, and the public to leverage resources and expand data collection and analysis should be strengthened in strategic ways to identify new sources of funding, new avenues of data collection, and new partnerships for completing analyses and publishing results.  It was also apparent to the Panel that the APP has effectively utilized volunteers, undergraduate and graduate students, academics, and other collaborators, often at no real cost to the federal government.  The APP has also been very successful at facilitating peripheral studies of students and other researchers and has served as an important career training platform for many persons who have gone on the become successful professionals.


Outreach activities are ongoing with the production of a Shark Tagger Newsletter, informative talks at recreational fishing clubs and tournaments, and expansion and revision of the website.  Collaborations and partnerships with researchers and formal and informal student mentoring have continued at a very high level.


Additional Staff and Funding


It was apparent to the reviewers that the APP has been limited by funding and resources, although the staff has been very creative regarding networking and collaborating with others to move their program forward even when funding has been lacking.  It was noted that the Program’s staff is small and some key areas of expertise are not found formally within this staff (e.g., someone highly skilled in stock assessment and someone skilled in highly technical forms of quantitative data analysis).  This severely limits the full utilization of mark-recapture, life history, monitoring, and historic longline time series data to adequately support stock assessments and provide management advice.  This is a critical need within the Program and was a consistent recommendation throughout all discussions of the various aspects of the research.


Two possible scenarios for increased funding were outlined during the review.  One was through possible funds available through the National Shark Research Consortium (NSRC) and their three (out of four total) east coast institutions (Virginia Institute of Marine Sciences, University of Florida, and Mote Marine Laboratory).  Another avenue was to include APP activities in the HMS Operations Plan where, on an annual basis, SEFSC, SERO, NEFSC, NERO, F/SF, F/ST, and F/IA will participate in a planning exercise that identifies all HMS related activities and requirements, maps each into PPBES, designates a responsible line office, and develops an out year budget consistent with a full implementation.  Acknowledging that full funding is not a likely scenario, the process should result in setting priorities for the current year and a strategy to leverage available funds/personnel.


Gap Analysis


Another Panel consideration was to produce a knowledge gap analysis.  This should include the production of a table of current status of knowledge of elements of apex predator biology.


· The analysis should evaluate the status of synthesized information rather than status of data.


· The analysis should be regularly updated.


· This analysis should serve as the basis for research prioritization.


The program review, in some part, was a first step towards a comprehensive research plan integrated within the agency as it represented an opportunity for Northeast, Southeast, and HMS representatives to begin to review ongoing studies and research needs.  As core members of the NMFS ISHARK (Integrated Shark Research) team in the 1990’s under the guidance of Dick Stone, representatives from Apex, the SEFSC, and HMS made a first step at precisely what is recommended here for an integrated agency research approach to shark biology and management.  As part of this integrated team would come the gap analysis with each unit contributing their expertise and knowledge of current research needs.


Name Change


Some of the reviewers commented that ‘Apex Predators’ name is somewhat misleading. implying a trophic focus that does not include life history, population, community and ecosystem-wide studies.  Reviewers noted that the name of program implies that the focus is broad-based yet activities seem to be restricted in large part to sharks.  In reality, many aspects of the life history research and outreach activities involve other HMS and elasmobranch species (e.g. published studies on swordfish diet, and skate ageing; historic longline, recreational tournament, and tagging databases including all HMS; publication of HMS ID guide; current research on torpedo ray life history).  One reviewer commented that there are many reasons to retain the name including that staff should consider the long term potential for expansion of activities to include other apex predators, to coordinate with other regions on sharks, or to include other similar species.  The program name should reflect the intended future focus of activities.  In light of the above and a ‘name recognition’ factor for the program over the previous 5 decades, it was decided to revert to the original name of Apex Predators Investigation.


Cooperative Shark Tagging Program


The CSTP was reported to be highly successful and a relatively inexpensive way to accumulate a long time series of scientific information useful for delineating shark movements and stock structure, age methods validation, and estimating longevity and movement rates.  The consensus of the reviewers was that the CSTP should not only be maintained but also expanded to focus on additional areas and less common/rare species as well as incorporate an active genetic component; all of which requires having an adequate supply of conventional tags.  In addition, it was recommended to fund the continued and expanded use of ‘new technology’ tags (acoustic, archival, and satellite) to gather additional time-and space-intensive information regarding shark movements.


It was noted that for many sharks, the catch and catch rate data from the fisheries are of very poor quality because of species identification problems and unreported discards and that tagging data can be used to estimate harvest rates.  Thus, efforts to integrate the tagging data into stock assessment are critical to improve the management of these species.  To adequately support stock assessments and to enhance the use of the CSTP data for population dynamics purposes, it was strongly recommended to increase funding to support more immediate data analysis and synthesis, and additional quantitative analysis for the purpose of fishery management advice.  This would involve additional support for students, post-docs, contract employees and a fulltime FTE.  It was also suggested that in order to improve stock assessment modeling work, the program database should be based on individual fish identity rather than tag tracking and garner additional information on the fish tagging or recapture forms, or double-tagging experiments to estimate tag loss rates.  For outreach and constituency convenience, it was suggested to produce a more consistent and centralized tag recovery center to report recaptures and to expand public access to data reporting/retrieval mechanisms over the Internet.  For example, reporting tag applications or tag recoveries via telephone or website may enable anglers to respond more rapidly and the applications could provide prompts for error checking.  Additionally, such a mechanism could serve as a cost-effective way to disseminate information (e.g., online newsletter, annual report) allow tournaments/anglers to query their individual tagging records).


Progress to date:


Comprehensive revision of 40+-year CSTP mark-recapture database:


· Migrating from a tag-based to a fish-based system to better track multiple recaptures, fate of fish, and tag shedding information.


· Fate of fish and multiple recaptures have been identified.


· Revised recaptured forms requesting fate of fish information included in tagging kit and available on website.


· Revising data entry and access programs for real time web based data entry and quality control.

· Revising outputs for better feedback to constituents including GIS maps.


· Standardizing formats, screens, data values across multiple NEFSC tagging programs.

Expanded outreach:


· Newsletter re-instated – due to be mailed in spring to 7000 cooperators along with a tagging program decal.  Also available online.


· New ID placards for better data collection.


· Online recapture reporting for shark and all NEFSC tagging programs.


· Investigated the use of 800 number for reporting recaptures, but no funds identified to date.


· Website updated with data reporting instructions, recapture summaries, and current research and publications.


New technology tags:


· PSAT tags applied to 4 blue sharks, 2 bigeye threshers, 1 tiger, and 20 porbeagles; 5 tigers will be tagged in spring (3 PSAT, 2 SPOT tags).


· Acoustic tags on sandbar sharks in Delaware Bay bottom monitor array.

· Acoustic tags on sand tigers in Delaware Bay scheduled for summer 2007.


Data analyses:


· CSTP data basis for Ph.D. dissertation on blue shark population dynamic parameters including stock structure, and movement and survival rates.


· CSTP data basis for Ph.D. dissertation on shortfin mako shark survival rates.


· CSTP data basis for Ph.D. dissertations on sandbar shark migrations.


· CSTP data basis for ongoing revision of shark essential fish habitat.


· Distribution, stock and movement papers for 2005/2006 Large Coastal SEDAR for sandbar and blacktip sharks.


· Distribution, stock and movement papers for 2007 Small Coastal SEDAR for finetooth, Atlantic sharpnose, blacknose, bonnethead and angel sharks.


· Blue shark stock structure in press.


· Tagging lesion manuscript ongoing.


· Hollings student work on dusky shark size-frequency analysis from tagging data.


· Scalloped hammerhead migrations ongoing.


· Porbeagle PSAT research funded through external sources.


Life History Studies


Overview


Elasmobranch life history studies have always been a core function of the Apex Predators.  It was noted that the life history studies being done by the APP are very interesting, cutting edge science, and very useful to management.  The general consensus of the reviewers was that these studies should continue to address identified priority knowledge gaps and focus on species of concern because of declines and management issues.  This has always been a priority (e.g. shortfin mako and blue shark age and growth, blue shark reproduction) and in recent years, the shift has been to concentrate on a complete life history approach for a species to get a total picture for management.  For example, the porbeagle shark is now proposed for Appendix I or II in CITES and the life history study was initiated, completed, and published in 1999-2004 including age, reproduction and diet.  Comprehensive studies of this kind are ongoing for the thresher and scalloped hammerhead shark, both of these species identified as management priorities.  Once again, an overall critical need was identified for increased funding to support additional personnel for analysis which can be met by pre- and post-doctoral students, contract employees and full time FTE’s.


Age and Growth Studies


The reviewers’ consensus was that the age and growth studies should continue with continued prioritization of species for these investigations.  It was noted that the APP scientists are using, often through collaboration, the latest tools for estimating ages and validating them with OTC and bomb radiocarbon and that these state-of-the-art efforts at estimating and validating ages of North Atlantic sharks should be encouraged and funded well.  They provide essential, but basic life history parameters, often very useful at producing (at least age-structured) fishery models. These studies involve both processes of estimating and validating ages of sharks to produce valid growth curves and will most likely involve additional collaboration with academic partners, pre- or post-doctoral student support as well as allocation of special funds to carry out this work.


Significant progress has been made in age and growth research for critical elasmobranch species including:


· Published validated shortfin mako age (a 2004 ICCAT research recommendation).

· Published validated blue shark age.

· Published shortfin mako bomb carbon age validation.

· Published smooth skate age and growth.

· Completed master’s thesis on thresher shark age formatted for publication.


· Completed master’s thesis on validated tiger shark age using bomb carbon analyses submitted for publication.


· Basking shark age and growth manuscript in review by Center.

· Scalloped hammerhead age and growth ongoing.

· Bull shark age and growth study ongoing.


· Night shark age and growth study ongoing.


· Torpedo ray age study – ongoing master’s thesis.

Trophic Ecology


It was noted that the long-term data series on the diets of apex predators will be very useful when the developing science of ecosystem-based management evolves far enough to use the data.  Thus, the reviewers recommended that the trophic ecology studies should continue, but in an ecosystem context, with a more dynamic approach (gastric evacuation rates, ration estimates, consumption rates).  Other recommendations for expansion of the diet studies included the need to collect geo-referenced data, and the use of GIS to manage spatial data for finer spatial resolution information on abundance, trends and diet, and investigations of stable isotopes, contaminants, essential fatty acids as a multi-pronged approach toward gathering a more robust understanding of shark trophic status and trophic interactions.  In addition, more trophic (i.e. ecopath and ecosim) modeling needs to be done to provide an idea of the importance of these trophic relationships (to predators, prey, and the communities or ecosystems).  Once again, there is a critical need for additional personnel support including collaboration with academic partners, pre- or post-doctoral students, contract employees, and a full time FTE.  It was also noted that continued access to samples through cruise operations (coastal and pelagic) and participation at tournaments is critical regarding some priority life history studies.


Apex has initiated a number of studies to accomplish these goals in addition to the continued collection of samples at recreational fishing tournaments and ad hoc research cruises:


· Ongoing trophic dynamic study of elasmobranchs in Delaware Bay including sandbar and smooth dogfish sharks.  Studies include diet, species overlap, and ontogenetic analyses.  These data in combination with distribution and tagging information to used for modeling (ecosim, ecopath) this primary sandbar shark pupping and nursery ground.


· Clearnose skate diet study in Delaware Bay to be initiated in summer 2007.


· Gastric evacuation rate and daily ration study for sandbar shark basis of ongoing Ph.D. dissertation.


· Predator-prey interaction of bluefish and shortfin mako-comparison to historic levels ongoing Ph.D. dissertation.

· Published white shark isotopic analysis.

· Torpedo ray diet study ongoing master’s thesis.

· Smooth dogfish diet study (MA, CT, and RI) ongoing master’s thesis.

· Predation study on Sable Island manuscript in final stages.


· Thresher diet study ongoing.


· Blue shark diet study-decadal perspective.


· Computerization of the historic database and prioritized analysis by species has begun with a volunteer researcher.


Reproductive Studies


It was noted that through their fishery-dependent and fishery-independent sampling activities, Apex staff has accumulated a great deal of data (both numbers and measurements) that will help us understand the most important life history trait, once an animal is mature, reproducing and replacing those individuals in a population that are lost to mortality (both natural and fishing).  Once again, it was recommended that this work must be continued, with focus on those species that have declined and are thought to be more vulnerable than others.  In addition, there must be continued support for biological sampling collection at sport fishing tournaments and on coastal and pelagic cruises.


Ongoing Apex reproductive studies to date:


· Ongoing collection and analysis of blue and thresher shark reproductive measurements and samples.


· Torpedo ray reproductive study – ongoing master’s thesis.


Historical longline (CPUE) Time Series Studies


The overwhelming consensus was that the recovery efforts should continue and be completed, based on the value of historical data for stock assessments.  The limiting factor to these recovery efforts has been due to unavailability of directed staff.  This undertaking has limped along with volunteers and work-study students.  All efforts should be made to direct resources to complete this work to make these data fully useful for assessment and monitoring studies.


Significant progress has resulted with the help of one contract staff.


· Standardized catch rates for the Atlantic sharpnose shark from catch per set data from the Sandy Hook/Narragansett exploratory longline surveys were used in the 2007 Small Coastal SEDAR.


· Trends in relative abundance of shark species from the UNC longline survey were used in the 2007 SEDAR for Small Coastal Sharks.


· Historical animal records, including size composition and biological sampling data, and gear descriptors are partially recovered.


· Partial recovery of historic Pascagoula longline database.


Monitoring Programs-Surveys (juvenile, coastal/pelagic), Recreational Fishing Tournaments


Monitoring Surveys


In general, the need for monitoring surveys was well supported.  It was noted by one reviewer that, for sharks, it is critical to have ongoing surveys of abundance in pelagic and coastal waters, and in the coastal nursery areas, throughout the range of the relevant species.  Because many sharks are wide-ranging and highly migratory, monitoring efforts should have the greatest possible geographic range.  There should be a coordinated, long-term monitoring strategy for sharks throughout the Gulf and Atlantic coasts, to produce long-term indices of abundance for pelagic, coastal and nursery areas.  The APP coastal longline survey should be continued.  The pelagic longline survey should be re-instated if it is possible to expand the spatial extent so that it covers a larger portion of the range of the relevant pelagic species.  The consensus was that these surveys should be funded well and regularly (and reliably) scheduled and that the agency should commit to and provide adequate resources for long-term monitoring of stock abundance patterns making use of representative and wide-ranging controlled effort surveys and this monitoring should be considered part of the agency’s commitment to ocean observing system activities.  There is a need for consistency in funding, timing, gear and coverage (location), and survey effort (gear configuration and spatial extent).

Progress to date:


· Standardized catch rates for large coastal sharks have been used in previous shark stock assessments including the most recent 2005/2006 SEDAR.


· Standardized catch rates for Atlantic sharpnose sharks were submitted to the 2007 SEDAR for small coastal sharks.


· A coastal survey is scheduled for Spring 2007.  To date, funds have not been identified for gear and personnel costs.


· Pilot pelagic survey and circle hook comparison conducted in 2006.


· Relational database created for 20 species of coastal and pelagic sharks.


COASTSPAN Survey and Essential Fish Habitat Studies


Pupping and nursery ground assessments and surveys were strongly supported similar to that of COASTSPAN.  It was suggested in the Review and reiterated by the Panel that the COASTSPAN program could evolve into a useful index of neonate abundance if it was expanded to a wider range of nursery areas instead of focusing only on Delaware Bay.  Extension of this program into other Atlantic coast estuaries will help determine the relative importance of each area to neonate survival and growth.  It could also strengthen the interpretation of time series data if trends are consistent across estuaries.  Identifying and monitoring a few key estuaries could lead to development of an important forecasting tool for stock abundance.  Eventually, the indices of abundance could be linked to environmental variables within the estuaries and/or along the nearshore coastline.  This could help discern the relative importance of local and coastal environmental factors as influences on recruitment.  After an evaluation of all coastal habitats, estuaries, etc. along the east coast of the U.S. with regard to their pupping and nursery ground function, design of a juvenile survey could be considered based on a subset of representative estuaries.  This, or any other new survey design, should be vetted first.  It was further suggested that there should be consistent data gathered among these estuaries and other coastal habitats assessed and surveyed, in addition to size frequency analysis and the use of acoustic and satellite tracking plus GIS tools to assess site fidelity and/or emigration by neonate and juvenile sharks from these important, early shark habitats.  Undertaking these further studies will significantly enhance scientific understanding will likely require an increase in resources, for which a funding source has yet to be identified.


· Apex has begun the summary of juvenile nursery studies and coastal habitats through the American Fisheries Society symposium proceedings volume on US Atlantic and Gulf of Mexico coastal shark nursery ground and habitat studies.  This book is currently in press, scheduled for March 2007.


· Other recent results from nursery ground and habitat studies:


· Standardized catch rates for the sandbar shark from the Delaware Bay COASTSPAN survey was used in the 2005/2006 SEDAR for Large Coastal Sharks.  This was the only juvenile sandbar index used in the assessment.


· Standardized catch rates for small coastal sharks from the Georgia COASTSPAN survey was used in the 2007 Small Coastal SEDAR.


· Standardized catch rates for small coastal sharks from the South Carolina COASTSPAN survey was used in the 2007 Small Coastal SEDAR.


· Ph.D. dissertation based on COASTSPAN survey data in Delaware Bay is ongoing and scheduled for completion in May 2007.


· Masters Thesis based on nursery ground and habitat work in US Virgin Islands completed in Spring 2007.


· Manuscript submitted to MEPS on US Virgin Island shark habitat work.


· Revision and refinement of shark EFH sizes, criteria, and distributions is ongoing by contract and Apex staff on HMS-EFH task group.


HMS Recreational Fishing Tournaments


This sampling program was considered very valuable to provide long-term data that can detect trends, to provide specimens and tissues for life history and genetic studies, to provide outreach opportunities for recreational and commercial fishers and the public, and to provide additional information on movements that complement the CSTP.  It was recommended that additional funding be provided to increase the number of tags that can be given to and used by the fishers involved in the tournaments to encourage tag and release and decrease fishing mortality.  It was further suggested to expand tournament coverage and attempt to collect effort data (number of anglers, time on or in the water, bait, etc.) so that not only catch, but also CPUE data can be accumulated and plotted over time.  This, along with size information, can help identify trends, both positive and negative.  Although this would require additional funding and staff; it was noted that that this method of sampling is very cost effective.  A reviewer suggested that coordination with Highly Migratory Species Division will be required to address enforcement issues and that APP, RBS (Recreational Billfish Survey) and HMS staff should convene a conference call to discuss the current status and future direction of the HMS tournament-monitoring program.  While there are a number of tournaments exclusively targeting either billfish or sharks, there are many more which have award categories for all HMS.


· Apex staff serves on an HMS tournament task team and participated in a series of conference calls to review the current status of tournament monitoring and reporting.


· Funding and current staff on a year-to-year basis will barely cover monitoring standard tournaments.  At the present time, no additional moneys or staff has been identified for expanding coverage to other HMS, to additional shark locations, or to gather CPUE information.  Number of tags given out at tournaments is generally restricted due to limited total yearly tag inventory.


Reviewers’ Comments By Topic


Overview


Dr. Elizabeth A. Babcock


The Apex Predator Program (APP) provides a unique and valuable long-term data series on shark abundance, movement, life history and diet.  The usefulness of the data from the tagging and survey programs increases every year as the sample sizes increase.   The long-term monitoring activities should be considered the core function of the APP, and they should be consistently funded. 


Dr. George W. Benz


Since its beginning in the early 1960’s, the Apex Predator Program (APP) has been a valuable and productive scientific component of the US government. With its modest budget and facilities and small staff, the APP has contributed significantly to the general and specific understanding of sharks that forms the foundation for science-based management.  In addition, through its extra-agency collaborations, outreach, and other activities, the APP has prompted basic science, supported education and professional development, and facilitated the efforts of sport and commercial fishers.


Based on its long-standing expertise regarding many of the science activities related to this effort, as well as its large accumulation of biological samples and data related to the same (including many decades of tagging and long-line catch data), I suspect that this process will establish the APP as the (or one of 2) principle initiatives within the NMFS regarding shark science.  And in said case, it might be advisable to consider establishing one new duty of the APP as serving as a coordinating unit for shark science within the Service.


In closing, the APP is a valuable component of the NE Fisheries Center that has had significant impact on the accumulation of shark science for more than many decades.  Many of its current activities are linked to data sets with considerable historic value.


Dr. Gregor M. Cailliet


3. Since the APP has been in operation for almost 40 years under NMFS, with its origin dating at least seven years prior (1959) under the Interior Department’s Bureau of Sport Fisheries and Wildlife, it is appropriate that a thorough review of this Program occur.  The idea behind this review is that the results should inform regional and national planning, coordination and budget processes as well as guide the implementation of a relevant and top-quality research program to meet the agency’s current and future information needs.


This program has a long (~55 year) history and has been very productive, both for achieving research results and for promoting better management of elasmobranch resources.


Dr. Gerry Scott


There has been a long and productive history of shark science conducted by the NEFSC’s APP (perhaps more aptly termed Shark Research Team (Branch, Investigation, ?)).  The research conducted has traditionally focused on life history (movement, age & growth, reproduction, etc.) investigations based on specimens and data collected through cooperative (generally ‘volunteer’ tagging program activities, shark-directed research cruises, shark tournament sampling, and other miscellaneous activities). Through the APP, a large, connected network of shark constituencies, interest groups, and researchers has developed. Many of the researchers engaged within the APP web depend upon the inter-connectedness of the APP for access to specimens, etc., which has obvious benefit to the agency.


Mission Statement and Research Plan


Dr. Elizabeth A. Babcock


The APP needs a mission statement and a formal research plan. APP research efforts can be categorized as: (1) long-term monitoring; (2) short-term information necessary for management; (3) science to fill gaps in knowledge to improve assessment and management; and (4) projects that fulfill other functions, like outreach, education, student research and pure science.   The APP’s research plan should specify the fraction of time and other resources that should go into each category of activities.  For research activities like monitoring and providing data for assessment, there should be a clear strategy for coordinating between NEFSC, SEFSC and HMS to ensure that the most relevant research is done, and that information is transferred to the people who need it.  Student research projects and some sorts of pure science research would not necessarily require such coordination.


Dr. George W. Benz


During discussion of APP operations it became transparent that this program would benefit from a review of the exigencies related to “shark science” (a phrase herein used to denote the body of scientific information regarding sharks) as they regard the aforementioned geographic region (i.e., waters off the US Atlantic and Gulf of Mexico Coasts).  In particular, the APP would likely benefit from a process that defined a formal mission for the Program within a context that included considerations of the Program’s high level of expertise, history, and resources as well as those possessed by all of the major shark science “players.”


The mission of the APP will formally set an overall objective (or possibly several) for the Program that will establish the Program’s presence, general purpose, and responsibilities within the NE Fisheries Center (NEFC) and will formally link itself to the function of the Service’s Highly Migratory Species Division (HMS).  As such, this mission statement will then support the development of program initiatives that will function as general rubrics for specific program activities (e.g., Age and Growth Investigations, Monitoring, Cooperative Shark Tagging Program, etc.) deemed important to achieving the program mission.


In light of the aforementioned shark science landscape, it will be important to carryout this task in cooperation with others within the region, both federal and non-federal, but minimally with cooperation amongst the NEFC, SEFC, and HMS.  This cooperation will be necessary to:


 1) Identify what the shark science needs (knowledge and data gaps) exist within the region (done via a “biological knowledge assessment” similar to that carried out and published for another effort by the NEFC (as shared with us during the Program Review).


 2) Identify the science needs of the HMS regarding shark management (and possibly closely related topics) within the region.


 3) Determine where within the Service expertise lies to drive an efficient shark science agenda.  As the oldest, and possibly, only formal program within the NMFS that studies sharks, the Apex Predator Program will play a lead role in these activities (certainly regarding activities along the eastern coast of the US), along with several staff at the SEFC’s Panama City Laboratory (this group leading operations within the Gulf).  Several staff at the SEFC’s Pascagoula Laboratory may periodically assist in shark science initiatives (especially monitoring operations within the Gulf of Mexico), as coordinated and deemed important by the 2 aforementioned core groups.  In formalizing such a plan, established centers of expertise (Narragansett and Panama City) will be strengthened and no new NMFS shark science centers will be developed in the region nor will shark science facilities/operations be expanded at laboratories other than Narragansett and Panama City unless these are essential to Service needs.  This is important because recent


history has shown that limited resources have been a significant challenge to the APP (and I assume within the Panama City initiative also).  With this being the case, it makes little sense to develop or expand shark “operations” at other facilities.  Following the aforementioned recommendation will lend cohesiveness and direction to the shark science activities of the NMFS in both regions.


The aforementioned process should result in a formal mission statement for the APP as well as a set of initiatives that complement one another and allow mission compliance.  These initiatives should stem from a group assessment of the shark science needs and management needs within the NE and SE regions.  In addition, consideration must be given to assessing the specific project needs within each program initiative, especially in light of limited resources (staff, expertise, funding, etc.).  This will be important, as too much competition amongst program initiatives will compromise the Program’s effectiveness.


I respectfully submit that the following might be adopted as a straw-man mission statement to begin this constructive debate:


The mission of the Apex Predator Program is to gather biological information about sharks with special reference to scientific knowledge needed to manage shark populations in a sustainable fashion.


Dr. Gregor M. Cailliet


1.  It is obvious that the shark-related research on the along the eastern seaboard of the U.S. is accomplished by the Apex Predator Program of the National Marine Fisheries Service (NMFS; Department of Commerce), located at the Narragansett Laboratory. It moved there from Sandy Hook in 1966, and it has continued to be quite productive. As I understand it the APP currently has four major focuses: 1) Monitoring; 2) Cooperative Tagging; 3) Life History (age, growth, reproduction, feeding, demography) Studies; and 4) Essential Fish Habitat characterization (especially on neonates and juveniles), focusing on the assemblage of Atlantic shark species.


COMMENT: It is obvious that the APP is doing very valuable research that is producing information that is essential for NMFS to effectively manage their elasmobranch (shark and ray) resources.


RECOMMENDATION:  I encourage a supportive and more comprehensive “top-down” coordination of the activities of the APP along the Atlantic coastline, across the Atlantic and Caribbean, and in the Gulf of Mexico. The researchers in NMFS (APP, NEFSC, SEFSC, Panama City Laboratory, etc.) communicate well, helping them plan their research, but there is often little guidance, coordination, or support from the larger NMFS and NOAA organization.


RECOMMENDATION:  Operation Planning Meetings are needed to clarify how research will be conducted and how the results will be used in a comprehensive fashion to insure the maximum productivity and usefulness of the research being done by the APP.


RECOMMMENDATION: The relative role of the Sustainable Fisheries (including Highly Migratory Species [HMS] and Essential Fish Habitat [EFH] Management Division with the two Centers (NEFSC and SEFSC) is not clear to an outside observer like me.  I understand that they are “matrixed,” but I am uncertain how that works and I fear that this has been, and will continue to be, a hamper on the effective coordination and funding for the APP.


Mr. Christopher Rogers


Current activities should be characterized as short term in nature (indicate duration and completion schedule for major products) or ongoing (identify benefits of long term continuation of the activity).  The characterization could also note how the activity serves short-term management needs (e.g., crucial to improve the quality of the next assessment or necessary to identify critical habitat for a closed area) and longer term research needs (e.g., providing a time series for monitoring and forecasting abundance, validating ageing techniques.)  It should be noted that many activities can and do serve both purposes.


Current  (and discontinued?) APP activities should also be characterized as to the source of funding (e.g., base funding, spending plan for earmarked funds, internal transfer of discretionary funds, external reimbursement) and the affiliation of the participants (staff, contractor, student, State employee,  academic, volunteer).  This information should be contrasted with the short/long term nature of the activity to identify and address impending shortfalls.  In the case of discontinued activities, recommendations should be made on whether/how to resume and the resource requirements to do so.


Outreach and Collaboration


Dr. Elizabeth A. Babcock


One of the strengths of the APP is its ability to produce high-quality research with a small budget, by engaging in cooperative research projects with fishermen, collaborations with other institutions, and projects that take advantage of windows of opportunity.  Aside from the value of the research, such projects are useful for education and outreach. Although the APP should focus most of its research on monitoring and the science that is needed for management, they should still retain some portion of their time to continue their cooperative and collaborative research. They should retain the flexibility to take advantage of research opportunities quickly.  


Dr. Gregor M. Cailliet


The program has its roots in strong collaboration with both recreational and commercial shark fishermen and, in general, this has been a positive attribute.  However, with increased problems of limited resource availability, followed by severe management measures, this relationship has suffered. NMFS should encourage APP personnel to increase their “outreach” with the fishing industry and public alike.


From the last slide in Nancy Kohler’s overview presentation, it is obvious that the APP has effectively utilized volunteers, undergraduate and graduate students, academics, and other collaborators, often at no real cost to the federal government.  This is to be encouraged in the future (Note: this should also be considered under b. Funding, above).


Dr. George W. Benz


The APP has been very successful at facilitating peripheral studies of students and other researchers and has served as an important career training platform for many persons who have gone on the become successful professionals.  In addition, the Program has participated in various outreach activities that are seemingly important to the NMFS.  Such activities should continue as long as they don’t compete with the essential priority functions of the Program.  To date, I believe that the level of such activities has been appropriate.  However, in the future, collaboration with, for example, high school teachers at shark tournaments to operate shark science stations aimed at informal public education might provide an excellent mechanism to enhance awareness of the Program and NMFS.


Mr. Christopher Rogers


Generally, the presentations were indicative of remarkable achievements in establishing linkages with other NMFS line offices, academic institutions, and the public to leverage resources and expand data collection and analysis.  These links should be strengthened in strategic ways to identify new sources of funding, new avenues of data collection, and new partnerships for completing analyses and publishing results.  Continuing, long-term activities (e.g., cooperative tagging) should be re-examined to explore potential benefits in re-directing or sharpening the focus (e.g., more tagging at other than traditional locations, intensifying efforts with a core group of cooperators from which higher quality data can be obtained, coordinating with private sector groups to fund tag purchases).


APP staff should consult with HMS staff prior to soliciting assistance in biological sampling from the public at large. While public assistance can result in extensive geographic and seasonal coverage at little or no cost, it may place individual anglers at risk of inadvertent violations (e.g., landing a juvenile or prohibited species).  Also, outreach materials (posters, websites) that solicit cooperation with NMFS biological sampling may compromise enforcement if it appears to anglers and/or commercial fishermen that an official communication authorizes an otherwise prohibited activity.  In some instances, allegedly willful violations have occurred under the cover of collaboration ambiguous requests for scientific samples. 


Additional Staff and Funding


Dr. George W. Benz


It is apparent that the APP has been limited by funding and resources.  For example, tags have not always been available, even though the M-tag is an important overall component to this program.  Research cruises have sometimes been cancelled or otherwise not materialized.  The Program’s staff is small and some key areas of expertise are not found formally within this staff (e.g., someone highly skilled in stock assessment and someone skilled in highly technical forms of data analysis).  Of course this will continue to be a challenge.


The APP staff has been very creative regarding networking and collaborating with others to move their program forward even when funding has been lacking.  While this is a great testament to the staff, this condition injects a component of serendipity into the program such that the timely completion of short-range and long-range goals is at risk.


Certainly funding expansion for the APP will need to be a major item for discussion during the review process that leads to a realignment of this program.


I feel it would be appropriate to open a discussion with the three relatively new non-government shark science centers that are receiving a significant annual appropriation from Congress.  While I’m not aware of the letter of the law regarding the use of said funds, it might be appropriate to use some of those funds to purchase CSTP tags or the like.  In addition, it might also be appropriate to establish a “blind” competitive grant process with a portion of the funds.  While such monies might not (or may) be able to be used to fund NMFS activities directly, such a process might allow projects critical to the APP to be developed and funded.  I believe this type of thing has been done in several other similar instances and it will help to establish the “special appropriations efforts” as being truly open rather than driven by the agendas of a small handful (it should be remembered that this was the objective that really prompted said appropriations in the first place).


Funding should also be available for APP staff to attend appropriate meetings and workshops (whether or not they are presenting a paper).  I have noted this group missing from some seemingly important workshops over the years and I suspect that funding may have been an issue.  Given the high level of collaboration that this group engages in, this attendance is critical.  In addition, I have noted that non-governmental organization (ngo) attendance at such meetings is always high.  Such disparity between government and ngo attendance could place government at a knowledge disadvantage that ultimately will make its efforts less efficient or less appreciated.


Dr. Gregor M. Cailliet


It is also clear that they have had to struggle for funding from the beginning and have utilized a variety of mechanisms, not all federal, to complement their support from NMFS.


The Review Panel is also charged to discuss the following activities:




a.)  Resources: staff, funding, facilities




b.)  Brief summary of other Atlantic shark programs (research focus, products)


I believe I have covered much of this above.  However, we were not given details on funding and facilities available to the APP, but we were advised of the staff involved (and their many collaborators).  Nor, do I believe, we fully discussed the National Shark Research Consortium (NSRC) and their three (out of four total; the fourth being my institution, MLML) east coast institutions (Virginia Institute of Marine Sciences, University of Florida, and Mote Marine Laboratory).


Mr. Christopher Rogers


There is a need to review the APP within the context of the “higher order” PPBES structure to enable “mapping” of recommendations for increased funding to the milestones and performance measures of the Ecosystem Goal Team and component programs (Fisheries Management, Ecosystem Observations, Ecosystem Research).  This will facilitate the development of “fully funded” scenarios for out year budget planning exercises.  To this end, APP activities must be included in the HMS Operations Plan.  It is envisioned that, on an annual basis, SEFSC, SERO, NEFSC, NERO, F/SF, F/ST, and F/IA will participate in a planning exercise that identifies all HMS related activities and requirements, maps each into PPBES, designates a responsible line office, and develops an out year budget consistent with a full implementation.  Acknowledging that full funding is not a likely scenario, the process should result in setting priorities for the current year and a strategy to leverage available funds/personnel.


The APP staff should continue to participate (increase participation?) in shark stock assessment activities with the SEFSC (SEDAR-like process) for small coastal and large coastal sharks and with ICCAT (other bodies?) for pelagic sharks.  Efforts should be made to enhance stock assessments to reduce uncertainty (improve information inputs for life history parameters) and to examine shark species independently as well as in logical management groupings.  Aggregate assessments may result in management strategies that are risk prone for some species and overly conservative for other species.  By participating in the assessments, APP staff is in a better position to identify the most critical information deficiencies.  This could contribute to the annual process for planning/prioritizing APP activities.


Gap Analysis


Dr. Elizabeth A. Babcock


There should also be a coast-wide data gaps analysis to determine which shark species are well studied and which require additional research on life history, abundance trends, etc. There should be a process by which the research recommendations from the domestic and international shark assessment meetings are incorporated into research plans at the APP and other shark research facilities.  Most APP research should focus on answering specific questions relevant to management, for species that are of particular concern because they are thought to be depleted or are not well studied.  For example, age validation research should focus on species for which ageing is needed for assessment, because fisheries target specific age-groups.


Dr. George W. Benz


In light of the aforementioned shark science landscape, it will be important to carryout this task in cooperation with others within the region, both federal and non-federal, but minimally with cooperation amongst the NEFC, SEFC, and HMS.  This cooperation will be necessary to:


 1) Identify what the shark science needs (knowledge and data gaps) exist within the region (done via a “biological knowledge assessment” similar to that carried out and published for another effort by the NEFC (as shared with us during the Program Review).


 2) Identify the science needs of the HMS regarding shark management (and possibly closely related topics) within the region.


 3) Determine where within the Service expertise lies to drive an efficient shark science agenda.  As the oldest, and possibly, only formal program within the NMFS that studies sharks, the Apex Predator Program will play a lead role in these activities (certainly regarding activities along the eastern coast of the US), along with several staff at the SEFC’s Panama City Laboratory (this group leading operations within the Gulf).  Several staff at the SEFC’s Pascagoula Laboratory may periodically assist in shark science initiatives (especially monitoring operations within the Gulf of Mexico), as coordinated and deemed important by the 2 aforementioned core groups.  In formalizing such a plan, established centers of expertise (Narragansett and Panama City) will be strengthened and no new NMFS shark science centers will be developed in the region nor will shark science facilities/operations be expanded at laboratories other than Narragansett and Panama City unless these are essential to Service needs.  This is important because recent


history has shown that limited resources have been a significant challenge to the APP (and I assume within the Panama City initiative also).  With this being the case, it makes little sense to develop or expand shark “operations” at other facilities.  Following the aforementioned recommendation will lend cohesiveness and direction to the shark science activities of the NMFS in both regions.


Dr. Gregor M. Cailliet


6. The presentations by APP staff indicated the status of many research goals, however to the less experienced observer, it was difficult to assess what objectives actually had been well accomplished, which still needed considerable work to reach accomplished status, and which had little likelihood of satisfactory completion.


RECOMMENDATION: To this end, the APP was requested to produce tables listing the accomplishments of goals such as age determination and validation, tagging and movement patterns, reproductive characteristics, feeding habits, essential fish habitat characterizations (by life stage), and nursery ground utilization and success along the east coast of the U.S. (and Gulf of Mexico).  These table(s) will allow APP scientists and administrators to identify research gaps that need to be filled and NMFS administrators and managers to decide the projects that need funding the most.


Mr. Christopher Rogers


The APP should produce (and update on a periodic basis) a summary of the state of knowledge for key species (e.g., age/growth, reproduction, life history, trophic relationships, distribution, essential habitat).  There should be particular emphasis on completed (published) work, ongoing studies, and major gaps that warrant attention (include links to PPBES performance measures).  This could serve both as a “quick response” and a long term planning tool for linking funding (internal/external sources) with available personnel (including NMFS and graduate students, research consortia, State biologists, NGOs, etc.)  An Internet accessible relational database would be more useful in this regard than a written document (though specific extracts could be printed to serve particular planning or reporting purposes).


Under the HMS FMP, Atlantic shark management measures consist primarily of quotas, closed areas, size limits, catch limits and gear restrictions.  More detailed information on species distribution (regional, seasonal, age, sex) and habitat use could have direct applications in reducing the costs and/or increasing the benefits of management. The HMS Division should provide a list of information requirements based on current management measures and the need for refinements/enhancements.  For example, what additional information would be needed to adjust the timing or boundaries of an existing closed area so that bycatch mortality (e.g., juveniles of commercially allowed species or adults of prohibited species) could be increased or maintained at a lower cost to industry.  This list of needs and anticipated benefits could assist the APP staff in establishing research priorities and/or provide support for funding requests.


Dr. Gerry Scott


1) Due to the migratory nature of many of shark species of concern, both their distribution and the fisheries which affect them are spread across (and beyond) the traditional NE and SE regional water areas of responsibilities. Much life history and related research on many sharks has (and continues to be) conducted within the APP, while most of the US fishery activity, fishery monitoring, and stock assessment activity is conducted within the SE regional waters.  While this organizational structure has proved workable (largely due to communication/coordination between scientists conducting research at the NE and SE Science Centers and other organizations), the agency should strive to optimize and research priority development through a SEDAR-like process involving external peer-review, to provide the most scientifically defensible research plan to address both short- and long-term  information gaps. This research plan should be vetted through an HMS Operations Committee involving the concerned Science Centers (NE & SE), and Management Offices (HMS, NERO, SERO) within the agency. The research plan should take into consideration research recommendations made by the HMS AP and US ICCAT AC, the SEW groups, ICCAT’s SCRS, as well as congressionally mandated shark research activities currently conducted through pass-through funding.


Name Change


Dr. George W. Benz


I also suggest that the Program’s name be changed to the Shark Science Program and that this program (centered at the NEFC) and assisted by shark experts at the SEFC’s Panama City Laboratory (covering scientific needs within the Gulf of Mexico) assume a formal leadership and coordination role regarding the gathering of scientific information germane to this report.


Dr. Gregor M. Cailliet


4. The name of the Apex Predator Program is somewhat misleading.  The name implies that the focus is trophic (i.e. that sharks as predators are being studied), not more population, community and ecosystem-wide.  It also does not include any indication that tagging and life history studies are a major focus of the research of this Program.  Finally, the name does not reflect the major role of the research done at the APP, providing essential information to help NMFS manage the commercial and/or recreational fisheries for these valuable vertebrate resources.  Several replacement names were suggested by Review Panel members and most included the words shark, research, fishery, and program.


RECOMMENDATION:  I suggest that the name of this program should be changed to reflect its operation.


Mr. Christopher Rogers


Name of program implies that focus is broad-based yet activities seem to be restricted in large part to sharks, with particular emphasis on the Mid-Atlantic and New England regions.  APP should consider the long term potential for expansion of activities to include other apex predators, to coordinate with other regions on sharks, or to include other similar species (e.g., skates were identified as one of the ongoing ageing studies).  The program name should reflect the intended future focus of activities.


Cooperative Shark Tagging Program


Dr. Gregor M. Cailliet


The objectives of the CSTP are mainly to estimate abundance (including recruitment), productivity (including growth), and distribution (including movements and migration patterns) of sharks in the Atlantic, Caribbean, and Gulf of Mexico.  The APP has been very successful at getting hundreds of thousands of sharks tagged and released.  However, there has been a recent decline in the number of sharks tagged and recaptured, perhaps due to a negative attitude of fishers to NMFS, a decline in the number of sharks available for tagging and recapture, lack of funding to provide sufficient tags to give to fishers, and a reduction in publicity (i.e. the Shark Tagger Newsletter).


RECOMMENDATION: I believe that additional funds for tags and the CSTP be provided in future NMFS budgets.


Organization and Data Management of the CSTP

I was quite impressed with both the organization and data management of the CSTP personnel.  They are on top of the statistics involving data collection and operation protocol, data management and analysis, and out-reach.


However, they do not seem to have a handle on the amount of “in-kind” services they are able to procure and utilize.  Detailing this would perhaps help persuade NMFS to provide more support for this important program.


RECOMMENDATION: NMFS should definitely to continue to support the CSTP and consider increasing their funding support to include more immediate data analysis and additional quantitative analysis for population dynamics purposes.


Utility of Tag-Recaptures

Many things can be learned from mark- and/or tag-recapture studies.  The major one is the locations (coastal and oceanic) they occupy and move to/from, but also the connectedness of populations of shark species is an important result, in addition to growth-rate validations, and aiding demographic modeling, including estimates of mortality, longevity, etc.


Unfortunately, APP personnel have been able to accomplish the tagging program, but have not been able to adequately deal with data analysis and synthesis.  The presentation by Alex da Silva is a perfect example of how either pre-doctoral or post-doctoral research support can provide these quantitative skills without involving full-time NMFS employees.


RECOMMENDATION: NMFS should consider providing the APP one-to-several pre-doctoral and post-doctoral fellows support to enhance their ability to get even more results out of the existing CSTP.


In addition, tag-recapture and movement information, coupled with genetic analysis, can inform fishery biologists about population connectivity and enable more stock-specific management policies to be formulated.  Indeed, in addition to the productive CSTP, tissues have been collected and sent to collaborating geneticists, who are generally working up the genetic analysis for free.  This information, as it accumulates, will answer lots of very important questions.


RECOMMENDATION: Encourage and fund the APP CSTP to continue its active tag-recapture and movement studies, in addition to adding future genetic components to them.  This could come via direct funding to APP, or indirect funding support to academic institutions, to accomplish the genetic analyses.  Indeed, APP should be provided sufficient support to adequately process, freeze, and store samples intended for this purpose.


Tag Technology

While the CSTP has continued to use the same tags (mainly for consistency among years and locations), they are considering the utilization of more powerful (and expensive) acoustic, archival, and satellite tags.  These new technologies are becoming more readily available and less expensive.  The impressive database of porbeagle (Lamna nasus) movements, based on tracking studies, is a good example of what can be learned.


RECOMMENDATION: NMFS should consider considerably adding to the budget for the APP CSTP so that additional, time- and space-intensive information can be obtained regarding shark movements. This work is inevitably going to be more and more possible and produce information heretofore impossible to obtain.


Dr. George W. Benz


The Cooperative Shark Tagging Program (CSTP) has been a highly successful and relatively inexpensive mechanism that has resulted in the accumulation of a large volume of scientific information regarding such important matters as shark movements, longevity, and aging methods validation.  This valuable initiative should be continued and even enhanced in the years ahead. Currently, some of the weaknesses of this initiative include the periodic short supply of tags (due to budget constraints as and federal purchasing constraints linked to the supplies contract process).


Having an adequate supply of “M-tags” should be a program priority.  A suggestion to investigate the use of employing several types of tags for various purposes was mentioned during the Program Review and was creative. However, I recommend that this only be considered after thorough review that assesses the risks and benefits of this solution.  If the “M-tag” is the appropriate tag to use, some other mechanism must be found to alleviate this problem.


Regarding the promising results to date of the stock assessment modeling work presented by Alexandre Aires-da-Silva, it seems that consideration needs to be given to a modification in the CSTP such that it becomes a program based on individual fish identity rather than tag tracking.  An assessment of what it will take to do this should be started.


New technology tags


Through its early associations with Dr. Frank Carey (WHOI) to its on-going collaborations with Gregory Skomal (Massachusetts Division of Marine Fisheries), the APP has facilitated and participated in studies using sophisticated electronic tags.  Given the relative low cost to NMFS of these collaborations, similar collaborations should be continued.  Not only do such studies gather valuable movement data that can impact how we consider fish movements and fishing pressure, but they also allow the NMFS staff to participate in activities that the Service may wish to employ on its own in the future.  Beyond this, such collaborations have brought other NMFS resources to bear regarding fish movement studies, such as the use of remote sensing.  At this time I would not recommend significantly expanding these activities; however, I do feel that the level of activity and collaboration exhibited thus far by these efforts have been relatively modest and worthwhile.  It should also be noted that the low budget, collaborative nature of most of these activities have not allowed them to be performed as well-designed experiments.  Nevertheless, this reviewer feels that low-cost tracking of individual sharks is valuable as it may lead to insight that prompts or otherwise justifies well-designed studies.


Stock assessment studies and related


I feel that the actual stock monitoring and assessment components of the APP are weak, and certainly no long-term initiative exists regarding this matter.  This (especially regarding assessment) may be an area were staff expansion (ideally through a permanent position but possibly via a post-doctoral position; see below) should be strongly considered.  In the meantime, the APP staff should continue to collaborate with outside parties regarding vital assessment work.


As an aside, it is tragic when productive students such as Alex graduate and become detached from the Program at the conclusion of their studies.  This is especially true when their contributions have been significant and yet outside the core expertise of those within the Program.  I suggest that the establishment of 1-2 postdoctoral positions within the APP to used to begin tackling this significant challenge.


Dr. Elizabeth A. Babcock


The tagging program has an impressively long time series and a large number of returns. These data are very useful for delineating stock structure and estimating movement rates.  Thus, it is necessary to keep up the current tagging program.  On the other hand, the data would be more useful for assessment and management if sharks were tagged in more areas (such as the northeast Atlantic, south Atlantic and Gulf of Mexico), and if the species that are less common in New England were also tagged.  Perhaps it would be possible to improve the species composition with targeted advertising to sport fishermen, asking them to tag rare species.  Involving sport fishermen in other regions would also be useful.  Perhaps it would be possible to coordinate with the billfish tagging program at the SEFSC to tag more sharks in the southeast region.


Blue shark tagging and stock assessment


For many sharks, the catch and catch rate data from the fisheries are of very poor quality because of species identification problems and unreported discards.  Tagging data can potentially be used to estimate harvest rates despite the poor quality of the fisheries data. Thus, efforts to integrate the tagging data into stock assessment are critical to improve the management of these species.  The APP should coordinate with those doing the numerical analyses to determine what additional information should be collected to maximize the usefulness of the tagging data for assessment.  For example, requesting additional information on the fish tagging or recapture forms, or double-tagging experiments to estimate tag loss rates, may be cost-effective ways to improve the usefulness of the tagging data.


Mr. Christopher Rogers


The APP should discuss common needs/issues with the Cooperative Tagging Program housed in the SEFSC Miami Laboratory and both should examine NMFS’ programs in light of other State, private or NGO programs.  Would there be any benefit in establishing a single agency lead on cooperative and/or scientific tagging activities?  Are there any duplications or gaps that warrant attention?  Could a combined program reduce costs while expanding the internal and external funding base?  A single point of contact (web site) for all tagging might help in recovery efforts.  Often, HQ gets calls from anglers who have recovered tags and wish to report.  It can be difficult to redirect the call without complete knowledge of all sources of tags.


If archival tagging programs involve rewards for the return of tags, there must be funds set aside to pay out rewards in subsequent fiscal years.  Uncertainty in recovery rates may make it difficult to maintain a reward fund across fiscal years.  It is important to avoid situations where non-NMFS researchers are deploying tags that obligate NMFS to pay rewards.


Public access to data reporting/retrieval mechanisms over the internet may increase participation at very low marginal cost.  For example, reporting tag applications or tag recoveries via telephone or website may enable anglers to respond more rapidly and the applications could provide prompts for error checking.  Additionally, such a mechanism could serve as a cost-effective way to disseminate information (e.g., online newsletter, annual report) allow tournaments/anglers to query their individual tagging records).


Dr. Gerry Scott


Research into optimizing the use of archived tag-return data for the purpose of fishery management advice should be continued. The results of this research should be used to guide future cooperative tagging activities in terms of designs required to address data gaps identified on the basis of conduct of the current CTP.  Estimation methodologies using parameterizations less dependent upon relative reporting rates by different fleets (ala Porch) might be considered.


Life History Studies


Age and Growth Studies


Dr. Elizabeth A. Babcock


Age, growth and reproduction


The life history studies being done by the APP are very interesting, cutting edge science, and very useful to management.  In the future, such studies should be prioritized to estimate parameters that are not well estimated for species of management concern. For example, silky sharks would probably merit additional research because they have not been studied, and shortfin mako sharks are of interest because their abundance appears to be declining.


Dr. George W. Benz


Age and growth studies


Age and growth studies should continue with continued prioritization of species for these investigations.  Age validation studies are critical to this work and continued use of oxytetracycline and bomb radiation validation methods should be continued (some of these in collaboration with others).  It should be noted here that the bomb dating method of validation is a powerful but expensive one, while the OTC method is less expensive but involves the uncertainty of recapture of marked individuals.  In some instances bomb dating may be desirable (e.g., when critical age and growth data is needed for a species that has not been age method validated) and this might require allocation of special funds to carry out this work.


Dr. Gregor M. Cailliet


Age and growth studies

These studies involve both processes of estimating and validating ages of sharks to produce valid growth curves.  I am undoubtedly biased on this subject (mainly because of my strong research activity and interest in it and my collaborative efforts with the program in the past and present).  However, I believe this is a very strong research program.


If there are any gaps, they would be in the number samples of vertebrae available for all size (and age) classes, of both sexes, and successful validation of age estimates, for all the shark species in the eastern North Atlantic. The tables being produced by APP personnel should help identify these data gaps.


The APP scientists are using, often through collaboration, the latest tools for estimating ages and validating them with OTC and bomb radiocarbon.


RECOMMENDATION: These state-of-the-art efforts at estimating and validating ages of eastern North Atlantic sharks should be encouraged and funded well.  They provide essential, but basic life history parameters, often very useful at producing (at least age-structured) fishery models. This will most likely involve additional collaboration with academic partners, but also could involve pre- or post-doctoral student support.


Trophic Ecology


Dr. Elizabeth A. Babcock


The APP’s long-term study of shark food habits provides an important source of information for the food-web models needed for ecosystem-based fishery management.  Thus, this project should remain a high priority.


As fishery management moves toward a more ecosystem-based approach, there will be a need to integrate the shark diet data from the APP with data on diets of animals at lower trophic levels, and abundance at all trophic levels, as inputs to ecosystem models.   The APP should continue to collect such data, and coordinate with the ecosystem research efforts in the northeast and southeast regions.  The diet research should be continued, even if it is not immediately obvious how it will be useful for management, because we do not yet know exactly how ecosystem considerations will be integrated into fishery management over the next decade.  A long-term data series on the diets of apex predators will almost certainly be very useful when the developing science of ecosystem-based management evolves far enough to use the data.  The ecosystem approach will probably also require finer spatial resolution on information about abundance, trends and diet, as spatial management measures become more common. Thus, the collection of geo-referenced data, and the use of GIS to manage spatial data, should be encouraged.


Dr. George W. Benz


Food habits studies of the APP should continue in light of data gap priorities, as appears to be happening.  In addition, I recommend that the APP search for a collaborator to mesh the Program’s food habits studies with investigations of stable isotopes, contaminants, essential fatty acids as a multi-pronged approach toward gathering a more robust understanding of shark trophic status and trophic interactions.


A place to start here might be by contacting Dr. Aaron Fisk (University of Georgia), a leader in the aforementioned technical areas regarding elasmobranchs.  Because of their sophisticated and powerful analytical methods, such studies might serve as a means for the APP to leverage its food habits database and expertise to obtain critical new knowledge via extramural funding.


Dr. Gregor M. Cailliet


Likewise, I am probably biased due to my long-standing interest in feeding studies and their use in better understanding trophic relationships (hence ecosystem functioning) involving organisms that are targeted by fisheries.


Descriptions of the diets of most sharks in this region are fairly adequate.  However, gaps exist in applying gastric evacuation rates and daily rations to understanding the ecosystem role of many of the apex predators (here, APP is totally appropriate).  Also, more trophic (i.e. ecopath and ecosim) modeling needs to be done to provide an idea of the importance of these trophic relationships (to predators, prey, and the communities or ecosystems).  This requires solid data on feeding.


RECOMMENDATION: Utilize the summary table(s) to identify which species in which locations are adequately studied and which are not (i.e. data gaps).  Fill those gaps and evaluate what else needs to be done.  One suggestion has been using stable isotopes and fatty acids to identify trophic relationships over time and this should be explored.  This will most likely involve additional collaboration with academic partners, but also could involve pre- or post-doctoral student support.


Reproductive Studies


Dr. Gregor M. Cailliet


Reproductive biology studies

As with the two previous study topics, I am also biased in favor of reproductive (and hence demographic application of) studies and their results.  Again, the APP is doing a credible job at accomplishing these goals.


Through their fishery-dependent and fishery-independent sampling activities, they have accumulated a great deal of data (both numbers and measurements) that will help us understand the most important life history trait, once an animal is mature, reproducing and replacing those individuals in a population that are lost to mortality (both natural and fishing).


Also, the tables being produced that will summarize the activities, samples obtained, and analyses completed on this subject (reproduction, demography, etc.) will help APP determine what they have accomplished and, even more important, how to fill the gaps in knowledge.  They recommended more samples, more recent samples, taken from more cruises and more tournaments.


RECOMMENDATION: What can I say except that I support the recommendations stated in the previous paragraph.  This work must be continued, with focus on those species that have declined and are thought to be more vulnerable than others.


Dr. George W. Benz


Reproduction studies


Reproduction studies of the APP should continue in light of current information gaps and priorities.  This appears to be happening, but it will rely on continued attendance at sport fishing tournaments and on coastal and pelagic cruises.  Over time, the APP has contributed significantly to our knowledge regarding this topic.  It should be noted that regarding some priority age and growth and reproduction studies, cruise operations (coastal and pelagic) seem critical to the gathering of biological samples and that the realization of cruises has sometimes thwarted said initiatives.


Historical longline (CPUE) Time Series Studies


Dr. Gregor M. Cailliet

I thought I ought to devote a separate, but small section, to John Hoey’s Herculean efforts toward getting all past surveys (mainly longline, but perhaps other types of surveys) in shape electronically to be useful as an indication of what happened in the past, with the idea being to monitor what is happening now and what might occur in the future.


RECOMMENDATION:  The task of bringing all existing survey/monitoring data sets up to modern standards (within reason) must be completed, with an eye toward making present and future surveys more useful at detecting trends in a real, statistically-significant fashion.


Dr. George W. Benz


Stock assessment studies and related


The historic long-line capture data assessment being carried out by Dr. John Hoey should be continued to completion.  In addition, given Dr. Hoey’s unusually high level of technical expertise regarding data retrieval from long-line logbooks and other similar data sets and his field experience regarding long-lining operations, John’s continued collaboration in APP projects should be nurtured.  In addition, Dr. Hoey could serve as a powerful technical advisor regarding the design of assessment and monitoring efforts.  It should be remembered that Dr. Hoey is not formally a part of the APP and he has been able to periodically obtain key funding to support some very important work for the Program.  Once again via collaborations nurtured by a creative and well-liked staff, the work is getting done, but not without a high level of risk, risk that exists because the Program’s activities often rely on others to move forward.


Dr. Elizabeth A. Babcock

Long-term data on trends in abundance, fisheries, life history parameters, etc., are critical for management.  I would be interested to know whether all of the APP’s historical data have been published, and if not, whether any useful information about sharks and/or marine ecosystems could be mined from the historical data.  The new database management methods used in the historical longline project, including GIS, allow researchers to get the most value for the data collected.  It might be worthwhile to apply similar thinking to the tagging data, for example.


Monitoring Programs-Surveys (juvenile, coastal/pelagic), Recreational Fishing Tournaments


Monitoring Surveys


Dr. Gregor M. Cailliet

5)  Monitoring Programs


General comment:  These programs can produce specimens, whether fishery-dependent, observer or fishery-independent surveys.  Thus, they are integrally involved with topic #3 previously considered, and they work hand-in-hand and funding support for them should be mutually considered.


Juvenile, Pelagic, and Coastal Shark Surveys


I believe I have discussed this topic sufficiently above under the EFH/COASTSPAN & GULFSPAN paragraphs and recommendations.  I have nothing further to contribute here.


I do not have enough grasp on details to fully understand the extent to which sharks are monitored along the eastern coast of the U.S.  However, I do know that several fishery-dependent, observer programs exist (i.e. at the University of Florida), but that they really are not under the jurisdiction of APP.  Research cruises, however, are.  I understand that these research surveys, such as those for large coastal sharks (not every year, but every 2-3 years, I believe), have occurred in recent years (since 1986) but more often in later years.


This represents, in my opinion, a phenomenal amount of work for very few people.  And it involves collaboration with others from states and other agencies and institutions.  It cannot be emphasized enough that CPUE from these cruises, if kept consistent, can provide evidence of declines, increases, or steady-state, and, if they are consistent with fishery-dependent estimates, can provide more robust predictions about these trends (and trigger additional management, if necessary). The data and samples resulting from surveys provide very important information for the biological assessments described above.


However, doubts were expressed about such issues as gear comparison (and consistency) and the frequency of surveys (especially for large coastal sharks and pelagics).


RECOMMENDATION: These surveys should be funded well and regularly (and reliably) scheduled, whether using NOAA or fishing vessels to do the work (if the latter, attention must be paid to the gear and activity consistency issues).


Dr. Elizabeth A. Babcock

Monitoring activities


Because many sharks are wide-ranging and highly migratory, monitoring efforts should have the greatest possible geographic range. There should be a coordinated, long-term monitoring strategy for sharks throughout the Gulf and Atlantic coasts, to produce long term indices of abundance for pelagic, coastal and nursery areas.   The APP coastal longline survey should be continued. The pelagic longline survey should be re-instated if it is possible to expand the spatial extent so that it covers a larger portion of the range of the relevant pelagic species.  The COASTSPAN program could evolve into a useful index of neonate abundance if it was expanded to a wider range of nursery areas instead of focusing only on Delaware Bay.  The tournaments could provide useful abundance data if there was a designed sampling program using consistent methodology throughout the coast.  In particular, the tournament data would be most useful if information was collected on the fishing effort at each tournament.


Much of the research of the APP has proved useful for management. On the other hand, the research has not necessarily been targeted on the specific information needed for stock assessment and management.   For sharks, it is critical to have ongoing surveys of abundance in pelagic and coastal waters, and in the coastal nursery areas, throughout the range of the relevant species.  Such a monitoring program should be developed through a coordinated process involving the relevant scientists from the NEFSC, SEFSC, and universities involved in monitoring activities. The research plan should be peer-reviewed.  Surveys only become useful when they have been in existence long enough to provide information about trends. Thus, I would expect that continuing the existing surveys would be a priority for an integrated monitoring program.  New surveys could be designed to fill any gaps in coverage.


Dr. George W. Benz


Monitoring field-work


Coastal monitoring and pelagic monitoring and assessment (M&A) should be a short-term and long-term priority of the APP, as data obtained from such efforts will likely support a great variety of core program initiatives beyond M&A itself (see above and below).


Dr. Gerry Scott


Until relatively recently, there has been little direct use of this information in stock assessment and shark fishery management activities, but with the advent of the Secretarial HMS shark management plan, recent stock assessments, largely led by the SEFSC, and subsequent implementation of restrictions on the fisheries utilizing sharks,  demand for this information is increasing.  Shortcomings of the agency-wide Atlantic shark research focus has been the lack of species-specific catch monitoring (historically sharks were unclassified in landings statistics) and inconsistent relative abundance monitoring programs, making development of time-series of relative abundance patterns across time difficult and often only for grouped species.


2) The agency should commit to and provide adequate resources for long-term monitoring of stock abundance patterns making use of representative and wide-ranging controlled effort surveys. This monitoring should be considered part of the agency’s commitment to ocean observing system activities. There is a strict need to maintain consistency and control of effort expended to avoid adding unnecessary noise to monitoring abundance patterns through such surveys.  


3) The intermittent nature of the shark longline survey conducted by the APP group and the potential for changes in overall survey conduct are a concern. The intermittent nature (deviation from a bi- or tri-ennial design to a more irregular timing) of the survey could be remedied by committing sufficient resource to assure adequate bait and gear for conduct of the survey on a regular basis. Although the cost of conduct of such activity was not discussed, it appears that requests and $ made available for the surveys conducted thus far have been on the order of $50K per survey through the APP. The real costs of such a survey are obviously higher as this amount does not account for personnel or (much) ship time.  Concern over the potential for changes in the survey design confounding relative abundance pattern analyses comes from the perception that there is a tendency within APP to change distribution of effort expended between surveys in ways that cannot easily be controlled for analytically. This perception/(?practice) could be constrained by regular scientific review of the survey plan and subsequent execution by NE and SEFSC survey groups. 


4) Development of additional monitoring programs (perhaps through COAST- and/or GULF-SPAN should first be vetted by a scientific review involving independent peer-review such as through a SEDAR-like process, before commitment of resource for operations of such a program.


5) While there could be high value in conducting specialized research cruises for testing specific hypotheses about the relative effectiveness of different gear types and sampling strategies used in prior shark directed surveys, no commitment to such activity should be made until there is a rigorously designed experimental protocol developed (including some estimation of the overall effort required to test specific hypotheses) and clear justification of the need of such research.


Mr. Christopher Rogers


In planning future fisheries independent surveys, particularly in situations where cooperative research will make use of commercial or recreational vessels, APP staff should consult with the HMS Division to ensure that activities will be consistent with applicable regulations and/or protected species take authorizations.  For example, a pelagic longline survey aboard a NOAA or industry vessel would likely encounter protected sea turtles.  All of the required sea turtle handling and release equipment must be on board and, depending on the circumstances, a specific authorization could be required to use J hooks rather than large (> 16/0) circle hooks.  A separate consultation may be required to provide ESA Section 7 authorization for any sea turtle interactions; adequate lead-time is essential.


COASTSPAN Survey and Essential Fish Habitat Studies


Dr. George W. Benz


Neonate and juvenile shark studies


The APP has been involved in studies of shark nursery grounds and juvenile grounds for several years under a project called CoastSpan.  A decision needs to be made regarding the future of such activities after the completion of said project.  Undertaking further studies of this topic that will significantly enhance scientific understanding will likely require an increase in resources, for which a funding source has yet to be identified.


This is especially true as the current studies have largely located nursery grounds and juvenile grounds while future studies will likely dwell on more rigorous activities such as the long-term M&A of key grounds.


I feel that under an ideal situation that the M&A initiatives of the APP should include coastal, pelagic and nursery/juvenile ground studies. However, if resources do not permit proper development and long-term support for all 3 of these efforts, then I would argue that coastal and pelagic M&A efforts should take priority.  A cost/benefits assessment should be carried for the continuation of nursery/juvenile ground M&A work.  It, of course, is likely that monitoring activities could flip-flop between years regarding these 3 types of M&A; however, I would not recommend more than a 1-yr lapse between any 2 successive and similar M&A cruises.


Dr. Gregor M. Cailliet

4) Essential Fish Habitat (EFH) Studies (including the Cooperative Atlantic States Shark Pupping And Nursery Survey (COASTSPAN)

We were presented with information on the EFH studies specifically aimed at understanding use of coastal habitats by sharks, especially for purposes of pupping and nursery areas by neonates and juveniles.  One major target was Delaware Bay, covered by COASTSPAN.  This habitat has been studied by several former NMFS scientists and papers published.  Presently, it is the subject for one Ph.D. thesis at U.R.I.  They have learned a great deal about Delaware Bay as a pupping/nursery ground for sandbar (Carcharhinus plumbeus) sharks and have continued to focus attention there.  Indeed, it is being proposed as an area that needs to be monitored over a longer time frame.


However, the Review Panel (and I concur) suggested that APP (with NMFS help, perhaps through the Operations Planning Meeting process) provide an evaluation (perhaps a table similar to the ones being produced for life history studies, etc.) of all coastal habitats, estuaries, etc. along the east coast of the U.S. with regard to their pupping and nursery ground function.  Then, after full consideration, several could be picked to be the target of ongoing pupping/nursery ground surveys (like the one proposed by COASTSPAN).  These would presumably include a representative group of coastal/estuarine habitats and provide NMFS with an idea both of adult shark population productivity (i.e. births) and an idea of future cohort strength (especially in the case of shark populations whose numbers had dwindled in recent years, whether due to natural or fishing mortality).


In addition, the oversight of NMFS (including both the NEFSC ad SEFSC, in addition to the matrixed Sustainable Fisheries/EFH folks) could then decide which of the coastal/estuarine habitats along the west coast of Florida and the rest of the Gulf of Mexico might likewise be assessed for future pupping/nursery ground surveys (i.e. in GULFSPAN or equivalent).


RECOMMENDATION: I strong support pupping/nursery ground assessments and surveys, along with a continuing set of surveys to assess adult shark production and cohort strength through recruitment.


RECOMMENDATION: As proposed by APP personnel, there should be consistent data gathered among estuaries and other coastal habitats assessed and surveyed, in addition to size frequency analysis and the use of acoustic and satellite tracking plus GIS tools to assess site fidelity and/or emigration by neonate and juvenile sharks from these important, early shark habitats.


Mr. Christopher Rogers


If not already considered, the random stratified sampling design for SharkMAP should examine alternative stratification schemes that take into account environmental/habitat variables (e.g., salinity, temperature, eelgrass cover, mud/sand).  Depth and geographic location may not be the most significant influences on distribution of neonates within the bay.  Reducing the variance of the annual abundance estimates is critical to accurate interpretation of time series data.  Extension of this program into other Atlantic coast estuaries will help determine the relative importance of each area to neonate survival and growth.  It could also strengthen the interpretation of time series data if trends are consistent across estuaries.  Identifying and monitoring a few key estuaries could lead to development of an important forecasting tool for stock abundance.  Eventually, the indices of abundance could be linked to environmental variables within the estuaries and/or along the nearshore coastline.  This could help discern the relative importance of local and coastal environmental factors as influences on recruitment.


HMS Recreational Fishing Tournaments


Dr. George W. Benz


Participation at shark fishing tournaments should continue.  Historically, this participation has been an excellent way for the APP to obtain biological samples, recruit and maintain volunteers for the CSTP, and interact with the public in a very favorable manner.  In light of current sampling needs, consideration should be given to expanding coverage of tournaments to include more of them.  This may require some additional funding; however, it should be noted that this method of sampling is very cost effective.


Dr. Gregor M. Cailliet

Recreational tournament sampling


This program, started decades ago by Jack Casey, has proved to be very valuable for many reasons.  First, it provides long-term data that can detect trends. Second, as with other monitoring surveys, it provides specimens and tissues for life history and genetic studies.  Third, it provides outreach opportunities for recreational and commercial fishers and the public.  Fourth, it provides additional information on movements that complement the CSTP.


RECOMMENDATION: This sampling program is extremely important for all of the above reasons.  Additional funding should be provided to increase the number of tags that can be given to and used by the fishers involved in the tournaments.


RECOMMENDATION: A better effort at gathering effort data (number of anglers, time on or in the water, bait, etc.) should be attempted so that not only catch, but CPUE data can be accumulated and plotted over time.  This, along with size information, can help identify trends, both positive and negative.


RECOMMENDATION: The tagging awards should be increased to: 1) increase the number tagged and released; and 2) decrease the fishing mortality (especially of large sharks) in these tournaments.


RECOMMENDATION: Add tournaments, as suggested by APP staff (Oak Bluff was an example).


RECOMMENDATION: Continue to attempt to procure funding (private and public) support participation in these shark tournaments.


Mr. Christopher Rogers


APP, RBS (Recreational Billfish Survey) and HMS staff should convene a conference call to discuss the current status and future direction of the HMS tournament-monitoring program.  Currently, guidance on this activity is provided in the HMS regulations: mandatory registration for all tournaments that score billfish/swordfish/tunas/sharks and, if selected, a report by the tournament operator.  Additional guidance is provided in a decision memorandum by the AA: the registration process is consolidated at the HMS SER office while the selection process is at the discretion of the NE and SE Science Centers to meet the requirements of their respective data collection programs.   While there are a number of tournaments exclusively targeting either billfish or sharks, there are many more which have award categories for all HMS.  Coordination is needed to avoid duplication in registration activities and/or selection for reporting.  Depending on the nature of the information collection (e.g., quota monitoring for billfish, biological sampling for sharks, CPUE for tuna), cooperation of tournament participants may be deemed mandatory or voluntary.  Consequently, enforcement issues may arise.  All involved NMFS staff need to observe an agreed protocol.  Changes to this protocol may require rulemaking and/or guidance from the AA or Chief Scientist.


PAGE  

36




Executive summary, panel reports, and documentation 

related to the program review (July 28-30, 2009) 


of the Northeast Fisheries Science Center’s 

Food Web Dynamics Program 


Richard McBride, Chief


Population Biology Branch


Northeast Fisheries Science Center


Woods Hole, MA


25 August 2009


Preface


This is a working paper resulting from a program review of the Northeast Fisheries Science Center’s Food Web Dynamics Program (NEFSC, FWDP). A panel of five experts from outside the NEFSC was provided background materials about the FWDP, and they attended 1.5 days of presentations by NEFSC scientific staff. They developed a report on their findings (Hollowed et al.) and supplemental notes were submitted by one panel member (Mohn). These documents are combined here together with a copy of the planning document (McBride).

Executive Summary 

The panel began by stating that they were given ‘a clear overview’ of the program. They rated the FWDP’s publication record as ‘excellent.’ They identified the Food Habits Database (FHDBS) as an ‘essential resource that will likely become the backbone supporting … ecosystem-based management.’ They complimented the program for ‘functioning efficiently,’ and they ‘commended’ FWDP staff for collaborating within and outside the NEFSC. Their report is summarized below, in order of each term of reference, followed by a responsive call, in Italics.


A common theme voiced by the panel is that the FWDP is understaffed both relative to programs elsewhere with similar missions and relative to the mission of the NEFSC. They recommended that a four person team “would be needed to do production field food habits work in a reasonable way while monitoring changes, providing data for estimating M, etc.” They recognized that the announcement of Dr. Link’s transfer from the FWDP to the NEFSC’s Ecosystems Assessment Program (EcoAP) complicates plans to implement their recommendations, and to some extent, it limits the FWDP’s ability to maintain basic operational abilities. 

A meeting to discuss the staffing and other panel recommendations is urgently needed before setting a course for the NEFSC’s FWDP. If this meeting can occur in September, 2009, leading to plan for resources and staffing levels for the FWDP, then such plans can be incorporated in the FY2010 performance plans.

ToR 1. Evaluate the field and database components of the FWDP

Although the panel accepted the widespread use of ‘at sea’ observations that contribute to the FHDBS, they noted several sources of measure error that should be quantified, assessed, and, where appropriate, mediated. They expressed concerns about the use of ‘wind-chimes’ to measure prey volume and the taxonomic resolution of the data. They commented on several statistical considerations of sampling design, relative cluster sampling, station selection, diel periodicity, etc. All these factors contribute to measurement or process error that is propagated into models that use the FHDBS. 

Such recommended projects would enhance the QA/QC of the FHDBS, but only a few can require little to no additional resources to implement.

The panel felt that the FWDP has been sufficiently responsive to a large number of requests for data and information, but they noted that the FHDBS could be made more accessible to both researchers and the general public. They also recognized that there are several ‘food habits’ databases that are not digitized or not commonly used by researchers, and that such data bases deserve some form of rescue. 

Implementation of these recommendations could lead to a marked advance in Center outreach. A few recommendations will be implemented over time without additional resources, but most of these recommendations require considerable investments that are beyond the resources of the program today.

In terms of statistical power of the data, the panel noted that ‘the adequacy of the size and growth of this database for use in ecosystem management depends on the questions being asked.’ Thus, even a database of more than 500,000 records will be inadequate to address all questions. In particular, they note that the paucity of summer samples, when consumption rates may be particularly high, is a notable deficiency. The panel also pointed out gaps of supplemental data used to parameterized models, such as functional foraging responses. 

The FWDP has a history of partnering with others to fill in data gaps and this should continue. This begins most obviously with their partnership with the Ecosystems Survey Branch to add approximately 16,000 stomach records per year to the FHDBS. The FWDP has also worked with cooperating industry partners to achieve year-round collections of cod feeding, or with federal and academic partners to participate in process-oriented studies during ‘Benthic Habitat’ cruises. Some mix of standardized monitoring surveys and targeted process-oriented surveys is necessary to achieve a cost-effective data stream that addresses the full spectrum of trophic dynamic questions for our region.   

ToR 2. Evaluate data and research products of the FWDP

The panel was clear that the available FWDP products are first rate, both nationally and internationally. The information about who eats whom and estimation of interaction strength in food webs was highlighted as a useful, core product of the FWDP. Perhaps most importantly to fisheries management, the FHDBS offers an independent source to investigate natural mortality. 

These are core (“bread and butter”) products of the FWDP in the distant and recent past, and they should continue to be in the future. 

The panel made several recommendations to develop tools that could be implemented even with existing resources. They recommended that ecosystem indicators from the FHDBS could be reported on an annual basis, such as time series trends of important forage taxa, or prey size spectra of key predators. They recommended the development of GIS tools for exploring shifts in diets, which could lead to more spatially explicit understanding of feeding and distributions of predators and prey in the marine ecosystem. They recommended that there could be cross-examination of the diet and life history data to look for trophic effects on growth rates or maturity schedules. 

These recommendations may languish given the current resources available to the FWDP.

They also noted that the FHDBS could investigate mechanistic processes, such as: how selective predation patterns may affect size at age in exploited populations, or how feeding rates may be affecting the energy density between seasons or years. They also highlighted that more attention should be targeted towards two major trophic modes: the planktivores and apex predators such as sharks, sea birds, and mammals. There were also specific suggestions to seek opportunities to incorporate alternative methods, such as stable isotopes or fatty acid signatures, in research or product development. 

Such suggestions lead inherently to interdisciplinary collaboration, which has happened in the past and should be encouraged, but is unlikely to evolve without additional resources.

The panel recognized that the use of the FHDBS in multiple models is a good approach. Multiple models are often required because they may produce different but complementary information or because no one model is accepted yet. The panel also made recommendations to explore network models and bio-physical models. 

Much of the ecosystem modeling expertise of this program is moving to the NEFSC’s EcoAP, so it is unlikely that this will continue to be a strength of the FWDP.

ToR 3. Evaluate the organizational strengths and weaknesses of the FWDP

The panel agreed with the mission statement of the FWDP, offering only minor suggestions to revise it. 


They expressed concern that “Current staffing levels and budgets are not sufficient to maintain the FHDB.” They pointed out that “staffing levels for the FWDP are generally below those at other institutions” and they identified that the transfer of Dr. Link to the EcoAP will further reduce the productivity of the FWDP. 

Their recommendation that a four person team “would be needed to do production field food habits work in a reasonable way while monitoring changes, providing data for estimating M, etc.” is a reasonable point to start discussion on future staffing resources for the FWDP (see Figure 1).


[image: image1]

The panel addressed the issue of how the FWDP and the EcoAP, in particular, could function in a coordinated manner and to interact with partners both within and outside the NEFSC (Figure 2, from Dr. Mohn’s report). 

Figure 2.
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Figures 1 and 2 depict how the NEFSC may develop operationally as a provider of data, information, and advice about marine ecosystems. The panel offered their opinion that the most effective research focus for the FWDP to pursue “would target processes underlying the feeding behavior of marine animals.” Dr. Mohn added that ‘data summaries...are underutilized in the provision of advice. It is important to see what went into the various models, not just their outputs.” 

Current staffing levels do not meet the recommendations of the panel (Figure 1). 


Jason Link (Research Fishery Biologist, ZP4). Dr. Link is an internationally recognized scientist in this research field. He was the FWDP leader for several years but his primary duties have been transferred to the EcoAP program. Currently he has a FWDP task element on his FY2009 performance plan. Two contractors funded by his external grants moved to EcoAP as well.


Brian Smith (Fishery Biologist, ZP2). Mr. Smith has been a productive scientist with the FWDP for several years. He leads the QA/QC tasks related to the groundfish survey, interacting well with the Ecosystems Survey Branch both in the lab and at sea. His work with a cooperative fisherman was recently published in a peer-review journal (Smith et al. 2007). He has collaborated for several years with the Ecosystems Processes Division on ‘Benthic Habitat’ cruises. Mr. Smith is completing his M.S. thesis with Dr. J. Collie (URI) and is well positioned to take on more responsibility.


John Hauser, (Operations Research Analyst, ZP3). Dr. Hauser is not specifically assigned to FWDP but has been assisting with several computer  programming needs of the Population Biology Branch. In FY2009, Dr. Hauser is working with Dr. Link on a programming application for estimating consumption rates, and in FY2010, he will be uploading the FHDBS (twice per year) and fixing ‘gremlins’ that routinely occur in this process.

Most of the pieces in Figure 2 are in place, but as councils, commissions, etc., accept multispecies or full ecosystem models to set management policy, then the data and these tools will come under greater scrutiny. 

Will the NEFSC be ready? The development of the EcoAP over the past year has made advances towards the goal of ‘Ecosystem-based Management’ in the northeast region, but expansion of that program while not injecting resources into the FWDP appears to mean the quality and quantity of the data stream (amount of analytical products included) is becoming a weak link in this Center-wide plan. Consideration of a staffing plan as proposed in Figure 1 is recommended to clarify the relationship between the FWDP and EcoAP and to set appropriate staffing and program operating budget levels.
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Figure 1. One realization of how the FWDP, if provided the recommended staffing level, would accomplish improved QA/QC goals, evolve the website into a significant portal of trophic information, and continue with process-oriented studies to address urgent modeling needs.











Operations Research Analyst or Fishery Biologist, ZP 2/3


Lead on auditing and uploading FHDBS (survey: 2/yr)


Lead on evolving website into a FHDBS portal by developing GUI applications, GIS tools, and regular trophic indices 


Lead on data rescue projects


Target sea time: 2-6 weeks / year.








Bio Sci Technician (FISH), ZT 2/3


QA/QC tasks (groundfish survey)


Food habits training workshops


Load/unload survey vessels


Data summaries, preliminary analyses


Program safety contact


SBTS target at sea time: 2 legs/year


ABTS target at sea time: 2 legs/year











Program Leader, Research Fishery Biologist, ZP 3/4


Oversees all operations of other FWDP staff


Leadership for development of process-oriented research and ecosystem indices


Lead communicator: report writing, website, manuscript preparation, etc.


Responsible for budgeting, purchasing, property, etc. (routine administration)


Target sea time: 2-6 weeks / year.








Bio Sci Technician (FISH), ZT 2/3


Process-oriented research, such as:


Benthic habitat cruises, cooperative research, non-groundfish predators, life history energetics, data rescue, etc.


Data summaries and preliminary analyses


Target sea time: 2-6 weeks / year.











