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Introduction and Rationale 

Improving estimates of stock abundance by improving the underlying databases 
that support these estimates is a constant goal in fisheries management and stock 
assessment biology. One target of slirvey augmentation is the development of ways 
to better evaluate how seasonal migration of fish in the Mid-Atlantic influences 
stock abundance estimates. One important characteristic of many commercially and 
recreationally important species is the north-south and onshore-offshore migration 
that occurs in late fall and the following spring (Shephard and Terceiro. 1994: 
Murawski, 1993). Species such as Lollgo squid, sclip. spiny dogfish. and summer 
flounder move inshore and lipcoast in the late spring as the water warms and then 
move downcoast and offshore in the late fall as the water cools (Jensen. 1965: 
NEFSC. 1998; NOAA, 1999; NRDC. 2001). 

The spa,tial-tempora.1 dyna,mics in t,he movement of these species is predictable 
in general form, but less so in specific timing a.nd spa.tia1 extent,. Fish move offshore 
at  different t,imes in different years a.nd farther downcoast in some y e a s  than in 
others. These dyna,mics in the d i~ t~ r ib~ i t i on  of commercially and recreationa.11~ 
important Mid-At,la,nt,ic species presents a, challenge in stjock assessment,. NMFS- 
NEFSC* conducts t,hree surveys ann~ially, one in early fa,ll (September-Oct,ober): 
one in winter (February), a,nd one in early spring (March-April) (e.g., NEFSC, 
1999). The winter and spring surveys ta.lte place during t,he t,ime when these fish 
are moving offshore a,nd downcoast. Consequent,ly, survey cat,ches will be influenced 
by the stat,us of the migra,tory event at  t,he time of the survey. 

The initial impetus for the Slipplemental Finfish Survey was to provide addi- 
tional information on the migratory status of a variety of recreationally and com- 
mercially important Mid-Atlantic species. As the survey design was developed, 
however, three additional goals were addressed. The second was the determina- 
tion of the extent to which some fish stocks extend into deep water beyond the 
region of the federal surveys. The NMFS-NEFSC bottom trawl surveys have a 
stratified random sampling design. Due to  the wide area that must be sampled 
and constraints on total slirvey time. many of the offshore strata are sampled at a 
minimum sampling intensity (2-3 samples per stratum). Species such as monkfish. 
winter flounder, spiny dogfish. and Loll90 and IZZPX squid often are abundant be- 
yond the 175-200 fm limit of the federal surveys. As the fish move offshore. they 
concentrate in the offshore strata near the edge of the survey domain in a relatively 
small region and in a temporally linstable manner. The scale of species patchiness 
or cl~istering in time and space. in part determined by the dynamics of migration. 
may result in insufficient sampling density in some strata during some years. In 
a recent Lollgo stock assessment (NEFSC, 2002), for example. the model used for 

* National Marine Fisheries Service-Northeast Fisheries Science Center  
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cat,chability explicitly included a variable describing t,he linsllrveyed component of 
the stock t,hat is presumed to exist during the time of the spring survey a.s squid 
migrate out of t,he surveyed a.rea,. 

A third goal. the importance of which has increased as the survey progressed. 
is the detailed depiction of cross-shelf distributional patterns of species. These data 
have proven valuable in addressing questions concerning the overlap of target and 
discard species because the transect format provides a relatively unbiased rendering 
of these distrilnlitional patterns. The recent interest in the relationship between scup 
and Lolrgo squid is an example (Powell et al., 2004). Thus, the survey is designed 
to provide data on cross-shelf distriblitional patterns at a spatial resolution greater 
than the federal stock surveys. Underwood (1978) provides a theoretical treatment 
of transect sampling for species distrib~itions. 

A final goal is the testing of an adaptive sampling strategy detailed in a later 
section. Adaptive sampling is an approach predicated on the maximization of 
desired information with minimal sampling. In the case of the Slipplemental Finfish 
Survey. the desired information is the detailed doc~imentation of the cross-shelf 
distribution of species on the outer shelf and improving of the estimate of biomass 
and abundance across this depth gradient. Among other important outcomes of 
this sampling strategy is an evaluation of the importance of sample density across 
the depth gradient and an examination of the value of adaptive sampling to increase 
accuracy in survey biomass and ab~xndance estimates. 

2006 Survey Design and Implementation Protocols 

To develop a, survey t,hat traclcs the seasona.1 movements of selectled fish 
species, offshore and downcoa,st in the fa.11 coincident wit,h declining tempera.tures 
and upcoast and onshore as t,he wa,t,er wa.rms in t,he spring, t,he survey design 
includes spa,tia.l and tempora,l  component,^. To ext,end this s~ipplement,al survey 
beyond the domain of present-day NMFS-NEFSC surveys, sampling intensit,y is 
increased between 150 and 250 fm. Finally, t,o describe t,he cross-shelf distribution 
of species, t,he sa,mpling progra,m includes fixed, dept,h-st,ruct,~lred samples plus 
adaptive stations to enha,nce t,he resol~xtion of species' distributions. 

The present survey design is a modification of an original survey design 
developed in 2002 brought about by funding restrictions that limited the total 
number of transects sampled and changes in sampling protocol to improve survey 
quality. The original survey design and the history of survey modifications will be 
detailed in a later section. 

O~,qnn,izn,tion, of Stn,tion,s in, Tim,e and Spn,ce 

The Supplement,al Finfish Survey carries out sampling progra.ms four times 



during the year. in November. Janliary. March. and May. The November to  May 
emphasis bracltets the time period of migration for most migratory Mid-Atlantic 
species. The  March survey coincides with the spring federal survey, to provide a 
direct comparison. The November thro~igh i'vlarch sampling programs, when coupled 
with the winter federal survey that t alces place in Febrliary, provide near-mont hly 
data  on fish distributions in selected areas of the outer continental shelf during the 
fall-winter-spring transition. 

The Supplemental Finfish Survey samples fixed transects oriented parallel to 
and just north of Baltimore Canyon (38" 20'N) and parallel to  and just east of 
Hudson Canyon (72"W) on all cruises (Figure 1). In January and March. sampling 
is expanded to include transects west of Alvin Canyon (73" 20'N) and south of Poor 
Man's Canyon (37"501N) (Figure I),  weather permitting. Funding permitting, the 
November and May slirveys can also be expanded to four transects. As each mission 
is constrained by the number of days-at-sea funded, sampling is prioritiyed: Hudson. 
Baltimore. Poor hlan's, Alvin. As each of the transects is located parallel to and 
relatively near these canyons, for convenience the transects are given the canyon 
names as monilters. 

St,a.tions are distributed perpendiclila,r to the a.vera.ge t,rend of the depth 
contours. A 2:l ratio of fixed to adaptive stations are occupied on each transect. 
Fixed stations are located at 40. 50, 60, 80, 100. 125. 150, 200. 225. and 250 fm. 
unless topography limits sampling. The 250-fm station cannot be sampled on the 
Baltimore Canyon and Poor Man's Canyon transects. for example. An additional 
four-to-five adaptive stations, to achieve the 2:l ratio of fixed to  adaptive stations. 
are distributed along the transects based on the catches of target species recorded 
at the fixed stations. Target species are slimmer flounder. sc~ip.  black sea bass, 
monkfish, spiny dogfish. Lollgo squid. and silver+offshore halte. As of May. 2006. 
Illen: squid is added to this set for the May survey only. 

To choose adaptive stations. fixed stations providing the highest overall ranking 
based on the catch of each target species are identified using the following method- 
ology. Let the accent -+ represent the ranlt of a variable and G71 represent the rank 
given to each of the n f  fixed stations. 7. for each of the nt target species. 3 .  As a 
consequence, each of the fixed stations has a set of nt rank val~ies. one for each tar- 
get species. based independently on the catch record for that species among all n f 
fixed stations. The adaptive choices are obtained by evaluating the choice variable 
C, as the slim of the ranlt vallies for each species for that station: 

n + 

+ 

The n,f choice variables, C;, are then ra,nlted a.nd t,he ra.nlts, C;, of ea,ch neighboring 



Figure 1. Fixed t,ransect,s are 1oca.ted near major canyons in the Mid-Atlant,ic. 
In the original survey design, six fixed transects were to be sa.mpled plus two-to- 
three adaptive transects chosen two weelts prior t,o the sampling event. In the 2006 
implementation, sampling is limited to t,he Hudson, Ba,ltimore, Poor Ma,n's, a.nd 
Alvin Canyon transects. GR.A, small-mesh gear-restricted area,. Dept,h in m. 

pair averaged: 

where the k are successive averages of fixed station ranlts along the transect. There 
are n f - 2  averaged pairs C k .  Adaptive stations are placed one-half depth increment 

-4 

between fixed station pairs having the highest averaged station ranlts. C k = 1 , 4  o r 5 .  

until all the adaptive stations are allocated for a given transect. The program is 



implemented at sea by means of an Excel spreadsheet. 

Station Sam,plin,g Protocol 

Once esta,blished: fixed stations are repeat,edly occlipied a.t a,ll sllbsequent time 
periods (Tables 1 and 2). Site selectlion for t,he first occupation of fixed and adaptive 
stations is made a.s follows. A specified locat,ion is chosen a priori based on depth. 
The vessel stea.ms to tha.t location. The Ca,pta.in t,hen is permit,t,ed to sea,rch an 
ares of approximately 1 na,utical mile in dia,meter to identify a, sa.tisfactory location 
for the tow. The tow is orient,ed a.longslope. The direction of t,he first sa.mpling and 
the tow locat,ions are ret,ained in all s~ibsequent samplings. 

Tow speeds are maintained near 3 knots. Scope is adjlisted according to a scope 
table and varies with depth (Tables 1 and 2). generally falling in the range of 2.5:l 
to 3:l. To minimize die1 variability, stations in water depths 5150 fm are sampled 
during daylight hours only. All other stations are sampled at night Starting and 
hauling depths. positions, and times and tow warp length are recorded at each 
station. Depth. door spread. time. and GPS position are logged manlially every 
5 minutes on the bridge. DGPS position is logged independently electronically to 
0.01' latitude and longitude every 1 minute during the tow. Depth and bottom 
water temperature are logged remotely at l-minute intervals using a V~m,co sensor 
attached to the top of the net just behind the headrope. 

Some stations may be untowable as originally designed due to lobster pots. A 
series of modifications are allowed in this circlimstance. If a shorter than normal 
tow can he completed, a shorter tow is taken. If not. an effort is made to relocate the 
tow within the original l-nautical-mile radius. first by moving the tow alongslope. 
then by moving the tow slightly lipslope or downslope. If a location is finally judged 
to be untowahle, and the station is a fixed station. that station is dropped from 
the transect for that survey. If the station is an adaptive station that should be 
sampled and is untowable. the next ranking adaptive station is used to maintain 
the desired number of adaptive stations. No stations have been dropped since the 
survey adopted the present l-nautical-mile tow length, although occasionally tows 
have been shortened or moved slightly to avoid fixed gear. 

Field Cre71) 

The field crew inchides a team of six scientists. phis the Captain and boat crew. 
The size of the scientific party is limited by berthing space. Science personnel have 
consistently included four representatives from Rutgers University. including the 
Chief Scientist. and two from NMFS, normally one from the cooperative research 
branch and one from the observer program. 



Table 1. Start and haul positions and wire out for each target depth on the Alvin 
and Hudson Canyon transects. 

Starting Position Endina Position Target 
Latitude Longitude Latitude Longitude Depth Wire Out (fm) 

Alvin Canyon 
40" 28.946' 70" 34.953' 40" 29.308' 70" 36.276' 40 fm 150 
40" 21.615' 70" 36.186' 40" 21.902' 70" 37.620' 50 fm 150 
40" 16.805' 70" 35.973' 40" 16.481' 70" 34.585' 60 fm 175 
40" 2.720' 70" 36.741' 40" 2.992' 70" 35.333' 80 fm 250 
40" 1.824' 70" 35.694' 40" 2.076' 70" 34.275' 100 fm 300 
40" 0.745' 70" 34.417' 40" 1.162' 70" 33.077' 125 fm 350 
39" 59.693' 70" 34.171' 40" 0.207' 70" 32.894' 150 fm 375 
39" 59.169' 70" 30.998' 39" 58.321' 70" 31.825' 250 fm 500 

Hudson Canyon 
Fixed Stat,ions 

39" 55.938' 72" 22.183' 39" 54.823' 72" 22.137' 40 fm 
39" 48.094' 72" 10.494' 39" 48.268' 72" 9.145' 50 fm 
39" 45.864' 72" 7.321' 39" 45.562' 72" 8.742' 60 fm 
39" 42.360' 72" 3.280' 39" 41.624' 72" 4.138' 80 fm 
39" 39.810' 72" 1.050' 39" 40.490' 72" 0.340' 100 fm 
39" 38.535' 72" 0.075' 39" 39.469' 71" 59.319' 125 fm 
39" 39.688' 71" 58.077' 39" 40.480' 71" 57.650' 150 fm 
39" 38.030' 71" 56.980' 39" 37.140' 71" 57.340' 200 fm 
39" 37.030' 71" 56.540' 39" 37.940' 71" 56.360' 225 fm 
39" 37.250' 71" 56.070' 39" 36.380' 71" 56.090' 250 fm 

Adaptive Stat,ions 
39" 53.590' 72" 16.140' 39" 54.630' 72" 16.120' 45 fm 
39" 45.899' 72" 9.770' 39" 46.284' 72" 8.422' 55 fm 
39" 41.095' 72" 7.181' 39" 41.970' 72" 6.321' 70 fm 
39" 39.312' 72" 2.537' 39" 40.160' 72" 2.090' 90 fm 
39" 40.450' 71" 59.910' 39" 41.060' 71" 59.102' 112 fm 
39" 37.060' 72" 0.760' 39" 37.900' 71" 59.840' 137 fm 
39" 37.170' 71" 58.450' 39" 38.090' 71" 57.800' 175 fm 
39" 38.076' 71" 56.533' 39" 36.892' 71" 56.978' 212 fm 

Sam,ple Processin,g Pro tocob 

Sample processing protocol follows standard NMFS survey methods. Each tow 
is sorted to species and catch weights obtained for each species. Spiny dogfish are 
separated by sex prior to weighing. For large catches that would talte longer than 
the allotted 3 hours to process, the entire catch is placed in basltets and a subsample 
of the basltets weighed. If further sl~bsampling is required. subsampling protocols 
follow NMFS survey methods. Target species for length measurements include: 
summer flounder. scup, blaclt sea bass. Lolrgo squid, Atlantic maclterel. monkfish. 
spiny dogfish. skates, Illm squid. silver hake. offshore halte, American lobster. 



Table 2. Start and haul positions and wire out for each target depth on the 
Baltimore and Poor Man's Canyon transects. 

Starting Position Ending Position Target 
Latitude Longitude Latitude Longitude Depth Wire Out (fml 

Baltimore Canyon 
Fixed Stations 

38" 22.790' 73" 47.990' 38" 22.090' 73" 48.980' 40 fm 150 
38" 22.420' 73" 44.380' 38" 23.050' 73" 43.380' 50 fm 150 
38" 22.893' 73" 40.278' 38" 22.076' 73" 41.147' 60 fm 175 
38" 17.200' 73" 38.490' 38" 16.350' 73" 39.140' 80 fm 250 
38" 16.931' 73" 37.983' 38" 17.853' 73" 37.174' 100 fm 300 
38" 16.890' 73" 37.610' 38" 15.763' 73" 37.857' 125 fm 350 
38" 16.179' 73" 37.513' 38" 17.167' 73" 36.982' 150 fm 375 
38" 15.730' 73" 36.600' 38" 16.690' 73" 36.840' 200 fm 450 
38" 17.016' 73" 36.526' 38" 17.126' 73" 35.258' 225 fm 475 

Adaptive Stations 
38" 22.270' 73" 46.557' 38" 21.402' 73" 47.534' 45 fm 150 
38" 21.969' 73" 43.702' 38" 22.627' 73" 42.653' 55 fm 150 
38" 19.438' 73" 39.037' 38" 20.273' 73" 38.191' 70 fm 225 
38" 16.470' 73" 38.510' 38" 15.630' 73" 39.100' 90 fm 275 
38" 17.740' 73" 36.970' 38" 16.920' 73" 37.730' 112 fm 325 
38" 15.820' 73" 38.071' 38" 16.500' 73" 37.520' 137 fm 375 
38" 16.368' 73" 37.234' 38" 17.090' 73" 36.660' 175 fm 425 

Poor Man's Canyon 
Fixed Stations 

37" 47.474' 74" 19.338' 37" 46.490' 74" 20.124' 40 fm 150 
37" 47.351' 74" 17.108' 37" 46.371' 74" 17.785' 50 fm 150 
37" 46.630' 74" 14.079' 37" 45.670' 74" 14.769' 60 fm 175 
37" 46.948' 74" 10.412' 37" 46.151' 74" 11.367' 80 fm 250 
37" 45.238' 74" 11.025' 37" 46.192' 74" 10.291' 100 fm 300 
37" 44.650' 74" 10.342' 37" 45.769' 74" 10.255' 125 fm 350 
37" 45.343' 74" 10.167' 37" 45.884' 74" 9.185' 150 fm 375 
37" 44.991' 74" 9.734' 37" 43.776' 74" 9.177' 200 fm 450 
37" 45.354' 74" 9.390' 37" 43.967' 74" 8.863' 225 fm 475 

Adaptive Stations 
37" 45.737' 74" 19.012' 37" 46.761' 74" 18.306' 45 fm 150 
37" 46.485' 74" 15.904' 37" 45.503' 74" 16.629' 55 fm 150 
37" 45.651' 74" 11.126' 37" 46.469' 74" 10.211' 90 fm 275 
37" 44.878' 74" 10.697' 37" 45.942' 74" 10.344' 112 fm 325 
37" 44.922' 74" 10.234' 37" 45.884' 74" 9.784' 137 fm 375 

bluefish, yellowtail flounder, and winter flounder. The goal for each priority species 
is 100 length measurementsfor each tow. If fewer than 100 individuals are caught. all 
of the individuals are measured. Each priority species is divided into size classes and 
the first three individuals measured in each size class are weighed. Smaller species. 
such as Lollgo and Illex squid, Atlantic maclterel. silver halte. offshore halte. scup, 



and black sea bass. are divided into 5-cm size classes. The larger species, inchiding 
spiny dogfish, summer flounder, monkfish. bl~iefish, and large sltate species, are 
divided into 10-cm size classes. If time does not permit sample processing between 
tows. fish sorted for length measurement are placed in labeled containers and stored 
in the fish hold until processing can occur. In addition. if time allows, scale and/or 
otolith samples of large scup, slimmer flounder, and black sea bass are obtained. A 
sub-sample of Illez squid is frozen at-sea for maturity analysis by NMFS personnel. 

Vessel and G e m  In,formn,tion, 

Slirveys are conducted onboard tjhe F / V  Lwke & Sarah (Table 3). The F / V  
L~ske & Sarah is 120' in lengt,h wit,h a 1,500 H P  engine. To permit efficient capt,ure 
of groundfish while a.lso ma,intaining a reasona.ble degree of catcha.hilit,y for other 
species s~ ich  a,s scup, a 4-seam box net with a, standard 6-cm codend (liner) wa,s 
used. The fishing circle of t,he net is 506 meshes of 6" mesh. The extension of the 
net is 3'' mesh knot t,o ltnot, 100 meshes long, and 225 meshes around. The codend 
is made of 6.5" mesh ltnot t,o ltnot,, 100 meshes long, 70 meshes a,round, and is lined 
with a 6-cm mesh liner. The cha,ffing gear is a, mat ma.de of 6" mesh covering 213 of 
t,he hot,tom of the codend. The doors are 104" Thyboron wit,h a spoiler. Ea,ch door 
weighs 1,640 pounds. The foot,rope is constr~icted from 114' 6.5" x 1/211 stainless 
st,eel wire wra,pped wit,h #12 polyest,er with two wire extensions of 6' 5.16" eye 
t,o eye joined wit,h t,wo 3/4" bow shacltles for an overall length of 127' 11". The 
headrope is 117' 11.52" overa.11 lengt,h, including t,he e~t~ensions.  There a,re 96 8" 
hi-impact float,s hung in gro~ips of 6 on 5/811 poly plus, grouped closely t,ogether in 
the center wit,h a. set of 6 on ea.ch wing. The txaveler is made of 1/2"stainless steel 
wire banded wit,h 1/2" stainless steel ba.nds t,o t,he foot,rope. The overa.11 length is 
119', with the sta,inless steel bands spaced at 1' 11" intervals. The sweep is made 
lip of 5/8" stainless steel wire wit,h 84 1.4 po~ind  leads in t,he cent,er section a.nd 
3 link 1/211 trix drop chains at  1' 11" interva,ls t,hrougholit. The sweep is in three 
sections joined with 1/211 ha.nging loclts a.nd 2' 6" of 1/2" trix cha,ins on each wing 
end. Ea,ch wing is 46' 6.84" eye to eye and the bosom is 29' 2.28" eye to eye. The 
sweep is covered with 3" rubber coolties. 

In November, 2005, t,he survey ordered a set of survey gea,r of ident,ica.l design. 
Preliminary testing of t,his new gear in March, 2006, indicated sufficient divergence 
in catchability t,o prevent it,s immedia,te use. Additional t,est,s will be conducted 
in November: 2006. Through that t,ime, all slirveys will lit,ilize t,he original survey 
gear. 

Database Content and Configuration 

As of April. 2006, all survey data had been provided to NMFS-NEFSC 



Table 3. A comparison of vessel cha,ract,eristjics het,ween the F / V  Luke & Sarah, and 
the F / V  Jason & Danielle. 

Construction Type 
Length 
Engine 
Gross Tonnage 
Hold Capacity 
Winch Wire 
Clutch Ratio 
Wheel 
Net Sensor Package 

F / V  L?ske & Sn.ro,h, 
St, eel 
120' 

1,500 HP @ 1,800 R.PM 
196 tons 

240,000 lhs 
718" 
5: 1 

71" wheel / 72" nozzle 
IT1 Simra.d 

F / V  Ja.son & Danielle 
Steel 
93' 

1,080 HP @ 1,800 RPM 
176 tons 

150,000 lbs 
7/8" 
6: 1 

79" open wheel 
IT1 Simrad 

(Table 4). A cruise report released to the public has accompained each data 
transmission*. The methods of calc~ilation for variables listed in the following 
sections as 'calc~ilated' are given in a section succeeding the sections rendering 
the file formats. Slirvey data are provided in the following file formats. 

Bridge File Form,nt 

The file conta.ining da.ta on tow condit,ions recorded by ha,nd on the bridge 
is named: TripID//'captinfo'//month//yea.r.csv, where '1," is the concatenation 
symbol. For example, the March: 2003, dat,a a.re found in R.01003capt,info0303.csv. 
The trip identifi~a~tion code is pat,terned a.fter the codes used by t,he observer 
progra,m. Trip ident,ificat,ion codes for surveys t,hroligh May: 2006 a.re found in 
Ta,ble 4. 

The file contains the following fields ent,ered in column format,. 

1. Trip ident,ification number (scient,ist identificat,ion numher//t,rip number). 
2. Tow number (seqi~ent~ial for t,he entire trip, not by t,ra,nsect,). 
3. Time (HH:TUIM, in GMT da.ylight or GMT st,andard). 
4. La.titude (degrees, decimal minutes). 
5. Longitude (degrees, decima'l minutes). 
6. Depth (m). 
7. Bottom temperature ("C - bot,t,om temperaatlire was recorded on t,he bridge during 

the March, 2003, survey only). 
8. Door spread (m). 
9. Surface tempera.tlire (O C). 

* Crliisr reports in pdf format are available from HSRT, and NFT-SMC: upon requrst. 



Table 4. Summary table of work completed to date on each transect. 

Daytime: Cruise Report 
Number of Nighttime ReleasedlData 

Stations Adaptive Transmitted 
Samplinn Event Transect Sampled Stations to NMFS Trip ID 
March 8-12, 2003 Hudson 13 3: 1 October 2003 R01003 

Baltimore 12 4:0 
May 25-29, 2003 Hudson 15 4: l  November 2003 R01005 

Baltimore 13 4:0 
Jan. 24-Feb. 2. 2004 Hudson 15 4: 1 July 2004 R05001 

Baltimore 9 0:0 
March 4-17, 2004 Hudson 14 4:0 October 2004 R05003 

Baltimore 13 3: 1 
Poor Man's 10 2:0 

May 19-23. 2004 Hudson 13 3:0 December 2004 R05005 
Baltimore 9 0:0 

November 15-21. 2004 Hlidson 15 5:0 March 2005 R05007 
Baltimore 13 3: 1 

January 10-22. 2005 Hudson 15 4: 1 June 2005 R05001 
Baltimore 13 3: 1 

March 13-23, 2005 Alvin 8 0:0 September 2005 R05003 
Hlidson 15 4: 1 

Baltimore 13 3: 1 
Poor Man's 13 4:0 

May 4-10, 2005 Hudson 15 4:l  November 2005 R05005 
Baltimore 13 4:0 

November 10-16, 2005 Hudson 15 3:2 April 2006 R05006 
Baltimore 13 4:0 

January 19-31, 2006 Hudson 15 3:2 In Progress R08001 
Baltimore 13 3: 1 

Poor Man's 13 4:0 
March 1-14. 2006 Hlidson 15 4: 1 In Progress R08002 

Baltimore 13 3: 1 
Poor Man's 13 3: 1 

May 3-9, 2006 Hudson 15 5:0 In Progress R08003 
Baltimore 13 3: 1 

The Vem,co minilogger recordstemperatlire and depth information logged at 
1-min intervals and is named: TripID//'minilog'//month//year.csv. For example. 
R05003minilog0304.c~~ contains the Vem,ro data from the March. 2004, survey. 
This is a raw minilogger file and. consequently, has a series of header lines that are 
output directly from the Vpmco minilogger. the last of which contains the col~imn 
fields. 



The file contains the following fields entered in cohimn format. 

1. Trip identification number (scientist identification number//trip n~imber).  
2. Date (MM/DD/YY based on EST daylight or EST standard - the November. 

2004, survey was recorded in GMT standard). 
3. Time (HH:MM:SS, EST daylight or EST standard - the November, 2004, survey 

was recorded in Gi'vlT standard). 
4. Temperature (March 2003-November 2004 surveys, OF; Jamiary 2005-November 

2005 surveys. OC). 
5. Depth (m), annotated to identify the starting and ending position of each tow. 

Position File 

DGPS position is recorded at 1-min intervals using P-Sea W7nfdplot software 
and given the following name: TripID//'traclc'//month//year.csv. For example. 
March, 2003, position data can he folind in R01003traclc0303.c~~. This file is a raw 
dat alogger file. 

The file contains t,he following fields ent,ered in column format,. 

1. Trip identification number (scientist identification numher//trip number). 
2. Tow number (sequential for the entire trip). 
3. Latitude (degrees, decimal minutes). 
4. Longitude (degrees. decimal mimites). 
5. Time (HH:MM:SS. EST daylight or EST standard). 

Station File 

Information about the vessel, gear, and some data describing each tow can be 
found in the station file named: TripID//'station'//month//year.csv. The file. 
R05003station0305.c~~. for example, contains trip information from the March. 
2005, survey. 

The file cont,ains t,he following fields entered in col~lmn forma.t,. 

1. Tow number (sequentia'l for the entire trip). 
2. Trip identifimtion number (~cient~ist  identifi~at~ion number//t,rip number). 
3. Vessel name (8 character maximum). 
4. Vessel h~i l l  number. 
5. Date landed (MM/DD/YY, based on EST daylight or EST standard). 
6. Codend mesh size (mm). 
7. Target species. (SummerFlou is entered in this field as an  example target species. 

although this is a m ~ i l t i s ~ e c i e ~ ~ s u r v e y .  and seven other target species, for the 
adaptive station algorithm, are included.) 

8. Tow date (MM/DD/YY. based on EST daylight or EST standard). 



9. Set latitude (degrees and decimal mimites, as recorded on the bridge). 
10. Set longitude (degrees and decimal minutes. as recorded on the bridge). 
11. Haul latitude (degrees and decimal minutes, as recorded on the bridge). 
12. Haul longitude (degrees and decimal minutes. as recorded on the bridge). 
13. Set depth (m, as recorded on the bridge). 
14. Haul depth (m, as recorded on the bridge). 
15. Number of data lines for that tow in the catch file (equivalent to the number of 

species caught during the tow) 
16. Set time (HH:MM. as recorded on the bridge. EST daylight or EST standard). 
17. Haul time (HH:MM, as recorded on the bridge. EST daylight or EST standard). 
18. Headrope length (m). 
19. Footrope length (m). 
20. Ground cable length (m). 
21. Tow wire out (m). 
22. Tow speed (ltm h-l ,  as estimated on the bridge). 
23. Station type (f=fixed. a=adaptive). 
24. Transect (h=Hudson Canyon. b=Baltimore Canyon, p=Poor Man's Canyon. 

a=Alvin Canyon). 
25. Total number of stat,ions sampled during the trip. 
26. Target depth (m, det,ermined pre-cruise, st,andardized across all surveys). 
27. Slirfa.ce tempera,t~lre ("C, calcllla,ted a,s the avera,ge tempera.t,ure recorded by the 

Vem,co minilogger immedia,tely aft,er the net ent,ers the water and immediat,ely 
before t,he net 1ea.ves t,he wat,er). 

Toll) File 

A summary of the rema.ining tow informa.tion is recorded in t,he file na,med: 
TripID//'t,owdat,a'//month//yea.r.csv. For exa.mple, R,05001towdatja0105.csv con- 
tains da,ta. from t,he Jaauary, 2005, survey. N o t e  th,at target  depth,; n,ot to711 n,ll,m,her, 
iden,ti,fies th,e sequen,ce of sto,tl:on,s o,lon,g th,e tm,n,sect. T o w  n,?l.m,her iden,ti.fie.s th,e 
sequen,ce of  stfl,tion,s d.rsrin,g th,e surae?]. 

The file contains the following fields entered in column format 

1. Trip identification number (scientist identification n1imber//trip mimber). 
2. Transect (h=Hudson Canyon, b-Baltimore Canyon, p=Poor hlan's Canyon. 

a=Alvin Canyon). 
3. Tow number (sequential for the entire trip). 
4. Tow date (MM/DD/YY, based on EST daylight or EST standard). 
5 .  Target depth (m, determined pre-cruise - tows are aligned along the transect by 

ranking them by target depth, not by tow number) 
6. Average depth (m. calculated from Vem,co minilogger data).  



7. Dept,h range (m, ca.lculated from Vem,co minilogger data). 
8. Scope (unitless, calculated). 
9. Swept area (l<m2, calcula,ted). 

10. Swath area (lim2, ca.lc~ila,ted). 
11. Bottom temperature (OC, calc11la.ted from Vem,co minilogger da,ta). 
12. Tow time (h, ca.lculated). 
13. Average tow speed (lim h-I , ca1cula.ted). 
14. Tow dist,ance (km, calcula,ted). 

Species C a t c h  Fi le  

The file cont,aining the species code, na.me, and ca,tch data  for each species is 
named: TripID//'catch'//mont,h//yea.r.csv. An exa,mple file from t,he May, 2005, 
survey is R05005catch0505.c~~. 

The file conta,ins the following fields ent,ered in collimn format,. 

1. Trip identification number (scientist identifica.tion n~imber/ / t r ip  number). 
2. Tow number (sequential for the ent,ire t,rip). 
3.  Survey code (t,he NMFS survey species code - if a, species wa,s ca.ught that does 

not have a survey code, then the observer code was assigned; spec iewi th  neit,her 
a survey nor a.n observer code were assigned a code of 978-994). 

4. Sex code (()=not sexed, l=ma,le, 2=female). 
5. Species na.me (common na,me a.ssociat,ed with the survey code - if a. species wa.s ' 

subsa.mpled by size, then the size cat,egory is ident,ified in t,he na,me). 
6. Tota.1 catch (kg). 
7. Sa.mple weight (kg, weight of mea.sured individuals - a sample weight of zero 

means that lengths were not mea,slired for t,he species in t,ha.t t,ow). 

L e n g t h  File 

The length data are in a file named: TripID//'length'//mont h//year.csv. For 
example, R050061ength1105.c~~ contains the length data from the November. 2005. 
survey. 

The file contains t,he following fields ent,ered in column format. 

1. Trip identification number (scientist identification n~imber/ / t r ip  number). 
2. Tow number (sequential for the entire trip). 
3. Survey code (the NMFS survey species code - if a species was caught that does 

not have a survey code, then the observer code was assigned; species with neither 
a survey nor an observer code were assigned a code of 978-994). 

4. Sex code (()=not sexed. l=rn.de, 2=female). 



5. Forlc length (cm, with two except,ions - for America.n lobster, the ca,rapace is 
measured in mm; for skates, the t,otal length [tip of upper snolit to end of t,a.il] is 
measured). 

6. Number of individuals a,t t,ha.t length for the t,ow. 
7. Size ca,tegory na,me (blank except in inst,a.nces where a. single species was subsam- 

pled by size grolip). 

Weigh,t File 

The individ~ml lengths a,nd weights of weighed fish a,re recorded in a. da.ta file 
named: TripID//'indfish'//mont,h//year.csv. For exa.mple, R.05005indfish0504.c~~ 
contains the da,ta. from t,he Ma,y, 2004, survey. 

The file contains the following fields ent,ered in col~imn forma,t. 

1. Trip identification n~imber (scientist identification number//trip number). 
2. Tow nlimber (sequential for the entire trip). 
3. Survey code (the NMFS survey species code - if a species was ca~ight that does 

not have a survey code, then the observer code was assigned; species with neither 
a survey nor an observer code were assigned a code of 978-994). 

4. Individ~ial identification mimber unique to each weighed fish, assigned consecu- 
tively in the file. 

5. Fork length (cm. with two exceptions - for American lobster. the carapace is 
measured in mm; for skates, the total length [tip of snout to end of tail] is 
measured). 

6. Individual weight (kg). 

In the following, the tilde accent is used to refer to  the mean of all val~ies of 
a variable obtained during a given tow. T h ~ i s ,  the average depth. z" (in m)  for the 
tow is calculated as: 

I c;:, 2 7  
Z = 

n z 
(3)  

where n, is the total number of depth recordings talten at 1-min intervals by the 
Vem,co minilogger during the tow. 

- 
Average bottom temperat~ire,  T,  , is the average of the temperature recordings 

talten at 1-min intervals by the Vemxo minilogger during the tow. 

Tow distance. D in lcm. is determined from the GPS positions between the 
positions assigned for net-on-bottom and net-off-bottom. by slimming the ns 1-min 



dista,nce  segment,^, 6: bet,ween t,hese t,wo events. 
no 

Tow time. 7 in hr, is determined from the Vpm,co depth recorder as the 
difference between the time of hot tom contact (net-on-bottom) and haul back 
(net-off-bottom). These events are determined by changes in Vem,co sensor depth 
recorded a t  1-min intervals. As a consequence, the uncertainty in tow time 7 and 

tow distance D is approximately (w < 10%). 

Depth ra.nge, DR. in m: is ca.lculat,ed for each tJow as: 
D R  = m,nz(z;) - m,in,(zi), for i =  1: n,,. 

Scope  init it less) is calc~ilated as the ratio of wire out (W in m)  to average depth 

(m): 

Average tow speed, S p  in ltm hr-' : is calclila,ted from t,ow dist,a.nce and t,ime: 

- 
Average door spread, Ds in m,  is calclilat,ed from the 5-min not,at,ions talten 

on t,he bridge during t,he t,ow. 

Swept a,rea,: S W P  in ltm2: is calcl~lat~ed from dist,ance traveled and door sprea.d 
a,nd, thus, represents a maximum value for swept area.: 

S W P  = D E ~ .  (8) 
Swept a.rea bioma,ss, B,, , in kg l ~ m - ~ ,  is then: 

C 
Bswr = S W P  

where C is species catch weight (in kg). 

The Supplemental Finfish Survey is transect based, with one tow talten per 
target depth on each transect. As such. the transect can be modeled as a series 
of conterminous strata with a sampling density of one sample per stratum. These - 
strata are the width of the sampling gear. D.5. The length of each stratum varies 
according to the slope of the shelf and can he evaluated based on information 
depicted in Figure 2. 

Referring to Figure 2: let E represent t,he dropped-perpendicular posit,ion of the 



Figure 2. Cartoon showing the mapping of tows onto the baclibone transect line 
and the calculation of swath distance, the linear distance allotted to each tow had it 
actually been talten along the transect line. Assignment of linear distance is based 
on the geometry of two right triangles whose common side is defined by the midpoint 
of the tow and the intersection of a perpendicular dropped from the midpoint to 
the bacltbone transect line. 

40 fm 

Tow 1 

/ 

Tow n 

preceding tow on the haclihone transect line; F, the dropped-perpendicl~lar position 
of the succeeding tow on that line. and D, the dropped-perpendicular position of the 
tow in question, obtained by dropping a perpendicular from the mid-point of a tow. 
located at C. to the baclcbone transect line. Let AB define the baclibone transect 



line perpendicular to  the depth contolirs of the sampled region$. This geometry is 
necessitated by the fact that tows, due to  local topographic constraints, cannot be 
sited so that their midpoints fall precisely on the bacltbone transect line. 

Accordingly. the desired linear distance. C. along the transect backbone, 
equivalent to t,he stra,tum lengt,h, a,pport,ioned t,o t,he t,ow with midpoint c is: 

Any given distance segment along the bacltbone AB, such as ED, is obtained by 
calclilating and slimming line segments sequentially from a point upslope of the 
shallowest sampled station (40 fm), A  in Figure 2, such that, 

- - -  
E D = A D - A E  (11) 

where AE is a previously calculated distance. AD is obtained by recognizing that:  

AC2=m2+m2 (12) 

and - - -  
AB - AD = BD. (I4)  - 

Solving equations (13): (14), and (15) for AD yields: 

Swath area. SWT in ltm2. or the area of any stratum I associated with a given 
tow. is then the linear distance times the average door spread: 

SWT, = C, Ds,. (16) 
Swath area biomass. BWt in kg. or the biomass estimated for a given depth stratum 
1 along the transect line. is the multiple of the swept-area biomass and the swath 
area.: 

In effect. swath area biomass. B,,, . measures the relative importance of each 
sampled depth according to its coritrib~ltion to total linear distance along the 
transect set perpendicular to the average depth contour. The biomass per swept 
area can then be expanded to  estimate the domain biomass. Br, defined by the 

$ Note t h a t  t h e  two positions defining t h e  backbone t ransect ,  h and  h,  are  un impor tan t  as long 
as A is upslope of t h e  first (40 fm) s tat ion and  h' is downslope of t h e  last (250 fm) station 
and is p e r p e n d i c ~ ~ l a r  t o  t h e  dep th  c o n t o l ~ r s  with a peregrination through t h e  region from 
which t h e  tows were taken.  



sum of the swat,h area.s of the n,, contermino~is stra,ta defining the tra.nsect: 
n ,* 

BT = CB,5w,i. 

Historical Review of Survey Protocol Changes 

The survey began with a planning worltshop in Woods Hole at NMFS-NEFSC 
on January 16, 2003, attended by representatives from Academia, the NPVIFS. the 
MAFMC, and the fishing industry. Out of this worlcshop came the design for 
a full-scale supplemental survey and a plan for a pilot program for 2003 to test 
and improve survey protocols. Field efforts occurred in March and May of that 
year and have occurred four times per year thereafter. Retrospective and planning 
meetings bounded each cruise for the first two years, usl~ally in association with 
the MAFMC/NEFSC Trawl Survey Advisory Committee. and have occurred at 
least twice yearly thereafter. The retrospective and planning meetings have been 

carried out by an nd h,oc working groupt established initially to develop the basic 
survey design and to introduce improvements during the 2003 pilot year. This ad 
h,oc working group has continued to meet to evaluate survey performance and adopt 
modifications to survey protocols. A summary of these modifications is provided 
by Figure 3 and Table 5. Field protocols have been refined by this process and are 
now stabilized. 

The original survey design envisioned an 8- or 9-transect survey four times 
yearly. In this full-scale survey. an adaptive design would he used such that six 
of the transects wo~ild be fixed and two to three wo~ild be redistributed for each 
survey according to (1) information obtained from the fishing industry concerning 
observed concentrations of target species about two weelts prior to the survey and (2) 
near-term information on temperature gradients. Fixed transects were to be sited 
parallel to major canyons: Norfolk. Washington, Baltimore, Poor Man's, Hudson. 
and Alvin (Figure 1). Locations for an additional, minimally two. transects were to 
be chosen at a pre-cruise meeting prior to each field program. Funding has limited 
the scale of the transect sampling to maximally four transects, with a minimum of 
two sampled four times yearly. 

Besides the limitation on the number of transects sampled, all other aspects of 
the original survey design were implemented. Modifications thereafter occlirred to 
improve upon the original design. These are slimmarized in Figure 3 and Table 5 
and detailed in a s~ibsequent section. 

Core membersof the  ad h,oc working group inc l~ ld r  the  authors,  Russell Rrown (NEFSC), J im 
Ruhle (MAFMC),  Phil Ruble (Industry) ,  Hank 1,arkner ( Ind~ l s t ry ) ,  and Pal11 Perra ( N E R O ) .  



Figure 3. The number of changes made to sampling protocols over the course of 
the survey, as s~immarized in Table 5. 

The survey is now in its fourth year. To date. thirteen field programs have been 
completed (Table 4). The first survey took place on the F /V Joson, & Don,rrllr from 
March 8-12, 2003. A total of 25 tows were made along the Hlidson and Baltimore 
Canyon transects during the March survey and 28 tows during the weelc of May 25- 
29, 2003. thereby establishing the first May survey (Table 4). In 2004. the slirvey 
was expanded with field programs in January and November. as well as March and 
May. Sampling occurred on the Baltimore and Hudson Canyon transects during 
the weeks of Jan~iary  24-Febr~lary 2. March 4-17. May 19-23. and November 15-21 
(Table 4). In addition. a transect near Poor Man's Canyon was sampled d~lring 
the March, 2004, survey. A new transect sited near Alvin Canyon was established 
during the March, 2005. survey. Thus far in 2006, three surveys have been completed 
on the Hudson. Baltimore. and Poor Man's Canyon transects during the weelts of 
January 19-31 and March 1-14 and on the Hudson and Baltimore Canyon transects 
during May 3-9. 

Survey Protocol Modijcation,s 

Overall, the majority of changes in survey design and sampling protocols 
occurred during the first two years of the program (Figure 3). with the largest 
number made after the first field program in March. 2003. No changes that have 
gone into effect since the beginning of the 2005 field season can have any impact on 



Table 5. A summary of tJhe cha.nges in survey prot,ocol tahula,ted in Figure 3. 

Date Protocol C h a n ~ e  
May, 2003 1. 40-fm station added to the fixed station list: by 

definition, a 45-fm adaptive st ation also added. 
2. Loligo squid and silver+offshore hake included in the 

January, 2004 
May, 2004 

November: 2004 
March, 2005 
Janua,ry, 2006 

adaptive station selection algorithm. 
3. 60-fm tow repositioned on Baltimore Canyon tran- 

sect. 
4. Silver halte and offshore hake distinguished and 

sorted separately. 
5. Diel-sampling protocol instituted; depths > 150 fm 

sarnpled at night; depths 5 150 fm san-lpled during 
the day. 

1. Spiny dogfish sorted by sex. 
1. Tow distance reduced to 1 nautical mile. 
2. Scope table formulated to  maintain constant scope 

at a given depth. 
1. F/V L v k ~  8L Snroh becomes survey vessel. 
1. Poor Man's Canyon transect repositioned. 
1. I l l ~ r  squid samples for maturity analysis added to 

biological sampling protocol. 
2. Atlantic rnaclterel added to the priority species list 

for length meas~lrement . 
May, 2006 1. I l lex  squid added to adaptive station algorithm for 

May surveys only. 

cat chabili t,y. 

Numerically, the 1a.rgest number of changes in survey protocol occurred a,ft,er 
the first field program in March, 2003 (Table 5).  A fixed stat,ion wa,s a,dded a.t 40 fm 
on all t,ransects to increase sampling int,ensity. As a conseqllence, a 45-fm a.da,ptive 
statlion was a,lso added. The 60-fm st,at,ion on the Baltimore Ca,nyon.t,ransect wa,s 
repositioned because t,he March locatlion wa,s more than 1 na.ut,ical mile from the 
main transect line. Since Loligo squid a,nd silver+offshore ha,lte are commercia,lly 
important species, they were included with summer flo~mder,  sclip, bla.ck sea, ba.ss, 
monkfish, and spiny dogfish as t,arget species used to determine t,he 1oca.tion of 
adaptive stations. Silver halte and offshore hake, being very simila,r species: were 
not sepa.ra.ted to species adeqlmtely in Ma.rch, 2003. Sllbseqlient training of survey 
crew corrected this ina,dequacy beginning in Ma.y, 2003. Ca.tches for t,he two species 
are combined in t,he Ma.rch, 2003, dat,aset,. 

The most important change in protocol after the March, 2003, field program 
was the decision to sample stations in water depths 5150 fm during daylight hours 



and to sample deeper stations at night. This change originated in the recognition 
that a number of important species, s~ i ch  as Il lex and Lobqo squid (NEFSC. 2002) 
and silver hake (NEFSC, 2006) undergo diel migrations and that sample number on 
any given transect was not slifficient to treat diel variability as a random variable. 
As a consequence, beginning in May, 2003. day-night sampling was rigoro~isly fixed 
according to depth. This modification to  sampling routine has several implications. 
First. the 175-fm adaptive station is unique in that this is the only station with a 
fixed station lipslope sampled during the day and a fixed station downslope sampled 
a t  night. The 175-fm adaptive station itself is sampled at night. All other adaptive 
stations are bounded by fixed stations sampled in the equivalent diel period. Second. 
the implementation of the diel-sampling rule adds a complication to at-sea logistics 
in that adaptive stations may require additional time on each transect because 
only a subset of them can he sampled in the same diel tirne period. The val~ie of 
adaptive stations, accordingly. for increased accuracy of biomass estimates, cros.;- 
shelf distributional patterns, and improved size-freqliency estimates must outweigh 
the decrease in total sample number per day-at-sea necessitated by this approach. 
The degree of catch bias incurred in underestimating diel migratory species at night 
at  the deeper stations has not been evalliated. 

Beginning in Jamiary 2004. spiny dogfish were separated by sex prior to 
analysis. The spiny dogfish assessment focuses on females, so that this modification 
was designed to increase the lisefiilness of survey data in the assessment process. 

In May. 2004, tow distances were reduced from a fixed distance of two nautical 
miles to a fixed distance of one nautical mile, in order to minimiye sub-sampling. 
reduce on-deck processing time and thus. increase the number of stations that can 
be sampled during the survey. This later was the principal consideration, as large 
catches, particularly in January and March. reduced significantly the total number 
of stations and transects that could be occupied. Previo~is studies indicate that 
towing for longer than 15 minutes at a station generally does not gain much in 
precision and is often not practical due to  the high cost of at-sea operations (e.g., 
Pennington and Vglstad. 1991; Folmer and Pennington. 2000). Along with a change 
in vessel, the change in tow time is one of two modifications in sampling protocol 
subsequent to May. 2003. capable of significantly impacting biomass estimates. A 
detailed evaluation follows in a s~ibsequent section. 

Scope was set in March 2003 by the captain of the F / V  Ja.son & Do,n?,~lle to 
obtain best fishing performance for the survey gear, based on the Captain's intimate 
knowledge of the gear's performance over a range of depths. The Captain was 
allowed to  repeat this choice for each of the s~ihsequent four surveys (May. 2003, 
November, 2003, January, 2004, and March. 2004). In May 2004, in order to 
maintain a consistent towing strategy and minimize variability in net geometry. 
a scope table (Tables 2 and 3) was established using the average scope val~ies for 



each depth from the four field programs following March 2003. March. 2003 was 
exchlded due to the unrepresentativeness of this first field program, as detailed 
subsequently. This table has been used in all surveys since March, 2004, t o  specify 
a fixed amount of wire to be paid out at  each target depth. 

In the summer of 2004, the F/V .Jn,,son & D a n d l e  wa.s sold a.nd convertled to 
a scallop dredge vessel before a. new survey vessel could be ca.libra,t,ed. Beginning 
with the November 2004 snrvey, all sa,mpling efforts ha.ve been conducted on t,he 
F/V Lu,ke 8t Sarah, using exa.ctly the sa,me net, doors and sampling protocols. The 
Ca,ptain of t,he F/V Jn,son & Dan,ielle, Hank Lacliner, served as Ca,ptain of the F/V 
L I I , ~ ~  & Sarnh, for t,he first two sl~bseqllent surveys to provide on-vessel training for 
the Capta.in a,nd crew of the F/V L l ~ k e  & Sarn,h,. The F/V Lu,ke & Sara,h is of the 
same design as the F /V Jason, & Danielle,  originally being of the same size and 
tonna.ge. The vessel was 'stretched' some yea,rs a.fter original construction a.nd is 
now somewhat larger tha,n the F/V Ja.son, & Dn,n,iekle (Table 3). 

In March. 2005, due to a steep depth gradient at deepwater stations, the 
large boulders present at  the original survey locations, and a vessel foundering 
that occurred a few months prior that prevented resampling the shallow end of the 
original transect. the Poor Man's Canyon transect was repositioned approximately 
15 km south of its original location. 

In January. 2006. I l l ~ z  was added to  the biological sampling protocol. A snb- 
sample of Illex squid was frozen at-sea to be processed by NMFS-NEFSC personnel 
for maturity analysis. To expand the use of the survey as a possible pre-season 
sllrvey for Ille.?: squid, Illez squid was added to the species list for the adaptive 
station algorithm for May only, this modification was first implemented in May. 
2006. Also, Atlantic maclierel was added to the list of priority species for length 
measurements. beginning in Janliary, 2006. 

Two new codends were built solely for the Supplemental Finfish Survey and 
were first used in November. 2004. These codends have been used for all slibsequent 
field efforts. These codends were built by Geor7uork & M n r z n , ~  S71,ppl?/, In,c.. to the 
same specification as those used during previous sllrveys. In winter. 2005. orders 
were placed for a second set of slirvey gear. inchiding net and doors. This gear 
was built by Tra?1127uork.s, Inc.  and arrived for testing in March. 2006. As of this 
writing, the new gear awaits further testing in November. 2006. before being used 
for survey sampling. 



Reproducibility of Survey Sampling Protocols 

Perspective aad: Meth,ods 

In the following disc~lssion, emphasis is placed on identifying survey transect 
datasets that differ significantly from the majority of survey transect datasets. We 
treat each transect from each survey as an independent dataset in the following 
analyses. hereafter referred to  as slirvey-transects. From the summary of survey 
changes provided in Figlire 3, one can expect at least four sources of variation. 
Since the inception of the survey, three significant modifications in survey sampling 
protocol have occurred which ]nay impact the representativeness of the data 
obtained. The first major change occurred when tow distance was reduced from 
2 nautical miles to  1 nautical mile. The  second was the change in survey vessel. 
The third was the improvement in a number of survey protocols s~ibsequent to the 
first field program in March. 2003, including the introd~lction of the diel-sampling 
rule, that should imbue the March, 2003. survey with some llniqlle characteristics. 
Finally, some variations may occur for reasons not anticipated from these major 
changes in the sampling program. The majority of this latter group will he shown 
to originate in electronic sensor malfiinctions. Statistical analysis will emphasize 
sampling metrics: tow distance. tow time, average tow depth, depth range. scope. 
swept area, tow speed, and average door spread. The analysis is impeded by the 
confounding of time with these changes in protocol. sim~iltaneo~is comparisons are 
not available, and because the number of replicate surveys per season is small. Thus 
seasonal variations cannot normally be distinguished from other sources of variation 
with statistical robustness and changes due to variations in sampling protocol can 
never he distinguished from temporal changes in fish availability with surety. 

Depth. depth range, and scope depend upon the target depth and therefore, 
to evaluate differences among surveys for these variables. we first standardize them 
by calculating the residuals. computed as the difference between the observed value 
and the mean at each depth. and standardize the residnal by depth. The mean 
used to calculate the residual is derived from all tows at that target depth across 
all survey-t,ra,nsects. For example, for a given dept,h j a.nd tow 1: 

CY=, o b . s e ~ v e d ; ~  
- oh.served;, 

Stan,dcrrdizecl! Res idual i j  = n 

Targe t  Depth,j 

The set of sampling metrics includes a number that can be expected to be 
correlated to  some. often to a large, degree. Consequently. Principal Components 
Analysis (PCA) is employed to organize the metrics into meaningful groups and to 
limit the number of statistical comparisons. PCA was conducted on variables first 
standardized to a mean of zero and a standard deviation of one. As the purpose 
of the analysis is to include all tow metrics. Factors 1-6, that describe 99% of 
the variability. are included in the analysis. Factor loads are rendered in Table 6. 



Statistical analysis of fa.ctor scores wa.s ca.rried out by ANOVA with snrvey-t,ra.nsect, 
a,s the independent varia.ble. A posteriori T~rltey's Studentized Range Tests were 
used to identify sources of va.riation wit,hin significant ANOVAs. 

Table 6. Eigenvalues and fact,or loads oht,ained from PCA using the tow metrics: 
tow dista,nce, tow tjime, a.verage t,ow depth, depth ra,nge, scope, swept a.rea,: tow 
speed, and avera.ge door sprea.d. For dept,h, depth range, a.nd scope, the depth- 
sta,nda,rdized residual for each observat,ion was calc~lla~t~ed a,s the difference in a given 
station value and the overa,ll mean for t,hat sta,tion across a.11 surveys ~ta~ndardized 
to target depth. 

Variable Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 
Eigenval~re 3.49 1.49 1.09 1.00 0.49 0.43 
. . . . . . . . . . . . . . . . . . . . . . . . .  
Door sprea.d 0.04 0.99 0.02 0.02 -0.06 -0.08 
Residual of Depth -0.16 -0.07 0.29 -0.04 0.94 -0.01 
Resid~xa~l of Dept,h Range -0.03 0.02 -0.01 1.00 -0.03 0.01 
R.esidlia,l of Scope -0.04 0.02 0.96 -0.01 0.27 0.01 
Swept Area 0.94 0.18 -0.02 -0.00 -0.09 0.25 
Tow Time 0.99 -0.03 -0.03 -0.03 -0.09 0.07 
Tow Speed 0.45 -0.11 0.01 0.02 -0.01 0.88 
Tow Dist,ance 0.96 -0.05 -0.03 -0.02 -0.08 0.27 

The factor loads show that swept area, tow time. and tow distance are highly 
correlated as expected and fall on Factor 1. Factor 2 carries the variable door 
spread: Factor 3. the depth-standardized residual of scope; Factor 4, the depth- 
standardized residual of depth range: Factor 5. the dept h-standardized residual of 
depth; and Factor 6. tow speed. Tow speed is unique in loading relatively strongly 
on two factors. Factor 6 and Factor 1. 

Tow Disto,n,ce, Tou) Tim,e, o,n,d Swept Area 

Because all of these variables are related to distance. significant differences 
can be expected between the survey-transect datasets produced by the 1-nm and 
2-nm tows (1.852 km and 3.704 km). Not s~irprisingly. the average factor scores 
for each of the survey-transect datasets fall into two distinct groups (Figure 4). As 
anticipated, the survey-transects characterized by 1-nm tows differ significantly in 
tow distance, tow time. and swept area from the 2-nm tows (ANOVA. P<0.0001). 

For target tows of 1-nm and 2-nm, mean tow distances ranged from 3.72 to 4.22 
ltm and 1.78 to 2.21 ltm. respectively. The T~lkey's groupings confirm significant 
differences among surveys and transects. Tows on the Baltimore Canyon transect 
tended to he slightly longer then tows on the Hudson Canyon transect (Figure 5). 
Limited data suggest no difference between the two boats. The Tultey's groupings 



show minor differences wit,hin the two major groups of survey-tra,nsects. These 
minor differences, though significant st,a,t,istically, represent small differences on a, 
practical basis. Some portion of these differences are due to the occasional shorter 
tows genera.t,ed by la.rge catches, more common in t,he 2-nm data.sets, and the 
distribution of fixed gear. Figure 6 shows tJhe range of tow distances at each target 
depth sampled. Only a few outlier t,ows exist. Overall: t,he survey has been more 
effectjive at achieving the target t,ow dista.nce since t,he t,a,rget distance was reduced 
to 1 nm. 

Figure 4. PCA factor plot of of the average factor scores for Factor 1, describing 
tow distance. tow time. and swept area, versus Factor 3. describing the depth- 
standardized residual of scope. 

Average tow times ranged from 0.71-0.80 h for 2-nm tows and 0.38-0.43 h 
for 1-nm tows (Figures 7 and 8). Tow times were more variable when the target 
distance was 2 nautical miles. because events leading to shorter tows had a higher 
probability of occurring. Transect differences were not apparent. Based on limited 
data. a change in vessels did not affect tow time. Time-on-bottom was consistently 
longer then the target tow time and tows made at deeper stations had a wider range 
of values (Figure 8). Target tow time is based on target distance and a constant 
target speed of 3 knots. The observed tow times were, on average. greater then 

a = Mar 2003, Baltimore 
b = Mar 2003, Hudson 
c = May 2003, Baltimore 
d = May 2003, Hudson 
e = Jan 2004, Baltimore 
f = Jan 2004, Hudson 
g = Mar 2004, Baltimore 
h = Mar 2004, Hudson 
i = May 2004, Baltimore 
j = May 2004, Hudson 
k = Nov 2004, Baltimore 
I = Nov 2004, Hudson 

m = Jan 2005, Baltimore 
n = Jan 2005, Hudson 
o = Mar 2005, Baltimore 
p = Mar 2005, Hudson 
q = May 2005, Baltimore 
r = May 2005, Hudson 
s = Nov 2005, Baltimore 
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Figure 5. Mean tow distance (krn) and T~lkey's grouping for each s~lrvey and 
transect. Blue bars represent trips made o11 the F /V Joson, & Dan,lelle and 
black bars represent trips made on the F / V  LUEP & Saroh,. Solid bars represent 
the Hudson Canyon transect and checliered bars represent the Baltimore Canyon 
transect. The red line indicates the target value and the horizontal black lines 
indicate Tultey's grouping where surveys that fall within the same T~lliey's grouping 
are not significantly different at  oc = 0.05. 

Tow Distance 

FN Jason & Danielle . Hudson 

FN Luke & Sarah Baltimore 
- Target tow time - Tukey's grouping 

Figure 6. Mean tow distance (km) at each target depth (m) sampled during all 
slirveys. Solid lines represent the target tow distance. that c~lrrently is 1 nm but 
was 2 nm prior to May. 2004. 

the target beca~ise the net remains on the bottom for a few minutes (depending on 
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depth and the amount of wire paid out) after ha~ilback begins (see also Wallace and 
West. 2006). The  vessel slows down during ha~ilhack. thus. lowering average tow 
speed and extending the time required to achieve the target distance. 

Figure 7. Mean tow time (h) for each survey and transect. Blue bars represent 
trips made on the F/V Jo,.son 8L Do,n,ielle and black bars represent trips made on 
the F/V L u k e  &. Sarn,h,. Solid ba,rs represent the Hlidson Ca,nyon transect a.nd 
checl<ered ba,rs represent the Baltimore Canyon transect. The  red line indicates the 
ta,rget value a.nd the hori~ont~al  bla,cl< lines indicat,e Tukey's grouping where surveys 
that fall within the sa,me Tultey's grouping are not significa.nt,ly different a.t oc = 0.05. 

F N  Jason & Danielle . Hudson 

F N  Luke & Sarah 1 Baltimore 
- Target tow time - Tukey's grouping 

For 2-nm and 1-nm tows. mean swept areas ranged from 0.25-0.29 km2 and 
0.12-0.15 km2, respectively, and tended to be more variable at  deepwater stations 
(Figures 9 and 10). Based on limited data. a change in vessels did not affect tow 
swept area. 

Insufficient information is available to rigorolisly evaluate the possible change 
in catch due to a reduction in tow distance. as time is confolinded with tow distance. 
Table 7 provides a comparison obtained by differencing catches in a given season 
from 2-nm tows from catches of the same species in the same season, but in the 
slibseqlient year. from 1-nm tows. Only the target species were analyzed. Swept- 
area catches were compared with the expectation that the difference between catches 
for a given season and species should not diverge significantly from zero. Catches 
diverged significantly in three of eight cases (Wilcoxin signed-rank test. oc = 0.05). 
more than chance wolild allow. but in one case the divergence is positive and. in 
the other two, the divergence is negative. Regardless of significance, the divergence 
is positive in three cases and negative in five, a distribution anticipated to occur 



Figure 8. Mean tow time (h) at each target depth (m) sampled during all surveys. 
Solid lines represent the target tow times based on an  assumed 3-ltnot speed and a 
tow distance currently set at  1 nm but. prior to May 2004. at  2 nm. 

0 50 100 150 200 250 300 350 400 450 500 
Target Depth (m) 

Figure 9. Mean swept area (km2) for each survey and transect. Blue bars represent 
trips made on the F /V Jason &. Danr~I le  and blaclt bars represent trips made on the 
F/V L T L ~ P  & Sn.roh,. Solid bars represent the Hudson Canyon transect and checltered 
bars represent the Baltimore Canyon transect. The horizontal blaclt lines indicate 
T~iltey's grouping where surveys that fall within the same Tultey's grouping are not 
significantly different at a = 0.05. 

Swept Area 

F N  Jason & Danielle . Hudson 

F N  Luke B Sarah 1 Balt~rnore 

by chance under the expectation of an even split (Binomial test. oi = 0.05). The 
analysis does not support a change in catch per area swept in changing tow length 
from 2 n m  to  1 nm. 



Figure 10. Mean swept area (ltm2) at each target depth (m) sampled during all 
surveys. The  llpper group are 2-nm tows. The lower group are 1-nm tows. 

0 35 , 1 

Table 7. Arithmetic and harmonic mean differences in swept-area catch between 
1-nm and 2-nm surveys. Wilcoxon signed-rank tests evaluated the null hypothesis 
H, = 0: that is. that no catch differences exist between 1-nm and 2-nm tows. All 
means are in kg. 
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Wilcoxin 
Arithmetic Arithmetic Arithmetic Harmonic Signed- 

Mean Mean Mean Mean rank Sample 
Species Difference 2-nm Tows 1-nm Tows Difference P-va111e Size 
Black Sea Bass 8.8 83.4 74.6 4.3 0.0504 29 
Lolrgo Squid -131.3 484.7 616.0 101.4 0.2841 50 
Monlcfish -85.8 201.8 287.7 5.5 0.0010 57 
Offshore Halce -86.5 474.1 560.5 54.6 0.8235 36 
Scup 481.5 662.5 181.0 5.8 0.1475 26 
Silver Halce -1,748.9 325.4 2,074.3 -38.6 0.0001 49 
Spiny Dogfish -205.7 2.231.6 2.437.3 -16.8 0.1888 56 
Summer Flollnder 181.6 493.5 311.9 -87.8 0.5576 33 
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A plot of average factor scores for Factor 5. upon which depth loaded (Figure 
11) shows two strong outliers, the November. 2005. Baltimore and Hudson Canyon 
transects. The  next three highest inchlde the two November, 2004. transects and one 
from March, 2003 (Figure 12). A closer inspection of the depths on the Hudson and 
Baltimore Canyon transects for November, 2005, reveals that the observed depths 
were 9 m deeper on average then the target depths; thus, the resid~lals were high for 
that survey. A po.sterzor7 re-calibration revealed that the cause was a malfunction 



in a Vemco minilogger*. Why November. 2004, falls somewhat outside of the range 
of other surveys is unclear. Other than as a result of sensor malfunctions, average 
depth has varied little over all survey-transects. as expected from the repeat-station 
sampling protocol. Average depths have varied less at the shallower stations. a fact 
not surprising given the steep slope at the deeper stations along the transects. 
particularly on the Baltimore Canyon transect (Figure 13). 

Figure 11. PCA factor plot of Factor 5. describing the depth-standardized residual 
of average depth. verslls Factor 6. describing average tow speed. 

The depth-standardized residual of depth range loaded heavily on Factor 4. 
Significant differences existed among trips and transects (ANOVA, P<0.0001). 
Only four survey-transects diverged substantively from the remainder (Figure 14). 
however: the May, 2004, survey of the Hudson Canyon transect and three Baltimore 
Canyon transects. in May, 2003, in May, 2004, and in March. 2005. The depth 
range increased s~ibstantially with increasing depth (Figure 15) due to  increasing 
variability in  the alongslope topography at deeper depths. The  set of depth 
ranges for any target depth also tended to diverge into two groups at deeper 
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Figure 12. Depth-standardized resid~ial of average depth for each survey and 
transect. Blue hars represent trips made on the F/V Joson  & Do,nrelle and 
black bars represent trips made on the F / V  L u k e  & Sorah. Solid bars represent 
the Hudson Canyon transect and checltered hars represent the Baltimore Canyon 
transect. The  horizontal black lines indicate Tultey's grouping where slirveys that 
fall within the same T~iltey's gronping are not significantly different at  a = 0.05. 

Average Depth 

I F N  Jason 8 Danielle I Hudson 

F N  Luke & Sarah Baltimore - Tukey's grouping 

Figure 13. Comparison of average depth versus target depth (m). Target depths 
may have two data  points from the same survey becalise data  from both Hudson 
and Baltimore Canyon transects are inrlutled. 

target depths, due to the increased topographic complexity on the Baltimore and 
Poor Man's Canyon transects relative to the Hudson and Alvin canyon transects. 
Not s~lrprisingly. two of the three outlier survey-transects are Baltimore Canyon 



transects (Figure 14). Nevertheless. overall, few substantial differences exist among 
the s~irvey-transects (Figlire 16). Both transects during the May, 2004, s~lrvey 
were outliers and this is lilcely due to the fact that the Vernco minilogger software 
malfunctioned during this s~lrvey and depth profiles from previous surveys were 
used to re-construct the May. 2004, depth profile (Figures 15 and 16). 

Figure 14. Avera.ge fa.ctjor scores for survey-tra.nsects for Fa.ct,or 2, describing door 
spread, versus Factor 4, describing the deptJh-sta.nda.rdized residllal of depth range. 

The depth-standardized residual for scope loads on Factor 3 (Figure 4). Signif- 
icant differences among transects and surveys were observed (ANOLJA. P<0.0001). 
Olitliers incl~ided the two November. 2005, surveys with aberrant depth measiire- 
ments, as previollsly explained, the two March. 2003. transects. and the November. 
2004, Hiidson Canyon transect (Figures 4 and 17). Scope values for March. 2003 
were not used to generate the scope table (Tables 1 and 2) in May. 2004. as a 
consequence. Why March, 2003, varies from most other surveys is  inc clear, as ret- 
rospective discussion of the issue with vessel's personnel did not reveal any reason 
to believe that the net was not fishing properly. Very liltely. the captain's records 
for this trip are less accurate. Nevertheless. the variance in scope at a given depth 
was relatively small across all sllrveys and transects (Figure 18). 
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Figure 15. Comparison of depth range versus target depth (m). Target depths 
may have two data points from the same survey because data from both Hudson 
and Baltimore Canyon transects are included. 

rget Depth (m) 

Figure 16. Depth-standardized residual of depth range for ea,ch survey and 
transect,. Blue b a s  represent trips ma.de on the F/V Jn,,son & Dn,n,ielle and 
black bars represent trips made on the F / V  L71,kf: & Saro,h,. Solid bars represent, 
the Hudson Canyon transect a.nd checltered bars represent. the Ba,lt,imore Canyon 
tra.nsect,. The horizont,al bla.ck lines indicate T1il<ey7s grouping where surveys tha.t 
fall witahin the sa.me T~iltey's grouping a.re not significa.nt,ly different a,t a = 0.05. 
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F N  Jason 8 Danielle 1 Hudson 

F N  Luke 8 Sarah Baltimore - Tukey's grouping 

Tow Speed o,nd D o o r  Spread  

Tow speed 1oa.d principa.11~ on PCA Fa,ct,or 6: a,ltjho~lgh also contributing to 



Figure 17. Average scope for each survey and transect. Bhle bars represent trips 
made on the F/V Jnson &. Denrellf: and black bars represent trips made on the 
F/V Lvke &. Sarah,. Solid bars represent the Hudson Canyon transect and checkered 
bars represent the Baltimore Canyon transect. The horizontal black lines indicate 
Tukey's grouping where snrveys that fall within the same Tukey's grouping are not 
significantly different at a = 0.05. 

Scope 

F N  Jason & Danielle . Hudson 

F N  Luke 8 Sarah Baltimore 

Figure 18. Comparison of scope versus target depth (m). Target depths may 
have two data points from the same survey becallse data from both Hudson and 
Baltimore Canyon transects are included. 

Factor 1 (Figure 11). Tow speed differed significantly among surveys and transects 
(ANOVA, P<0.0001). Mean speed per trip ranged from 4.72-5.43 Itm h-' (Figure 
19). Average tow speed tended to be higher during the January and March snrveys 
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(5.08-5.19 ltm h-') vers~ls the May and November surveys (4.81-4.97 km h-I). 
The difference possibly originates in the need to compensate for increa.sed wind 
a,nd wave a.ction during the wint)er. Nea,rly a.11 outlier high-speed tows were from 
January and March surveys (Figures 19 a.nd 20). Tow speeds recorded on the 
F/V Luke & Sara.h appear to be slower on a,vera,ge than those recorded on the 
F/V Jason & Do,n,ielle (Figure 20). However, this differential is not a, function of 
vessel performance differences blit ra.t,her, ca.n be explained by the intera,ction of 
the ha~ilba.clt procedure with the cha.nge in t,arget tow d i~ t~ance .  All 2-nm tows 
were performed on the F /V Jo,.son, &. Do,n,ielle. Though the vessels t ry  t,o ma,int,a.in 
speed d~ir ing haulba,clt, a, decrea.se in speed is necessa.ry to compensate for added 
strain on the winches aa the wire is reeled in. Because a time lag exists between 
init,iat,ion of the haulback procedure a,nd the time that the gea.r leaves t,he bottom, 
t,he slower speeds during ha,ulba,clt reduce the avera,ge speed per tow. The slower 
speed during ha,lllback ha.s more impa.ct on average speed during t,he t,ow a,s tow 
dura,tion decrea,ses, a.nd t ,h~is average speed drops in 1-nm tows. This is t,he origin 
of the tendency for tow speed to load on Fa.ctor 1, with tow distance a.nd tow time, 
a.s well as on its own unique fa.ctor. 

Figure 19. Comparison of tow speed (km h- ')  versus target depth (m) from the 
January/March (Winter) surveys and the May/November (Fall/Spring) surveys. 
Target depths may have two data points from the same survey because data from 
both Hudson and Baltimore Canyon transects are included. 

Target Depth (m) 

Door spread (m), the distance between the port and starboard doors measured 
by Szrn,rad net mensuration equipment, were recorded manllally on the bridge every 
5 min~ites. Door spread loaded on PCA Factor 2 (Figure 14). Mean door spread 
differed significantly among surveys and transects (ANOVA. P<0.0001) and ranged 
from 114.7-135.3 m with an overall mean of 124.0 m (Figures 21 and 22). Altholigh 



Figure 20. Mean tow speed (ltm h- ')  for each snrvey and transect. Blue bars 
represent trips made on the F / V  .Jn,son, & Danwelle and blaclt bars represent trips 
made on the F/V L ? ~ k e  & Sarah,. Solid bars represent the Hudson Canyon transect 
and checkered bars represent the Baltimore Canyon transect. The red line indicates 
the target value and the horizontal black lines indicate T~ilcey's grouping where 
slirveys that fall within the same T~ilcey's grouping are not significantly different at 
a = 0.05. 

Tow Speed 

FN Jason & Danielle . Hudson 

FN Luke 8 Sarah Baltimore 

- Target tow speed - Tukey's grouping 

a Tultey's test revealed a complex array of groupings of survey-transects. the range 
in means differed by little more than 10% across all surveys and transects. Limited 
data suggest no difference between the two boats. Thus. door spread was very 
consistent within a survey. and diverged only moderately between surveys. 

Comparison of Biomass Estimates 

One of the most challenging aspects of a fixedfadaptive transect sampling 
design in a random, stratified world is how to incorporate the data into the stoclc 
assessment process. NMFS-NEFSC condllcts a mllltispecies bottom trawl slirvey 
in March of every year. A number of commercially-important fish stocks. s~ ich  as 
silver hake. are assessed based on this slirvey and so, the March component of the 
Supplemental Finfish Snrvey is sched~lled to coincide with the spring component of 
the federal survey. 

The NMFS survey is a stratified random survey with multiple stations taken per 
s t ra t~ im.  Three strata cover the depth range of the Slipplemental Finfish Survey 
for any given transectm. The  Slipplemental Finfish Slirvey comprises a series of 

a T h e  Hudson Canyon transect n l n s  through N M F S  s t r a t a  1020, 1030, and 1040 The 



Figure 21. Mean door spread for each survey and transect. Blue bars represent 
trips made on the F /V Jason, & Don,?~lle  and black bars represent trips made on the 
F /V LvLe & Sarah. Solid bars represent the Hudson Canyon transect and checlcered 
bars represent the Baltimore Canyon transect. The horizontal hlaclc lines indicate 
Tukey's grouping where surveys that fall within the same Tultey's grouping are not 
significantly different at cv = 0.05. 

Door Spread 

FN Jason & Danielle . Hudson 

FN Luke B Sarah Baltimore - Tukey's Grouping 

Figure 22. Mean door spread (m) at each target depth (m) sampled during all 
surveys. Target depths may have two data points from the same survey because 
data from both Hudson and Baltimore Canyon transects are included. 

Baltimore Canyon transect nlns through NMFS s t ra ta  1700, 1710, and 1720 

160 

140- 

120- 

EIOO: 

g 80- 
0) 
L 

so- 

40 - 

20 - 

0 
0 

0 

0 0 

~ ~ ~ ! , ~ , ~ ~ ~ ~ ~ ! ~ , l ~ ~ l ~ ~ ~ r ~ , ! ~ ~ ~ ~ ~ ~ r ~ , ~ ~ ~ ~ , ~ ~ ! ~ ~ ~  > #  

50 100 150 200 250 300 350 400 450 500 
Target Depth (m) 

corlterminolls strata of sampling intensity on,p crossing the same depth gradient. 



Comparison between the two requires mapping the smaller Slipplemental Finfish 
S~irvey (SFS) strata onto the larger NMFS strata and to obtain an  analagous catch 
value for comparison. 

One approach to this mapping is as follows. For a given NMFS stratum, the 
average catch per swept area for any stratum j. B,,,,-,,3 (in kg l ~ m - ~ )  is obtained 

by avera,ging the individ~ial ca,tches: i :  wit,hin t,he st,ra.t,a sta.ndardized t o  t,ow swept, 
a.rea: 

n. 
N M V S j  

- C i = 1  cNMF.5i j  
B N M r S - S W P l  - 

NMF,Vj 
(20) 

where C,,,, is the swept-area biomass (in lig limV2) at each station sampled 
2 1 

within NMFS stratum .J' and nNM,,, is the total mimher of sampled stations. Total 

stratum biomass ca,n then be obtained by mlilt,iplying by s t , ra . t ,~~m a.rea: 
- 

B T N M F S ~  - B N M F s - . s w P 1  S W T , v M P s  (21) 
and domain bioma,ss ca.n be obtained by slimming t,he n,g strata.. 

Comparison to the Slipplemental Finfish Survey (SFS) can be accomplished by 
first recognizing that the supplemental survey is a conterminolis seqlience of strata 
of sampling intensity on P. Stations within strata are averaged [e.g., equation (20)]: 
however, strata are added. The calnilation is analogous to the use of Thiessen 
polygons to  sum spatial data (McClillagh and Ross, 1980; Davis. 1986: Powell et 
al., 1995) or liriging (Johnsen. 2003; Petitgas and LaFont. 1997). Conseqliently. 
the first step is to identify each sampled target depth falling within a designated 
NMFS stratum and calculate the domain biomass value for that subset of samples by 
slimming swath areas [equation (18)]. with one modification. Some SFS strata may 
overlap the boundaries of the NMFS stratum, and so the swath area values for these 
strata must be prorated according to  the degree of overlap. Let ( be a weighting 
factor accounting for the mismatch of NMFS and SFS stratum boundaries. Then. 
from equation (18): 

K 

z= 1 

where K is the s u b s ~ t  of SFS strata to  be mapped onto the larger NMFS stratum. 
The average swept-area biomass for the SFS domain whose lipslope and downslope 
extents are defined by the lipslope and downslope boundaries of the NMFS stratum 
is then: 

A - BT 
B . w . s - , s w p  - Cy=l EiSWTi ' 

(23) 

A comparison is generated using a set of data on silver halie provided by Larry 
Jacobson that were analyzed during the most recent silver halie assessment (NEFSC. 



2006) (Table 8). NMFS stations were chosen to he near the SFS transect baclchone 
and from the same month and year. SFS domain estimates are routinely higher for 
several reasons. First, the SFS survey gear is lilcely to  have increased catchability in 
comparison to the NMFS survey gear (Powell et al., in press). Second, SFS station 
density is increased and, as will be shown in a later section, silver hake is routinely 
underestimated when sampling density is low. 

Table 8. Silver ha.lce biomass (kg l ~ m - ~ )  estima.t,es ba.sed on ca.tches from the March 
2004 and 2005 NhIFS-NEFSC random: ~t~ratified spring surveys a.nd Ma,rch 2004 
and 2005 Supplementa.1 Finfish Surveys. Calculations assumed a st,anda.rd NMFS 
tow-door spread of 0.0238 ltm a.nd a nominal tow dist,a.nce of 3.8732 ltm. 

NMFS Mea.n SFS 
Stra,t~im NMFS B' lomass B lomass ' 

Boundary (nl) Depth (m) [ltg ,/1cm2 SFS Depth (m) (1cR/lcm2 1 
Hudson Canyon 

Ma.rch 2004 
73-1 10 76 0.65 73, 89, 98, 104 662.4 

111-183 114, 122 24.84 104: 125, 144, 165, 180 1,385.7 
184-366 216 5.86 180, 226, 246, 267, 366 1,103.8 

March 2005 
73-110 94, 97, 105 16.86 72, 90, 100, 109 837.3 

111-183 120. 138 2.93 109, 128, 145, 182 1,546.3 
184-366 289 305.05 182, 208, 228, 253: 271, 339, 366 11,128.1 

Baltimore Canyon 
March 2004 

73-110 110 0.00 73, 91, 107 86.9 
111-183 115, 116 10.74 107, 146, 163, 178 149.9 
184-366 ' - - 178, 200, 228, 233, 260, 327, 335 670.0 

March 2005 
73- 110 84 3.04 72, 81, 92: 99, 110 279.1 

111-183 116, 135 4.90 110, 148, 188 448.2 
184-366 355 12.58 188: 233, 243, 278, 355 5,640.3 

Evaluation of Adaptive Station Value 

Adaptive Stn.tion An,o,ly.si,s 

The Supplemental Finfish Survey is llniqlie in that it incorporates a fixed 
transect survey design with an adaptive sampling strategy. Given that the vessel 
costs are expensive. that certain depths are sampled during daylight or nighttime 



hours, and that adaptive stations cannot be chosen until sampling of all fixed 
stations has been completed, it is important to evaluate whether or not the adaptive 
stations add substantially to the database. 

The most commonly selected adaptive stations by sampling event were: 100.6. 
250.6, and 320.0 m in January, 100.6 and 250.6 m in March, 100.6. 128.0. and 250.6 
m in May, and 128.0, 204.8. and 250.6 m in November (Figure 23). From 2003 
through 2005. 76 adaptive stations were sampled. Of those 76 stations. 65 (86%) 
were daytime stations whereas the other 11 (14%) were nighttime stations. 

Figure 23. Sampling frequency of adaptive stations by survey month. 

1 March I 
1 November I 

Adaptive Depths (rn) 

By sampling adaptive stations, an additional 2-15% more species were captured 
than if only fixed stations were sampled (Table 9). This is most likely a function 
of increased sample size (Farris anti Lindgren. 1984; Bunt et al., 1984: Green and 
Young. 1993: Witman, et al., 2004). 

The swath biomass was estimated based on the catches at fixed stations only 
and at fixed + adaptive stations and a ratio estimator was calculated. In order to 
estimate the biomass if only fixed st ations had been sampled. the strata represented 
by adaptive stations mnst be collapsed onto the fixed-station strata. This is done by 
recognizing that neighboring fixed stations remain ~maflected, but the swath area 
assigned to an adaptive station must be prorated to the fixed stations immediately 
upslope and downslope. The biomass represented by any fixed station. were only 
fixed stations sampled, Bfi  . is then: 

ii .5 

w h e r e ~ ~ - l  =Ofor  station 1, & , + I  = Ofor station 19, and E = 0 for all ?+1 and 7 - 1  
that are fixed stations; E = 1 for a11 other 7 .  The biomass for any adaptive station 



Table 9. The number of species caught on adaptive stations only. the percentage of 
species captured on adaptive stations only. and the total number of species caught 
on all stations. 

# Species Percent of Species # Species 
Caught on Caught on Caught on 

Trip Transect Adaptive Stations Adaptive Stations All Stations 
May 2003 Hudson 9 9.9 9 1 
May 2003 Baltimore 3 3.4 8 8 
Jan  2004 Hudson 4 6.2 6 5 
Mar 2004 Hudson 2 2.8 71 
Mar 2004 Baltimore 9 14.5 62 
Mar 2004 Poor Man's 1 1.9 52 
May 2004 Hudson 4 5.3 75 
Nov 2004 Hudson 4 4.9 8 1 
Nov 2004 Baltimore 5 6.4 78 
Jan  2005 Hudson 5 6.5 7 7 
Jan  2005 Baltimore 6 9.1 6 6 
Mar 2005 Hudson 6 8.0 75 
Mar 2005 Baltimore 3 4.8 6 2 
Mar 2005 Poor Man's 3 3.8 6 5 
May 2005 Hudson 5 6.3 8 0 
May 2005 Baltimore 7 10.9 64 
Nov 2005 Hudson 6 7.6 79 
Nov 2005 Baltimore 6 7.7 78 

Bf, = 0. The  ratio estimator then is calclllated as: 

RE,  = C21 Bf, 
C::, Bf, + C21 B.?,,,, 

where. RE, is the biomass ratio estimator. If no information is gained from 
sampling the adaptive stations. the expectation is that RE, = 0.5. When 
RE, > 0.5, the biomass estimated from fixed stations is higher than the biomass 
estimated from all, both the fixed and adaptive. stations. In other words. had 
sampling occurred only on fixed stations. biomass would have been overestimated. 
Conversely, if RE, < 0.5. an underestimate of biomass has occurred if sampling 
was restricted to the fixed stations only. 

A summary of the results of this analysis for the biomass of all species. targeted 
and non-targeted. is displayed in Tables 10 and 11. The ratio estimator falls below 
0.5 more often than expected by chance for many species. Thus. on average, reliance 
only on fixed stations frequently ~xnderestiniates biomass. Binomial tests (Conover. 
1980) were conducted for each species to see if biomass was underestimated or 
overestimated more often than expected by chance. The expectation is that values 
should diverge from 0.5 in either direction with equivalent liltelihood. Of the target 



species, the distribut'ion of ratio estimators for silver ha.lte, monkfish, and Loligo 
squid diverged significantly from tjhat expected by chance (P<0.1); in ea.ch case, 
values falling below 0.5 occurred more frequently. Of the herrings: maclterels, 
and ha.kes, bioma.ss est,imates for Atla.nt,ic maclterel, red halte, spotted ha.lte, silver 
hake a.nd longfin halce diverged more often t,hen expect,ed by chance (P<0.1). The 
distribution of ratio estima,tor vahres diverged significa,ntly from cha,nce for a vasiety 
of ot,her fishes and in~ertebra~tes. These inchrded fourspot flounder, I l l e z  and Loligo 
squid, buckler dory, deepbody boa.rfish, monkfish, tilefish, and cha,in dogfish, among 
others identified in Tables 10 and 11. 

Additionally. extreme overestimates or ~rnderestimations, defined as ratio 
estimators <0.4 and >0.6, occurred frequently. often 20-25% of the time (Table 
12). In other words. when the biomass estimate from fixed stations alone differs 
from the estimate based on fixed + adaptive stations, this differential is often 
large. Commonly. the likelihood of an extreme overestimate or underestimate is 
not randomly distributed. Extreme underestimates occur more frequently (Table 
12), and often significantly so (Tables 10 and 11). Specifically in the case of the 
target species, extreme underestimates for silver halte, summer flounder. Lohgo 
squid, and black sea bass occurred more frequently than overestimates and this 
difference exceeded that expected by chance (Binomial Test. P<0.1). In seven of 
nine cases. the number of extreme ~rnderestimates exceeded the number of extreme 
overestimates, also an ~inliltely occurrence (P < 0.05). Nontarget species also 
frequently had extreme discrepancies when valnes obtained from the fixed stations 
were compared to those obtained after including the adaptive stations and the 
distribution of these extremes often was also significantly biased (Tables 10 and 
11). 

Table 12. The number of tria.1~ in which ext,reme (<0.4 or >0.6) vahres of t,he rat,io 
estima.tor occurred for ea.ch ta.rget species. 

Number of 
Species Trials <0.4 
Black Sea Bass 4 
Lolrgo Squid 4 
Monlcfish 1 
Offshore Halte 1 
Scllp 3 
Silver Halte 4 
Female Spiny Dogfish 1 
Male Spiny Dogfish 1 
Summer Flo~lnder 2 

Number of 
Trials >0.6 

0 
0 
0 
0 
1 
0 
1 
0 
0 

Tot a1 Number 
of Trials 

18 
18 
18 
18 
16 
18 
16 
16 
18 

The comparison defined by eqlrat,ion (24) is potent,ially bia.sed by t,he 175-fm 
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Table 11. Continuation of Table 10. See Table 10 for details. 

Standard Variance/ Ratio Extreme Ratio T,ow Ratio. High Ratio. 
Species Mean Deviation Mean ~ 0 . 5  vs. >0.5 <0.4 vs. >0.6 High Catch High Catch 
Armored Sea Robin 0.4735 0.0883 0.01 65 ** 
Northern Sea Robin 0.4698 0.0797 0.0135 * 
Striped Sea Robin 0.4312 0.1662 0.0640 * * 

Chain Dogfish 0.4482 0.0539 0.0065 ******** * * 
Smooth Dogfish 0.4528 0.1508 0.0502 * 
Male Spiny Dogfishr 0.4805 0.0570 0.0068 
Female Spiny DogfishT 0.5013 0.0673 0.0090 

Atlantic Torpedo Ray 0.4558 0.2328 0.1 189 * * 
Rarndoor Skate 0.5185 0.0545 0.0057 
Clearnose Skate 0.4169 0.2510 0.1511 
Little Skate 0.4740 0.0407 0.0035 * * * 
Rosette Skate 0.4231 0.1582 0.0592 **** 
Smooth Skate 0.5178 0.1215 0.0285 * ***** 

American 1,obster 0.4887 
Anemone TJncl. 0.5274 
Bathyal Swimming Crab 0.2904 
Crab Uncl. 0.3727 
Deepsea Red Crab 0.4957 
Galatheid, TJncl. 0.4788 
Hermit Crab IJncl. 0.4332 
Jonah Crab 0.4785 
Rock Crab 0.4479 
Sea Potato 0.5372 
Sea Scallop 0.5436 
Sea Star 0.41 16 
Shrimp TJncl. 0.4528 
Spider Crab, TJncl. 0.5151 

Conger Eel 0.3641 0.2182 0.1308 
Fawn Clisk Eel 0.2481 0.2889 0.3364 
Slender Snipe Eel 0.4580 0.1584 0.0548 

Marlinspike 0.4670 0.141 7 0.0430 
Longnose Grenadier 0.4040 0.1678 0.0697 *** * **  * 
Longnose Greeneye 0.5342 0.0523 0.0051 ** * 
Shortnose Greeneye 0.4926 0.2066 0.0866 

during daylight hours and a downslope fixed station sampled during nighttime 
hours. The 175-fm station is a nighttime station. Removal of this station from 
the dataset did not s~~bstantially influence the outcome of analyses yielding Tables 



10. 11, and 12. however. Consequently. inclusion of the unique 175-fn~ adaptive 
station was not consequential in establishing the observed bias in the frequency of 
underestimation of biomass based on the fixed stations only. 

To ensure that extremely high or low ra,tio estimators were not a, function of 
high catches (> media.n catjch), binomial tests evaluated whether the number of 
extreme low ratios or high ra,tios, respectively: a.nd high catches co-occurred more 
often t,han expected by cha.nce (rightJ-ha,nd two columns, Tables 10 a.nd 11). Low 
ratios and high cat>ches occurred t,ogether more often than expected by chance for a. 
few nonta,rget species. Examples include Atla.nt,ic herring, longfin halte, deepbody 
boarfish, little sltat,e, and smoot,h sltate (Binomial Test, P<0.1). High extreme 
values of the ratio estimator and high catches co-occurred together more often than 
expected by chance as well for a few nontarget species. Examples inchlde Atlantic 
torpedo ray, I l l ~ z  squid, and striped sea robin (Binomial Test. P<0.1). However, for 
most of the species. inchiding all target specie" extreme vallies of the ratio estimator 
were not explained by a biased association with high or low catches (Tables 10 and 
11). 

An abundance-based ratio estimator. RE,. was calculated per the model 
adopted by equation (24). This analysis was limited perforce to that subset 
of species for which lengths were obtained. Reliance on fixed stations rewllted 
frequently in underestimating ab~indance. as observed for biomass (Table 13). 
For species of all sizes, l~nderestimates occurred for I l l e z  squid, monkfish. sc~ip. 
silver hake, and female spiny dogfish. Extreme overestimates or tlnderestima tes. 
defined by ratio estimator values <0.4 and >0.6, also occurred frequently and 
this distribution was also biased favoring extreme underestimates for a number 
of species, including: black sea bass, I l l ~ n :  squid, Lollgo squid. rosette skate. silver 
halte. smooth slate, and summer flolmder (Binomial Test. P<0.1) (Table 13). 

As examples. we also evaluated a few size classes for selected species: Lolsgo 
squid, spiny dogfish. and summer flounder. Biases occlirred in size classes frequently. 
even when the entire species' ab~tndance estimate was unbiased. and extreme values 
of the ratio estimator were also more common and often strongly biased. For Lolzgo 
squid, for example, fixed stations provided sufficient data for estimating abundance 
for the 0-10 cm size class but. for the 10+ cm size class, abundances tended to 
be underestimated more often than expected by chance (Binomial Test. P<0.1). 
For male spiny dogfish. fixed stations underestimated the n ~ ~ m b e r  of pups (0-35 
cm size class) and estimates for the 35-70 cm and 70-85 cm size classes tended to 
produce extremes in the ratio estimator with tinderestimates predominant (Table 
13). Summer flounder exhibits a similar trend in that the 0-35 cm size class was 
linderestima ted based on fixed stations only more frequently than expected by 
chance and the frequency of extreme underestimates was noteworthy. 



Table 13. The mean. standard deviation. and variance-to-mean ratio of the 
abundance ratio estimator for species sampled during 2003-2005 S i~~p lemen ta l  
Finfish Surveys. Binomial tests were conducted to  evaluate the probability of 
observing a ratio greater than or less than 0.5 more often then expected by chance 
and the probability of observing an extreme ratio c0.4 or >0.6 more often then 
expected by chance. Significance levels are as follows: *. P=0.1; **. P=0.05; 
***. pz0.025; ****. Pz0.02;  *****. P=0 01. 1 ******, p=0  . 005. . *******, P=0.001: 
********, P=0.0005: *********. P=0.0001. r indicates a target species. M. male; 
F, female. 

Standard 
Species S i x  Mean Deviation - - 
American Lobster all si7es 0.4898 0.0637 
Rarndoor Skate all sixes 0.5105 0.0634 
Black Sea Bass all sizes 0.4264 0.1 612 
Bluefish all sizes 0.4851 0.0602 
Clearnose Skate all sizes 0.41 19 0.2487 
Illez Squid all sizes 0.4298 0.1289 
Lolzgo Squid all si7es 0.4591 0.1 144 
Lo1i.p Squid 0 t o  10 ern 0.4794 0.0930 
Loligo Squid 10 t o  54 cm 0.4397 0.1261 
Monkfish all sizes 0.4751 0.0378 
Offshore Hake all sizes 0.4762 0.1009 
Rosette Skate all sixes 0.4092 0.1634 
Scup all sizes 0.4406 0.1987 
Silver Hake all sizes 0.4354 0.0949 
Smooth Skate all sixes 0.5229 0.0925 
Spiny Dogfisl-M all sizes 0.4674 0.1 164 
Spiny Dogfish-M 0 t o  35 em 0.4548 0.1753 
Spiny Dogfish-M 35 t o  70 ern 0.4612 0.0976 
Spiny Dogfish-M 70 t o  90 en1 0.4760 0.0934 
Spiny Dogfish-F all sizes 0.5053 0.1342 
Spiny Dogfish-F 0 t o  35 em 0.4703 0.1867 
Spiny Dogfish-F 35 t o  70 em 0.5201 0.0987 
Spiny Dogfish-F 70 t o  90 cm 0.4872 0.1581 
Spiny Dogfish-F 90 t o  98 ern 0.4488 0.2148 
Summer Flounder all si7es 0.4635 0.0770 
Summer Flo~lnder  0 t o  35 cm 0.4358 0.1487 
Slimmer Flounder 35 t o  80 em 0.4626 0.0766 

Ratio Extreme Ratio 
<0.5 vs. >0.5 ~ 0 . 4  vs. >0.6 

The tendency for abilndance or biomass estimates based on fixed stations only 
to underestimate abundance or biomass. and to generate extreme linderestimates 
more commonly than extreme overestimates. might be thought to be due to the 
increased lilcelihood that the center of the patch falls on an adaptive station. After 
all. adaptive stations are chosen specifically to determine if a biomass high identified 
by the fixed stations is properly located and the patch adequately resolved. Thus. 
adaptive stations might have a high chance of falling more precisely in the center 



of a patch than the fixed stations. Although one cannot rigoro~xsly evahiate this 
liltelilhood, without conducting an even more intense survey (e.g., Elliott. 1977)' 
an approximation can be obtained by estimating the liltelihood of the occurrence of 
species' distributional modes on fixed and adaptive stations. 

We first estimate the chance that a mode is located on an adaptive station. 
Because some distrib~itions are bimodal. occasionally more than one mode occurs 
for a species on a transect. We treat each as an independent occurrence. The 
expectation. on the Hudson Canyon transect, is that a mode wo~lld occur on an 
adaptive station with a freqliency of 0.333. The vahie on the Baltimore Canyon 
transect is slightly lower. at 0.308. Rarely do adaptive stations occur more or less 
frequently as modes than expected by chance (Table 14). 

Table 14. A tally of the frequency in which patch modes occur on adaptive stations 
or fixed stations. 

Adaptive Fixed 
Species Transect Station Station 
Black Sea Bass Hudson 2 11 

Baltimore 3 7 
Lollgo Squid Hudson 5 11 

Baltimore 2 10 
Monkfish Hudson 8 10 

Baltimore 4 14 
Offshore Hake Hudson 6 7 

Baltimore 2 9 
Scup Hudson 2 7 

Baltimore 2 6 
Silver Hake Hlidson 5 12 

Baltimore 5 9 
Female Spiny Dogfish Hlidsoll 8 6 

Baltimore 0 12 
Male Spiny Dogfish Hudson 6 8 

Baltimore 4 8 
Summer Flounder Hudson 2 10 

Baltimore 3 7 

The frequency of bimodal distrib~ltions is noteworthy, and sometimes, both 
modes fall on adaptive stations. In cases where bimodal distrib~itions occur. do 
one or both modes occur on adaptive stations more frequently than expected by 
chance? Three combinations are possible for bimodal distrib~itions: fixed-fixed. 
fixed-adaptive, and adaptive-adaptive modes. For the Hudson Canyon transect. 
the expected probability. if species' modes were distrih~ited among station types 
in these three ways by chance. is 0.439. 0.245. and 0.71. recognizing that the 
second mode cannot co-occur with the first (choice witholit replacement). For 



the Baltimore Canyon transect. the values are somewhat different: 0.462. 0.461. 
and 0.77. respectively. The three possible combinations of modes occur, in most 
cases, in the proportions expected by chance (Table 15). Thus, the tendency for 
biomass (and abundance) to be underestimated based on the fixed stations only is 
not simply explained by improved identification of the highest biomass or abundance 
in the patch by the adaptive stations. The explanation must reside in a more subtle 
interplay between patch shape and location. It is noteworthy. for example, that 
cases where the highest catch occilrred at a fixed station, such as silver hake on the 
Hlldson Canyon transect in November. 2005, nevertheless yielded ratio estimator 
values well under 0.5: 0.42 in the aforementioned case (Figure 24). 

Figure 24. Swa.th-a,rea bioma.ss for silver hake along the Hiidson canyon tra,nsect 
in November, 2005. Tow numbers indica.te t,he sa,mpling sequence during the cruise. 
Tows a,re ordered shallowest to deepest a.long t,he x-axis a.ccording to t,he depth 
profile shown as the solid line. 

Silver Hake 
Hudson Canyon 

Modeliny of Adaptive Sam,plin,g Protocol 

Survey adequacy can be evaluated in terms of precision and accuracy. Typi- 
cally. coefficients of variation are used to evaluate precision. Station density within 
a stratum normally is judged adequate when coefficients of variation are relatively 
low. Good precision does not necessarily imply accuracy, however. Accuracy is best 
evaluated by increasing sample number (Findlay. 1982; Green and Young, 1993; 
Hjellvilc et al.. 2002). If an increased sample number returns a similar biomass esti- 
mate for a stratum. then the original sample density is likely to provide an  adequate 
estimate of biomass. Typically, sampling mlist resolve significant patch dynamics 
of the evaluated species, as they exist within the domain or stratum (e .g  from a 



Table 15. A tally of the freqlxency in which bimodal patch modes occur as adaptive- 
adaptive. adaptive-fixed. and fixed-fixed pairs. 

Adaptive- Fixed- Fixed- 
Species Transect Adaptive Adaptive Fixed 
Black Sea Bass Hutlson 0 0 4 

Baltimore 0 1 0 
Lolzgo Sqlxid Hudson 1 3 3 

Baltimore 0 2 1 
Monkfish Hudson 3 2 4 

Baltimore 1 2 6 
Offshore Halte Hudson 2 1 1 

Baltimore 0 0 2 
S cup Hudson 0 1 0 

Baltimore 0 0 0 
Silver Halte Hudson 1 3 4 

Baltimore 0 2 3 
Female Spiny Dogfish Hudson 2 4 0 

Baltimore 0 0 4 
Male Spiny Dogfish Hudson 0 5 1 

Baltimore 1 1 2 
Summer Flolinder Hudson 0 0 3 

Baltimore 1 0 0 

plethora of similar treatments: Clark and Evans, 1954: Elliott. 1977; Jumars et al.. 
1977; Findlay. 1982; Powell et al.. 1987: Meyers et al.. 1987: Green and Young. 1993: 
Peterson et al., 2001). The adaptive sampling protocol seelts to introduce increased 
sampling density during standard survey practice to evaluate survey accuracy 'on 
the fly', rather than (1 po.s t~rror  (e.g., Vigna~xx. 1996) or throligh a pr7or1 evaluation 
of required sampling density (e.g., Green. 1989: Smith et al.. 2003: Battista. 2003). 

Analysis of abundance and biomass based on the fixed stations in comparison 
to  the same measures obtained after the addition of the adaptive stations indicates 
that the sampling density of the fixed stations routinely results in inaccurate 
estimates of abundance and biomass. These inaccuracies are not random. Extreme 
discrepancies occur relatively often and underestimates occur significantly more 
often than overestimates. That is. not only do extreme inacc~~racies occur frequently. 
but biases occur consistently. Silver halte is an exemplar of the latter case. However. 
these discrepancies are not explained by the consistent identification of the patch 
mode by the adaptive stations. 

The question is: why do these biases exist? We investigate this question 
by means of a nlxmerical model of a transect composed of 19 stations. ten fixed 
stations and 9 possible adaptive stations. one each between each pair of fixed 
stations. Initially, we allocate animals along this transect in the form of a single 
patch of varying dimensions, but defined shape. We establish a gradient in stratum 



dimension typical of that found on the Hudson Canyon transect. On this transect, 
the swath area allocated to stations, equivalent to the stratum size. declines with 
depth. That is, stations are closer toget her geographically as depth increases (Figure 
25). A regression of observed swath areas yields: 

= - 0 . 9 1 ~  + yo (26) 
where y is the swath area, x is ranlted depth with the shallowest station receiving a 
rank of 1. and yo is the swath area for theoretical station zero. 

Figure 25. Relationship of patch si7e to transect length and swath area to station 
position for the theoretical Hildson Canyon transect defined by equation (26) (model 
patch. model station) and for the real Hudson Canyon transect defined by the 
distances between target depths (Hudson patch, Hudson station) (Table 1). 
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Figure 26 shows the results of a sim~llation in which the patch is defined by the 
zero-order equation: 

where B is biomass, t,he differential is t,he rate of change of biomass with dist,ance, 
d,  across the patch, a.nd h is the unit concentra.tion. If sa.mpled in infinitely 
small segments, the patch would a.ppea.r as a. re~t~angu1a.r pa,t,ch with sharp vertical 
boundaries (Figure 27). Equation (27) is int,egra,ted under t,he constra.int that h = 0 
for d < dd and d > d,, where dd ident,ifies the downslope ext,ent of t,he patch and d ,  
identifies the upslope ext,ent of the patch. The linear dimension of the pat,ch along 



the transect is then: L = d, - dd and. so. equation (27) is integrated from dd to d ,  
and biomass is apportioned by the location of stratum boundaries within L. Specific 
rules are imposed when the patch extends upslope beyond station 1 or downslope 
below station 19, respectively: L > L = d2So - dd or L > L = Cj4" - dlL. where L 
is the portion of the patch falling within the survey domain. The simulated total 
catch for the transect, BT [equation (18)l. is computed using all 19 biomass vahies 
and also for the fixed stations only. For the latter eval~lation, the swath areas are 
recomputed as in eqllation (24) based on the distances between the fixed stations 
only. The ratio estimator then is computed in the standard way [equation (25)l; 
thus, ratios above 0.5 indicate cases where the fixed stations analyzed alone yielded 
a biomass estimate above the value obtained from all sam13les. 

Figure 26. Simulation of the Hudson Canyon transect using a depth-dependent 
gradient in swath area per station [equation (26)l. a zero-order or rectangularly- 
shaped patch [equation (27)l. 10 fixed (odd n~imber) and nine adaptive (even 
number) stations, all sampled. and a series of patch sizes. Patch size is defined 
relative to the swath area for station 2 (Figure 25). the largest complete stratum 
sampled. 

Figwe 26 shows that extreme events occur when patch size is small relative to 
the dimensions of the stratum. When the patch is centered on an adaptive station, 
estimated transect biomass from the fixed stations severely underestimates true 
biomass. When the patch is centered on a fixed station. estimated transect biomass 
from the fixed station alone severely overestimates true biomass. The patch size 
necessary to generate an extreme event declines with depth because the swath area 



Figure 27. Cartoon depiction of the 7ero-order patch [ec~liation (27)], the first- 
order patch [equation (28)l. and the second-order patch [equation (29)]. Note that 
the zero-order patch. if the patch boundaries do not coincide with the stratum 
boundaries, will appear as a dome-shaped patch when sampled by discrete stations. 

Zero-Order 

Center of patch 

First-Order 

Center of patch 

Second-Order 

Center of patch 

allocated to deeper strata (stations) declines with depth. Thus, extreme events are 
more liltely to be caused by small. relative to stratum dimensions. patches centered 
on shallower stations. Larger patches rolitinely produce ratio estimator vallles of 
0.45-0.55, and, in fact. most of these values are between 0.49 and 0.51. Thus larger 
patches are adequately estimated by the fixed stations, regardless of the location of 
the patch or its absolute dimensions. 

The result is not subst,ant,ively impacted by patch shape. Figures 28 and 
29 show equivalent simulat,ions with first-order a.nd second-order pa,tches defined, 



respectively, by: 

and 

(Figure 27). Note that, in practice, the patch shape rendered in Figure 27 is 
obtained by integrating equations (28) and (29) from the edge of the patch to 
its center and its reflection. Thus L = L1 + L2 and Lz = pc - d,  where pc is the 
patch center. 

Note in comparing Figures 26. 28. and 29 that the more extreme the shape 
of the patch. the more extreme the ratio estimator values for a given patch size. 
Thus, the second-order patch generates extreme ratio estimators for relative patch 
sizes more than double the zero-order patch, and the probability of an extreme 
value carries into the deeper, smaller, strata. given the same patch size. Note also 
that the likelihood of a ratio estimator above or below 0.5 is determined in large 
measure by the liltelihood that the center of the patch falls on the adaptive or the 
fixed station. Fish such as silver hake that are routinely underestimated from the 
fixed stations are not thereby readily explained, as no reason exists to expect that 
patch centers should routinely fall at adaptive station depths (see also Tables 14 
and 15). 

Many distributional patterns are bimodal. at least to some degree. Bimodal 
distributions increase the complexity of the dynamics of sampling, patch location. 
and patch size. With the exception of the case where one of the two patches is 
very small and centered on a fixed station. any scenario in which one or more of the 
patches is centered on an adaptive station will produce an underestimate of biomass 
from the fixed stations only (Figure 30). In some cases, these underestimates will be 
extreme, but rarely so. Normally. when both modes are centered on fixed stations. 
an overestimate, sometimes, b11t rarely. an extreme overestimate of biomass. will be 
obtained (Figure 31). Cases where one or both patches are near the boundaries of 
the transect can generate llnllsually severe patterns in which extreme estimates 
predominate, however. Figure 32. for example. shows a case where extreme 
underestimates created by a patch near the upslope transect boundary assures an 
underestimate of biomass for the transect domain. regardless of the location and 
geographic extent of the other patch. One narrow patch, centered on an adaptive 
station away from the transect boundary. also assures an underestimate of biomass 
for the transect domain. regardless of the location and geographic extent of the other 
patch (Figure 33). So. as the patch narrows relative to the scale of the stratum, 
the lilcelihood of an extreme estimate rises. but bimodality can convert a potential 
overestimate from a patch centered on a fixed station into a xealized underestimate, 
particularly if the other patch is both narrow and centered on an adaptive station. 



Figure 28. Simlllation of the Hudson Canyon transect using a depth-dependent 
gradient in swath area per station [equation (26)]. a first-order or triangularly- 
shaped patch [equation (28)l. 10 fixed (odd number) and nine adaptive (even 
number) stations, all sampled. and a series of patch sizes. Patch size is defined 
relative to the swath area for station 2 (Figure 25). 

Station (Relative Depth) 

Now we know that overestimates of biomass from fixed stations alone are 
typically calised by one or more patches centered on fixed stations and extreme 
overestimates by relatively narrow patches so centered. Underestimates of biomass 
from fixed stations alone are typically caused by one or more patches centered 
on adaptive stations and extreme underestimates by relatively narrow patches so 
centered. This is not. however. the entire story. In Table 16, we summarize the ratio 
estimators for biomass for three target species: black sea bass. Lolrgo squid. and 
silver hake. The equivalent information for abundance is provided in Table 17. Black 
sea bass is characterized by a propensity towards large values of the ratio estimator. 
Six ratio estimator val~les fall outside of the range 0.45 to 0.55. Two of these five fall 
above 0.55. The other three fall below 0.45. Lolrgo squid is a species characterized 
by a greater frequency of ratio estimator val~les outside of the range 0.45 to 0.55 
than black sea bass. F~llly half of all survey transects yield ratio estimators of this 
kind. Yet, bot,h extreme overestimates a,nd ext,reme unde.restima,t,es a.re common. 
Silver hake is a species with a high propensity for extreme ratio estimator values as 
well. However, in this case, all are underestimates. 

Tables 16 and 17 assign five conditions to the extreme estimates for these three 
target species. A perlxsal of these tables reveals that a single mode on a fixed station 
invariably results in a ratio estimator above 0.55 when the valne is outside of the 



Figure 29. Simulation of the Hudson Canyon transect using a depth-dependent 
gradient in swath area per station [equation (26)]. a second-order or hyperbolic- 
shaped patch [equation (29)]. 10 fixed (odd n~imber) and nine adaptive (even 
number) stations, all sampled, and a series of patch sizes. Patch size is defined 
relative to the swath area for station 2 (Figlire 25). 
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range 0.45 t,o 0.55. That is, . . 

biomass or abundance when 
this occurrence typically resillts in an overestimate of 
the adaptive stations are excliided. Conversely, a single 

mode at an adaptive station, or two modes. both on adaptive stations, routinely 
yield an underestimate of biomass or abnndance; often extreme values of the ratio 
estimator are obtained. An example of a bimodal distribution with both modes at 
adaptive stations is shown for Lollgo squid. January. 2004, on the Hudson Canyon 
transect (Figure 34). This transect yielded a ratio estimator of 0.399 (Table 16). A 
bimodal distribution in which one mode is adaptive and one fixed does not always 
yield an extreme value; however. when it does, these values are always produced 
by fixed-station-only underestimates of biomass or ah~indance. Such a distribution 
is exemplified by the distribution of silver halte, November, 2005. on the Baltimore 
Canyon transect (Figure 35). This transect yielded a ratio estimator of 0.439. Each 
of these results conform with the more theoretical treatments of Figures 26. and 28 
throngh 33. 

An unusual aspect of Tables 16 and 17 is the extreme vahies of the ratio 
estimators that occur when both modes of a bimodal distribiltion occur at fixed 
stations. Table 16 contains three examples. one for blaclc sea bass and two for silver 
hake. Table 17 contains three examples, one for Lolrgo squid and two for silver halte. 
Focllsing on Table 16, in one of three cases. the distribution of black sea bass in 



Figure 30. Simulation of the Hudson Canyon transect iising a depth-dependent 
gradient in swath area per station [equation (26)], a first-order or triangular-shaped 
patch [equation (28)], 10 fixed (odd number) and nine adaptive (even number) 
stations, all sampled. and a series of patch sizes. Patch size is defined relative to 
the swath area for station 2 (Figure 25). In this case. the simulation inchides a 
bimodal patch dynamic in which one patch is centered on station 6, an adaptive 
station. and is of relative patch size 5. The other patch is varied in location and 
size according to the abscissa and ordinate vahies. 

January, 2005, on the Hudson Canyon transect (Figure 36), t,he ant,icipa.ted extreme 
overestimate. a ratio estimator value above 0.55, occurs. This transect yielded a 
ratio estimator of 0.575. But. in the other two cases. the converse is true. For silver 
hake, March and November. 2005. on the Hiidson Canyon transect (Figures 24 and 
37: Tables 16 and 17), both ratio estimators fall below 0.45. This counterint~litive 
outcome is obtained when one of the patches is relatively large and dome-shaped. 

To simlilate this condition, we adopt the true swath areas for each of the Hi~dson 
Canyon strata, rather than using equation (26), and sim~ilate precisely the case of 
November, 2005 (Figlire 24). Silver hake were distribnted along the Hudson canyon 
transect in November. 2005. in two patches. a small one towards the lipslope end of 
the transect and a larger one. containing about a factor of 10 more fish. towards the 
downslope end. Both modes fell on fixed stations. The results of this sim~ilation 
are depicted in Figure 38. The patch is best described as a zero-order patch form 
(Figure 27). A rectangular patch, when the patch boundaries do not fall precisely 
on the stratum boundaries, will approximate a dome-shaped form. as is seen in the 



Figure 31. Simlllation of the Hudson Canyon transect using a depth-dependent 
gradient in swath area per station [equation (26)]. a first-order or triangnlar-shaped 
patch [equation (28)], 10 fixed (odd number) and nine adaptive (even n~lmber) 
stations. all sampled. and a series of patch sizes. Patch size is defined relative to 
the swath area for station 2 (Figure 25). In this case, the simlllation includes a 
bimodal patch dynamic in which one patch is centered on station 7, a fixed station, 
and is of relative patch si7e 5 .  The other patch is varied in location and size 
according to the abscissa and ordinate values. 

Station (Relative Depth) 

larger patch in Figure 24. The simulation shows that the larger patch dominates the 
biomass estimate and that reliance on the fixed stations only consistently produces 
a substantial underestimate of biomass regardless of the location and geographic 
extent of the smaller patch. 

The fa.ct tha.t one patch conta.ins a. factor of 10 more fish than t,he other: 
however, is not the dominant effect,or of t,his o~lt,come. Figure 39 shows the same 
sim~lla,tion, except with both pat,ches conta.ining an equivalent qua.ntity of fish. 
Excepting a, few ca,ses where one patch size is na,rrow a.nd falls on a. fixed sta.tion 
near t,he upslope bounda.ry of the transect,, this bimodal distribution consist,ently 
yields a.n lindere~timat~e of bioma.ss when only tjhe fixed sta.tions are used. The degree 
of underestima,te is lessened in compa,rison to Figllre 38; tha.t is, the frequency and 
extent t,o which t,his bimoda,l dist,rib~lt,ion genera,tes an ext,reme 11nderestima.t~e is 
dependent upon the relative proport,ion of fish in the two pa,tches. The fa,ct tha,t 
a,n ~mderestima.te is liltely is tiependent upon the presence of a dome-sha.ped pat,ch 
centered on a fixed stlation. 



Figure 32. Simlllation of the Hlidson Canyon transect using a depth-dependent 
gradient in swath area per station [equation (26)], a first-order or triangular-shaped 
patch [equation (28)], 10 fixed (odd n~imber)  and nine adaptive (even number) 
stations, all sampled. and a series of patch sizes. Patch size is defined relative to 
the swath area for station 2 (Figlire 25). In this case. the simulation includes a 
bimodal patch dynamic in which one patch is centered on station 2. an adaptive 
station. and is of relative patch size 1. The other patch is varied in location and 
size according to the abscissa and ordinate values. 

That the tendency towards underestimation is dependent on patch shape is 
shown by Figure 40. This simlilation is identical to that shown in Figlire 38. 
including the factor of ten difference in biomass between the two patches. However. 
the larger patch is simulated to be first-order in shape (Figure 27). That is. the 
concentration of fish declines moIe rapidly away from the center of the patch 
than in the simulation shown in Figure 38. In this case, the tendency towards 
underestimation is reversed. Nearly all cases show a degree of overestimation in 
biomass based on the fixed stations alone. 

Now we lcnow that cases where two himodal patches occllr on fixed stations 
that yield the co~interint~iitive underestimate of biomass based on the fixed stations 
alone are produced by a variant in patch shape in which the concentration of fish 
declines slowly from the center of the patch. Extreme values are obtained when 
this patch also contains a larger quantity of fish than the second patch. Patch form 
also can produce the same effect when the distribntion is characterized by a single 
mode a t  a fixed station, as the case for Lolzgo squid on Hudson Canyon in January, 
2005, shows (Table 17), but much more rarely. Only one such case exists in Tables 



Figure 33. Simulation of the Hudson Canyon transect using a depth-dependent 
gradient in swath area per station [equation (26 ) ] .  a first-order or triangular-shaped 
patch [equation (28)], 10 fixed (odd number) and nine adaptive (even number) 
stations, all sampled. and a series of patch sizes. Patch size is defined relative to 
the swath area for station 2 (Figure 25). In this case, the sim~ilation inchldes a 
bimodal patch dynamic in which one patch is centered or1 station 6, an adaptive 
station, and is of relative patch size 1. The other patch is varied in location and 
size according to the abscissa and ordinate val~ies. 

Station (Relative Depth) 

16 and 17 out of ten single-mode fixed-st ation cases therein identified. 

The presence of linderestimatees from distributions with fixed-station modes 
produced by patch forms of a kind described by a zero-order clustering process 
explains why underestimates. inchlding extreme underestimates. are consistently 
more common than overestimates despite the liltelihood of a mode falling on a 
fixed or adaptive station rarely diverging significantly from chance (Tables 14 and 
15). Some cases where modes fall on fixed stations produce underestimates. The 
obverse case for adaptive stations never occurs. Modes on adaptive stations produce 
underestimates in essentially all cases. 

Surn,rn,ar?/ of Adn.ptl,ve So,m,plin,g Protocol 

The adaptive station protocol was introduced into the sampling program to 
provide a better description of the cross-shelf distrib~ition of species. The protocol 
has proven to also provide data on the tendency of fish to be linderestimated 
or overestimated given inadequate sampling density. Across all target species. 
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Table 16. Values of the biomass ratio estimator for black sea bass, Lolzgo squid. 
and silver halte estimated for each survey on the Hudson and Baltimore Canyon 
transects. For ratios < 0.45 and > 0.55, the modes were identified with A = single 
mode on an adaptive station, F = single mode on a fixed station. AA = a bimodal 
distribution with both modes on the adaptive stations, F F  = a bimodal distribution 
with both modes on the fixed stations, and AF  = a bimodal distribution in which 
one mode occurs on an adaptive station and the other on the fixed station. 

Black Sea Ba,ss Lol7;qo Squid Silver Ha,lte 
R.at,io Scenario Ratio Scena,rio R,a,tio Scenario 

Hudson Canyon 
May-03 
Ja.n-04 
Mar-04 
May-04 
Nov-04 
Jan-05 
Ma,r-05 
Ma.y-05 
Nov-05 

Baltimore Canyon 
May-03 0.16399 A 0.58861 F 0.30737 A 
Mar-04 0.48201 0.47616 0.46842 
Nov-04 0.50000 0.48837 0.38648 A 
Jan-05 0.44024 A 0.48285 0.40704 A 
Mar-05 0.38887 AF 0.41505 AF 0.54068 
May-05 0.48902 0.55921 F 0.45989 
Nov-05 0.57781 F 0.28044 AF  0.43986 AF 

on the average, the bias is towards underestimation. Some. snch as silver hake. 
are consistently biased in this way. Extreme overestimates or linderestimat es also 
occur commonly, and are biased. Extreme underestimates occur more frequently. 
Modeling of the transect design shows that those cases where the fixed stations 
alone provide data clearly inadequate for the estimate of abundance or biomass 
occur when sampling density is inadequate to identify the center of the patch or to 
identify the shape of the patch. This dynamic occurs. even though the fixed station 
sampling density included 10 stations from 40 to 250 fm, a relatively dense sampling 
in comparison to the federal multispecies surveys in this region of the continental 
shelf (Table 8). An opportunity exists to  utilize information of this kind to  evaluate 
the adequacy of sample density in re-designing survey efforts for the NMFS strata 
covering the outer half of the continental shelf and to  obtain correction factors for 
given sample densities when adequate sample density cannot be achieved due to 
logistical constraints. 



Table 17. Vahles of the ratio estimator for numerical abundance for blaclc sea 
bass. Lollgo squid, and silver hake estimated for each survey on the Hudson and 
Baltimore Canyon transects. For ratios < 0.45 and > 0.55, the modes were identified 
with A = single mode on an adaptive station. F = single mode on a fixed station. 
AA = a bimodal distribution with both modes on the adaptive stations, F F  = a 
bimodal distrihution with both modes on the fixed stations, and AF = a bimodal 
distrihution in which one mode occnrs on an adaptive station and the other on the 
fixed station. 

Black Sea, Bass Loliqo Squid Silver Ha,ke 
Ra,t,io Scena,rio Ratio Scenario Ratio Scena.rio 

Hudson Canyon 
May-03 
Jan-04 
Mar-04 
May-04 
Nov-04 
Jan-05 
Mar-05 
May-05 
NOV-05 

Baltimore Canyon 
May-03 0.15233 A 0.56519 F 0.31492 A 
Mar-04 0.47624 0.51985 0.45702 
Nov-04 0.50000 0.51491 0.34119 A 
Jan-05 0.36893 A 0.45333 0.32281 A 
Mar-05 0.11911 AA 0.48148 0.64279 F F  
May-05 0.49734 0.59890 F 0.48193 
Nov-05 0.58345 F 0.13680 AF 0.49755 
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Figure 34. Swath-area biomass for Loligo sqllid along the Hudson Canyon transect 
in January. 2004. Tow numbers indicate the sampling sequence during the cruise. 
Tows are ordered shallowest to deepest along the abscissa according to the depth 
profile shown as the solid line. 
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Figure 35. Swa th-area biomass for silver hake along the Baltimore Canyon transect 
in November, 2005. Tow numbers indicate the sampling sequence during the cruise. 
Tows are ordered shallowest to deepest along the abscissa according to the depth 
profile shown as the solid line. 
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Figure 36. Swath-area biomass for black sea bass along the Hudson Canyon 
transect in January. 2005. Tow nilmbers indicate the sampling sequence during 
the cruise. Tows are ordered shallowest to deepest along the abscissa according to 
the depth profile shown as the solid line. 
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Figure 37. Swath-area biomass for silver hake along the Hudson Canyon transect 
in March. 2005. Tow mimbers indicate the sampling sequence during the cruise. 
Tows are ordered shallowest to deepest along the abscissa according to the depth 



Figure 38. Sim~ilation of the Hudson Canyon transect for November. 2005. for 
silver hake using an exact rendition of the depth-dependent gradient in swath area 
per station (Figure 25). a zero-order or rectangular-shaped patch [equation (27)] 
defined in size to simulate a dome-shaped patch as sampled, 10 fixed (odd number) 
and nine adaptive (even number) stations, all sampled. and a series of patch sizes. 
Patch size is defined relative to the swath area for station 2 (Figure 25). In this case. 
the simulation includes a bimodal patch dynamic in which one patch is centered 
on station 11. an adaptive station. contains 200,000 kg of silver hake. and is of 
relative ~ a t c h  size 0.5. The other patch contains 20,000 lcg and is varied in location 
and size according to the abscissa and ordinate val~ies. In the case of the sampled 
distribution shown in Figure 24. this patch was in reality at  station 5 and had a 
relative patch size of 1.0. 
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Figure 39. Sim~llation of the Hudson Canyon transect for November, 2005. for 
silver hake using an  exact rendition of the depth-dependent gradient in swath area 
per station (Figure 25), a zero-order or rectangnlar-shaped patch [equation (27)] 
defined in size to simulate a dome-shaped patch as sampled, 10 fixed (odd number) 
and nine adaptive (even number) stations, all sampled, and a series of patch sizes. 
Patch size is defined relative to the swath area for station 2 (Figure 25). In this case. 
the simulation includes a bimodal patch dynamic in which one patch is centered on 
station 11, an adaptive station, contains 200.000 kg of silver hake, and is of relative 
patch size 0.5. The other patch contains an eqlxivalent quantity of fish and is varied 
in location and size according to  the abscissa and ordinate values. 
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Figure 40. Simulation of the Hudson Canyon transect for November, 2005. for 
silver hake using an exact rendition of the depth-dependent gradient in swath area 
per station (Figure 25), a first-order or triangular-shaped patch [equation (27)], 10 
fixed (odd number) and nine adaptive (even number) stations. all sampled, and a 
series of patch sizes. Patch size is defined relative t o  the swath area for station 
2 (Figure 25). In this case, the simulation inchides a birnodal patch dynamic in 
which one patch is centered on station 11, an adaptive station. contains 200,000 kg 
of silver hake. and is of relative patch size 0.5. The other patch contains a 20.000 
kg of fish and is varied in location and size according to  the abscissa and ordinate 
vahies. 
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