80-08

Diurnal Variation in the Feeding Intensity and

Catchability of Silver Hake (Merluccius bilinearis)

by

Ray E. Bowman and Edgar W. Bowman

National Marine Fisheries Service
Northeast Fisheries Center

Woods. Hole Laboratory

Woods Hole, Massachusetts 02543

Laboratory Reference Document #80-08
February 25, 1980



-1-

ABSTRACT

Silver hake (Merluccius bilinearis) feeding intensity and catchability
during periods of daylight and darkness has been examined. A variety of
free-swimming crustaceans (i.e., Crangon seplemspinosa, Dichelopandalus
leptocerus, and Monoculodes intermedius) made up the largest part of the
silver hake diet. Examination of stomach fullness, intestinal fullness,
the number of empty stomachs, state of digestion of prey, and the ratio
of the stomach contents weight to the intestinal contents weight during
di fferent time periods shows that silver hake feed at night. Their
feeding period begins just after dusk and continues until pre-dawn, with
the majority of their prey being taken between dusk and midnight. Prey
arc broken down in the stomach and passed into the intestine after a
period of approximately 15 hours. The intestine is emptied after a
further 9 hours has elapsed, which results in a total digestive tract
evacuation time of about 24 hours. The ability of several types and sizes
of trawls to catch silvex hake has been evaluated. Catch data from various
studies, most of which were rigidly controlled trawl comparison experiments
show that pelagic trawls, off bottom trawls, and bottom trawls with roller
gear tend to pass over silver hake during the day, while bottom trawls
with chain-disc sweeps and cable sweeps catch large quantities of silver
hake during daylight hours. These data establish that silver hake are
located on or immediately above the bottom during the day and that they
are off bottom at night. It is suggested that a high opening trawl to
catch silver hake at night, combined with a chain-disc sweep to increase
the day catch, would substantially increase the overall silver hake catches
by a vessel operating on a 2Z4-hour per day basis.

INTRODUCTION

Research by Edwards and Bowman (1979) indicated that silver hake
(Merluccius bilinearis) plays the principal predatory role in regulating
the ecosystem in the Northwest Atlantic. Surprisingly, little gquantitative
data have been published concerning the feeding habits or behavior of
silver hake. One of the first papers dealing with the food of silver
hake was by Nichols and Breder (1927) who noted that 75 herring, approxi-
mately 7 centimeters long, were found in the stomach of ene 59 centimeter
silver hake. Large silver hake eat mostly fish, but will alsc take squid
when they are available, while smaller silver hake feed on shrimp such

as Pandaius sp. (Bigelow and Schroeder, 1953; Jensen and Fritz, 1960;
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Vinogradov, 1972)}. Recent papers by Edwards and Bowman (1979) and
Langton and Bowman (1980) presented similar results on the diet of
silver hake.

The only information on diurnal variation in the feeding infensity
of silver hake is by Edwards .and Bowman (loc. cit.). Their study identified
silver hake as a night feeder, however, ﬁo detailed data were presented
to establish the exact time(s) of feeding activity.

It has been documented that the diurnal vertical migration of demersal
fish species causes variation in bottom trawl catches (Beamish 1966).
Catches of most groumdfish are generally larger by day than by night
(Konstantinov, 1958; Parrish et al., 1964; Woodhead, 1964). However,
Sissenwine and Bowman (1978) noted that the catchability of silver hake
was greater during hours of darkness than,during ﬁours of daylight, but
they only speculated on the reason for this phenomenon. This paper
describes the daily feeding pattern of silver hake and explains how their

behavior effects their availability to bottom trawls.

METHODS AND MATERIALS

All silver hake feeding data were gathered during a feeding chronology
study jointly conducted by American and Russian scientists aboard the
Russian research vessel BELOGORSK, operated by the Atlantic Research
Institute of Marine Fisheries and Oceanography (AtlantNIRO), Kaliningrad,
USSR, in September of 1978. The ship fished the Russian Hake 815 bottom
trawl for 30 minutes once every three hours for two days, on the southern
part of Georges Bank. The study area covered approximately 100 square

miles (10 miles by 10 miles) and was selected on the basis of the results
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of survey data obtained during the first part of the cruise. Variables
such as bottom temperature, water depth, bottom type, and fish abundance
were examined, and the area shown was one where the least variation in
these parameters would be likely to occur (Figure 1). A total of 498
digestive tracts was collected from fish ranging in length from 21 cm to
40 cm, inclusive.

The stomachs and intestines of silver hake were removed while at sea
and individually wrapped in gauze, labeled and preserved in 10 percent
Formalin. At the Northeast Fisheries Center's (NEFC) laboratory in Woods
Hole, Massachusetts, the stomachs were removed from the Formalin and opened
over a 0.25 mm mesh opening screen sieve and flushed with seawater to
remove the odor of the Formalin. Stomach contents were then damp dried
with absorbent paper and immediately weighed to the nearest 0.001 g. The
same procedure was followed when processing the contents of the intestine.
Once weighed the stomach contents were transferred to.a dish and prey
organisms were sorted, counted, identified, and weighed to the nearest
0.001 g. Also noted were observations regarding the general condition
(i.e., state of digestion) of the prey found in the stomach which were
recorded as either more than one-half digested, one-half digested, or less
than one-half digested.

Food data are presented in terms of the percentage weight each prey
made up of the total stomach contents weight, mean stomach content weight,
percentage of empty stomachs, mean intestinal content weight, state of
digestion, and as-a ratio of the stomach contents weight to the intestinal
contents weight (hereinafter referred to as the S/I ratio). The S/I ratio
is particularly useful for determining the feeding periods of fish,

providing they have marked daily behavioral cycles (Edwards and Bowman,

1979). When the ratio is more than one it shows that the fish's stomach
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contains more material than its intestine, and if it is less than one it
indicates .that the intestine contains more than the stomach. If fish
have a digestion cycle of more than 24 hours the ratio would most likely
be useless because the stomach would contain more material than the
intestine for long pericds of time. However, when the ratio fluctuates
substantially above and below a value of 1.0 over a 24-hour period, it
shows the fish population is feeding one or pessibly more times a day.
Meal size has little effect on the results since small and large meals
{either eaten by the same size or different size fish) are given equal
weight once they are conﬁerted into a ratio.

The ability of several types and sizes of trawls to catch silver hake
has been evaluated. These trawls included bottom trawls with both chain-
disc and cable sweeps; bottom trawls with varying size roller gear; off-
bottom trawls with large steel bobbins suspended from the footrope; and
a commercial mid-water trawl. A brief description of the trawls and their
individual characteristics (headrope and footrope lengths and footrope
rigging), is outlined in Table 1. A detailed listing of all cruises, trawl
types, areas of operation and other pertinent information can be found in
Table 2. Many of the daylight versus darkness catches of silver hake
were collected during a series of rigidly controlled trawl comparison
experiments. These data were found to be useful in determining the
behavior of silver hake.

Between August 1973 and September 1975, a total of 81 ship days at sea
were spent evaluating the relative fishing power of the standard Yankee
No. 36 and modified Yankee No. 41 trawls (see Table 2). These efforts

were jointly and cooperatively conducted by scientists and research vessels
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from the NEFC and AtlantNIRO. All comparative fishing power experiments
were conducted by a pair of vessels--either two USA vessels or one each
USA and USSR.  For the study an area of 100 square miles (10 x 10 miles)
was divided into four quadrants, each of which was subdivided into 25
one-mile square blocks. Each block represented a potential fishing station
for the experiment. The two vessels engaged in the experiment operated
simultaneously within the same quadrant for a period of two complete
24-hour days before moving onto the next quadrant. Each vessel independ-
ently completed its series of comparative tows at pre-selected random
stations. The experiment was designed to have each vessel fish both the
Yankee No. 36 and modified Yankee No. 41 trawl an equal number of times
during periods of daylight and darkness. The sequence in which the two
trawls were fished with regards to the periods of daylight-darkness was
randomized. Tows during these experiments were 30 minutes in duration at
a vessel speed of 3.5 knots. in the direction of the following station,
Individual catches were processed according to routine groundfish
survey precedures established at the NEFC. Our calculations of the day
and night catches included only the number of silver hake greater than
20 cm caught at stations which occurrved from 0900 to 1500 {day) and from
2100 to 0300 (night). This procedure eliminated any bilas which could be
caused by the presence of a few large fish if the data had been presented
in terms of kilograms per tow. It also reduced the possibility that the
large nunmbers of smaller silver hake often caught (whose habits may differ
from the larger ones) would influence the number caught per tow. The
time periods of day and night were chosen.because they represent 1light

and dark periods throughout the year in the study area.
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RESULTS

Food .Composition

Analysis of the stomach contents of silver hake showed that the
composition of the diet was fairly consistent over time. A variéty of
crustaceans made up the largest part (96.7% by weight) of the silver
hake diet (Table 3) throughout the 48-hour study period. Decapod shrimp
were the most important crustacean prey and were represented mainly by
Crangon septemspinosa.(28.0%) and Dichelopandalus leptocerus (10.1%).

In addition, -decapod shrimp which could not be identified because of their
state of digestion accounted for 27.4% of the stomach contents. Other
decapods found in the stomachs included unidentified Pandalidae (1.7%),
Axiug gervatus (0.2%), Decapod larvae {0.1%), Thalassinoidea (+), and
Sclerccrangon boreas (+).

Amphipeds made up 26.8% of the silver hake stomach conténts. Mono-
culodes intermedius was preyed on. the most heavily (9.9%). Other amphipods
included Parathemisto gaudichaudi (2.7%), Haploops (1.1%), Ampelisca (1.0%),
Monoculodes edwardsii (0.6%), and Pontogeneia inermis (0.5%). The remaining
amphipods and one other crustacean group, the Cumacea, were either not
identified to species or contributed little to the food of silver hake
(Table 3).

Other prey groups of silver hake were Pisces (2.8%), which were identi-
fied as Merluccius bilinearis (1.0%), Gadidae (0.5%), and Iimanda ferruginea
{0.1%), =along with small amounts of Cephalopoda (0.4%) and Chaetognatha

(0.1%).



Feeding Periodicity

Stomach fullness is the most direct evidence for evaluating feeding
periodicity. The mean stomach content weight is an indication of
stomach fullness for a population. TIn Figure 2 it can be seen that silver
hake stomachs are fullest during the period between midnight and dawn.
Just after dusk the stomachs begin to fill, are at peak fullness after
midnight (indicating that feeding has for the most part ceased), and
begin to empty at dawn and continue to empty throughout the day.

The number of empty stomachs in each time period is another measure
of feeding intensity. If only a small percentage or none of the fish
caught during a certain time period have empty stomachs, it follows that
the population has recently completed a feeding period, providing they
have less than a 24-hour stomach evacuation rate. Figure 3 shows that
at dawn all the silver hake collected had some food in their stomachs.
Conversely, at dusk a large percentage of the total number of fish had
empty stomachs, indicating that silver hake feed during the period between
dusk and dawn.

Examination of the rate of intestinal filling is another method useful
for determining the feeding periodicity of fish. When the-intestine begins
to fill the fish is likely neaxr the end of a feeding cycle (Edwards and
Bowman 1979). The data given in Figure 4 shows that the weight of the
material in the iﬁtestines of silver hake steadily increases from midnight
until noon. Thus, the food in the stomach begins to pass into the in-
testine after midnight and*éontinues being passed uwntil noon, indicating

that most silver hake cease feeding just after midnight.
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Food condition (or state of digestion) is an observation helpful
in determining when fish eat. Fresh food in the stomach shows that the
prey were recently taken by .the fish. When the condition of the stomach
contents is substantially reduced by the digestive processes the food
has probably been in the stomach for some time. The condition of the
silver hake stomach: contents is presented in Figure 5 as the percentage
of the fish in the sample whose stomach contents were 1éss than half
digested, half digested, and more than half digested for each time period.
The number of fish whose food was less than one-half digested increased
continuously from dusk to midnight, after which the percentage decreased
to a minimum following dawn. Throughout the day few of the fish stomachs
contained food which was less than one-half digested, suggesting that
silver hake don't feed during the day. The percentage of fish with half
digested food steadily increased from dusk to midnight, at which time
approximately 50% of the fish stomachs contained half digested food. From
midnight until noon the number of fish with half digested food remained
at approximately 50%, but by early afternoon the percentage was at a
minimum (about 15%). More than -80% of the silver hake samples in the early
afternoon had food mowre than half digested in their stomachs (Figure 5).
This observation is important for two reasons. First, it establishes that
silver hake onlf feed once per day, and second, that silver hake break
down .their food in less than 24 hours.

The S/1 ratio was used to determine when silver hake feed as well as
the time it takes them to digest their food. It can be seen in Figure 6
that the percentage of fish with S/I ratios more than 1.0 increases
steadily from dusk to just after midnight (as the fish feed their stomachs

fill). A comparison of the histograms in each time period also shows
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the number of fish in the population with watios greater than 1.0
decreases continuously from midnight to dusk (as the quantity of food
in the stomachs is reduced by the digestive processes, the intestines
begin to fill). Based on.the relationship between the S/I ratios over
24 hours the average stomach evacuation time for silver hake is close
to 15 hours: (from approximately 0430 hours until 1930 hours). The
intestine evacuation time is roughly 9 hours (from approximately 1915
hours to 0430 hours). The complete digestion cycle takes approximately

24 hours.

Catchability

Bottom trawling by the USSR R/V BELOGORSK in September of 1978 resulted
in large catches of silver hake at night (Figure 7). An examination of
the ability of seven different types and sizes of trawls to catch silver
hake in different areas and seasons helped to clarify why so few silver
hake were caught during periods of daylight. Table 2 presents the results
of a total of 229 and 242 research trawl tows during periods of daylight
and darkness, respectively. The trawls rigged with roller gear (Standafd
Yankee No. 36 and two-seam Modified Yankee No. 41), regardless of the
diameter of the rollers, catch more silver hake at night than during the
day. Likewise,. the two off-bottom trawls (Russian-Hake 815 and Japanese
commercial) also caught more silver hake during hours of darkness than
during hours of daylight. Conversely, the two bottom trawls rigged with
a chain-disc and cable sweep (3/4 Yankee No. 36 and Russian 27.1 meter)
caught more silver hake during the day period than at night. Pelagic

trawling during the day, although limited (3 hours total trawl time}, resulted
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in no silver hake being caught. Of particular interest is that the day
versus night catches of similarly constructed trawls with different
sweep arrangements, such as the Yankee No. 36 trawl rigged with roller
gear and the 3/4 Yankee No. 36 rigged with a chain-disc sweep, are
different. A ship towing the 3/4 Yankee No. 36 trawl caught more silver
hake during the day than at night (ratio 1.3:1) while two companion ships
towing a Yankee No. 36 trawl and a modified No. 41 Yankee trawl, both
with roller gear, caught more silver hake at night than during the day
(ratio of 4.5:1 and 2.0:1, respectively). Our evaluation of these data
is that silver hake are found on or immediately above the bottom during
daylight hours and are off the bottom at night. (Figure 8)}.

DISCUSSION

This study confirms the results of earlier reports that smaller sized
silver hake feed mainly on decapod shrimp and other small crustaceans
(Bigelow and Schroeder, 1953; Jensen and Fritz, 1960; and Vinogradov,
1972). Most silver hake prey are includéd among the predominant species
caught in plankton tows. Free-swimming organisms such as Crangon
septemspinosa, Dichelopandalus. leptocerus, and Monoculodes are often found
off bottom during the night when silver hake feed (Whitely, 1948; Gosner,
1971; Welsh, 1970; Hagerman, 1970; and Wilcox, 1972).

The results have shown, through various methods, that silver hake
feed at night. Their feeding périod begins just after dusk and continues
until pre-dawn, with the majority of their prey being taken between dusk
and midnight. Examination of the S/I ratios has established that smaller

crustaceans are broken down in the stomachs and passed into the intestine
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of silver hake ranging in length from 21 cm to 40 cm after a period

of approximately 15 hours. The intestine is emptied after a further

9 hours has elapsed, which results in a total digestive tract evacuation
time of about 24 hours. These data confirm the report by Edwards and
Bowman (1979) that silver hake feed at night and have a digestive system
which operates on a 24-hour cycle.

The availability of silver hake to various trawl types has shown that
silver hake are located close to the bottom during the day and that they
are.off—bottom at night. Pelagic trawls, off-bottom trawls, and bottom
trawls with roller gear tend to pass over silver hake during the day,
while bottom trawls with chain-disc and cable sweeps catch large quantities
of silver hake during daylight hours. At first it seemed unlikely to us
that bottom.trawls with rollewrs, which are designed to catch demersal fish,
could pass over large quantities of silver hake during daylight hours.
However, visual observations by Edwards and Emery (1968) provided some
evidence to explain how this might occur. During dives aboard the research
submarine ALVIN they observed silver hake settling into depressions on
the bottom about 1200 hours and remaining there until 1800 hours. Appar-
ently, bottom trawls with wollers are relatively inefficlent, compared to
bottom trawls with chain-disc and cable sweeps, at catching fish located
in these depressions.

Further evidence of silver hake being on the bottom and unavailable to
bottom trawls with rollers during the day was obtained during a multiship
survey of the megaféuna in the Veatch Canyon region in June of 1973

{Uzmann et al., 1977). During. the survey, a manned submersible was used
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to estimate, among other things, the abundance of the megafauna. All
submersible data was collected during daylight hours between 0730 and
1750. Two other ships, one which towed a bottom trawl and the other a
benthic sled equipped with a 35-mm camera, during day and night periods,
gathered data which was compared to. the visual estimates of the megaféunal
abundance. During the manned submersible operations silver hake were
repeatedly seen lying on the bottom. The submersible, often only approxi-
materly 15 cm off the bottom, frequently passed over silver hake which

did not move when the craft approached. Some silver hake, however, would
move ahead of the submersible only to be overrun a short time later.
Seldom, if ever, were silver hake seen rising far off the bottom or con-
tinuously avoiding the submersible (personal communication, Joseph Uzmann,
1979). Silver hake abundance was calculated from visual counts made during
the operations to estimate trawl catchability. The trawl catches (bottom
trawl with roller geaxr), were consistently less than the visual estimates
obtained via the submersible. This implies that bottom trawls with roller
gear only a catch a portion of the silver hake at night and even fewer
during periods of daylight.

After considering the behavior of silver hake and their availability
to several trawl types it seems that relatively few trawls can effectively
catch silver hake both day . and night. A high opening trawl (to catch them
at night) combined with a chain-disc sweep (to increase the day catch)
would meet the requirvements of a trawl which would substantially increase
the catches of silver hake by a vessel operating on'a 24-hour per day

basis. The fishing effort and efficiency (i.e., time, cost of fuel and labor)
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could be dramatically reduced by equipping fishing vessels seeking
silver hake with a trawl incorporating the above features. The expected
vield per.tow would be larger, which would result in less time and fuel
being needed to catch similar amounts of fish. Of special interest is
that the catchability of most groundfish appears to be similar to that
of silver hake, and accordingly, the catches of other species may likely

be increased also (Beamish, 1966; Sissenwine and Bbwman, 1978} .
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Tabhte 1,

per 30-minute trawl tow, in daylight apd darkness, and total number of spmpling tows doring perieds of daylight

darkness (2100-0300 hrs).

Trawl desipgn

Type trawl

leadrope
Tength
[metors)

Feotrope
length
(meters)

Sweep annngcmvn!le

Summary of trawl types with headrope and footrope lenpths, sweep arrangement and covch ratios of wean nunber of silver hake taken

(GOON- 1500 brs) and

Catch ratio of
nunhetr of silver
___hake per tow

_Darkncss_ Daylight

Imrkneszs -

Tetal nomber
of sampling
lows

Taylight

1. 3/4 Yankece No. 36 Bottom | RIS 16.5 9.5 cm Chain + 11.4 cm 1.3:1 - 1m0 q
diameter rubber discs
2. Russion 27.1 meter Rottom 271 27.4 Ground rope-Steel cable 1.6:1 - 21 3
3. Standard Yankee Ne, 36 Bottom 8.3 24.4 Rotler Genr - 3,301 a7 04
4. Two-seam Modiflicd Bottom 24.4 3.5 Roller gear {30.5, 35.6
Yankee No., 41 40.6 K 45.7 cm rollers) - G.1:1 73 79

5. Russian-liake 815 Off-hottom 3z.0 48.0 Stecl bobhins - 25.5:1 1 4
G. Japanese commercial OFf-bottom 53.5 72.0 Steel hobbins _ 3.0:1 78 28
7. Japanese commercial Midwater 60.2 G0, 2 Cahle 1 0 32/ 15/
|/ Sweep arrvangements:

i. Chain. -- lenpths of chain seized directly to footrvope.

2. Ground rope. -- 22 mm diameter cable fitted to the footrope.

3. Roller gesr. —- constructed of solid rubber rollers 40.6 cm in diamcter.

4. Roller pear. -- constructed of spoked rabber rollers 45.7 cm at center of sweep, tupering

2 6 3.

towards both wings with 40.6 cm, 35.6, and 30.5 diamcter rollers
£ f

5-6. Steel bobhins. —- Bobbins are approximntely 61 om in diameter spaced about 3.5 meters
apart attached to a hanging line by <Jdrop chains 60 cm to 20 cm in length.

7. Cable. -- 2.5 cm in diameter seized to hanging linc.

Tows of 60 minates duration,



Table 2,

Catches of silver hake during 30-minute trawl tows by cruisc, ares,

gear, and periods of daylight and darkpess.

Vessel and Cruise

dates

Study area

Type study

Trawt desipn
and type

Iy light
{0900- 1500 hrs)
Number of

% nuwher

Darkness

[2106-0300 hrs)

I WV BLESR TGRSR

G.

g,

10.

Sept. 14-25, 1971
n/v Atlantic Fwin
March 30-April 13,
1973

R/V Cameron {Canada)

June 23-July 1, 1972

R/V Albatross IV
June 23-July 1,1972

RSV Delawarc I
March 3Z0-April
13, 1973

R/V Albatross IV

R/V Belogorsk (USSR}
Aug. 27-Sept. 7,1973

R/V Albatyoss IV
Sept. 6~17, 1974

R/V Belogorsk (USSR)
Aup. 27-Sept. 7,1973

R/V Albatross 1V
Sept. &~ 19, 1975

R/V Belogorsk (USSR)

Sept. 3-19, 1975

Souther
New England

Arga Center
410]5.5’N
72717.0'W

Canadian
wators

Canadian
waters

MEHCmWer
417 15.5'N
72°17. 0w

Arga Center
4OOSU.O'N
70720.0'W

Arga Center
40950 0N
70°20. 0w

Arga Center
40750.0"N
70°20. 0w

Arga Center
40050.0'N
020,00

Aren Center
{Par& 1)
40.0050.U'N
70.0°20.0"W

[Par& 2)
41.0024.0'N
60,063, 1'W

oWl cvaludtiofn-
fisheries survey

Fishing power
comparison
Fishing power

comparison

TFishing power
CompATiSon

Fishing power

comparisen

Fishing power
comparison

Fishing power
compatrison

Fishing power
comparison

Fishing power
comparison

Fishing power
conparison

Fishing power
comparison

Russian Z7.1
meter-Bottom

3/4 Yankee N,
Jo-lottom
Standard Yankce

No. 30-Bottom

Standard Yankee
No. 36-Bottom

Standard Yankee
No. 36-Tintton

Standard Yankee
Ne. 3G-Rottom

Standard Yankee
No. 30-Bottom

Standard Yankce
No. 36-Bottom

Standard Yankee
No. 36-Bottom

Standard Yankee
No. 36-Bottem

Standard Yankee
No. 30-Bettom

tows fish/tow
PE AT 1
[ 12] 11.7
5 3
0 2.0
12 4.0
10 1o, 2
1t 6.1
3 Z.n0
2 0
16 5.6
17 6.2

Numher X number

ol tows fish/tow
ST EAL M.
5] 5.8
7 Q.0
8 9.0
Tt 18.0
11 28.49
9 3.0
9 7.0
8 K
14 19,2
17 15.3

Cateh roatio of the

number OF sifver

g1
1.5:1
1.5:1
1.511
1.2:1
Iﬁ.ZII
3.1:1
34z
2.6
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Table 2.

Conttd.

Vessel and Cruise
dates

Study area Type study

Trawl design
ad type

Catch ratio of the
momber of silver
hake per tow

Niarkness

(0900-1500 hrs)__ _(2100-030¢ hrs)

Muher  x number Kumber  x number e
of tows [ish/tow of tows fish/tow Dtylight Darvkness
- JDarkness  Daydight
12, R/V Albatxoss 1V Arga Center Fishing power  Two-Seam Modified 10 4.0 H A8.0 - 20010
March 30-April ,41015.5'N comparison Yankee No. 41-
13, 1973 T2T17.0'W Bottom
13.  R/V Albatross 1V Arga Center Fishing power  Two-Seam Modificd " 8.2 1 3.6 1.2:1
Aupg. 27-Sept.7,1973 40°50'N comparison Yunkee No. 41-
T0Tz0'W Bottom
1. RV Belogorsk (USSR} Arga Center Fishing power  Twa-Seam Modified 10 8.2 1t 132.5 - 6.2
Aug. 27-Sept. 7,1973 dOOSU'N comparison Yankee No. 41-
70720 W Bottom
15.  R/V Albatross IV Arga Center Fishing power  Two-Seam Modified 8 1.5 114 1n7.5 - a3
Sept. 0-17, 1974 40050‘N comparison Yankee No. 41-
FOT20'W Bottom
6. R/V Belogersk (USSR) Arga Center Fishing power  Two-Scam Modificd 13 7.0 9 08.4 - .11
Sept. 6-17, 1974 40050'N comparison Yankee No. 41-
FOT2H'W Bottom
17. R/V Albatross 1V Arga Center(Pt 1}Fishing power  Two-Seam Modified 15 17.9 14 95, | - 5.3:1
Sept. 319, 1975 40050'N comparison Yankee No. 43-
707200 Bottom
18.  R/V Belogorsk (USSR)  Area Center(¥t 2} Fishing power Two-Seon ModiFied G 18.R 10 5.5 3.09:1
Sept. 3-19, 1975 41324.'N comparison Yankee No. 41-
066 53.4"W Bottom
19. R/V Belegorsk (USSR) Georges Bank Food labits Russian-llake 815- 4 5.8 A 658, 8 - 5.5
Sept. 28-30, 1978 Study Off Bottom
20. R/V Suzuka Maru Southeast Squid Survey Japanese Copmercial- 28 5.0 28 5.0 - KGR
(Japan), July 19-27, Georges Bank Off Bottom
1977 to Hudson Canyon
21, R/V Suzuka Maru Southeast Squid Survey Japanese Commercial- 35/ 0 }g/ o - -

(Japan), July 19-27,
1977

Georges Dank
to Hudson Canyon

Midwater

Y

Tows of 60-minute duration.

..8'[_
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Table 3. List of prey and their cerresponding percentage in terms of
weight of all prey taken by silver hake collected on the
southern part of Georges RBank during Septembsr of 1973.
Subtotals of major and minor prey categories are affset
and underlined or offset and given in parenthesis, respectively.

(+ indicates <0.1%).

Prey ‘ Percentage wéight
POLYCHAETA L
CRUSTACEA 96.7

Amphipada (26.8)
Haploops 1.1
. Byblis serrata -
Arpzlisca macrocepnald *
Ampaiisca 1.9
Unidentified Ampeliscidae : 1.4
Triohophoxus 2018 tomus -
Ingtola dissimiits +
Leptochetlrus pinguis +
Unidentified Aoridae *
dnicnyx sarsi -
Fontogeneid Lnermis 0.5
Monceulodes sducrdst 0.6
Momooulodss intermedius 9.9
Unidentified Oedicerotidas 0.2
Unidentified Gammaridea 7.6
Paraiienisto gawilchaudt 2.7
Unidentified Hyperiidea 1.6
Cumacea {+]
Decapoda (67.3)
Crangon Sepiemspinosa 8.0
Seleroorangon boracs -
Dichalopandalus Leptocerus 10.1
Unidentified Pandalidae 1.7
Axius sgrratus 9.2
Unidentified Thalassinoidea *
Lnidentified Decapoda shrimp I
Unidentified Decapoda larvae 0.1

Unidentified Crustacea (2.4)
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Table 3. Cont'd.

Prey Percenzags weight
CHAETOGNATHA 0.1
CEPHALOPGDA .Q__i
PISCES 2.8

Meriucoius bilinearis 1.0
Unidentified Gadidae 0.5
Iimande ferruginea 0.1
Unidentified Pisces 1.2

Yumber of silver hake collegitad 458
Number of empty stomachs 75

Mean weight per stomach {g) 2.183
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P

N1 000 Mo

Figure 1.

Location of feeding chronology study (A) conducted in September
of 1978. Sites B, C, and D are areas where trawl comparison

experiments were completed between the vears of 1971 and

1975, inclusive.




X STOMACH CONTENT WGT (G)
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Figure 2., Mean stomach content weight.of silver hake versus time of day. Silver hake were collected

during a 48-hour study conducted on the southern part of Georges Bank in September of 1978.

The number of fish sampled in each time period is given just above the histogram.
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Figure 3. Percentage of silver hake examined in each time period which had empty stomachs. The number

of fish sampled in each time period is given just above the histogram.
while bottom trawling from the USSR R/V BELOCORSK.

All fish were caught
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X INTESTINE CONTENT WGT (G)

0.20 |- 23 54
48
015 — 97
77
51 72

0.05 +—

O

29 03 Oﬁ 09 1? 15 T? 21 2ﬁ
MIDNIGHT DAWN NOON DUSK MIDNIGHT
Figure 4. Diurnal variation in the mean weight of silver hake intestinal contents. The number of

intestines examined in each time period is given above the histogram.
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% OF
FISH FOOD CATEGORIES
40
1 Less than 1/2 digested =
E =
80 |- =
172 digested =
| I = 27
) — -
g More than 172 digesied = =
16 = =
> A 48 = = =
L et B ] = a0
66 — = = 48
—— = = =
40 - = = =
— = = = = =
] = E = — — = =
20 I~ |Z = = _ = = = H B
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- - = = = = - —
o L % CH H =N | =M E = I Sll=N=
%4 03 QB 02 1? 15 l? 21 %4
MIDNIGHT DAWN NOON DUSK MIDNIGHT

Figure 5. Presentation of three categories of the state of digestion of silver hake stomach contents at
various times of the day. The number of fish sampled in each time period is given above the

corresponding histograms.
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CONTENT RATIO

+RATIO > 1.0

Yo OF
FISH S/
77
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Figure 6. Ratioc of the stomach contents weight to the intestinal contents weight of silver hake (S/I ratio)
The number of fish sampled.in each time period is given at the top of each histogram

versus time.
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Figure 7. Catch per tow of silver hake during the 48-hour feeding chronology study conducted on the southern
part of Georges Bank in September of 1978, The USSR R/V BELOGORSK fished the Russian Hake 815 off-
bottom trawl throughout the study.



Figure 8. Graphic presentation of our interpretation of the day versus night catchability data

gathered during trawl comparison experiments conducted on Georges Bank. Note that fish

located- on or close to the bottom during daylight and off bottom at night would result
in the observed catch ratios.
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