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Abstract

The food-and feeding of Flemish Cap cod in summer are described
for six years utilizing 33!5 stomachs. The feeding intensity was high and the ‘
prey spectrum was narrow in all years. Hyperiids and redfish stand out in
the diet of Flemish Cap cod, lilex illecebrosus and polychaetes had a high
annual variability. Inv;nebratt—:s (crustaceans and polychaetes) were
dominant in juvenile cod diets, while the most imporant prey in adult cod
was fish, mainly redfish. The cannibalism rate has strong year to year
fluctuations ‘on the Flemish Cap. There is a positive pelation between
predator size {cod) and prey size (redfish). The Condition Factor variation
is closely related with the predation intensity on Sebasres. A cha'nge in the
diet composition is observed in the last two years. This change consisted of

an increase of hypertids in the adult cod diet and a decline of Sebastes sp.

Key words:‘cod..feeding variability, condition factor, predation on

redfish, Flemish Cap.

Introduction

The guality and quantity of food intake by fish are known to be

- important factors for their growth, maturity and fecundity changes.
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Cannibalism and predation on other juvenil fishes are also important factors
in recruitment patterns of fish stocks. Predation by cod on smaller cod and
redfish may produce variable moralities in juveniles, and contribute to

variations in year-class strength (Akenhead, 1978; Lilly, 1985).

In recent years decreases of biomass were observed for several
commercial species in the Northwest Atlantic. The declines in biomass were
paralleled in most cases, by declines in abundance (Atkinson, [993). Trends
in the biomass of cod compared with all other species combined are
generally similar (Atkinson, op. cit.). For some species (e.g. redfish,
Greenland Halibut, American plaice) previous assessments have reported
that the declines in biomass observed from the surveys cannot be explained

by the fisheries.

The trends from 1989 through 1991 are particularly dramatic and
suggest not only a decline, but a concentration of the remaining biomass in

the offshore areas away from the coast (Atkinson, op. ¢it.}.

The declines in biomass are indicative of "ecosystemn stress”, (Ritz,
1992) although the nature of the stress is unclear, It may encompass a

number of factors including fishing pressure, environment and predator-prey

relationships. One of underlying factors in these changes may be the severe

cooling of the Northwest Atlantic (Drinkwater 1993).

Changes were observed recently on Flemish Cap too. The biomass
decrease (e.g. cod and a. plaice) mainly due to overfishing, has- been
accompanied by a strong increase in shrimp biomass, which has resulted.in a

new fishery in this area,

This study is aimed at determining possible changes in the food and

feeding patterns of cod on Flemish Cap in recent years. Although sampling

was limited to the summer period, the months studied correspond to the

period of highest feeding intensity (Turuk, 1981}, It is also known thét the
diet of cod on Flermish Cap is not very different during the rest of the year

(Albikovskaya er al., 1993).
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and identified as far

Materials and Methods

Random-stratified bottom trawt surveys were carried out by the
European Union on Flemish Cap NAFQ Div. 3M (fig. 1). Although the
vessels were different, standardized survey procedures were realized. They
are described by Vizquez (1990, 1991). Biological samples were collected
during research surveys, and they included some small cod fry caught in a
few pelagic trawls in 1990. Toral length of cod were measured to the
nearest cm and each individual was weighed, to £ 5 gr. Otoliths were

extracted and used to age the cod in the laboratory. -

Stomach totals collected and frozen on board in the period 1989-92
appear in table 1. In the laboratory the stomachs were dissected out by
cutting the ogsophagus and the intestine behind the pyloric sphincter.
Stomach contents were examined and the food components were separated

as possible in the laboratory.

Food items in each taxon were placed briefly on absorbent paper to

remove excess liquids, and then weighed to + .01 g.

Some data for 1988 (Paz et al., 1989), 1993 (R, Marin. com. pers),
and also winter 1992 ( E. de Cérdenas er. al., 1993) were including in the

study.

For each stomach the Repletion Index {RI) was noted following
the subjective scale used by Walsh and Rankine (1979). The degree of

digestion (D.G.) was recorded according 1o Alencle and Delaporte (1970).

For cod in each age-class and length group, the following indices
were calculated:

The feeding intensity index is obtained from:

SN,

F.l=
SN

'
where "SN¢" is the number of stomachs with some food and "SNy" is the
total number of stomachs analyzed.
Prey Occurrence index (QF} is the relation between the number of
stomachs with & prey "pi” in the total number of stomachs anatyzed.
A Gravimetric index (GI) is obtained from the expression: total
weight of a specific prey in all stomachs as a percentage of total weight of

all prey.



Stomach fullness index, calculating the Mean Total Fullness Index

(TFI):
I fw, o,
TFI:—Z—\:JIO
: 0ol

where  "n" is the number of stomachs examined, "fw" is weight of

stornach contents of the fish £, and "1” '15 t}}g_lengfhﬁ of ;hg {:sh f.

and the Mean Partial Fullness Index of prey “p” (PF!p):
. la
PRi=—3 B 1ot
ntl
where  “fp” is weight of the.prey p in the stomach of the fish f.
The Simpson diversity feeding index (D) is obtained from

e NN -
D=1-3 N(N-1)

i=]
where = "Ni" is the number of times in which 1h'e type of prey appears in
the total number of stomachs,
“"N" {s the number of times in which all prey appear in tﬁe total
number of stomachs, and "s” is the number of types of prey.

The Condition Factor was swudied with Fulton's expression:

W *100
13

where  "W" is demigutted fish weight, and "1" is the length of the fish,
Diet overlap index is obtained from the Schoener diet overlap index

(Rg) (Linton et al., 1981) given as:

Ry =1-23 [P, P,
1=

where "Pj;" is the frequéncy of appearance of prey i in individuals of
class j.
"Pi" is the frequency of appearance of prey i in individuals

of class k.

The diet Everlap was calculated inwaspecifically (Wallace and
Ramsey, 1983). This index was calculated berween three cod size groups:
prerecruits: A, <24 cmy immature recruits: B, 24-65 cm; matures: C,
>65 cm. Following Mathur (1977} the value accepted as a limit o consider
that diets overlapped was Rg> 0.6. |

- o—— = . o e o0
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The cannibalism Index was caiculated as an occurrence index for
cod prey. The rates were compared with dats from simila} surveys obtained
iﬁ 1988 (Paz et al., 1989), wimgr 1992 (E. de Cirdenas et. al., 1993) and
1993 (Rodriguez Marin com: pers.). For these three ycaré Q.1 of main prey

groups were also utilized.
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The stomach number collected by length groups showed an abnormal
distribution. For this reason we used the Kruskall-Wailis test to study if
the feeding hpam:ms of cod for the years analyzed in this work could be
considered similar or not. The Kmskgl-Wallis one-way analysis of variance
provide test of the null hipothests that the summer feeding cod on Flemish
Cap is not different in the years 1989-1992. The analysis was focused on the
prey behaviour each year considering their Gravimetric Index in the cod
stomachs as the variable to analyze and processed with standard statistical

pmgmm 35 (BMDP) (Dixon et. al., 1990).

To aveid the, variability of the wide cod size range , as well as their
different distributions in the four years, the analysis was repeated with
length groups of 10 cm. Furthermore for the most important prey (hyperiids

and redfish), the same test was done, but in this case all comparisons by

" year pairs were carried out. In this case the null hypothesis is Tejected if '

"ZSTAT" is larger than the critical 'value "2ZC",  where
1-PHI{ZC)=ALPHA/(K(K-1)}, PHI is‘ the cumulative standard. normal
distribution function, K is the number of groups compared. With 4 groups,
the critical values are: 2.39 for overall ALPHA of (.10

2164 for overail ALPHA of 0.05

PR SR e i

Whenever siomach content data on redfish were not seriously affected
by digestion, the feeding patterns of cod upon redfish were studied utlizing
total lengths of redfish measured to the nearest cm. When this was not
possible, the jaw bones of redfish in the stomach contents were measured to
the nearest mm and a linear regression was used 1o obtain the relationship of
jaw length to total length. Small juvenile redfish length frequency in the
survey trawls‘ (Vazquez, 1992) was compared with redfish recovery in the

stomach contents and plotted for the years studied.
Results and Discussion

The summer feeding intensity (Table 1), was higher than 83% in all
years. In winter 1992 the feeding intensity was lower: 71% (E. de Cardenas
et al,, 1993). This corresponds to the cod seasonal feeding cycle, with

maximum intensity in summer and minimum in winter,

Table 2 shows the food componems distributed into cod lengih
groups. The variety of prey organisms is small, and accords with the narrow

Flemish Cap cod prey spectrum (Konstantinov et al., 1985).

e ey~
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The Occurrer_lcc Index (0OI), Gravimetnic Index (GI). and Fullness
Index (PFY) (Table 3) indicate hypenid dominance in the cod diet in all
years. Its importance was greater in juvenile cod and decreases when cod

length increases (Fig.2a). The value of the Gravimetric Index for the

hypcriidé was larger than 56% in ail y{:ars..

Fig. 2 shows the evolution of Occurrence Index by length groups.
Hyperiids and Sebastes sp. have an complementary evolution (fig, 2a, 2b)
where the hyperiids decrease with increased cod size and fish (majnly

Red.ﬁsﬁ) increase with length in all years. This feeding pattern by length

remained similar in the period studied.

In winter the Sebastes sp. and Pandaius borealis Ol were similar to
surmer, but the OI of Hyperiidae was lower (De Cérdenas et al, 1993)
(Fig..3). This seems related with the aﬁnual life cycle of the Amphipods on
Flemish Cap (Konstantinov et al. ,1985). Also of outstanding imporiant are

Myctophids: O.1.= 29.5 (E. de Cardenas et al., 1993).

1992 and 1993 years shown differences with the years before. The
most irnportant difference was the increase of the hyperiids percentage and

the decrease of the redfish percentage in the cod diet (fig. 3).

In the last years the irhp_ortance of the hypeﬁids spread to all Iengt'h
groups (fig. 2a) reaching the highest index values: 0.1.=91.76, G.L=84.4
and P.FL= 2332 In these years the importance of fish in the cod diet

decreased markedly (fig. 2b).

Fish were incorporated into the cod diet at larger lengths than 21 cm,
and their présence in all years increases with cod size (Fig. 2b). Redfish was
the more important fish prey (Table 3, Fig.3) appearing in cod larger than
33 cm. It is interesting to note that "0" group age cod éaught in a few

‘ pelagic trawls in 1990 also prey on redfish larvae although age group I do

not prey on redfish and age group 2 had very iow predation rates.

The presence of polychastes was very variable in all length. group
diets {fig. 2c). The high index values of squidsl (méinly llex illecebrosus) in
1990 and 1991 (Table 3} corresponds with th‘c‘grcater catch abundance in

the surveys of these years (Védzquez 1991 and '1992).

A Kruskall-Wallis test was done to compare the similarity or

differences in the cod summeér diet during the years 1989-1992, The less

- —
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important prey in the cod diet: Anarhichadidac (p=0.24), Myctophidac
(p=0.20), Macruridae (p=0.55), Gasteropoda and Bivalva (p=0.0§),

Echinodermata (p=0.19), did‘not present significant differences over time.

The prey with a high occurrence index (Hyperiids, Shrimp, Redfish),

and others prey like Cod, Polychaeta, Cephalopeda, Other Crustacea, Other -

Pisces shown significant differences (p< 0.001, 3df).

The Kruskall-Wallis test done with cod length group of 10 cm.
showed the same results, Only prey less common in the cod diet had a

similar behaviour in the four years.

Also from the Kruoskall-Wallis test, all comparison by year pairs
“done for redfish and hyperiids showed than greatest differences were
‘between 1992 and the others ycars*(TaBle 4}. Since these prey constitute
more than 75% of the summer cod diet, 1992 was a year where the feeding

behaviour of cod changed notably.

The fe;eding diversity in the pericd studied is shown in Table 5.-The
mean index increased with cod length. In 1990 and 1991 the average
fecding diversity is larger than in other years, probably dﬁe to the rise in the
presence of squids and shrimps.

N .—T:hé Conditfl;l; factor_s by age grot;ps a;e ug'lvcr;m Tébl;(}. Thcu'
values were high for all ages. For the recruit agé groups (4+), the values of
the condition factor were highest in 1990.

Figure 4 presents the Condition Factor values of the 1984-1986 year-

classes in the period studied. They decline from 1960 and show a similar

wend to P.F.L values of Sebastes 5p. over time.

The 1987 and 1988 year-classes are not present in the figure because
theirs age range only include juvenile ages and predation upon Sebastes spp.

is very low in this age range (1 - 4 old years).

The similar trend of the Conditon Factor and P.F.L of Sebastes spp.
reflect a close relation betwt‘;en the consumption.of redfish and the condition
qf adult cod. Otherwise the increase of hyperiids in 1992 and 1993 in the
ced diet is not cncr_g'eticall)‘r sufficient to support the condition lf::vel of the

earlier years,

B
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Lilly (1979} deduced that the slow growth of cod-in the 1950's may
have been due 1o a very low abundance of ljuve'nile redfish and gave
particular importance to the presence of redfish of 'smerm;:diate size (15-20
cm): "These redfish should cnable the cod to bridge the large gap in size
between the small crustaceans (hyperiid amphipods and shrimp) and the

large redfish.".

Another recent stadys on the North-east Arctic cod stock (Jorgensen
1992) suggested that reduced growsh and condition factor was a direct

result of a sharp decline in the capelin stock,

In the same way the declines in redfish predation may have affected
the Flemish Cap cod population (e.g. condition factor). However a longer

period of study would be necessary to confirm this hypothesis.

Declines in the condition factors were also found by Bishop and Baird
(1993) for 2J3KL Cod, the NAFQ Division adjacent to Flemish Cap. This
suggests a commen large scale factor underlies the cod diet change such as

the cooling of Northwest Atlantic sea water.

The Diet Overlap calculated intraspecifically provides a better idea of
the feeding similarities between the three groups considered: prevecruits: A,
<24 cm; immature recruits: B, 24-635 ¢y, mawres: C, >65 cm. The results

obtained for the years 1989-1992 are shown in Table 7.

Following the Mathur criterion (Mathur 1977}, in the years 1989 and
199G there is overlap only between A and B groups. This indicate; the
similar trophic habits of the prerecruits and immuture recruits. These trophic
ha}bits change between group B and ‘C. mainly due to the beginning pf.
predation on small redfish. It could be associated with the enér'getics of

sexual maturation and the spawning process .

For 1991 and 1992 there was overlap between A-B and B-C groups.
Also the overlap index between the groups A and C increases in these
years. This variation of the overlap pattern corresponds to the feeding
behaviour chénge described above (increase of the presence of Hypériidnc in

all length groups).

i
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The cannibalism rate was very.variable in the years studied (Table

8). It has a strong year-10 year fluctuation. The mean rate is higher than thar

obtained by Liliy (1982), however, his results refer to winter conditions. In

surnmer 1993 the cannibalism was zero. (Com. pers. E. R.-Marin). .

Predation on-redfish

Redfish is the dominant prey of adult cod on the Flermsh Cap in.
surnmer, However, although from 1992 the biomass estimated of the small

juvenile redfish (Sebasres spp.) was bigger than the years before (Vdzquez

1992), the occurrence of this prey in the cod stomach was lowest. The

Hyperiids was the main prey in cod diet for all size. groups in 1992 and 1993
(Fig 2a, 2b). 4

The relationship between redfish jaw length and total length was

"ohtained with the 1990 data by the regression:

¢ Towll= 677 +6.639 Ljaw (N=22, r=095, p<0.001)

Thus, we can estimate the length of redfish from jaw length when the
direct medsure of fish was not possible due to decomposicion in the cod
) " L e - - A . b
stomach,

The correlation parameters for the predutprr_'leriglh’ {cod) and prey

length (redfish) were calculated for each year. The results are:

1989: N< 136, 1= 0.69, p< 0001, y='0426+0230x
1990; N= 58 r= 0.52, p< 0001, y = 4.865 + 0.205%
1991; N= 84, r= 0.62, p<0.001, y=0.668 + 0.171x
1992: Nz 44, r= (.56, p<0.001, y= 1693+ 1.467x

1989.52: N= 322,r= 0,62, p<0.00L, y = 0,224 +0.2232

- - - . [T S .

These values indicates that thc length increase of the redfish was
relatcfi to predator length.. Small juvenile redfish length freque.ncy in the
survey tfawls was éompa.rcd with rcdf}sh recovery in.the s‘tomach‘ contents
(F_ié. 5). For the years 1989 and 1990 (fig. Su, 5b) the most abundant tength
groups of small juvenile mdﬁs;h were those most preyed upoﬁ. ‘This suégest
a positive relation between the small redfish e.:bur.ldance and its predation
intensity by Flemish Cap cod. The gap in the modal length may be due to
some undetermined bias in measurement. It could also reflect selection

toward small redfish by the cod or selection oward large redfish by the

trawl, A'ltrhlough the exact cause in the modal gap.is not known, it is clear’

that this difference is small and that the abundance of sfnﬂi._mdﬁsh
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recovered from cod stomachs should adequately reflect annual differences in

the size of these redfish on the Flemish Cap (Lilly , 1981). -

However 1991 and 1992 (fig. ‘5c, 5d) data do not show this
relationship clearly. 1991 and 1992 show bimodal size distributions of small
redfish but cod predation only affects the first mode. The rﬁost abundant

juvenile redfish correspond to 19-22 cm, and these are not preyed upon 5o

" intensively. Furthermore, although 1992 stiows very strong juvenile redfish

year-classes, the occurrence 'in the adult cod diet is lower than in other

years.

The difference’ abundance, bathimetric distribution and behaviour of
each three species (S. marinus, S. fasciatus, S. mentetla) which constitute

redfish group on Flemish. Cap-(Saborido-Rey, 1993) can affe__ct:-,the cod

. predation on these species.

Thus, it is not always possible to compare relative strengths of redﬁsh
jearclasses with theirdocirence inthe dier. 0

The recovery rate of small redfish founded in the stomach of 'cod%s
inadequate for quantifying abundance because th'clrcc-c:very rate for'an afea
is highly dependent on the size of cod caught” :l'here is also the possibility
that the cod distribution may not ad_equéuely c.over thie redfish distribution
(Lilly 1981). Furthermore the massive brels;encé of “alternative i)rc_); like

hyperiids can induce change in.the cod diet.
Conelusion

It is possnb]e to identify a common evolunon of the feedmg pattern
with cod length in all years studied. 'T'hc size associated evo]uuon of the
main prey groups (Hypemdae and Sebastes spp) is swmlar However in
1991 and ma.mly 1992 there was an 1mportant change of the dJet
corroborated with the Kruskall-Wallis test. In the Flcmlsh Cap this new
situation is related to the increase of - Hypemdae in the adu]t cod diet and

the lesser importance of small redfish.

The change of ‘diet is also reflected in.the Over.lap' Index wl%ich is

different for the last two years. Also, the decrcase in Condmon Factors in all

N

: year classes except for .8 years old is related wuh the low presence of

ro-
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This study confirm§ the conclusions established in previous papers
(Paz, e1 al., 1991):
a) Cod feeding intensity is high iﬁ summer. The hypel'iids'and small redfish
are the most important prey of Flemish Cap cod.
b) The cannibalism rate Has strong year-1o-year fluctuations on the Flemish

Cap.

¢) The vari;_atiﬁn of some specéies (e.g. Mlex i!lécébrosﬁs) may refledt their
availability in the area. '

d) There is a change in diet at maturity age, nearly 65 cm. {Zamarro et. al.,
1993) in Flemish Cap cod. '

e) Predation on s:mall redfish length is panictl.llarly important. It begins m 0
group cod. There is a relationship betwecn! cod length and redfish leng;h.

There is a positive relationship between redfish year-class abundance and

‘the predation intensity upon them by Flemish Cap cod, bur one can not

quantify the relative strength of annual year-classes lonely from recovery

" rates in cod stomach .
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_ dues, Platform hauls (m) 1 2 3 4 3 86 T A stomach

1988 tlol-27lul  “ComidedeSmvedn® &7 126.548 3 66 154 144 53 13 22. 3 468 ms
1989 6Jub- 12 Aung "Cryos" SR 144459 7 7 242 467 38T 35 9 8 1182 926
1990 12Ju-8Aug lgiPaviychenkov' 64 126428 30 B 44 106 103 86 20 34 530 05§
1991 MIm-1TIol “ComidedeSmvedn™ 44 144406 52 23 70 16 111 67 18 £ 380 908
1992°*  20Feb.iThl “Atlandida” s8  239-198 . 7 L moon
1992 BJun-24Jul "ComidedeSaavedrn™ 54 128640 147 269 91 - 8% 22 13 23 2 TS5 g4
1993*** |5Jun-18Jul "Comide de Saavedra” ' %60 9%

* Paz ew at, 1988. S
** Cordenas et. al,, 1993, .
*=* R. Marin, com. pers.
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Table 2: Food items observed in the stomachs of cod, by size group in Div. 3M in summer 1989-1992.

Size Group
<20 21-30 31-40 41-50 5160 61-70 71-80 >80

Class Anthozoa ‘ * :
Class Ctenophora : *
Class Polychaeta :
O. Errantia * * * * *
Fam. Aphroditidae * . * *
Class Gasteropoda \ - * *
Class Bivalva , - . *
Class Cephalopoda ‘ :

Ilex illecebrosus * * -

Onychoteuthis banksii = - .

Semirrossia sp. o ' * *

Others * - - L] - . "

Class Crustaces ' d
0.Copepoda L - * L b
O.Isopoda - : - *
O.Amphipoda .
Fam. Hyperidae : - * * - *
Fam. Gammaridae * * * *
O. Decapoda

Pandalus borealis - * * * *

Parasiphaea tarda oo * *

Spirontocaris lilljeborgi . ¢ *

Pagurus pubescens ' o

Chionocetes opilio : *-o*

_ Lithodes maja :

Class Ophiuroidea o *

" Class Asteroidea -t
Class Echinoidea ' v
Class Holoturoidea ,
Class Ascidiacea - ' | *
Class Pisces '

- Fam. Scorpenidas -

Sebastes sp. ' * - * * . * ' * *
Fam. Gadidae :

Gadus morhua ' - *
Fam. Serrivoeridae *
Fam. Anarhichadidae

Anarhichas sp. : ' *

Anarhichas lupus A ) *

Anarhichas denticulatus ,

Fam. Myctophidae * * *
' Fam. Paralepididae * * o
Fam. Macrouridae ‘

Nezumia bairdi . * *
Fam. Stichasidae ~ : |

Lumpenus lumpretaeformis : e * oo *

Fam. Cottidas

Triglops murrayi ' * . * o
Fam. Pleuronectidas A ' '

Reinhardihius hippoglosoides - - *
Fam. Raidae ' o

Raia sp. : ' ‘ S
Fam Nemichthyidae . : *

Nemichihys scolopaceus - '

Food Items

*

* ¥
»
*

#+ ¥ ¥ ¥ % ¥ ¥
# # X K. K #

*

* *
* ¥
*
*

* % ¥ & %



Table 3: Gravimetric Index (%), Fullness Iindex

July 1989-1992.
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. and Ocurrence Index of food items of cod in Div. IMin

Year
Food iteros 1989 1990. 1991 1992 1993* .
GL FIL Ol |GL Fi 0l IGI FIL O.I |GL FIL oI |O.L

Class Anthozoa

Q. Actinida . = 027 . . . . . .

Class Clenophora 0.1 * 018 - - - - - -

Class Polychaeta 0.4 0.002 0.64 09 0011 8§30 17 0011 638 04 0009 228 6.1
Phy. Echinodermata 0.1 « 055 . * 059 . * 221 - . -

. I

Phylum Mollusca .

Class Cephalopoda 0.7 0.007 .55 1.5 0.046 514 27 0055 8.11 0.6 0.023 2.15

Other moilusca 0.2 * 027 0.1 * 079 . = 029 - - -

Mollusca Total 0.9 0.007 182 1.6 0.046 623 27 0055 6.40 0.6 0.023 215 L6
Class Crustacea

0. Copepoda 0.2 * L7 0.2 0.004 257 0.9 0.003 L.16 1.5 0.015 6.46

Fam. Hyperidae  59.1 0.649 66.82  65.4 1.077 75.49 563 0.846 70.14  34.4 2332 91.76 842
0. Decapoda .

Shrimp ** 3.7 0021 1216 69 0082 2638 6.6 0.071 33.04 27 0.049 1444 65
“Other érustacea 05 0006 146 07 0018 455 13 0.013 7.83 0.5 0.007 2.28
Crustacea Total  §3.5 8217 M2 10899  65.1 CN2a7T o8 11494  -94.7
Class Pisces L.

Sebasces spp 17.5 0454 19.10 175 0.545 19.57 206 0380 30.72 33 0105 7.0 5.6
Gadus morhua 0.2 0.002 027 1.8 005 296 40 0087 6.08 24 0103 3.04 ‘
Anarkichiax sp. 0.7 0.018 1.55 0.2 0005 079 19 0.005 116 0.2 0.008 063

Fam. Myctophidee 0.1 * 0.64 * 0003 079 1.0 * 029 * 0.002 1.8

Fam. Cottidas . " 009 0.1 0.006 0.20 - - - 13 0.034 228

Fam. Macrouridas * 0.003 0.18 . * 020 - - - - - -

Other pisces 0.6 0.015 100 04 0005 099 14 0013 1.74 09 0018 1.65 44
Unidentified 9.6 0111 6.21 3.0 0034 791 35  0.045 10.43 1.3 0025 570

Pisces Total 28.7 2904 230 3341 324 50,42 9.4 2178 2.7
'Unideatified 59 0.019 1.0 0.004 0.6  0.002 0.2 0.002

N® stomachs 1094 1094 1094 S06 506 506 345 345 345 789 789 789 91l
% empty stomachs 744 744 744 45 45 45 92 92 92 04 04 38

he Tﬁceﬂ. .
© %% Maialy Pandalus borealis.
*** R. Marin, com. pers.

Table 4.- Non Parametric Comparison by Kruskal-Wallis test for Cod prey
(Hiperiids and Redfish) in the years 1989-1992.

- Hiperiids Redfish
K-Wallis Test Statistic (1989-92) 17191 106.77
Level of significance < Q.0001* <0.0001*
Degrees of freedom 3 3
Comparisons by year pairs ZSTAT ZSTAT
1989-1990 . 0.49 0.41
1989-1991 3.06* 4.06*
1989-1992 10.65* 7.49%
1990-1991 2.35 3.29%
1990-1992 9.26* 6.57*
1991-1992 10.63* 9.30*

*The null hipothesis (predation on redfish and hiperiids are not dissimilar) is rejected.
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Table 5: The Diversity Index by cod length class (cm) in Div. 3M 1989-1992,

Year <20 2130 3140 4150 5160 6170 71-80 MEAN<S.D.
19899 0 050 033 043 068 059 075  0.55+0.16
1990 059 060 058 053 061 077 058  0.61+0.08
1991 046 056 054 075 074 078 085  0.7+0.13
1992 035 035 048 057 062 062 072

0.5640.13

. Table 6: The Condition Factor (C.F.) of cod by age in Div. 3M in July 1983-19921

_ 1988 1989 . 1990 1991 1992
Age CF. N° CF. - N CF. N° CF. N° CF N°
0 0.794 14 o

1. 097 3 0989 7 . 0812 30 0848 52 0916 147 .
2095 66 LIS 7 0979 8 0875 38 0515 269
3092 164 0921 242 0918 44 0921 70 0501 91
4 093 14 0918 467 0960 106 0945 16 0909 88
5 09 53 0910 387 093 103 0927 111 . 0914 2
6 102 137 0911 55 0936 8 0898 67 0897 113
7 097 2 096 9 0937 28 0902 .18 0831 23
8+ 094 3 0916 8 0937 .34 090 8 L0172

. of cod: Group A (<24 cm), Group B (24-65), Group C (>65) (*).

_ 1989 _' 1990 1991 1992
(A-B) - 0727 0.857 0.663 0.731
(B-C) - 0.424 0370 0.713 0.631
(A-O) 0.290 . 0.263 1 0.383 0.453 .
(*) Mean length at age 2: 24 cm; at agq“\6:‘ 65 cm.
Table 8; Cannibalism rate (%) of Flemish Cap cod: 1988-03,
) Cannibalism
1988* 1989 1990 1991  1992%~ 1992 1993%*=
' (winter) (summer)
38% 02% 19% . 3.4% . 0.4%

*  Pazetal., 1988.
**  Cérdenas etal 1992.
=+ R Mar{n €om."pers.

C22% 0

Tablc 7: The Overlap Index of Schoener in D1v 3M, in summer 1989-1992 for three groups

i
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- 0=-1982

Py o

Figure 1.- Flemish Cap Bank showing the locations where cod stomach samples were

-collected from 1989 to 1992,
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Length (cm)
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Figure 2.- Hiperiidae (a}, Pisces (b) and Polichaeta (¢) Occurrence Index by cod Iengtﬁ
groups in the period 1989-1993.
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Ocur. Index
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100%

e rm———

75%

g %,

50% A

25% -
0%“'ﬁﬁ %
1901 Winter 1892
Year
07 IS8 Hyperiidas [ Pandaiua  EZB Oth. crustacea
Mollusca Sebasies sp.&i&d Other plsces

Others including unidentlitied prey

Figure 3.-Main prey groups Occurrence Index. Summer 1989-1993 and winter 1992,

; Cond. Factor PF.i. Seb.sp. 1
095  YoumQ. O~ - os
: YC 1684, . ~~
Y.C 1985 . - 06
098 o)
PFE.l. Sebasties sp. —40,4
0851 402
~
03 L I | { i 0
1688 1889 1990 1991 1992
Years

Figure 4.- Condition Factor for 1984, 1985‘and 1986 cod year class and Partial Fullness
Index (P.F.L) for redfish {(Sebastes sp.) in cod stomach in the years 1988-1992.



Punifich an prey frumbers)
1000, } mpurws se oo Lsypey

14} . -0-1990 predated
12+ £ 1990 estimated { §

10

Redfish a3 prey (numbers)
(ooo,! Joquuny SeyRB3 Ysypey

8

6

4

2 .

o LN ! " o

4 7 10131619222528313437404346495255
Length {cm)
NAFO Div. 3M: 1991

Radieh as prey jrasmbed)
000,) JQUINU LRI YIpney)

4 7 1u1aw1oazzszas13431404345495255
Langth {cm) :

NAFO Div. 3M: 1992

Paciinh &0 proy rurmbers)
- .
(=3

o N 2 a @

R = s kS 0
4 7 10 19 16 19 22 25 20 51 34 37 40 43 45 40 52 S5
Length (cm)

Figure 5.- Comparison of smaltl-juvenile redfish abundance with redfish recovery in the

stomach contents of cod for 1989-1992.
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