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ABSTRACT

This study shows that the diet ¢of American plaice on the
Southern Grand Bank, at sizes between 40 and 55cm, is mainly
A.dubius and brittle stars, the third prey in importance 1is
M.villenuso.

To analyse feeding intensity during a daily and annual
cycle, we used three different indices, the mean weight fullness
index, the percentage of empty stomachs and the daily ration.

The daily feeding intensity shows maxima related to the
kind éf prey eaten. A.dubius is consumed in larger amounts late
in the day (18-24 hours), M.villosus and brittle stars are preyed
upen more intensety’ between 12 and 18 hours.

Maximum feeding activity is in April, with a summer period
of relatively high values, followed by autumn and winter when
feceding intensity is low.

The American plaice shows flexibility in 1its feeding
behaviour, that allows it to consumesits prey in larger amounts
when they are more accessible; this accessibility may be the

cause of its daily and annual feeding cyclé.

INTRODUCTICN

The American plaice is widely distributed on both sides of
the WNorth Atlantic, from Iceland and Southern Spizbergen to the
British 1Isles in the East, and from Frobisher Bay and Baffin
Island to Rhode Island in the Western Atlantic (Scott, 1989).
This species is commercially exploited species, and its most
important fishery is on the Grand Bank of Newfounland, with

catches reaching 94,000 mt in 1967 (Brodie, 1990) .
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The feeding of American plaice is well documented, and
several qualitative analyses demostrate geographical, annual,
scasonal and size differences (pitt 1973, Scott 1973, Powles
1965, Minet 1974).  The most frequent prey reported on the
southern Grand Bank are fish species and benthic invertebrates.

In this paper stomach contents from the Tail of the Grand
Bank, sampled on board commercial trawlers, are analysed. The
utilization cof this kind of data has some inconveniences in
comparison with that obtained on research wvessels, since
commercial tows are selected on basis of fish concentrations, and
commercial tows are longer (four hours). The favourable
aspects of commercial samples are that fish are captured
throughout the vyear and during 24 hours a day from relatively
small areas. This kind of data is easily obtained by observers
on board commercial ship.

In this paper, we study little known aspects of feeding in
this species, the feeding behavior in 24 hours cicles, and the
variations in feeding intensity in an annual cycle, important
aspects o©f the predator prey relations and the feeding strategy

of this species.

MATERIAL AND METIODS

Sampling

From July 1987 to Deccember 1989,. 7,302 stomachs of
American plaice with sizes between 40 and 55 ¢m were sampled
{(Table 1). The stomachs coming from the Southern Grand Bank of
Newfounland (NAFO 3N division) were sampled every month excep
March and May; in September only the proportion of empty stomach
was recorded.

The sampling was carried out on board commercial trawlers
which completed five trawls of about four hours every day. The
position, time and depth was rccorded in the tows sampled.

For. each individual, the total length and presence or
absence of stomach contents were recorded, and only those
stomachs with some content were preserved immediately after
capture in 10% buffered formalin(Hunter 1985). The prey were
classified in the laboratory, and weighed to the nearest 0.1 gr

after removing excess moisture with filter paper.




Data processing

The weight of the stomach content was cxpressed as a fullnes
index, obtained by expressing the content as a percentage of' body
weight. Using the size weight relation obtained in June and July,
the weight fullnness index was calculated for all stomach content
and for each prey.

We used three indgces to measure feeding activity, the mean
weight fullnnes index (MWFI}, the percentage of empty stomachs
(PES), and the daily ration (DR).

The changes in feeding activity in a 24 hour cycle were
analysed by grouping the samples into six hour intervals, using
two hours before hauling as a reference time for the tow sampled.
The MWFI and PES were calculated for each interval. The June and
July samples were convined and grouped into four hour intervals
for all <calculations.

The monthly feeding activity was analysed with the means of
the MWFI and PES obtained to group the samples for houres, geting
a values of MWFI and PES representative of the diferent feeding
intensities of the day for each month.

To analyse differences between PES obtained in the 24 hour
and annual cycles, we used a Chi-Square test with a sigrnificance
level of 0.05, and the MWFI was studied with a nonparametric
analysis of variance of Kruskal Wallis (Siegel 1988} ; a

significance level of 0.05 was used.

Daily ration

The daily ration was calculated using Elliot and Persson's
mede; (1978), which assumes continuous fish _feeding, with an
exponential rate of evacuation (R) which is independent of the
fish size, amount of food or feeding frequency, and dependent on
temperature (T) and the kind of prey.

If samples are taken at t hour intervals, the mean stomach
content, expressed as a percentage of body weight (Si) within
wach interval i, is obtained lor a total ol m intervals jit oo 24—
hour period, the daily ratio (DR} can be calculated with the
equation .

DR = (Rt/l-exp (-Rt}} ¥ si (l-exp{Rt)) = 24 SR
Where S = § 5i/m




The rate of evacuation (R} is obtained from the
expression:
R = a exp (bT) (Elliot 1972}

Durbin et al (1983) indicate that the parameter b is almost
constant for different species and prey, with a mean value of
0,115. Parameter a depends on the kind of prey considered; there
are no estimates of a for American plaice. Stomach contents were
classified into fish and non-fish prey, and a value of a obtained
for each group.

From the stomach contents of prey other than fish, mainly
Brittle stars, which have a high proportion of indigestible
material, the parameter a was calculated from the time necesary

to evacuate half the stomach content of ©Qldia sapotilla

(Bivalvia) obtained by MacDonald and Waiwood (1982) in H.

platessoides, Gadus morhua and Macrozoarces americanus. The

value obtained was a = 0.198.

For fish content, mainly A. dubius, the value a =0.0143
obtained by Dwyer et al ' (1987}, for Teragra chalcogramma
(Gadidae), feeding on juveniles of the same species was used.
This value was also used by Yang (1988) for calculating the daily

¢onsumption in Reinhardtius hippeoglossoides.

The temperature {T) was 2.5 C, obtained from the mean
bottom temperature in the Southern Grand Bank in Spring and

Summer 1972-86 (Borovkov 1988}.

RESULTS

The meonthly MWFI for each prey is represented in figure 1,
in this figure we can see a wide variety of prey but only two of
them are important to consider in the annual cycle (Table 2).

These are the Northern Sand Lance (Ammodytes dubius} and the

brittle stars. Capelin (Mallotus villosus) is the third prey
in importance although only present in important quantities in
April.

The presence frequency of each prey is showed in figure 2,
A.dubius and the britle stars continue bheing the more important
prey.

The kind of prey consumed varies seasonaly as show the

figures 1 and 2, A.dubius is consumed in larger amounts and 1is




present more frequetly in the stomachs of spring and summer, and
the brittle stars are more important during winter feeding,

although they are alsoc consumed during the rest of the year.

Daily feeding cycle

In order to analyse the changes in feeding activity in a 24
hoﬁr cycle, we show in figures 3, 4 and 5 the MWFI at different
times for the months with more feeding activity (April, June-July
and August). The MWFI are significantly different in all
wonths, which indicates that during tne dJday feeding activity in
these months is not the same; maximun valucs are obtained between
12-18 hours in April, 20-24 hours in June-July and 18-24 hours in
August.

The PES at different times for the same months are
significantly differents (Fig. 6}, which indicates also that the
feeding activity is not the same during the 24 hours. The
distribution of these values show an opposite tendency to the
MWFI; the lower percentages of empty stomachs coincide with
maximum values of MWFI.

The MWFI at different times for the more 1important prey
(Fig. 3,4 and 5} show behave diferently. A.dubius is always
found in larger amounts in the last hours of the day, M.villosus
in April show the maximum values between 12 and 18 hours,_ and
the brittle stars present in June-July the maximum between 12 and
16 houfs.

The more important prey are not present during all months in
the depth range sampled. To avoid the effect that depth could
have on the results, we reduced the analysis of each prey to the‘
range of depth found each month. The values of the MWFI for
capelin in April in depths between 63 and 120 fathoms are
represented in figure 7. These values are significantly
different, with a maximum value between 12 and 18 hours,

A.dubius in April was present in the samples made between 29
and 88 fathoms, in July in all depths sampled (69-89 f) and in
August between 28 and 37 fathoms. The MWFI of A.dubius for
these depths {(Fig. 8) showed significant differences from the

maximum values before midnight, between 18 and 24 hours in April



and August and between 20 and 24 hours in June-July. The
percentage of stomachs with A.dubius shows the maximum values at
the same hours (Table 3)

Brittle stars in June-July were found at all depths sampled.
(69-8% f). The values (fig-r 7) showed significant differences
with a larger value between 12 and 16 hours, although the trend
is not so marked as in fish. The perccntage of stomachs with
brittle stars and MWFI in February, April, June, July, November
and Deccember show the maximum values between 12 and’ 18 hours
(Table 4).

To test if the differences observed in the MWFI are linked
to the amount of each prey in individual predators, we analyscd
the MWFI for each prey excluding the empty stomachs and the
content of other prey. The result is that A.dubius is present
in april, June-July and August with significant differences
between the MWFI at different times of the day (Fig.9}, the
maximum values were found at lust time of tﬁe day. 1The changes
in the MWFI of A:dubius (all stomachs convined fig. 3,4,5) show
the same trend as the variations of the MWFI based énly on
individuals with this prey,.

In the case of M.villosus in April, and the brittle stars in
June-July (Fig 10), the differences between the HWFI at different
times are not significant, and the changes observed {all stomachs
combined) are due to the pumber of individuals with this prey
{table 5}. ' f

The daily feoding cycle according to these results does not
have the same intensity during throughout the day, and is reclated

to the lind of prey catoen.

Annual feeding cycle
The monthly MWFI is shown in figure 11, The maximum value is
1.19% in April followed by intermediate values in swmer  and
lower values in fall and winter; the minimum is 0.05% in January.
The feeding intensity in relation to the PES (Fig.1l2) shows
Lwo differents periocds, with relatively low values (40%-53%) from

April to September, and an autumn-winter period with values

hetween 77% and 93% of ompty stomachs, indicating a period of low




feeding activity. The maximum PES coincides iﬁ January with the
minimum of MWFI.

The third indicator of the changes in feeding activity is
the monthly DR (Fig. 13). 1Its changes are lees proncunced than
the MWFI but with the same trend, the maximum -is in April with a
consumption of 0.64% of the body weight and the minimun in
January with 0.04%.

These changes in the annual feeding activity of American
plaice, show an cycle with a maximum in spring followed by a
period in summer when the activity is maintained at relatively
high values; feeding is low during autumn and winter, especially

in January when there is almost no feeding activity.

DISCUSSION
The results obtained show that the American plaice on the
Tail of the Grand Bank in the size range analysed (40~-55cm), can

feed on a wide variety of prey, fish (A. dublus and M.villosus)

being the more important followed by brittle stars. This feeding
based on fish was alsoc found by Pitt (1973) 'in his analysis" of
stomachs contents, and by Groot (1969) who studied the proportion
of the different parts of the digestive system.

To compare the values of daily ration obtained with the
Elliot and Persen's model (1978) we approximated the food caloric
content. For this we used a caloric centent of 1.7 Xcal/gr for
fish, as estimated by Pitt (1973) in A.dubius, and a value of 0.4
Kcal/gr for the rest of the prey wich is the mean value ;far
brittle stars of Brawn (1968). The caloric.contgnt obtained is
show 1in figﬁié 14, and is 36% lower than ﬁhe needs stimated by
Mackinon (1972). It should be noted that the mean size of our
samples 1is about ten centimetres larger than the fish studied by
Mackinen, and smaller fish consume proportionately more energy.
The lack of sampling in March and May, months of high feeding
activity, may explain this difference, if we take into accoung
that 28% of the annual food caloric content is obtained in April,
and that wunpublished data show that feedi;g in March in the
Wortheast of the Grand Bank is on fi;h with a level laryer than

obtained by us in April. Samplinq in March and May in this area
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may be necesséry to obtain a more precise evaluation of the daily

ration.

Daily feeding rhythm

The results show that the American plaice anal&sed here do
not feed with the same intensity throughout the day. The
maximun values in summer are at the last time of the day, and in
April between 12 and 18 houres, in the begining this could have
relation with a larger activity at dusk that is before in April
than summer, it being associated the feeding behaviour with the
dayligth intensity; important factor for Grott(1969) that
analysing the development of the senscrial organs conclude that
the American plaice head for its preys guided for the sight.
But when we analyse the behaviocur in relation to its more
important brevs, we c;n observe that is different for cach one,
it being the case more pronounced of A.dubius that in all the
months studied is consumed in larger ammounts at last time of the
day. Scott (1988)  says that A.dubius remains buried during the
day time, as protection against predator going out in the evening
to feed on plankton. Our results show that this is the period
when American plaice feeds most actively on this species.

Capelin presents a pattern of diel vertical migrations
(Bailéy et al. 1977, Kovalyov et al 1973, Dragesund et al 1973).
During the day it is distributed near the bottom layers in rather
dense schools and at night the schools rapidly move upward into
the near surface layers, and dispersed. - These vertical
migrations of capeiin are in relation to‘their feeding activity
{(Vesin et al, 1981}, which 1is more intensive during the
migrations {6-10 hours and 16-22 hours) and less intensive during
the period on the bottom (10-16 h). Our results show that the
American plaice feeds on capelin more intensively between 12 and
18 houres, when this prey is on the bottom in dense schools and
does not feed, resulting more available for the American plaice.

.Brittle stars show 1in all the months analysed maximum
feeding activity between 12 and 18 hours, we do not know a
behéviour of this prey to explain this maximum, but the higher

intensity of ligth may do more availables the brittle stars.




The American plaice studied here has a feeding behaviour
with time flexibilit&, what allows it to cénsuﬁo its preys in
larger amounts when_theyhgre moxe acqessible, being the daiiy
cycle of feeding intensity in relation to the kind of prey that

is eating.

Annual feeding rhythm

The indices wused tc analyse the annual, feeding intensity
show a heavier activity in spring followed by a pefiod of
relatively high cosumption in summer and a weak activity in
autumn, reaching Vthe minimun feeding in winter when there is
almost no activity. This feeding behavicur is consistent with
the energy storage obtained by Mackinon (1972) in the American
plaice from St. Margaret Bay. According tco Mackinon the American
plaice stores energy in summer that will be used in metabolism
and gonad maturation in winter. The observaticns of larger
feeding intensity in April coincide with the lower wvalues of
somatic index and caloric conten£ of the ‘Dody obtained by
Mackinon (1972). The disminution in autumn of the feeding
activity coincide with the maximun values in the somatic index
and caloric content obtained by Mackincn for September.

The seasonal changes of temperature could have an effect on
activity of American plaice, but its variaticns do not show the
same trend as feeding intensity (Trites 1982 and Borovkov 1988),
These changeé in temperature are also low if we take into account
that the American plaice is a species adapted to cold waters and
changes between 1 and 6 degrees do not produce important changes
in metabolic activity (Mackinon 1973). Temperature as
wetabolic regulator Jdo not seemns to ve the determinant factor of
the annual feeding activity.

For Mackinon (1972} a cycle of energy storage for its
postericr utilization is an adaptation to an irreqular
disponibility of foocd. The highest feeding intensity of
American plaice was associated ﬁith a greater consumption of
A.dubius, the catch per successful set of A.dubius in the bottom
trawl surveys carried out by the A.T Cameron, 1959%-80 (Winter

1983) shows a period of high availability between April and
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October, and another of low availability between November and
March. !Thase periods coincide with the greatest and lowest or
null consumpticon of this prey obtained by Pitt (1973} and us in
this study, and it may indicate that there are also a period of
high and low availability of this prey for the American plaice.
Qur results show the American plaice as a species with a
capacity to feed on a wide variety of preys, actuating on them
with time flexibility which allows catch them when they are more
accessible. This accessibility may be the cause of the daily

and annual feeding cycle obtained.
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Table 1. . Characteristics of the sampling (N = number of stomachs
analysed, MS = Mean size, RS = Range of sizes, Max = Maximum
depth, Min= minimum depth, MD= Mean depth).

Month N M3 RS Max Min MD
January 513 44.84 40-55 179 32 72.4
February 403 44.8 40-55 18C 41 70.8
March 0 - - - - -
April 477 45.7 40-55 120 29 66
May 0 - - - - -
June 393 46.7 40-55% 88 70 76.3
July 1790 46.0 40-55 89 69 73
August 929 45.6 40~55 78 28 32.8
September 958 - 40-55 99 37 69
October 448 46,3 40-55 37 32 33
November 660 47.3 40~-55 105 30 55.8
Deccember 773 45.8 40-55 155 33 67.2

Table 2 Annual stomach content (Sum of the monthly MWFI)

A,dubius 3.10 Mollusca 0.11 ,
M, villosus 0.8 Crus.dec., 0.01

Other fishes 0.14 small erus. V.0l

Brittle stars 1.24 Polychaelta G.01

Sea urchins 0.05




- 13 -

Table 3 Percentage of stomachs with A.dubius (%)}, number of
stomach analysed (N}, and 95% confidence interval (95%) in the samples
of April, June-Jly and August.

Time N % 95%

April 0-6 46 45.7 14.86

6-12 66 34,9 11,7

12-18 171 35.7 7.3

18-2¢ 9z 60 10.2

June 0~-4 328 16 4.1
July 4-8 417 11 3
8-12 383 1g 4

12-16 405 5 2.2

16-20 402 13 3.4

20-24 248 25 5.5

August 0-6 161 32.9 7.4

6-12 205 25.9 6.1
12-18 260 36.9 [

18-24 216 42.1 6.7

Table 4 Percentage of stomachs with brittle stars (%), number of
stomachs analysed (N}, 95% ¢f confidence interval (95%) and MWFI
of brittle stars at different times.

Month time N % 958 MWFI
February 0-6 73 9.6 6.9 0.04
6=12 138 17.4 6.5 0.09
12-18 111 29.7 8.7 .15
18-24 81 17.3 8.4 ¢.10
April 0-6 72 4.2 4.7 0.03
6-12 88 16 7.8 0.09
12-18 201 17 5.3 0.12
18-24 ‘116 14 6.4 0.06
June 0-4 © 328 17 4,2 0.12
July 4-8 417 25 4.4 0.16
8-12 383 20 4.1 0.11
12-16 405 47 5 0.26
16-20 402 33 4.7 0.18
20-24 248 35 6.1 0.21
November 0-6 107 0.9 1.8 0.01
6-12 210 7.6 3.6 .08
12-18 202 18.3 5.4 0.21
18-24 141 6.2 4.9 0.08
Deccember 0-6 234 2.1 1.9 0.01
6=-12 198 13.6 5 0.09
12-18 159 24.8 7.3 0.33
18-24 1g2 18.2 6 0.13

Table 5 Percentage of stomachs with Mallotus villosus (%), 95%

of confidence interval (95%) and number of stomachs analysed (N)
in April for depths between 63 and 120 f

ime R % Y5%
0-6 26 7.7 10.5
6-12 51 9.8 8.3
12-18 182 36.8 7.2
18=-24 48 18.8 11.3
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Figure 1. Monthly mean weight fullness index {MWFI) of American
plaice Ffor each prey on the Southern Grand Bank. (A=A.dubius,
M=M.villosus, B=brittle stars, .Cd=Crustacea decapoda, E= hermit

crabs, S5C= Small crustacea, Mo= mollusca. P= pbolvchaeta Su= =sea
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Figure 2. Monthly frequency of presence of each prey in the

stomachs of American plaice on the Southern Grand Bank.
{A=A.dubius, M=M.viilosus, B=brittle stars, Cd=Crustacea
decapoda, E= hermit crabs, SC= Small crustacea, Mo= mollusca, P=

poliqueta, Su= sea urchin).
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Figure 3. Mean weight fullness index (MWFI) of April, at
diferent times, in the total of the stomach contents (TOTAL) and
the partial MWFI corresponding to the more important prey
(A.dubius and M.villosus).
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Figure 4. Mean wejight fuliness index (MWFI) in -June-July, at
different times, for the total of the stomach content {(TOTAL) and
the partial MF1 corresponding to the more important prey
(A.dubius and brittle stars).
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Figure 5. Mean weight fullness index (MWFI) 1in Augqust, at
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‘ for the total of the stomach contents (TOTAL) and
for A.dubius.
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Figure 7. Mean weight fullness index (MWFI) of M.villosus and
brittle stars in April and June-July, at different times, only
for the range of depth where they were found. '
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depths where they were found.
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Figure 9. Mean weight fullness index (MWFI) of A.dubius in April,

June-July and August at different times for the individuals
this kind of prey 1in the stomach content
stomachs and other kinds of prey).
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Figure 10. Mean weight fullness index (MWFI)

of Brittle stars, at
different times,

in June-July for the individuals with this kind
of prey {(excluiding the empty stomachs and other kind of prey).
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Figure 11. Monthly mean weight fullness index (Mwi'l) of American
plaice on the Southern Grand Bank.
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Figgre 12. Monthly percentage of empty stomachs of American
plaice on the Shouthern Grand Bank.
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Figure 13. Monthly dailly ration (D.R)

of American plaice on the
Southern Grand Bank.
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Figure 14. Monthly caloric content estimated for the annual

feeding of American plaice on the ‘Southern Grand Bank.
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