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Abstract

The first evaluations of the daily ration and population food consumption of four Sciaenid fish, under natural conditions for the Brazilian
south-western Atlantic shelf (23°35'S, 45°00'W) are presented. The average daily ration ranged from 4.38 to 12.92 % body mass (90%
confidence interval) for the juvenile shortfin corvina (Isopisthus parvipinnis), from 0.41 to 5.52 % body mass (90% confidence interval) for the
juvenile shorthead drum (Larimus breviceps) and from 3.14% to 3.15% body mass for the juvenile whitemouth croacker (Micropogonias
Jfurnieri). Juveniles of the banded croacker (Paralonchurus brasiliensis) showed higher estimates (2.58-2.60% body mass) than those for the
adults (1.2-1.84% body mass). The mean food consumption rate of the population was estimated at about 11 and 8 year™", respectively, for the
whitemouth croacker, and banded croacker, corresponding to a gross efficiency of 13 and 10%. The estimates of daily ration were related to the
feeding habits as well as to size of the fish, and probably to their specific energy budget. Estimates of population food consumption are related

to population structure.
© 2003 Edition scientifiques et médicales Elsevier SAS and Ifremer/CNRS/IRD. All rights reserved.

Résumé

Ce travail présente la premiere évaluation de la ration quotidienne et de la consommation de quatre Sciénidés étudiée sur le plateau
continental au large du Brésil (23,35°S ; 45,00°0). La ration quotidienne moyenne varie entre 4,38 et 12,92 de masse corporelle (90 %
d’intervalle de confiance) Isopisthus parvipinnis, entre 0,41 et 5,52 pour le juvénile de Larimus breviceps et de 3,14 a 3,15 pour le juvénile de
Micropogonias furnieri. Les juvéniles de Paralonchurus brasiliensis présentent les valeurs plus élevées (2,58 a2,60 % de la masse corporelle)
que celles des adultes (1,2 a 1,84 %). Les taux moyens de consommation de nourriture de la population sont estimés respectivement a 11 et 8
années pour Micropogonias furnieri et Paralonchurus brasiliensis, ce qui correspond a des efficiences brutes de 13 % et 10 %. Les rations
journalieres dépendent autant de 1’habitat que de la taille du poisson et, probablement, de leur budget énergétique spécifique. Les estimations
de la consommation sont liées a la structure de la population.
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1. Introduction to describe the daily ration of fish (e.g. Héroux and Magnan,
1996). This is a basic requirement to calculate the amount of
food ingested by a population over a period of time relative to
its biomass, and is one of the most difficult parameters to
— . estimate. Much effort has expended in this measurement
* Corresponding author. .
E-mail address: Isoares@usp.br (L.S.H. Soares). because several ecological processes depend on the amount

A review of the literature has shown that in the last years
numerous studies have been undertaken, for many purposes,

© 2003 Editions scientifiques et médicales Elsevier SAS and Ifremer/CNRS/IRD. All rights reserved.
doi:10.1016/S0399-1784(03)00045-8



504 L.S.H. Soares / Oceanologica Acta 26 (2003) 503-509

of food consumed in nature. Although the objective is to
arrive at an annual rate of food consumption for a given
population of fish in a natural body of water, this has in fact
only been achieved a few times according to Gerking (1994).

Studies are carried out in many cases for the purpose of
analyzing fisheries on a multispecies basis (Sissenwine and
Daan, 1991), as well as for the purpose of modeling the
ecosystem (e.g. Christensen and Pauly, 1992).

The Brazilian shelf ecosystem off the northern part of the
coast of the Sdo Paulo state (23°35'S, 45°00'W), in the
south-western Atlantic, has been intensely studied since
1985, for the main purpose of describing the structure and
functioning of a sub-tropical ecosystem. As a result, a sim-
pler model (Rocha et al., 1998) and a more detailed model
(Rocha, personal communication) have already been con-
structed for that ecosystem. However, as data on the food
consumption of fish were unavailable, the researchers used
parameters estimated by the use of an empirical model.

The purpose of this present study is to contribute to the
feeding ecology of the Sciaenid fish Micropogonias furnieri,
Paralonchurus brasiliensis, Isopisthus parvipinnis and Lari-
mus breviceps in a sub-tropical system, describing their rate
of gastric evacuation, daily ration and population food con-
sumption (Q/B), in order to contribute to the modeling of the
ecosystem and to fisheries management on a multispecies
basis.

The Sciaenid fish species constitute the most abundant
family of the soft-bottom demersal fish community on the
shelf ecosystem under study (Rocha and Rossi-
Wongtschowski, 1998). The key components P. brasiliensis
(banded croacker), M. furnieri (whitemouth croacker),
L. parvipinnis (shortfin corvina) and L. breviceps (shorthead
drum) are associated with the warmer waters in this system.
The croackers are believed to play an important role in the
trophic flow based on detritus, and the drums in that based on
phytoplankton (Soares, 1989; Amaral et al., 1994; Soares and
Vazzoler, 2001).

The whitemouth croacker is of significant commercial
value on the southern and southeastern Brazilian coast, and
the banded croacker is fished in smaller proportion (Hai-
movici et al., 1997). The other two species are commercially
exploited as bycatch of the bob shrimp fishery (Rodrigues
and Meira, 1988).

There are several studies on the diet composition of the
species under study. Field studies on diel feeding are fewer
(Figueiredo and Vieira, 1998a; Manickchand-Heileman and
Ehrhardt, 1996; Soares and Vazzoler, 2001). Data on evacu-
ation rate are available for the croackers (Kurtz, personal
communication; Figueiredo and Vieira, 1998b), but informa-
tion on food consumption is only available for the white-
mouth croaker (Manickchand-Heileman and Ehrhardt,
1996). This is the first attempt to evaluate the daily ration and
population food consumption of these species under natural
condition in the south-western Atlantic.
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Fig. 1. The sampling locations on the southeastern Brazilian shelf off
Ubatuba.

2. Material and methods
2.1. Study area

The study site is located on the inner platform of the
coastal system off Ubatuba (23°35'S, 45°00'W), Brazil
(Fig. 1). Different water masses are present in this area
during summer and winter. During summer, there is a two-
layer vertical stratification due to the seasonal thermocline:
the upper layer consists of warmer and less saline Coastal
Water (T = 22-24 °C; S = 35-35.4) and the lower of colder
South Atlantic Central Water (T = 14-15 °C; S = 35.6-35.8).
During the winter, only Coastal Water is present on the inner
shelf (Castro and Miranda, 1998).

2.2. Sampling

Fish were sampled during a 24-h period from 4 to 5
September 1987, at a 26 m deep station close to 23°31.5'S
and 45°1.5'W, on the Brazilian shelf off Ubatuba (Fig. 1).
Fish samples were collected with a 9.7 m bottom trawl lined
at the cod end with 25-mm mesh. Eight consecutive 30-min
hauls were carried out at approximately 3-h intervals. The
time intervals 07:01-18:00 and 18:01-07:00 h were defined
as day and night, respectively. The fish were immediately
stored on ice on board the vessel, and taken to the laboratory
within 3 h after being caught and put in the freezer where
they were kept until processing.

2.3. Laboratory methods

Fish were thawed out in the laboratory and the total length
to the nearest 1 mm, the total body mass to the nearest 0.1 g
and stomach content mass to the nearest 0.01 g were mea-
sured and recorded for each specimen. Specimens with signs
of stomach regurgitation were excluded from the analysis.
The stomachs were removed and preserved in 10% buffered
formalin solution.

2.4. Data analysis

The stomach contents of 248 banded croacker, 132 white-
mouth croacker, 95 shortfin corvina and 59 shorthead drum
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Table 1
Collection time, number (n) and size range of P. brasiliensis, M. furnieri, I. parvipinnis and L. breviceps sampled during 24-h period. Temperature: 20.2 °C
(S.D.=04°0C)
Species (common name) Time (h) (n) Lengthrange Mass Av.
Number (mm) (5.D.) (2)
07:11  09:09 13:05 15:08 18:41 21:05 24:37 03:03
P. brasiliensis (Banded croaker) Juv. 40 4 40 18 33 20 26 9 190 70-161 14.2 (0.6)
Ad. 15 2 12 10 8 6 5 0 58 162-217 52.3(2.5)
M. furnieri (Whitemouth croaker) Juv. 32 1 18 26 26 8 21 0 132 59-184 27.5(1.1)
1. parvipinnis (Shortfin corvina) Juv. 10 5 17 17 15 11 5 15 95 57-124 4.6 (0.3)
L. breviceps (Shorthead drum) Juv. 20 2 3 8 13 5 6 2 59 58-100 5.92.0)

Juv., juvenile; Ad., adult.

specimens were examined (Table 1). The daily food intake
was studied for juveniles and adults of the banded croacker
and for juveniles of the other three Sciaenid species.

Stomach content mass was expressed as a percentage of
the total body mass (%BM). Daily ration was estimated by
the use of two commonly used models (Gerking, 1994;
Cortés, 1997), suggested as being the most suitable for in situ
estimates of daily food consumption. Eggers’ model (Eggers,
1979) was used to compute daily ration, according to Héroux
and Magnan’s (1996) conclusion for in situ determination,
using Maxims software (Jarre-Teichmann et al., 1992). Fur-
thermore, this model has widely been found appropriate for
species feeding on small-sized food items as is the case in
this work. The formula is: R; = avg(W)R 24 h.

The daily ration was also estimated using the Elliott and
Persson’s (1978) model, which is based on the sequential
evaluation of the quantity of food consumed between each
sampling period defined as: C,; = (W, — W, e *)Rt/(1 —e ™),
where W, and W, are the mean amount of food (%BM) at the
beginning and at the end of the time interval, and R is the
instantaneous rate of gastric evacuation (h™"). The daily ra-
tion is then computed as the sum of the amounts consumed
over a 24-h period, i.e. R, = >; C.

1

The in situ stomach evacuation rates of shortfin corvina
and shorthead drum were calculated from the reduction of
the stomach contents during periods defined as non-feeding
periods, by the computer program Maxims “partial model”
(Jarre-Teichmann et al., 1992). This model is expressed as: S,
=S, e, where S|, is the amount of food at the beginning of
the time interval, S, is the amount of food at time 7 and E the
evacuation rate (in h™' units).

Daily rations of the two above species were also estimated
based on the 90% confidence interval of evacuation rates.

For the banded croacker and whitemouth croacker, data on
banded croacker evacuation rates obtained from laboratory
experiments were used (Reyna-Kurtz, personal communica-
tion), because they showed no diel pattern in the stomach
content trajectory over a day and hence the rates could not be
estimated. Although the evacuation rate for whitemouth
croaker was available for a lagoon system (Figueiredo and
Vieira, 1998b), that for the banded croacker was used due to
the higher similarity of its diet to that of the whitemouth
croaker in the system under study.

The rate of population food consumption Q/B (in per time
units), the number of times a population consumes its own
weight, was estimated with Maxims software (Jarre-
Teichmann et al., 1992) based on the gross food conversion
efficiency and growth parameters using a version of Pauly’s
(1986) model, in which:

1,

‘max

dw/dt )N,

Kl(t)

lr
O/B = food consumption/biomass = —;

‘max

f W, N, dt

I/

where 1, is the age at entry, and 7,,,,, the age of exit from the
population, N, the population size, K, the gross food con-
version efficiency at age ¢, and W, the weight at age #. Q/B is,
then, the number of times the population in question con-
sumes its own weight, per year. Fish are assumed to follow
the von Bertalanffy function (VBGF).

The Q/B equation was originally derived from estimates
of gross food-conversion efficiency, defined for a given range
of size and a given time interval as Kl = growth
increment/food consumed and generalizing it, the rate of
food consumption = growth rate/K1.

The gross food conversion efficiency is assumed to de-
pend on weight (W) according to equation K1 = 1 — (W/W,,)’,
where the asymptotic weight (W,,) is the mean weight of
extremely old specimen in a population of fish growing
according to VBGEF, The equation above implies that K1
approaches 1 as W approaches 0. B, as defined in the above
formula, express different values of K1 combined with an
estimate of W,, pertaining to a natural population of fish.

Eggers’ daily ration estimates were used for population
food estimation, in accordance with Héroux and Magnan’s
(1996) conclusions. The growth and mortality parameters,
available for Ubatuba system, estimated by Soares (unpub-
lished data), Peria (personal communication) and Pinter (per-
sonal communication) were used for the estimation of the
population food consumption of shortfin corvina, banded
croacker and whitemouth croacker, respectively. This rate
was not estimated for shorthead drum because the required
parameters were not available for this species.
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Fig. 2. Time trajectory of stomach contents of juvenile I. parvipinnis (short-
fin corvina) sampled during 4-5 September 1987.

3. Results

The trajectories of the stomach content fullness are shown
in Figs. 2-5. Shortfin corvina presented the highest stomach
fullness values during the morning and afternoon (Fig. 2) and
shorthead drum from early evening to around midnight (Fig.
3). Neither the banded nor the whitemouth croacker showed
any clear pattern of diel periodicity of food intake (Figs. 4
and 5). Shortfin corvina (Fig. 2) had the largest and the
banded croacker the smallest range and values of fullness
(Fig. 5).

Table 2 shows the estimated evacuation rate, the period of
gastric evacuation and the daily ration for shortfin corvina
and shorthead drum juveniles. The non-feeding interval of
shortfin corvina (7 h) began in the afternoon and ended
during the evening. For shorthead drum it began in the
evening and lasted 12 h. The estimates of total daily intake
obtained by two methods ranged from 4.38% to 12.92%
confidence interval for shortfin corvina, and between 0.41
and 5.54 for shorthead drum.

For both croackers the estimates obtained using the two
methods were closely similar. The daily ration estimates
ranged between 2.58% and 2.60% for the juvenile banded
croacker (60-161 mm) and between 1.82% and 1.84% for the
adults (162-217 mm) (Table 3). For juvenile whitemouth
croacker the daily rations varied from 3.14% to 3.15%.
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Fig. 3. Time trajectory of stomach contents of juvenile L. breviceps (shor-
thead drum) sampled during 4-5 September 1987.
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Fig. 4. Time trajectory of stomach contents of juvenile M. furnieri (white-
mouth croacker) sampled during 4-5 September 1987.

Table 4 gives our estimates of the croacker and shortfin
corvina annual population food consumption as well as their
population growth and mortality parameters. The food con-
sumption (Q/B) of the whitemouth croacker population was
11 year™', or 3% day™', yielding a gross efficiency (ratio of
production to consumption) of 9.9%. The banded croacker
population’s estimated consumption was a little lower (Q/B =
8.3 year';2.3% day ") than that of the whitemouth croacker,
but the gross efficiency was higher. Shortfin Corvind showed
the highest value of Q/B (15.5-45.8 year' 90% confidence
interval) and the lowest gross efficiency (2.3-6.9%).
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Fig. 5. Time trajectory of stomach contents of juvenile (above) and adult P.

brasiliensis (banded croacker) sampled during 4-5 September 1987.
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Table 2

Estimates of evacuation rate (h™") and daily ration (% body mass per day) of 1. parvipinnis and L. breviceps

Species Evacuation rate df. 7~ Daily ration (% body wet mass per day)

Nonfeeding interval (h) Evacuation rate (h™), 90% Eggers (1979), 90% CI Elliott and Persson (1978),

CI 90% CI

I. parvipinnis ~ 15-22 0.073 1 0.99* 440 4.38
0.144 8.67 8.65
0.215 12.95 12.92

L. breviceps 20-8 0.015 2 0.83** 041 0.41
0.108 2.98 2.97
0.201 5.54 5.52

* Significant, P < 0.05.
** Significant, P < 0.10.

4. Discussion and conclusion the juveniles of which presented a higher ration (1.4x) than
that of the adults. This is in accordance with the results of the

The rate of food consumption is determined by the avail- oxygen consumption tests performed for this species in the
ability of food and the motivational state of the fish. It is laboratory (Phan et al., 1993).
affected by temperature and other abiotic factors, by body
size and by the physiological condition of the fish (Wooton, The daily rations estimated for the juveniles of the two
1995). croacker species are of the same order of magnitude, and are

Temperature has an important effect on the food intake of probably related to their similar energy expenditure, which is
fish belonging to different climate zones, having the greatest expressed by a similar body morphology as well as in a
effect on the metabolic rate in exothermic animals. Our similar diel feeding pattern and similar food habits. They are
estimates of the daily rations of the four Sciaenid species both benthic feeders feeding mainly, according to many au-
ranged from 1.8% to 10% BM, which are, on average, within thors, on polychaetes (e.g. Soares and Vazzoler, 2001, and
the range of the values of tropical fish, according to the references cited there).
figures given by Pandian and Vivekanadan (1985) in plotting A very similar value (3.4% BM) to that of our juvenile
data on 44 temperate and tropical fish species. This is in whitemouth croacker estimates was found as an optimum
accordance with the bottom water winter temperature in the daily ration for juveniles (13—16 cm TL; 32-45 g TM) of this
system under study around 20 °C. species at 15.0 = 1.4 °C, in a laboratory experiment by

The general pattern of the daily ration per unit fish mass, Aristizabal-Abud et al. (1992). For the larger sized female
which decreases with the mass (Calow, 1985), could be specimens (29.1-54.3 cm total length) from Trinidad, West
registered in this study as in the case of the banded croacker, Indies, Manickchand-Heileman and Ehrhardt (1996) also
Table 3
Estimates of daily ration (% body wet mass day™') obtained for P. brasiliensis and M. furnieri. Evacuation rate, E = 0.126 h™' (Kurtz, 1993)

P. brasiliensis M. furnieri
Juveniles Adults Juveniles
Eggers (1979) 2.60 1.84 3.15
Elliott and Persson (1978) 2.58 1.82 3.14
Table 4
Estimation of population food composition based on size-specific daily rations from stomach contents sampled at sea
Parameters M. furnieri * P. brasiliensis ® 1. parvipinnis ©
90% CI

W, 3330 277.88 99.81
K (year™) 0.26 0.32 0.3
b 3.151 3.423 3.291
p 0.0573 0.0527 0.0296 0.0126 0.0098
Z (year™") 1.10 1.10 1.07
W, (2) 12 1.0 0.5
Winax (8) 93.44 155 17.3d
Q/B (year™) 11.11 8.32 15.5 30.65 45.77
O/B (% daily) 3.04 2.28 4.25 8.39 12.54
G.E. (%) 9.90 13.26 6.9 3.5 2.3

“ Pinter (personal communication).

® Peria (personal communication).

¢ Soares (personal communication).

9 Max. weight of the juvenile specimens in the sample from observed population.
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reported a similar value (3.45% BM), based on field data.
Besides geographical and oceanographical variations, this
last result can be related to the higher gastric evacuation rate
estimated by the authors (0.27 h™') and to the different diel
feeding pattern presented by that population.

The juveniles of shortfin corvina, a pelagic feeder (Soares
and Vazzoler, 2001), showed the highest daily ration values.
This is in accordance with the literature, which has reported
higher energy expenditure and consequently higher con-
sumption for pelagic fish (e.g. Pauly, 1989; Sambilay, 1990).
Nevertheless, for the juveniles of the shorthead drum (Soares
and Vazzoler, 2001), the diet of which is similar to that of the
shortfin corvina, the estimated rations are close to those of
the croackers, which can be related to a specific energy
budget.

The Q/B of the three species estimated in this work are
within the range of the 75 values for 56 temperate and
tropical marine species found by Pauly (1989) in the scien-
tific literature. Their location within the range shows again
the effect of temperature on population food intake, since
only above 20 °C there is a greater variance, including values
similar to those for the shortfin corvina (Q/B = 30.7 on a
average). The highest value for the shortfin corvina can be
related to water temperature, ontogenetic phase of the juve-
nile population, as well as to its energy expenditure as a
pelagic predator. The higher Q/B of the whitemouth croacker
as compared to that of the banded croacker can be explained
by its population structure, mainly composed, in the system
under study, of juveniles (Rocha and Rossi-Wongtschowski,
1998).

Although low, the gross efficiency rates of the croacker
species are within the 10— 25% range considered by Brett and
Groves (1979) for juvenile fish prior to maturity, and are of
the same order of magnitude as the available estimates for the
whitemouth croaker (Aristizabal-Abud et al., 1992;
Manickchand-Heileman and Ehrhardt, 1996). The estimated
gross efficiency of the shortfin corvina was very low, but
considering the confidence interval there is in the range
between 5% and 30% available for fish (Christensen et al.,
2000).

The Q/B, and consequently G.E. estimates are in depen-
dence on mortality rate and VBGF parameters used in the
calculation. The published data on these parameters for the
croackers are in range of the used data here (Frose and Pauly,
2003). The low values could been resulted from the W, ..
values used, which in the case of whitemouth croacker and
shortfin corvina were those obtained from the juvenile popu-
lation of Ubatuba system.

The estimates of daily ration were related to the feeding
habits as well as to size of the fish, and probably to their
specific energy budget. Estimates of population food con-
sumption are related to population structure. The data ob-
tained should contribute to our rather limited knowledge of
the food consumption of tropical marine teleosts and be
useful in the modeling trophic interactions of the marine
ecosystem of the sub-tropical south-western Atlantic.
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