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Diet Composition and Daily Ration Estimates
of Selected Trawl-Caught Fishes
in San Miguel Bay, Philippines’

M.L.D. PALOMARES, L.R. GARCES, Q.P. SIA 1l and M.J.M.VEGA

Abstract

The diet composition of fish caught in San Miguel Bay, Philippines, in April and May 1993 was studied. The diets of
Otolithes ruber, Stolephorus commersoniiand 8. indicusconsisted mainly of zooplankton, primarily crustaceans. The stomach
contents of Leiggnathus bindus was found to consist mostly of detritus and unidentified materials. Daily rations estimated
were: 1.90 g-day for O ruberof 17.3 g mean body weight (BW), 0.078 g-day* for 5. commersoniiof 3.8 g mean BW, 0.062
gday™ for S, indicusof 3.9 g mean BW and 0.56 g-day™ for L. bindusof 7.7 g mean BW.

Introduction

nformation on the daily ration and

dict composition of fish are impor-
tant for the construction of trophic
models of aquatic ecosystems
(Christensen and Pauly 1993). It is still
difficult to obtain this information even
though much research has been done
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on the topic. Most of the models pro-
posed in the past involved laboratory
experiments, requiring special equip-
ment, and the results of such experi-
ments were often biased and/or inac-
curate becausce experimental fish were
under stress. There arc, however,
straightforward modecls of stomach
contents dynamics requiring a mini-

mum of data (e.g., a single 24-hour
cycle of stomach contents) which are
easily obtaincd from field studies.
Moreover, the results are not affected
by stress.

This paper presents the results of a
study of the diet composition and food
consumption of four species of trawl-
caught fishes sampled in San Miguel
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Bay, Philippines, namely the tiger-
toothed croaker, known as alakaak in
the local language (Ofolithes ruben,
the orangefin ponyfish, sapsap
(Leiognathus bindus), Commerson’s
anchovy, dilis (Stolephorus com-
mersonii), and the Indian anchovy, dilis
{(Stolephorus indicus). The daily rations
(R) of these species were estimated
using a computer software program,
MAXIMS, which based its estimate on
analysis of a 24-hour cycle of stomach
contents.

Methodology
Daily ration

Fish were sampled every two hours
over a 24-hour cycle using a “baby”
trawl with a headrope length of 12 m
and a mesh size of 0.9 cm. The trawl-
ing speed at each fishing track was
about 3 knots. The sampling area was
located between latitudes 13°51° and
13°46’ north and longitudes 123°05’
and 123°07’ east at 4.5 to 5.5 m depth
(Fig. 1). The data were obtained over
two sampling days, 27 April 1993
(1000 to 1700 hours) and 24 May
1993 (1800 to 0900 hours). Each haul

lasted 30 minutes. Five individual
similar sized samples for each species
were collected from each haul. A 5%
seawater-formalin solution was
injected in the digestive tract through
the anus and the fish were then stored
in an ice-cold container.

After the last haul of the day, each
specimen was measured and weighed
in a wet laboratory at the field station
in Naga City. Their stomachs were re-
moved and preserved in labelled
bottles with 5% seawater-formalin
solution.

Further analysis was performed at
the laboratory of the University of the
Philippines Marine Science Institute
(UPMSI), Manila. The stomachs were
weighed and then emptied and the
stomach contents (SC) weighed using
an analytical balance. For very small
individuals with minute stomachs, the
stomach contents were weighed by
subtraction, i.e., as the difference of
the weight of the stomach before and
after emptying. Thus, SC = full - empty
stomach. Empty stomachs were re-
corded as SC = 0. It must be noted that
empty stomachs are equally important
in the analysis of daily ration and
should not be ignored nor left unre-
corded.
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Fig. 1. Map of San Miguel Bay, Philippines showing the sampling area (shaded).
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The fish sampled were not always
of similar length. In order to account
for the variability which might be
caused by size differences, all stomach
contents were re-expressed in percent
of the body weight of the fish:

SC

%SC= —- 100 ...l
W )

where W is the total wet weight of the
fish.

The MAXIMS software

Size-specific daily rations (R) were
estimated through the method of Jarre
et al. (1991), using the data presented
in Table 1. MAXIMS computes R, from
estimates of ingestion and evacuation
rates and the feeding times with a choice
of two approaches. Both assume a
simple exponential evacuation rate: one
model is based on a constant ingestion
rate (Model 1) and the other on an
ingestion rate linearly dependent on
stomach fullness (Model II). A nonlin-
ear algorithm is used to vary the param-
eter values in question in order to
minimize the sum of squawed residuals.

MAXIMS can accommodate either
one or two feeding periods per 24-hour
cycle. Our data suggested that the fish
sampled had only one feeding period per
24-hour cycle. The main component of
MAXIMS is an exponential evacuation
model, viz:

8 =8§,exp (-E (i-t)) - 2)

where

S = the stomach contents at time t;

E = the instantaneous evacuation
rate (in hour *);

S, = the stomach contents at the
beginning of a given period; and

t, = the time at the beginning of the
period in question.

As stomach contents are continously
evacuated, the amount of food
evacuated must be subtracted from the
amount of food actually ingested. Thus,
this change in stomach contents is given
for Model I by:

ds/dt=J,-ES w3
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where

§=8 exp (-E (t-t)) +]J /E(1 -exp
(-E (t-t)) 4)

and where
J, = the ingestion rate (g-hour');
$, = the weight of the stomach con-
tents at the beginning of the feeding
period.

The first addend represents the
evacuation of the stomach contents
present before a given feeding period
and the sccond addend incorporates
ingestion and evacuation of the newly
ingested food.

The change in stomach contents
during the feeding period for Model 11
is given by :

ds/dt=], (S, - S) -ES . 5)
where

§=§ exp (CE+],) (t-1)) + S (I -
exp(-(E+ ], ) (t- 1)) .. 6)

and where

J, = an instantancous ingestion rate
(hour');

§,, = the maximum possible weight
of the stomach conlents (g);

S_ = the asymptotic weight of stom-
ach contents which is related to S by:

$.=J,(5,/(,+E). w

During the feeding period, the
stomach contents for both models
increased from §_towards the asymp-
tole ], / Ein Model 1 or S_ for Model 11.
Note that daily ration is computed as
the integral of the ascending part of
the trajectory of stomach contents, rep-

resenting the fecding period. Further |

details on MAXIMS may be found in
Jarre et al. (1990, 1991).

Diet composition

Using a stereomicroscope, stomach
contents were sorted into major foed
groups/taxa (e.g., crustacean, fish,
plankton). These werc weighed to the
nearest 0.0001 g using an analytical
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balance. The percentage frequency of
occurrence (a measure of regularity of
inclusion of major food groups in the
diet of the fish samples) and percent-
age volume (bulk of the major food
items in the stomach) were obtained.
The overall relative importance of each
major food group in the dict was as-
sessed using the index of relative im-
portance (IRI) with respect to both
measures (Gomez et al. (unpublished);
Garces 1988):

IRI = (% frequency of occurrence) -
(mean % volume) . 8)

Results

Fish sampled

Four out of 13 species caught from
San Miguel Bay were represented in
over 50% of the sampling hauls. These
arc Oftolithes ruber, Leiognathus
bindus, Stolephorus commersonii and
Stolephorus indicus. Their character-
istics are summarized in Table 1.

Diet composition

The food items identified from the
stomachs of the four species sampled
in San Miguel Bay included crustaceans
(isopods, amphipods, malacostracan
larvae, caprellids, penaeid shrimp lar-
vae, mysid larvae), soft-bottom orga-
nisms (annelid worms, polychaete
worms, sponges) teleosts (anchovies,
fish eggs and larvae), and plants
(cladophoran algae) and fine sand. The
dict of O. ruber was dominated by
crustaceans with a mean volume of
45.6% and occurrence of 57.8%. Simi-
larly, the diet of S commersonii was

also dominated by crustaceans with a
mean volume of 41.5% and occurrence
of 55.6%.

S. indicus was found to ingest
plankton and crustaceans with mean
volume of 21.3% and 22.2%, and fre-
quency of occurrence of 38.5% and
12.8%, respectively. Plankton was
found to be more important in its diet
than crustaceans. L. bindus stomachs
generally contained partly digested
items which were difficult to classify.
Table 2 summarizes the results of the
stomach contents analysis.

Daily ration estimates

Table 3 presents the statistics esti-
mated using MAXIMS from the data
given in Table 4. Model Il in MAXIMS
was found to fit the trajectories of the
stomach contents of all four species
(Fig. 2).

Discussion

All of the four trawl-caught spe-
cies from San Miguel Bay fed on zoo-
plankton and fish, which matched the
results reported by other authors. O,
ruber, a demersal species, is known to
be highly carnivorous (Pillai 1983). Its
postlarval and juvenile stages arc sur-
face zooplankton feeders (Vaidya
1960), with dicts consisting mainly of
Acetes and mysid shrimps (Bal and
Bapat 1949; Venkataraman 19260;
Basheeruddin and Nayar 1961; Nair
1980). The adults fed near the sub-
strate, mainly on teleosts, shrimps and
cephalopods (Vaidya 1960; Nair
1980). L. bindus feceds mainly on zoo-
plankton, fish larvae and nematodes
throughout its life (Guarin 1991). Both
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- Table 2. Mean percentage volume, frequency of occurfence and ﬁidsﬁ_‘pfralniﬁe imi:qriance :
~of the major food items for four trawl-caught fish species in San Miguel Bay, Philippines, .

- ey

Major food ftems  Mean volume (%) Frequency of " Index of relative - Rank
i e - oceurrence _.importanca
| “Fish 216 ‘1.1 240 3
! Crustaceans - 456.6 - 678 2633 - 1
i Others’ 20.4 166 318 ’ 2
L. bindus ' ‘
| Crustaceans 7.2 8 7S] © 2
‘ Others 46.1 40.0 184 1
. S, comniersonii 8 C o
| Fish 12.7 1.9 3 3
. Crustaceans 415 55.6 2304 1
* Others. 23.1 11.1 256 2
8. indicus ‘
. Crustaceans 22.2 12.8 284 2
© Plankton 213 88.6 820 1

— -

. Table 8. Daily ration estimates and parameters of stomach contents dynamics obtained for four trawl-caught
fish species in San Miguel Bay, Philippines using the MAXIMS software. o

Parameter Model 1 Coo Model 1l
L. bindus SMB- | L. hindus * Q. ruber S. commersonii 8. indicus
Ingestion rate (hour?) 0.307 0.016 0.057 0.005 0.079
Evacuation rate (g-hour?) 0.204 0.322 0.054 0.270 0.072
Asymp. stom. cont. (% weight) - 0.198 1.54 134 - 0.587
Feed began (hour) . " 16:30 17:30 16:87 '15:01 15:70
i Feed'ended thour) 4:68 2:00 08:11 11:80 - 2:06
| Ry(gdayd ' 0.105 0.566 1,86 0.078 0.082
: 8SR - 0.0369 0.020 0.042 0.161 0.026

species of Stolephorus are pelagic
zooplankton feeders, feeding mainly
on crustaceans, such as copepods and
shrimps (Whitehead et al, 1988).
The cstimates of rations for the four
species appear rcasonable, although
considerable portions of the 24-hour
cycles for O. ruber (between 1000 and
1500 hours), L. bindus (between 1800
and 2400 hours) and S. indicus
(between 1000 and 1500 hours) were
missing. In the case of O ruber, the
available data points used for fitting
the trajectory represent the ascending
phase (feeding period); the missing
stomach contents data were presumed
fo represent the downward phasc, i.c.,
the nonfeeding period. Thus, a noctur-
nal feeding activity and a daytime rest-
ing phase could be inferred. It is
possible that O. ruber was not repre-
sented in any of the daytime samples
because being demersal (Navaluna
1982), it may have followed the
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. Results from eombinéd data sets of Guarin (1981) and this study.

marked tidal movements in the bay,
migrating daily into the deeper waters
at the center of the bay toadepth of 9 m
(Minesctal. 1982). Sampling hauls were
consistently done on the shallower coast
down to 5 m along the southweslern
portion of the bay (see Fig. 1).

The L. bindussamples (Table 4) rc-
presented the nonfeeding period, since
the fish were not caught during the
feeding period. Murty (1986) reported
that at nighttime, L. bindus usually
stays 6- 15 m above the sca bottom in
waters of 21-35 m depth. As
zooplankton feeders generally follow
the nighttime upward migration of
zooplankton (Longhurst and Pauly
1987), it is likely that L. bindus stays
near the water surface at night. Since
the bottom trawl used in this study had
a vertical opening of about 2 m, it
would have been difficult to catch any
fish swimming above 2 m in waters 5-
6 m deep.

A previous study by Guarin
(1991), which confirmed the
nocturnal feeding activity hypothesis
for this specics, reported a daily ra-
tion of 15% of BW for L. bindus of
12.6 g. A diurnal cycle with two
feeding phases was assumed which
probably overestimated R,. On the
other hand, this study’s value of
3.71% of BW for fish of 2.83 g based
on an incomplete data set would have
bech an underestimate, Combining
the two sets of data, a daily ration of
7.2% of BW for a mean weight of
7.71 g could be obtained (sce Fig. 2)
which is probably a morc accurate ¢s-
timatc than cither of the two previous
estimates.

The data for S, indicus are incom-
plete and the daily ration may be un-
derestimated although this is not
much lower than that for &
commersonii for which the cycle was
complete.
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Fig. 2. Daily ration estimates for the four species of fish caught over a 24-hour cycle in San Miguel Bay, Philippines. Note

that the data used for L. bindus are a compasite of Guarin (1991, in squares) and this study (in circles).
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