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Feeding habits of two sillaginid fishes, Sillago sihama and

S. aeolus, at Sikao Bay, Trang Province, Thailand
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Abstract : The feeding habits of juveniles and adults of two sympatric sillaginid fishes, Sillago
sthama and S. aeolus, were examined on the basis of 892 (127 juveniles and 765 adults) and 734
(159 and 575) specimens, respectively, collected from the sandy bottom at Sikao Bay, Trang
Province, Thailand, from May 2003 to April 2004. The diets of juveniles (<130 mm in standard
length) of both species changed progressively with increasing body size, with a shift from cap-
turing small zooplankton, such as calanoid copepods, to larger benthic prey, such as
polychaetes, shrimps, and crabs. The latter three items were also the most important prey of
adults of the two species, together constituting >70% of stomach contents by volume. Pro-
nounced seasonal changes in adult diet were not detected in either fish species. In addition, con-
siderable overlaps of juvenile and adult diets between the two coexisting Sillago species were
found during the study period, indicating that there may be little or no competition between

them at Sikao Bay.
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1. Introduction

Sillaginidae is a commercially and recrea-
tionally important fish family in many re-
gions, two species, Sillago sthama and S.
aeolus, being widely distributed throughout
coastal waters in the west-central Pacific and
Indian oceans (McKay, 1999). In Sikao Bay,
Trang Province, Thailand, our preliminary ob-
servations indicated that these two species were
the most dominant sillaginids, coexisting in
shallow sandy areas throughout the year.

Despite their abundance and popularity as
food fishes, little is known about the feeding
habits of S. sthama and S. aeolus, except for
studies of the former from Taiwan (Lzg, 1976)
and North Queensland, Australia (GUNN and
MILWARD, 1985). Studies on the feeding habits
of juvenile and adult sillaginids should be use-
ful for understanding the overall ecology of
sillaginids and determining future manage-
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ment strategies.

The objectives of the present study were (1)
to describe the stomach contents of juvenile and
adult S. sithama and S. aeolus, (2) to clarify
dietary differences among different size classes
of juveniles of each species, (3) to determine
monthly changes in the diets of adults of each
species, and (4) to compare feeding habits be-
tween the sympatric congeners.

2. Materials and Methods

The study site, Sikao Bay (7°30° N, 99° 13" E),
opening broadly to the Andaman Sea, 1s located
in Trang Province on the southwest coast of
Thailand. It is a large-sized bay, with a length
and mouth width of approximately 40 km and
30 km, respectively. The bay has a relatively
flat sand surface with several small rocky reefs
along the coast. Maximum water depth is
about 20 m.

Sikao Bay has relatively short dry (January
to April) and long rainy (May to December)
seasons. Salinity in the sampling area was es-
sentially marine. Watler temperatures at a
sandy beach (Rajamangala Beach) at Sikao
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varied from 27.0 to 30.9 °C, but no seasonal
trends were apparent.

Individuals of Sillago sihama and S. aeolus
of 130 mm in standard length (SL) or more
were defined as adults, following histological
examination of the gonads. To examine sea-
sonal dietary differences, adults of the two spe-
cies were collected monthly from gill net
fishery landings conducted within Sikao Bay
from May 2003 to April 2004. Gill nets (500 m
wide, 1 m deep, and 25 mm X 25 mm square
mesh) were set primarily on the sandy bottom
in the central area of the bay (water depth
about 15 m) between 05:00 and 07:00 hours, and
retrieved between 09:00 and 10:00 hours. Both
species were collected during the same gill net
operations.

To clarify ontogenetic dietary shifts, most
juveniles (<130 mm SL) of the two species were
captured from Rajamangala Beach using a
small seine net (10 m wide, 1 m deep, and 1 mm
X 1 mm square mesh with a 4.5 m long central
purse-bag). Sampling was conducted monthly
at flood tide (water depth about 1 m) between
6:00 and 9:00 hours from December 2003 to Feb-
ruary 2004, when juveniles of both species were
abundant. Some large juveniles (101-129 mm
SL) collected from gill net fishery landings
during the above three months were added to
the juvenile samples. Juvenile specimens were
pooled for each month for dietary analysis. Im-
mediately after collection, adult and juvenile
specimens were preserved on ice.

In the laboratory, within 4 hours of collec-
tion, SL and body weight were measured for
each adult and juvenile specimen to the nearest
1 mm and 0.1 g, respectively. Juveniles were
sorted into 5 size classes (<10 mm SL, 11-40
mm SL, 41-70 mm SL, 71-100 mm SL, and 101
129 mm SL), although no specimens were in-
cluded in the 71-100 mm SL size class.

Food items from the stomach contents of
each specimen were identified to the lowest pos-
sible taxon and the percentage volume of each
in the diet visually estimated under a binocular
microscope, as follows. Initially, the stomach
contents were squashed on a slide glass with a
I mm X 1 mm grid to a uniform depth of 1
mm, and the area covered by each item meas-
ured. The measured area was then divided by

the total area of the stomach contents in order
to calculate the percentage volume of that item
in the diet (HormNoucHI and Sano, 2000;
NAKAMURA et al., 2003). Food resource use was
expressed as mean percentage composition of
each item by volume (%V), which was calcu-
lated by dividing the sum of the individual
volumetric percentage for the item by the num-
ber of specimens examined (HoBsoN, 1974;
SANO et al., 1984). Specimens with empty guts
were excluded from the analysis.

To measure the degree of feeding intensity of
each adult in each species, the Stomach Full-
ness Index (SFD) was used:

SFI = [SCW/ (BW—SCW)] X 100,

where SCW is a weight of stomach contents
and BW is a fish body weight. Specimens with
empty stomachs were included in the compari-
sons of mean SFI among months and species
(S. sihama and S. aeolus).

A two-way analysis of variance (ANOVA)
with unequal replication (ZAR, 1999) was used
to test (1) for species and month effects on per-
centage composition of main food items in
adults and (2) for species and body size effects
on percentage composition of main food items
in juveniles. Prior to the analyses, homogeneity
of variances was improved by transformation
of data to arcsin vx. If the ANOVA results in-
dicated significant treatment effects (P<0.05),
the Gabriel test was used to determine which
means were significantly different. If ANOVA
revealed a significant interaction between spe-
cies and month for adults or between species
and body size for juveniles, a one-way ANOVA
and post-hoc Gabriel test were used to compare
the mean of one factor separately at each level
of the other factor and vice versa (UNDERWOOD,
1997). Some ANOVA results are not presented
in the present study because of space limita-
tions.

3. Results
3.1 Juveniles

Of the 127 stomachs of juvenile Sillago
sthama, 117 individuals contained food items,
10 (8%) being empty. Among 159 stomachs of
juvenile S. aeolus, 133 contained food 1tems, 26
(16%) being empty.
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Table 1. Percentage volume (%V) of food items in the diets of juvenile Sillago

sthama and S. aeolus.

S. sthama S. aeolus
Food items %V BV
Copepods 47.2 38.2
Polychaetes 33.5 26.1
Decapods
Shrimps 5.0 11.1
Crabs 2.3 3.2
Hermit crabs 0.9 0.9
Mud lobsters 0.8 0.3
Larvaceans 4.0 44
Fish 3.0 1.6
Trumpet worms 1.6 5.8
Arrow worms 0.7 0
Ostracods 0.3 +
Molluscs + 1.2
Amphipods + 0.5
Isopods + 0.1
Sea anemones 0 5.3
Stomatopods 0 0.3
Unidentified fragments 0.7 1.0
Number of fish with food examined 117 133
Standard lenght (mm) 8129 7-128
-+ <01
The overall feeding habits of juvenile S. 3.2 Adults

sithama and S. aeolus are shown in Table 1. The
major food items of the two species were
calanoid copepods and polychaetes, those cate-
gories accounting for 80.7% and 64.3% of the
stomach contents by volume in S. sthama and
S. aeolus, respectively.

Based on the %V data, size-related and spe-
cies differences in the dietary composition of
the two major food items (calanoid copepods
and polychaetes) were examined. The remain-
ing (minor) prey items were excluded from
this analysis. A two-way ANOVA revealed
that %V differed significantly among the size
classes in each of the two food items, species
X size class effects being insignificant for each
item (Table 2). In both S. sihama and S.
aeolus, copepods were taken mainly by juve-
niles in the <10 and 11-40 mm SL size classes
(Fig. 1, Table 3). In larger size classes, how-
ever, this prey item was vreplaced by
polychaetes. The ANOV A results also indicated
that the %V of copepods differed significantly
between S. sthama and S. aeolus, with greater
%V in the former, whereas that of polychaetes
did not (Fig. 1, Table 2).

Of the 765 adult specimens of S. sthama, 652
contained food items, 113 (15%) being empty.
Among the 575 adult specimens of S. aeolus, on
the other hand, 393 contained food items, 182
(32%) being empty. The overall mean SFI of
specimens was 0.561 and 0.415 in S. sthama and
S. aeolus, respectively. Monthly changes in SFI
for each species are shown in Fig. 2. Mean SFI
values varied little from month to month for
both species, except for January in S. aeolus.

The overall feeding habits of adult S. sthama
and S. aeolus are shown in Table 4. The two
species consumed a variety of food, including
small invertebrates and fishes. In both species,
polychaetes were the most important prey
item, followed by crabs and shrimps, the three
categories constituting 80.1% and 74.0% of the
stomach contents by volume in S. sthama and
S. aeolus, respectively.

Based on the %V data, scasonal and species
differences in the dietary composition of the
three major food items (polychaetes, crabs, and
shrimps) were examined. The remaining (mi-
nor) prey items were excluded from this analy-
sis. A two-way ANOVA revealed that there
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Table 2. Results of a two-way ANOVA testing the effects of species and size class
on percentage volume of each main food category in the diets of juvenile
Sillago sihama and S. aeolus.

Source DF MS F P
Copepods
Species 1 0.87 4.72 0.030
Size class 3 16.8 91.7 <0.001
Species X Size class 3 0.41 2.24 0.084
Error 242 0.18
Polychaetes
Species 1 0.32 1.98 0.160
Size class 3 11.5 70.8 <0.001
Species X Size class 3 0.23 1.42 0.237
Error 242 0.17

Data transformed to arcsin vX.
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Fig. 1. Percentage volume (%V) of prey items in the diets of four size classes of juvenile Sillago sthama (a) and
S. aeolus (h). Number of individuals containing food given above each column.
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Table 3. Results of Gabriel multiple comparison test examining differences in percentage volume
of each main food item of juvenile Sillago sihama and S. aeolus among size classes.

Species Food item Size class (standard length in mm)

S. sthama Copepods 101-129 4170 140 <10
Polychaetes <10 11-40 41-70 101-129

S. aeolus Copepods 101129 41-70 1140 <10
Polychaetes <10 11-40 41-70 101-129

Size classes not significantly different (P=0.05) are linked by underlining and arranged in order

of increasing percentage volume.
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Fig. 2. Monthly changes in Stomach Fullness Index (SFI) of adult Sillago sthama (a) and S. aeolus (b).
Bars indicate standard deviation. Number of specimens examined given above each bar.

was a significant interaction between month
and species for the major items (Table 5). The
%V of each item, therefore, was compared
among months for each species, using a one-
way ANOVA and post-hoc Gabriel test. These
tests indicated that the %V of each of the three

items in S. sthama and S. aeolus differed sig-
nificantly among the various months of the
study, but no apparent seasonal variations
were detected (Fig. 3, Table 6). Comparing the
%V of each food item between the two species in
each month, differences were statistically
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Table 4. Percentage volume (%V) of food items in the diets of adult Sillago sihama
and S. aeolus.

Food items S. sthama S. aeolus
%V %V
Polychaetes 58.7 46.8
Decapods
Shrimps 12.4 11.3
Crabs 9.0 15.9
Mud lobsters 1.1 3.9
Hermit crabs 0.9 2.2
Mole crabs 0.4 24
Trumpet worms 2.8 6.0
Stomatopods 2.6 3.1
Fish 2.6 0.8
Molluscs
Bivalves 0.7 1.6
Squids 0.2 0.3
Sea slugs 0.1 0.6
Bristtlestars 0.9 0.6
Sea anemones 0.5 0.8
Amphipods 0.2 0.1
Isopods 0.2 0
Crustacean fragments 3.0 2.1
Unidentified fragments 0.7 1.5
Number of {ish with [ood examined 652 393
Standard lenght (mm) 130 233 130200

Table 5. Results of a two-way ANOVA testing the effects of species and month on
percentage volume of each main food item in the diets of adult Sillago
sthama and S. aeolus.

Source DF MS F P

Polychaetes
Species 1 7.26 18.1 <0.001
Month 11 1.27 3.16 <0.001
Species X Month 11 1.55 3.86 <0.001
Error 1021 0.40

Crabs
Species 1 2.61 12.1 0.001
Month 11 1.17 5.43 <0.001
Species X Month 11 0.64 2.97 0.001
Error 1021 0.21

Shrimps
Species 1 0.002 0.01 0.9
Month 11 0.83 6.02 <0.001
Species X Month 11 0.40 2.87 0.001
Error 1021 0.13

Data transformed to arcsin vx
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Table 6. Results of Gabriel multiple comparison test examining differences in percentage vol-
ume of each main food item of adull Sillago sihama and S. aeolus among months.

Species Food item Month

S. sthama Polychaetes Feb Mar Nov Aug Jan Apr Sep Dec Jul May Jun Oct
Shrimps May Dec Jul Oct June Sep Aug Nov Mar Feb Jan Apr
Crabs May Apr Oct Feb Jun Mar Jan Sep Jul Dec Nov Aug

S. aeolus Polychaetes Mar Jun Jul May Sep Nov Oct Feb Aug ;%;)1 Dec Jan
Shrimps Oct Aug Feb Sep Jul Jun Jan Mar Dec May Nov Apr
Crabs Jan Dec Nov Apr May Mar Oct Feb Sep Jul Aug Jun

Months not significantly different (P=>0.05) are linked by underlining and arranged in order
of increasing percentage volume.
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significant in some months: S. sthama had
higher %V of polychaetes in May, June, July,
and October, and of shrimps in January,
whereas S. aeolus showed greater %V of
polychaetes in January, and of crabs in June
and July (Fig. 3).

4. Discussion

The dietary compositions of juveniles of both
Sillago sihama and S. aeolus changed progres-
sively with increasing body size. This change
included a shift from the ingestion of small
zooplankton, such as calanoid copepods, by
small juveniles, to the consumption of larger
benthic prey, such as polychaetes, shrimps, and
crabs, by larger juveniles, the latter diet being
similar to those of adults of the two species.
Such ontogenetic changes in food items have
been found in several other sillaginid species
(HYNDES et al., 1997; SCHAFER et al., 2002).

A shift from capturing small zooplankton to
larger benthic prey organisms with growth in
juveniles of the two Sillago species may be
partly the result of continuing morphological
development of feeding-related characters, in-
cluding an increase in mouth width (e.g. DE-
VRIES et al., 1998; KrEBS and TURINGAN, 2003;
KaNOU et al., 2005) and the ability to extend
the jaws downward and forward (GUNN and
MILWARD, 1985; HYNDES et al., 1997; SCHAFER
et al., 2002). Such protrusible jaws would facili-
tate the taking of benthic prey on and in the
substrate.

The diets of adult S. sihama and S. aeolus at
Sikao Bay consisted mainly of polychaetes,
crabs, and shrimps. These food items were es-
sentially similar to those described for S.
sthama from Taiwan (LEE, 1976) and North
Queensland, Australia (GUNN and MILWARD,
1985), and other sillaginid species from tropical
and temperate waters (KAKUDA, 1970; BREWER
and WARBURTON, 1992; HYNDES et al, 1997;
PLATELL and POTTER, 2001; SCHAFER et al.,
2002).

Our results showed that the diets of adult S.
sthama and S. aeolus did not undergo pro-
nounced seasonal changes, although the %V of
the three major food items in each of the two
species differed significantly among some
months of the study. The lack of seasonal

changes in diet may be attributable to rela-
tively little seasonal fluctuations in food re-
source abundance at the study site, as also
reported in other tropical coastal waters
(CoLEs and McCaIN, 1990; McCARTHY et al.,
2000). This inference may be supported by the
fact that the overall mean SFI of specimens
varied little from month to month for cither
species.

In the present study, a considerable overlap
in dietary composition in juveniles and adults
between the two coexisting Sillago species was
recognized during the study period, although
the %V of major food items was somewhat dif-
ferent between the species in some months,
suggesting that there is little or no competition
between the two species at Sikao Bay. Several
studies have demonstrated that diets among re-
lated cohabiting fishes greatly overlap where
food resources are relatively abundant, while
lower food abundance results in greater trophic
and/or habitat segregation through inter-
specific competition (e.g. Ross, 1986; HoL-
BROOK and ScumrITt, 1989; HOrRINOUCHI et al.,
1998). The considerable diet and habitat over-
lap between the two Sillago species at Sikao
Bay may be due to the relative abundance of
food resources, although we did not examine
food resource abundance at the study area. The
relationship between diet compositions of the
two species and prey abundance appears to be a
subject for further research.
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