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ABSTRACT 

This paper investigates the feeding behavior and feeding rate of juvenile mottled spinefoot, Siganus 
fuscescens (Houttuyn 1782) (Siganidae: Teleostei), an important fishery component of the seagrass-
dominated Bolinao reef-flat, in the northern Philippines. The feeding pattern of the fish was constant 
throughout the day and similar between seasons. Ingestion rates of 30-45 mm S. fuscescens were estimated 
for December 1990, representing the dry-cool season and April 1991, representing the dry-warm season. 
These estimates, of 0.223 and 0.289 g dry weight fish-1 day-1, respectively, were not significantly different from 
each other. Ingestion rate estimates during the wet season, July 1991, for fish of 58 mm, was 0.336 g fish-1day-1 
by use of two methods were compared and likewise, statistically not different. Examination of the fish diet 
ranging from 34 to 130 mm revealed an increase the fraction of seagrass ingested, which gradually replaced 
epiphytic algae dominant in the diet of the juveniles. 

INTRODUCTION 

Siganids (rabbitfishes or spinefoots) are widely distributed marine fishes in the Indo-Pacific region; their 
economic value together with their hardy nature make them interesting to mariculturists (Lam 1974; 
Carumbana and Luchavez, 1979.). It is, therefore, not surprising that a number of studies on their aquaculture 
potential have been done in the Philippines (Westernhagen 1973a, 1973b; Rosario 1974; Westernhagen 1974; 
Bryan 1975; Horstmann 1975; Westernhagen and Rosenthal 1975; Tahil 1978; Alcala and Alcazar 1979; 
Mangaoang 1982; Carumbana 1983; Ponce 1983) where siganids account for about 5% of the “coastal fishery” 
catches in the 1970s (Philippine Bureau of Agricultural Statistics 1988), and 0.3 to 0.5 % of the total catch in 
the Exclusive Zone of the Philippines from the 1980s to the early 2010 (www.seaaroundus.org). 

This study investigates the feeding behavior and feeding rate of the juveniles of Siganus fuscescens (Houttuyn 
1782), previously known as S. canaliculatus (see www.fishbase.org), which is by far the most common among 
the nine siganid species reported from Bolinao, Pangasinan Province, Philippines (McManus et al. 1992) and 
whose juveniles support a ‘padas’ industry in the same area (Aragones 1987). The paper also compares 
estimates from two independent methods of quantifying ingestion rates. 

MATERIALS AND METHODS 

The area 

Bolinao is located in the northern part of the Philippines (Figure 1), 16⁰23’N and 119⁰55'E. The substrate of its 
24-km2 reef flat is dominated by 4 species of seagrasses with an average density of 400 shoots m-2 (Fortes
1989). The villagers of the area rely heavily on fishing for income-generation and sustenance; 40% of the total
catch from the area in the 1980s was contributed by Siganus fuscescens (see McManus et al. 1992), whose
population dynamics were studied by Del Norte and Pauly (1990).

∗ Cite as Salita J.T. and Pauly D. (2017) Diet and food intake of juvenile white-spotted spinefoot, Siganus fuscescens (Siganidae). Pp. 
40-48. In Pauly D., Hood L., and Stergiou K.I. (eds.) Belated contributions on the biology of fish, fisheries and features of their 
ecosystems. Fisheries Centre Research Reports 25(1). Institute for the Oceans and Fisheries, University of British Columbia.
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The experiments 

Most of the feeding experiments were done in the lab of the University of the Philippines Marine Science 
Institute, Bolinao Marine Laboratory. Three 500- liter tanks were maintained under natural light, salinity and 
temperature regimes, and running sea water conditions. 

Every day, fresh shoots of four species of seagrasses (with their epiphytes) were placed in each tank, anchored 
in stones. The number of shoots per tank is given in parenthesis: Cymodocea serrulata (25), Enhalus 
acoroides (2), Halodule uninervis (36), and 
Thalassia hemprichii (5). The species type and 
shoot number closely parallel that of the fish 
collection site. 

Fish collection 

Specimens of Siganus fuscescens ranging from 35-
40 mm standard length (SL) and an equivalent 
average wet weight of 0.86 g were captured in fish 
corrals in a seagrass-dominated area in Bolinao in 
December 1990 and April 1991, representing the 
cool-dry and warm-dry seasons, respectively. In 
July 1991, during the wet season, S. fuscescens of 
about 58 mm (equivalent wet weight of 3.18 g) were 
collected from the same site in a similar manner. All 
fish collected were immediately transferred to the 
laboratory 500-liter tanks, at densities of 30 to 35 
individuals per tank. 

Estimation of ingestion rates 

Two methods were used in estimating ingestion rates. Where it was possible to count fish bites, the gut-
filling/feeding activity method presented by Polunin (1988), Polunin and Klumpp (1989), and Klumpp and 
Polunin (1989, 1990) was used. Where 24-hour collections of entire gut contents were made, ration 
estimations were performed using the approach proposed by Sainsbury (1986), as modified by Jarre et al. 
(1991) and implemented in the MAXIMS software of Jarre et al. (1990)4. 

The gut-filling/feeding activity method is described by the equation I = T·B, where I is the amount of food 
ingested per g fish per day (g gfish-l day-1) is the weight-specific daily ingestion, T is the total number of daily 
bites (bite day-1) and B is the bite size (g gfish-1 bite-1). B is estimated as G/N, where G (gut fullness index (g 
gfish-1) is the weight of the entire gut contents standardized to fish weight at a time when the gut is full. The 
time in question was predicted by a regression where the observed cumulative defecation frequencies per fish 
were plotted against time of the day and whose intercept estimated the time at which defecation began, i.e., 
the time a which the gut was filled; N, the number of bites needed to fill the gut, was also estimated from this. 
The total number of bites was estimated via the bite frequency, based on bites counted at random for several 
minutes during the feeding period, i.e., during daylight. 

The MAXIMS software estimates daily ingestion rate (or daily ration) by fitting a 24-hour cycle of observed 
stomach or foregut contents to a stomach/foregut contents time trajectory predicted by the equations: 

dS/dt = a – cS while feeding, and 

dS/dt = - cS while not feeding, 

4 The MAXIMS software, which was implemented in Microsoft BASIC, is not available any more. It would be good if it were 
reprogrammed in R. Readers interested in doing this are welcome to contact the second author for information. 

Figure 1. Map of the Bolinao area, Pangasinan Province, 
Philippines, showing the reef flat (shaded) upon which 
seagrasses grow. 
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where S = stomach/foregut content 

T = time 

A = input rate of food (here % body weight, hr-1) 

C = instantaneous rate of stomach/foregut content 
evacuation (here: hr-1) 

From 04:00 to 21:00, fish were sacrificed at variable intervals and the entire guts were removed, weighed and 
standardized by re-expression as % fish body weight. Gut content weights were obtained by subtracting the 
weight of an average empty gut from the weight of a gut at particular times. Note that this analysis of gut 
contents was based entire guts, and not on stomach or foregut contents only; we assumed this made no 
difference here, due to the important fraction that the full foregut contributes to the entire gut, and to the 
rapid passage of food, through the gut of S. fuscescens, see Discussion). 

All dry weights mentioned below (gDWt) are constant weights of oven-dried samples (600C). All observations 
from tanks were made after a 24-h acclimation period. 

Foregut content analyses 

In July 1991, siganids of 35 to 130mm standard lengths were caught in the grass beds with a scissor net, 
immediately killed and kept in ice. In the lab, the fish were measured and dissected and the foregut contents 
taken and preserved in 10 ml 10% formalin-seawater solution. The contents were analyzed by either of the 
following: 

a) A subsample of foregut contents of fish (n=12) from the 30-50 mm size group was taken for
identification of the plant material. The solution was centrifuged for 10 min at a speed of 150 rpm
and a 3 ml concentrate was taken for analysis. From the 3 ml sample, three readings (replicates)
each from a 50-µl aliquot were taken. Plant materials were identified to the lowest possible
taxonomic level. The relative frequency of occurrence of each plant for every 50-µl aliquot was
noted. The following levels of occurrence were used: 1 - found infrequently; 2 - found frequently,
and; 3 - found very frequently. The average frequency of occurrence in the three
readings/replicates was taken to obtain an estimate of the dominance index of a food type in the
stomach of the fish, used for rankings.

b) The rest of the sample (n=38) were used to determine the proportion of algae and seagrasses in the
foreguts of siganid of different sizes.

A 30-ml aliquot was taken and placed on a Petri dish with a grid composed of 10 x 10 squares. All algae found 
in the aliquot were grouped and the same was done with seagrasses and other materials. The number of 
squares occupied by the three components (algae, seagrasses, and animals) were counted to provide the 
relative percentage of each material. 

Statistical treatment 

For every parameter (e.g., bite rate), the average observation for 5-10 fish represents a data point in one tank. 
A two-level nested ANOVA was performed to determine significant differences in bite rates among the 
seasons and hourly samples. The data were log-transformed to meet the requirements of normality and 
homoscedasticity. Simple linear regressions were established between time of day (x) and cumulative 
frequencies of defecations (y) to predict the time at which defecation commenced, thus, filling of the gut 
starts. Kruskal-Wallis tests were used to identify significant differences in ingestion rates between seasons 
and between the two methods of estimation (Sokal and Rohlf 1981). 

RESULTS 

The length-weight relationship estimated from 53 carefully measured and weighed specimens wet weight = 
0.0163SL3 where the weight is in grams and the length in centimeters. 
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Feeding by siganids shows a diurnal pattern, starting at sunrise (05:30 
to 06:00), remaining more or less constant through the day and 
stopping near sunset (17:30 to 18:00) (Figure 2). This is confirmed by 
the analyses of the wet season (July) samples, performed with 
MAXIMS (Figure 3). Further, a nested ANOVA of bite rates (Table 1) 
shows no statistical difference among time of day and among the three 
seasons in the area (dry-cool, dry-warm and wet) suggesting that the 
feeding pattern is uniform throughout the year as well. 

Table 2 shows a summary of the parameters used to estimate ingestion 
rate. Based on the gut-filling method, the onset of defecations (where y 
= 0, see Materials and Methods) is predicted to occur from late 07:00 
till early 08:00 throughout the sampling period. These times may be 
similar, however, the cumulative number of bites taken at these periods 
varies highly and thus the differences in bite size (B). Gut weights (G) 
appear to be inversely related to bite size, and thus overall ingestion 
rate estimates between December and April were not significantly 
different (computed H = 3.857, d.f. = l). It must be noted that only the 
results from December and April sampling were tested against each 
other as the samples from July were larger (see Materials and 
Methods). July is part of the wet season, but has the same temperature 
as in April (30 to 320C). 
Thus feeding rate can be 
assumed to remain 
unaffected, as the small 
change in salinity is probably 
not enough to affect feeding 
especially as we are dealing 
here with a very euryhaline 
fish (Carumbana 1983). 

The feeding rate estimates by 
use of the two methods are, likewise, not significantly different (see 
Table 2, computed H = 3.857, df = l) lending credibility to the 
results obtained by both methods. 

Examination of the foregut contents of S. fuscescens caught from 
the wild indicates that the algae ingested by juveniles are mainly 
seagrass epiphytes (Table 3), which are replaced by seagrasses as 
they grow (Figure 3). Further, ranking of the food items found in 
the foreguts of juvenile siganids in Table 3 shows that Enhalus 
acoroides is the most frequently ingested seagrass. 

DISCUSSION 

Feeding behavior and feeding rates 

Herbivores, as compared to carnivores, are known to have high 
food intakes relative to their body weights (Brett and Groves 1979; 
Palomares and Pauly 1989, 1998; Polunin and Brothers 1989). In 
this study, a weight-specific daily food intake of 96% was estimated 
for fish of 0.27 g (DWt) body weight (30-45 mm), while for fish with 
an average of 0.73 g (DWt) body weight (58 mm) a smaller weight-
specific ration of 52% was estimated. This is consistent with 
observations of other fishes whereby relative food intake declines as 
body weight increases (Pauly 1986). 

Figure 2. Bite rates of juvenile 
Siganus. fuscescens plotted against 
time of day at different months 
(bars indicate standard errors of 
the means). The ANOVA was 
performed with data points from 
08:00 to 16:00, to ensure that only 
data points referring to full guts 
were considered (see text and 
Table 1). 

Figure 3. Time trajectory, as estimated 
using MAXIMS, of the relative weights 
of the entire gut contents of Siganus 
fuscescens of 50-60 mm. (SL) sampled 
in July 1991 and kept in three laboratory 
tanks (see also Table 2). 
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Comparison of two methods 

Sainsbury (1986) summarized the broad categories of methods used for estimating food consumption of fish 
and discussed the advantages and disadvantages before presenting the approach upon which the MAXIMS 
software of Jarre et al. (1990) was later based. In this technique, the parameter necessary for the estimate is 
foregut/stomach contents for a 24-h period, which makes estimation of ingestion less difficult than the gut- 
filling method. The 
latter requires 
careful and tedious 
observations of 
bites and 
defecation 
frequencies of live 
fish that could be 
almost impossible 
when done in the 
wild on a fast-
swimming and very active fish such as S. fuscescens. In addition, sacrifice of fish to obtain the weights of full 
guts also is necessary. 

The key feature of the method of Jarre et al. (1991) as implemented in the MAXIMS software is that daily 
ration is estimated as the net result of feeding and foregut/stomach contents evacuation acting 
simultaneously. However, in our study we considered evacuation of the entire gut instead of the 
stomach/foregut because of the high observed evacuation rates. Feeding in S. fuscescens starts as early as 
05:30 to 06:00 and defecation commences at 08:00 (see Table 2) and continues simultaneously with feeding 
until about 3 hours after feeding stops. This means that it takes only 2-2.5 hours for food to pass through the 
entire gut, which in S. fuscescens is about 3-4 times as long as the body. Therefore, gut passage rate is 49-62 
mm hr-1, which is much less than in, e.g., the southern sea garfish Hyporhamphus melanochir fed with 
seagrass (Klumpp and Nichols 1983). 

Selection of food items 

Enhalus acoroides is a tough-leafed seagrass and may not be a preferred food item of juvenile siganids. We 
surmise that E. acoroides leaves are incidentally ingested by the fish while it is feeding on its epiphytes, for 
which the broad and thick leaves of this seagrass provide an ideal substrate. Also its structure could provide 
protective cover for the fish while they are feeding. 

For these reasons, it is likely that the juvenile siganids 
browse more frequently upon this seagrass in the wild. 
Westernhagen (1973b) also found E. acoroides more 
frequently than the other seagrasses in the stomachs 
of several species of siganids caught from Cebu 
(southern Philippines) and related this to the 
abundance of this seagrass in the area. He, however, 
reported that the siganid did not browse upon this 
seagrass in his lab experiments when seaweeds were 
provided as an alternative. 

The higher proportion of epiphytic algae relative to 
seagrass material in the stomachs of the young, and 
the decreasing trend for larger, older fishes allows 
for two alternative interpretations (Figure 4). One is 
that only juveniles prefer epiphytic algae, due to 
their nutritional quality and digestibility relative to seagrasses. Klumpp et al. (1989) suggested that, in 
general, algae are more nutritious than seagrasses.  For instance, C:N for seagrasses is 20:1 (Duarte 1990) 
against 9:1 to 18:1 for epiphytes in Bolinao (Klumpp et al. 1992). Digestibility also appears to be an  

Table 1. Two-factor nested ANOVA of log-transformed bite rates of juvenile Siganus fuscescens 
for the three sampling months (December, 1990, April and July 1991), from 08.00 to 16.00. 
Source of variation Degrees of 

Freedom 
Sum of 
squares 

Mean sum 
of squares 

Computed 
FS 

FS(.05) 

Among seasons 2 0.272 0.136 2.2423 3.1 
Among hourly samples 
w-in seasons

24 1.455 0.606 0.1912 1.7 
Within hourly samples 54 17.129 0.317 --- --- 
Total 80 18.856 --- --- ---

Figure 4. Percentage of algae, seagrass, and other items 
in the stomach of Siganus fuscescens caught in the 
Bolinao area, Philippines, July 1991. 
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Table 2. Summary of parameter values used to estimate the ingestion rate of young Siganus fuscescens, December 
1990 to July 1991; A, B and C are replicates. T: Total number of bites day-1; G: Gut fullness index (% of body 
weight); C: Intercept of regressions of time of day vs. cumulative defecation frequencies; D: Slope of same 
regressions; F: Predicted time at which guts become full, and defecation stats (h:min); N: Number of bites needed 
to fill guts; B: Relative bite size (% of body weight); I: Ingestion rate (%weight day-1); * MAXIMS results (see also 
Figure 3) 

Month Tank Mean fish weight 

(g ± s.d.) 

T G C D F N B I 

Dec A 0.274 0.070 19,961 18.7 -3.475 0.434 0.800 3826 .0048 97.6 
B 0.270 0.081 12,527 12.3 -2.992 0.385 07.46 2338 .0052 65.9
C 0.283 0.081 15,744 13.7 -3.234 0.397 08.09 2736 .0050 78.8

April A 0.234 0.154 12,920 9.8 -2.983 0.363 08.12 901 .0108 140.5 
B 0.220 0.158 13,510 10.0 -2.368 0.296 08.00 1285 .0077 105.1
C 0.301 0.284 12,153 15.8 -2.504 0.313 08.00 1875 .0084 102.4

July A 0.743 0.144 14,208 6.8 -3.811 0.477 07.54 2093 .0032 46.2 
B 0.722 0.184 14,208 6.9 -4.904 0.519 07.54 2087 .0033 47.0
C 0.757 0.201 13,559 7.9 -2.857 0.378 07.54 1700 .0046 63.0

July* A 0.743 0.144 --- --- --- --- --- --- 40.5 
B 0.722 0.184 --- --- --- --- --- --- 36.0 
C 0.757 0.210 --- --- --- --- --- --- 39.6 
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Table 3. Comparisons of Siganus fuscescens foregut contents (n=12) with the epiphytes of the seagrass Enhalus 
acoroides sampled in the same area. The members under ‘foregut contents’ are dominance rankings (see “Foregut 
Contents Analyses” in text); the x and - under ‘Epiphytes’ refer to presence and absence, respectively, while n.a. (not 
applicable) refers to food items that cannot be epiphyte. 

Taxon Foregut 
contentsa) 

Found as:epiphyte 
on E. acoroidesb) 

Animals 
Amphipods 11 n.a.
Copepods 11 n.a.
Foraminiferans 11 n.a.

Algae 

Cyanophyta (bluegreens) 
Brachytrichia sp. 3 -- 
Calothrix sp. 8 X 
Lyngbya sp. 10 X 
Oscillatoria sp. 6 -- 

Chlorophyta (greens) 
Cladophora sp. 7 X 
Enteromorpha sp. 4 X 

Rhodophyta (reds) 
Asterocystis sp. 10 -- 
Centroceras sp. 9 X 
Ceramium sp. 7 X 
Goniotrichium sp. 9 -- 
Polysiphonia sp. 2 X 

Phaeophyta (browns) 
Sphacelaria sp. 6 X 

Diatoms 
pennate forms 1 -- 
centric forms 6 -- 

Vascular plants 
Cymodocea serrulata 6 n.a.
Enhalus acoroides 5 n.a.
Halodule ninervis 10 n.a.
Thalassia emprichii 6 n.a.

a) This study
b) Klumpp et al. (1992)

important factor in the feeding preference of siganids (Westernhagen 1973a; 1974; Tsuda and Bryan 1973; and 
Bryan 1975). Similarly, Lobel and Ogden (1981) showed that the parrotfish Sparisoma radians prefers to feed 
on Thalassia testudinum covered with epiphytes rather than on clean T. testudinum because the former 
increased digestibility of the seagrass by a factor of five. 

The other interpretation for this is that adult S. fuscescens prefer epiphytes to seagrasses as much as the 
juveniles do, but the trend in Figure 3 may be due to differences in feeding modes. Thus, the juveniles have 
small mouths and less powerful jaws, which may prevent them from directly biting off chunks of seagrass. 
Rather, in the feeding process, they browse the epiphytes from seagrass leaf surface, whereby some seagrass is 
ingested. The adult siganids, on the other hand, have bigger and stronger mouthparts enabling them to feed 
on epiphytes by biting off and ingesting chunks of the seagrass to which epiphytes are attached. 

Whichever alternative is correct, and whether one deals with adults or juveniles, the high daily food 
requirement of S. fuscescens may have a strong impact on the seagrass communities in the area. Further 
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investigation should determine whether the grazing pressure exerted by S. fuscescens on seagrass beds such 
as those of Bolinao may in fact be beneficial, through strand rejuvenation and nutrient cycling. 
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