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Fisheries biologists have long appreciated 
the importance of feeding and food habits to the 
ecology and production dynamics of fish stocks 
(Gerking 1994), which may have significant impacts 
on their prey (Northcote 1988).  Predation is an 
important factor structuring prey communities such 
as zooplankton (Pagano et al. 2003).  A degree of 
preference is often apparent among predators.  The 
optimal foraging theory states that predators should 
select their prey based on the net energy gain, 
which is affected by prey type, search time, habitat 
type, and predator avoidance (Olson et al. 2003).  
Predators maximize the energetic gains available 
in relation to the energetic costs of prey capture, 
ingestion, and digestion (Nunn et al. 2007).  Bigger 
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prey may produce higher energy yields, compared 
to much smaller ones; however, this comes with 
an increase in handling time (Nunn et al. 2007).  
Zooplanktivorous fish have been noted to visually 
select larger prey due to their particulate feeding 
habits (Good and Cargnelli 2004, Kahilainen et 
al. 2005, Lazzaro 1987).  Selective predation is 
a common feature of most predators and can 
be studied by comparing predator diets with the 
prey available in the environment (Turesson et al. 
2002).  Zooplankton biomass and composition are 
regulated by size-selective predation by fish which 
select the largest, most visibly conspicuous prey 
in lakes and ponds.  This leads to an increase in 
the density of small individuals or species such as 
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rotifers (Pagano et al. 2003, Rettig 2003, Wissel et 
al. 2003).

Sardinella tawilis (Herre 1927; Clupeidae) is 
an integral component of the Taal Lake ecosystem.  
It is regarded as the most important fish in Taal 
Lake in terms of biodiversity (Guerrero 2002), 
since it is one of the few freshwater sardines in 
the entire world, it is the only freshwater Sardinella 
in the Philippines (Froese and Pauly 2003), and 
it is endemic to Taal Lake, Luzon I.  It is mainly 
pelagic with peak spawning in Mar.-May or May-
July according to 2 separate studies conducted by 
Joson-Pagulayan (1999) and Aypa et al. (1991), 
respectively.  The first recorded stomach content 
found in S. tawilis was the silverside Hepsetia 
balabacensis which was observed by Herre to be 
present in the stomachs of fish he had collected, 
which included the type specimen (Herre 1927).  
However, this seems to be the only record of S. 
tawilis ever being a piscivore, as more recent 
studies showed that the diet of S. tawilis was 
mostly comprised of zooplankton and ostracods 
(Castillo et al. 1975). 

Sardinella tawilis is the dominant fish species 
caught in Taal Lake.  It has been ranked first since 
1996 with the highest annual fishery production 
recorded at 1120 metrics tons in 1998 (Mutia et al. 
2001).  However, the catch of S. tawilis has been 
dwindling in recent years due to overfishing and 
changes in water quality (Mamaril 2001).  Aside 
from those factors, human-mediated arrivals of 
commercial fish species such as the Nile tilapia 
Oreochromis niloticus have contributed to the 
decline of S. tawilis stocks (Villanueva et al. 1995; 
Mamaril 2001).  A fish catch survey conducted 
in Taal Lake from 1996 to 1999 recorded 27 fish 
species from 32 families in the lake.  This number 
is extremely low compared to records from the 
1920s which indicated that 101 species from 32 
families were present at that time in Taal Lake.  
About 87% of fish species had disappeared by 
1996.  This occurred during the same time that 
aquaculture flourished in the lake (Mutia et al. 
2001).  Conservation strategies in the lake have 
always been geared towards protecting organisms 
such as the freshwater sardine from overfishing; 
unfortunately, data on the feeding ecology of S. 
tawilis have been noted as being inadequate 
and fragmentary (Mamaril, 2001), in spite of the 
numerous studies conducted on its taxonomy, 
morphometrics, harvest rates, and reproductive 
biology, which are largely unpublished (Lagda et 
al. 2003).  A better understanding of the biology 

of S. tawilis, its diet, and its relationships with the 
zooplankton of Taal Lake would definitely help 
in creating better conservation strategies for the 
entire Taal Lake ecosystem.

This paper presents a 12-mo-long study on 
the diet of S. tawilis.  We attempted to compare 
the diet of S. tawilis with the available prey in 
the immediate area where the fish were caught 
to update the available information on the food 
items consumed by the fish and establish its prey 
preference and food habits.

MATERIALS AND METHODS

Study area

Taal Lake (14°00,N, 121°19,E) formerly 
known as Lake Bombon, is the 3rd largest lake 
in the Philippine Archipelago.  It is classified as 
an oligotrophic lake with a maximum depth of 
180 m and drains through the Pansipit River into 
Balayan Bay to the southwest.  It has a surface 
area of 24,356.4 ha (Guerrero 2002, Mutia et al. 
2001).  Taal Lake has multiple resource uses, but 
open water fishing and aquaculture of Nile tilapia 
(Oreochromis niloticus) and milkfish (Chanos 
chanos) are the most common.  Taal Lake is also 
home to endemic, economic and ecologically 
important species such as the giant trevally (Caranx 
ignobilis) and the Lake Taal sea snake (Hydrophis 
semperi) (Mutia et al. 2001, Guerrero 2002, 
Lagda et al. 2003).  It has been listed as a priority 
conservation area of extremely high importance 
and is in urgent need of further research (Ong et 
al. 2002).

We sampled at 2 sites at the southern tip of 
Napayun I. which is located on the northeastern 
side of Taal Lake in an area with an average depth 
of 25 m.  Fishermen usually set up gill net sets 
with a float-line a short distance below the water 
surface (Herre 1927) to regularly catch S. tawilis in 
this area (Fig. 1).

Zooplankton

Sampling was done once a month from July 
2003 to June 2004.  Zooplankton were collected by 
making a vertical tow from a depth of 20 m to the 
surface using a conical plankton net (with a mesh 
size of 80 μm and a diameter of 0.254 m) between 
05:00 and 07:00 at each sampling site.  These 
were in the immediate area where fish were also 
collected during the same time.  Collected samples 
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were fixed in 10% formalin.
Samples were brought to the laboratory for 

further analysis.  Distilled water was added to 
make 50 ml subsamples.  Three 1 ml replicates 
were taken separately and placed in a 1 ml 
Sedgewick-Rafter counting chamber.  These 
were then analyzed under a low-power objective 
(10x).  Organisms were counted in each replicate, 
and the average count was calculated.  The 
total count was determined by multiplying the 
average by the original total volume of the liquid 
in the sample (Galbraith and Schneider 2000).  
Zooplankton density was computed by dividing the 
number of individuals in a sample by the volume 
of water filtered through the plankton net.  The 
volume of water that passed through the plankton 
net was computed using the equation:V=πr

2h, 
where r is 0.127 m and h is the depth of the tow.  
Identification was limited to genus level with the 
aid of illustrations and descriptions by Mamaril 
and Fernando (1978), except for the nauplii of 
cyclopoid and calanoid copepods, which were 
categorized together as nauplius larvae.

Fish collection and stomach sampling

Fish samples were collected monthly from 

July 2003 to June 2004 except in Oct. 2003 and 
Mar. 2004 due to bad weather and no fish being 
caught, respectively.  Fish were collected using 
gill nets with a mesh opening of 10 mm.  The nets 
were lowered to a depth of 3 m at 05:00-07:00 and 
were collected after 2 h.  About 30-50 individuals 
were collected each month from the early morning 
catch of fishermen at each sampling site.  A cut 
exposing the stomach of each fish was made 
before preserving it in 10% formalin.  The total 
length (cm) and weight (g) were measured for 
each fish.  Sex was determined by examining the 
gonads (Windell 1968).

Stomach contents were flushed and examined 
under a 10x (Low Power Objective) magnification 
light microscope.  Only specimens with complete 
structures or with a prominent body part were 
counted and identified.  Separated body parts like 
carapaces, spines, segments, and legs were not 
included in the analysis and were classified as 
digested material.  The copepods were identified 
to the level of order, while cladocerans and rotifers 
were identified to genus.  Each particular prey type 
was counted, while empty stomachs were also 
noted (Olson et al. 2003).

The percent frequency of occurrence (Liao 
et al. 2002, Windell 1968) and numerical method 

Fig. 1.  Map of Taal Lake showing the location of Napayun I. (x).
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(Windell 1968) were used to analyze the data.  
Vanderploeg and Scavia’s (1979) selectivity 
coefficient, W ,

i,  calculated as W ,
i = (r i  / pi)

(r i  / pi) pref
,  

where r i is the percent number of food items, p i 
is the percent abundance of the same element 
in the food complex of the environment, and  
(r i / p i) pref is the maximum value of (r i / p i), was 
used to determine the prey preference by S. 
tawilis.  W ,

i varies between 0 for no ingestion of 
a prey type and 1 for preference (Pothoven et al. 
2007).

RESULTS

Fish sample statistics
 
In total, 449 individuals of S. tawilis ranging 

5.77-14.54 cm in total length (TL) were collected 
from July 2003 to June 2004, except in Oct. 2003 
and Mar. 2004 due to bad weather and no fish 
being caught, respectively.  About 35-48 individuals 
were examined per month (Table 1).

Overall percent composition of the  
stomach contents

Stomach contents of S. tawilis consisted 
of various zooplankton (copepods, cladocerans, 
and rotifers), filamentous algae, and pennate 
diatoms.  Partially digested and digested food, 
such as separated carapaces, legs and antennae 
of copepods, cladocerans, and rotifers, were also 
present.  These body parts were not used in the 
diet analysis.

Calanoid copepods were the most abundant 
prey items comprising 58% of the total number 
of zooplankters found, followed by cyclopoids at 
32%, thus making the copepods the dominant prey 
in the diet of S. tawilis, at 90%.  The remaining 
10% of the diet was made up of cladocerans and 
rotifers.

Temporal variations in diet composition

Cyclopoid copepods were the most common 
food item in the diet for 5 of the 10 sampled 
months: Aug., Sept., Nov., Jan., and Apr.  Calanoid 
copepods were most common in May and June, 
but were also noted to be the 2nd most common 
for Apr., while in Feb., cyclopoid and calanoid 
copepods both had the highest percent frequency 
of occurrence at 75%.  The cladoceran, Bosmina 
sp., however, was most frequent in Dec.  The 
highest occurrence of rotifers in the diet of the 
fish was in Aug. at 17% (Fig. 2).  Copepods also 
had the highest percent contribution to the diet 
of S. tawilis in terms of number (Fig. 3).  Highest 
values were observed in Apr., May, and June when 
the percent compositions of this prey item were 
97.33%, 96.7%, and 92.94%, respectively.  The 
greatest number of empty stomachs was found in 
Feb. (6 stomachs), followed by July (5) and Dec. 
(3).  One empty stomach was found in each of 
Aug., Sept., Nov., Jan., and June, while no empty 
stomachs were noted in Apr. or May.

Results from the analysis of Vanderploeg 
and Scavia’s selectivity coefficient, W ,

i, revealed 
that there was a high preference for cyclopoid 
copepods, calanoid copepods, and Bosmina 
in the different sampled months.  The highest 

Table 1.  Number of Sardinella tawilis caught using gill nets from Napayun I. each mo

Mo Sample size Length groups (cm)

5.01-7.0 7.01-9.0 9.01-11.0 11.01-13.0 13.01-15.0

July 37 0 0 21 16 0
Aug. 48 2 1 23 21 1
Sept. 35 0 1 25 9 0
Nov. 48 1 1 34 12 0
Dec. 48 0 1 26 21 0
Jan. 48 0 0 2 46 0
Feb. 48 0 0 8 40 0
Apr. 47 0 1 12 33 1
May 45 0 0 12 33 0
June 45 1 0 12 31 1

Total     449
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preferences were observed for cyclopoid copepods 
in July, Aug., Nov., and May, while calanoid 
copepods showed the highest W ,

i values in Jan., 
Feb., Apr., May, and June.  Bosmina was noted 
to be the most preferred prey in Dec.  A high 
preference for nauplii was observed in July (W ,

i 
= 0.84), while low or no preference was shown in 
the remaining months.  Low or no preference was 

observed for the remaining 4 prey items (Table 2).

DISCUSSION

The d iet  o f  S. tawi l is  was dominated 
by zooplankton.  This is similar to previous 
unpublished reports by Castillo et al. (1975), Flores 

Fig. 2.  Percent frequency of occurrence of the food items arranged by major taxonomic groups.
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(1997), and Cabalona et al. (2003).
 Copepods were the preferred prey of S. 

tawilis.  They were noted to be the most numerous 
in the diet in 8 of 10 sampled months and were 
also noted to have the highest W ,

i values for all 
sampled months.  The cladoceran, Bosmina, was 
also noted to be highly preferred by S. tawilis in 
Dec.  Copepod nauplii and rotifers were rarely 
seen in the diet of S. tawilis, nor were they seen in 
high numbers in any of the stomachs examined.  
Nauplius densities in the samples collected from 
the vicinity of Napayun I. were noted to be higher 
compared to adult copepods but were never found 
in high numbers or frequencies in the diet of S. 
tawilis.  This was further validated by the results of 
the selectivity coefficient for which nauplius larvae 
showed values that indicated low or no preference 
by S. tawilis except in July.  High naupliar densities 
for the 10 months examined mean that the 
succession of adult copepods was assured.  This 
did not translate into a correspondingly higher 
number for this abundant prey item in the diet of 
S. tawilis.  Instead, adult cyclopoid and calanoid 
copepods predominated in the stomach contents 
even though they were found in lower numbers in 
the environment.  These results show that the S. 
tawilis exhibits size selection in its preference for 
adults compared to juveniles of its prey.

Analysis of the percent composition of the 
different zooplankton groups revealed a community 
dominated by smaller-bodied zooplankton such as 
nauplius larvae and the rotifer, Brachionus, during 
months when there was a preference for cyclopoid 
and calanoid copepods.  These 2, however, were 
only observed to be incidental prey items, and S. 
tawilis showed no preference for them.  Clupeids 
are size-selective particulate feeders (Brooks 

and Dodson 1965, Mummert and Drenner 1986).  
Gill raker distances and counts are important in 
determining the size of the prey that are ingested 
by fish after visual selection, location, and attack 
(Lazzaro 1987, Villalobos and Rodriguez-Sanchez 
2002).  Gill raker distances in S. tawilis were noted 
to be 58.7-118.7 μm. This would have not allowed 
nauplii and rotifers to pass through the gill rakers 
since they are much larger (172.3-235.7 μm), 
thereby eliminating the idea that the distances 
between gill rakers might have prevented these 
smaller prey from being included in the fish diet 
(Papa 2005).  Rotifer and copepod nauplii were 
found to have lower selectivity coefficients among 
adult fish compared to juveniles.  The decrease 
in selectivity coefficients for these 2 prey items 
coincided with consistently high selectivity 
coefficients for copepods and cladocerans as the 
fish aged (Nunn et al. 2007).  Adult planktivorous 
fish are known to consume large zooplankton in 
lakes and ponds (Brooks and Dodson 1965, Rettig 
2003).

The preference of S. tawilis for copepods 
may be due to its ability to select larger prey.  
Particulate-feeding planktivores are size-selective 
predators and can visually detect, locate, and 
attack a single zooplankton individual (Brooks and 
Dodson 1965, Kahilainen et al. 2004).  Selection 
is most pronounced for fish with large prey, such 
as cyclopoids and calanoids   (Kahilainen 2004, 
Kahilainen et al 2005).  A preference for calanoids 
and cyclopoids was noted for S. tawilis in all 
months.  The largest prey organisms observed in 
water samples taken off Napayun I. were cyclopoid 
copepods (with a mean size of 582.4 ± 30.7 μm) 
and calanoid copepods (of 767.4 ± 36.4 μm) 
which were the most commonly found and most 

Table 2.  Vanderploeg and Scavia’s selectivity coefficient (W ,
i) for the different zooplankton taxa seen in the 

diet of Sardinella tawilis

Prey item
2003 2004

July Aug. Nov. Dec. Jan. Feb. Apr. May June

Cyclopoid 1.00 1.00 1.00 0.07 0.07 0.03 0.27 0.70 0.01
Calanoid 0.30 0.01 0.00 0.62 1.00 1.00 1.00 1.00 1.00
Nauplius 0.84 0.09 0.07 0.01 0.00 0.00 0.00 0.00 0.00
Bosmina 0.04 0.00 0.01 1.00 0.01 0.02 0.00 0.00 0.01
Moina 0.02 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00
Ceriodaphnia 0.01 0.01 0.03 0.00 0.00 0.02 0.01 0.00 0.00
Diaphanosoma 0.00 0.00 0.01 0.01 0.00 0.00 0.01 0.00 0.00
Brachionus 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00
Keratella 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00



Papa et al. – Zooplanktivory of the Endemic S. tawilis 541

numerous of the prey items seen in the stomachs 
of the S. tawilis, respectively.  Visual cues and 
large sizes might have caused the preference of 
S. tawilis for cyclopoid and calanoid copepods 
in spite of their having greater swimming speeds 
and escape abilities compared to cladocerans 
and rotifers.  Copepods are more visible to fish 
compared to cladocerans (Nunn et al. 2007).  
Planktivorous fish were also noted to feed on 
the largest, most visibly conspicuous prey, which 
includes large cladocerans and copepods (Brooks 
and Dodson 1965).  This was also observed in 
the alewife Alosa pseudoharengus when it was 
observed to selectively feed on larger zooplankton 
species and the largest individuals within a species 
(Good and Cargnelli 2004).  This was further noted 
to drastically reduce zooplankton size, abundance, 
and community structure through intense size-
selective predation.  The result was a zooplankton 
communi ty  dominated  by  smal le r -bod ied 
organisms.  The zooplankton samples collected 
from Taal Lake in this study were also observed 
to be dominated by small-bodied organisms such 
as nauplius larvae and the rotifer, Brachionus sp., 
particularly during the latter sampling months.  
Predators can reduce the abundance of their 
prey to the point of exclusion and may facilitate 
the establishment of other species (Brooks and 
Dodson 1965).  A similar effect on the zooplankton 
community was observed in Black Pond, NY, 
USA, when alewives were introduced as forage 
for landlocked Atlantic salmon, Salmo salar.  The 
larger zooplankton that were abundant in 1958 
had been replaced by small forms by 1966, which 
indicated that the alewives were able to eliminate 
large zooplankton species from the pond through 
selective feeding (Good and Cargnelli 2004).

The sardine consumed the highest amounts 
of cyclopoid and calanoid copepods during Apr. 
and May, in spite of the abundance of Brachionus 
sp. in the environment and the lower numbers of 
copepods observed during those months.  The 
high selectivity coefficients for calanoids in Jan., 
Feb., Apr., May, and June could also be 1 cause 
for the lower percent contribution of calanoids 
to the overall zooplankton density compared to 
earlier months, when the preference for calanoids 
was not as high.  Zooplankton biomass and 
composition are regulated by size-selective 
predation, and fish are known to select the largest, 
most visibly conspicuous prey in lakes and ponds.  
This can lead to an increase in the density of small 
individuals or species such as rotifers (Pagano et 
al. 2003, Rettig 2003, Wissel et al. 2003).

This coincided with months noted in previous 
studies to be the peak spawning season of 
S. tawilis (Aypa et al. 1991, Joson-Pagulayan 
1999).  Calanoid copepods were more preferred 
by S. tawilis compared to other prey during that 
time.  The importance of consuming larger prey 
in preparation for spawning is evident by the 
preference of S. tawilis for calanoid copepods 
during these months.  Aside from this, calanoid 
copepods swim longer and more consistently 
than cyclopoid copepods, making them easier 
to capture (Nunn et al. 2007).  This may be 1 
advantage in consuming more calanoids since 
they provide maximum energy gain per unit of 
handling time (Nunn et al. 2007), and fish would 
then be able to use most of their energy reserves 
for spawning.  Adipose tissues were found to 
be bigger in gravid S. tawilis compared to spent 
individuals (Joson-Pagulayan, pers. comm.).

Visual cues such as eyespots and pigmen-
tation patterns can also guide planktivores in 
selecting prey (Drenner and McComas 1980).  
Sardinella tawilis may rely on such cues as it 
feeds on cladocerans which possess conspicuous 
eyespots.  Of the 3 genera of cladocerans found 
in the diet of S. tawilis, Bosmina was observed to 
be the most preferred prey.  Bosminids have been 
noted to be bigger and less transparent than other 
daphniids, and their circular shapes are also more 
efficiently detected by chasing fish (Eggers 1977).  
A preference for Bosmina was also observed to 
have occurred at a time of a lower preference for 
calanoid and cyclopoid copepods.

This study provides more insights into the 
zooplanktivory of Sardinella tawilis which was 
observed from samples obtained in 10 mo of a  
12 mo period.  We also established that S. 
tawilis has a preference for copepods.  This was 
attributed to its ability to select its prey based on its 
large size and other visual cues regardless of the 
abundance of smaller alternatives.
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