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Introduction 
 

If one follows the food web from man through fishes one may eventually reach the plankton
4
 

of fresh- and brackish waters. Of the plankton organisms, the zooplanktons are important for 

many fishes, including some of the species that are cultivated in ponds, pens and cages all over 

the Philippines (Aquino, 1982, Aquino et Nielsen, 1983, Fernando, 2002a, Hartmut, 2003, 

Nielsen, 1983, SOGREAH-Report, 1974, Papa,  2008a and Briones, 2012) - just take a view 

over Laguna de Bay and bee convinced (try Google Earth
5
).   

 

Zooplankton in the food chain 

Zooplankton constitutes the main 

food of most fish species when 

these are at their young, post-larval 

stage. Insects and other organisms 

from the littoral zone supplement 

the zooplankton. Some fishes like 

the herbivorous cichlids switch 

from being zooplanktivory to plant 

diet at a very early age (Fernando, 

2002a). The invasive Mosquito fish, 

Gambusia affinis, is widespread and 

common in canals, creeks, swamps, 

ponds, and shallow areas of lakes. It feeds on zooplanktons, small insects, and detritus (Joshi, 

2006).  One of the major reasons why larger fish abandon this food source is that it becomes 

too small relative to their body size and is too dispersed in the water to be profitable. 

Practically the only way for larger fish to obtain sufficient quantities is by filter feeding (e.g. 

bighead carp). Nevertheless, the larger plankters are normally scarce in or absent from the 

diets of phytoplanktivorous fish such as milkfish and tilapia. These fish move to slowly 

                                                
4 Zooplankton is defined as the animal component of the planktonic community (i.e. animals that cannot swim 

independently from strong water currents and tides). See UST, 2013 
5 Coordinates of BRS laboratories at SEAFDEC: 14o 24' 44'' N, 121 o 12' 57'' E 

Mr. Celestre feeding Tilapia in Fish Cage, 1980 
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through the water when filtering than zooplanktivorous fish do, allowing the larger plankton to 

escape (Richter, 2001).  

Sustainable fisheries 

development thus partly depends on 

the availability of adequate 

zooplankton as principal food items of 

early life history stages of 

economically important fish species as 

well as of the adults of some species 

(Mamaril, 2001a). The cultured 

bighead carp, Hypophthalmichthys 

nobilis (Richardson, 1845) feed on 

zooplankton mechanical filtering of the 

water through the gillrakers with an 

interrraker distance of 60-100 µm, it can select especially copepodites from the water in 

Laguna de Bay, shown by Petersen (1981e) and Santiago (2004). The catadromous milkfish 

Chanos chanos (Forsskål, 1775), that breed in the sea, feed on the abundant zooplankton there 

and then enter 

freshwater to take 

advantage directly or 

indirectly of the year-

round food supply and 

the high primary 

production (Gross et al. 

in Fernando, 2002a).  

In Lake Taal in Batangas the clupeid freshwater sardine Sardinella tawilis 

(HERRE 1927) exhibit surface filter feeding with particulate filtering capacity. Periodically it 

has a planktivorous diet of zooplankton such as ostracods, cladocerans (Bosmina sp., Moina 

sp., Diaphanosoma sp., Ceriodaphnia sp. and Simocephalus sp.) copepods (Cyclopoids and 

Calanoids), and rotifers (Brachionus spp.). In a more recent study Bosmina sp. had the highest 

Milkfish  1980 

Bighead Carp, a zooplanktonfeeder, 1980 
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occurrence items in the stomachs of tawilis purchased from the market. Papa et al (2008a) 

found that this freshwater sardine is a main predator of copepods, since up to 90% of its 

stomach content has been found to be composed of large-bodied adult copepods, mainly 

calanoid Arctodiaptomus dorsalis.  

 

 

ñTawilisò sold at the Binangonan Market. Photo Flemming Petersen, 2013 

 

To evaluate the importance of zooplankton as fish food knowledge of 

zooplankton in the fish diet must be studied. As mentioned the zooplankton diet of the 

freshwater sardine, Sardinella tawilis in Lake Taal has been studied by Papa (2005a). The 

long-term changes can be studied by monitoring the stomach content for zooplankton for a 

longer period (Briones et al, 2015). Polycultures of fish may be more efficient in utilizing the 

natural food. Polycultures has been having been sophisticated in the Chinese aquaculture 

tradition. The zooplankton play a role in this kind of management, as seen on the following 

schematically figure: 
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Food level in a Chinese polyculture pond. After Petersen (1980b) 

 

Planktivorous fishes may have a direct effect on these large zooplankton groups 

(Papa, 2008a, Papa et al. 2011b) and the cladocerans even almost eliminated by fish 

(Fernando, 2002a). The freshwater sardine is thus an important example of the importance of 

zooplankton as a trophic link between phytoplankton and fishes. Visually guided 

planktivorous fish can thus exert strong predation pressure, which zooplankton avoid by 

migrating downwards to a depth where low irradiance prevents detection (Papa, 2008a, Carlos 

1982.).  
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An example of a food web in a lake. After Petersen 1981e 

 

In at study of vertical distribution during daylight, copepods with eggs where 

thus primarily found near the bottom of the shallow, but turbid lake Laguna de Bay, invisible 

for the zooplanktivorous fishes (Petersen, 1981e).  The high predation from zooplanktivorous 

fishes and fish-larvae, the competition from phytoplanktivorous fishes are reducing the 

diversity of zooplankton of tropical freshwater (compared with temperate waters), the size of 

zooplankton animals and the total biomass. Consequently, the zooplankton of the tropical 

lakes does not control phytoplankton biomass (Fernando, 2002a) as seen in many temperate 

lakes. In the Danish Lake Esrom, Daphnia sp., which is rare in the tropical freshwaters, 

controlled the phytoplankton-biomass in the warm summer period (Petersen, 1983). 
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Other factors can influence the composition of zooplankton in a lake. In general, 

the zooplankton community structure, population dynamics, and production are strongly 

influenced by lake productivity, and zooplankton is of this reason a useful indicator of 

eutrophication of lakes (Papa et al. 2011b). Difference in diversity and distribution of the 

zooplankton within a lake may be influenced by anthropogenic eutrophication, like the 10.000 

fish cages in the Northern basin of Taal lake (Gulati 2009). Further weather conditions can 

have an impact on the zooplankton distribution; this is especially the case for tropical 

zooplanktons, since their relatively smaller size (Papa et al. 2011b).    

Studies have shown that physico-chemical parameters can be correlated to zooplankton 

abundance, species number and diversity. The study by the Papa and his group (Lazo, 2009a) 

has revealed a moderate to high correlation to rotifers population in Pasig River to the 

dissolved oxygen in the river. 

The most 

dominate zoo-plankton in 

Laguna de Bay before 1980 

was cladocerans followed by 

copepods and then rotifers. 

This was about the time when 

the total fish pen area was at 

its maximum (ca. 30,000 ha). 

Declining zooplankton 

biomass has been marked 

between 1982 and 1983. 

The expanding fish pen industry, the operation of the Hydraulic Control Structure (HCS) 

across the Napindan channel had become operational in regulating the flow of water in and out 

of the lake via the Pasig River, and lake pollution had separate adverse effects on the 

zooplankton. Shifts in the structural features of zooplankton communities became apparent 

seven year after the operation of the HCS, or 4 to 5 yr. after the demolition of fish pens. 

Copepods became dominant over the cladocerans and rotifers in that order (Nielsen, 1983, 

Tamayo-Zafaralla et al., 2002). Furthermore, a shift towards a high biomass in younger stages 

Fishpen in Laguna de Bay 1980 
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of copepods caused by heavily predation pressure on adult stages by fish larvae and 

planktivorous species, in and outside fish pens, has been found in Laguna de Bay (Papa, 

2012a). 

The interconnectedness of the Laguna Lake has been described by the awarded 

scientist and teacher, and my former colleague, Joy Ferriols-Pavica in this figure: 

 

Interconnectedness of the Laguna Lake, Ferriols-Pavica (2017) 

There is no doubt that zooplankton 

enters the diet of different species and stages of 

fish, but the role of Cladocerans, Copepods and 

Rotifers in the food of these fishes is only recently 

being investigated. (Fernando, 2002a, Papa 2008a, 

Petersen, 1981e, Richter, H. 2001, Santiago et al., 

2004). It is the hope of the author, that this key 

will help in intensifying the research about this 

problem, finding the per capita ration of 

zooplankton (and other animals) necessary for 

raising a fish to recruitment stage in fishery or to fingerling stage for fish culture, as one of the 

most important ways of getting more animal protein at less cost.  

Fish from Laguna de Bay  

(covered by water hyacints) 1980 
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Zooplankton studies of secondary production have been done in Laguna de Bay 

(Petersen 1981e, Nielsen 1983). These studies were part of ecological investigations including 

measurement of primary production and important physical and chemical parameters and gave 

a further insight in the factors determining the fish production, modifying the conclusions 

from the SOGREAH-report (1974).  As pointed out in Nielsen et al. (1981) and Nielsen 

(1981), the limiting factors for fish production varied between inorganic turbidity (November-

May), self-shading (May-August) and phosphorous (not nitrogen as stated in the SOGREA-

report (1974)) in September to October. The period of self-shading of phytoplankton, was the 

period of high primary production, followed by a period of high biomass and secondary 

production of zooplankton. And a documented maximum in growth rate of Tilapia in fish pens 

from May to August. The total annual primary production was found to be 5 g*L
-1
*yr

-1
 (wet 

weight) giving rise to a secondary production of zooplankton of 0.38 g*L
-1
*yr

-1
 (Divided by 

Rotifers: 17 %, Cladocera: 19 % and Copepods: 64 %). To make decisions about sustainable 

aquaculture management in the Philippine Freshwaters, research projects like these, must be 

considered in the future.  
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Example of productivity of plankton in a lake. Here Laguna de Bay 1980. (After  Petersen 1981) 

 

 

 

ñInvertebrate zooplankton predators are generally less diverse in average species 

numbers in tropical than in temperate lakes and reservoirs. Predatory copepods which 

comprise the majority of limnetic predators are particularly low in species numbers in the 

tropics. Predatory cladocerans are confined to the North Temperate zone. Chaoborus appears 

to be cosmopolitan. Among rotifers, only the cosmopolitan predator Asplanchna occurs in 

tropical waters while the other common limnetic carnivorous genus Ploesoma is restricted to 

higher latitudesò (Fernando C.H. et al, 1992). 

To learn about climate and human-induced changes to lake ecosystems it has 

been suggested to make more systematic monitoring of changes in the zooplankton 
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communities of lakes in the Philippines, since the zooplankton act as the sentinels of the status 

of the lake ecosystem (Papa and Briones, 2014c).  

The role of zooplankton in the freshwater environment and the water quality of 

those freshwater bodies where fish farming has been implemented would be fruitful to study in 

cases where fish are depending of zooplankton as supplemented food supply. Legaspi et al. 

(2015b) review the problems of fish farming and call for a more ecologically sustainable lake-

based aquaculture, and refer to a study of this kind, including research on zooplankton, which 

has been done in one of the Seven Lakes (Volcano crater Lakes in and near San Pablo City.)  

The environments impact of fish farming was shown schematically (Legaspi et al., 2015b), 

here with zooplankton included in the figure. 

 

 

Schematic representation of fish farming and its environmental impact, including the role of zooplankton. 

Modified from Legaspi et al, 2015b. 

 The main task in zooplankton research in aquaculture might be to find the production of the 

zooplankton in the total water body. In closed systems, like fish ponds, this will give an 
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































