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Introduction

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

of fresh and brackish waters. Of the plankton organistine 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 etNielsen, 1983Fernando, 2002&lartmut, 2003,
Nielsen, 1983SOGREAHReport, 1974Papa, 2008aand Briones, 2012 just take a view

over Laguna de Bay and bee convinced (try Google Barth

Zooplankton in the food chain
Zooplankton constitutes the main
food of most fish species wh

these are at their young, pdatval
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). he invasiveMosquito fish,
Gambusia affinisis Widespread and Mr. Celestre feeding Tilapia in Fish Cage, 1980
common in canals, creeks, swamps,

ponds,and shallow areas of lakes. It feeds on zooplanktons, sreatitsand detritus Joshi,
2006). One of the major reasons why larger fish abandorfabid source is that it becomes
too smallrelative 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, thegr plankters are normally scarce in or absent from the

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

* Zooplankton is defined as the animal component of the planktonic community (i.e. animalsrioasasm
independently from strong water currents and tides) Usde 2013
® Coordinates of BRS laboratories at SEAFDEC 2/ 44" N, 122 12' 57" E
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through the water when filtering than zooplanktivorous fish do, allowing the larger plankton to
escape (Richte2001).
Sustainable fisheries'

development thus partly depends ¢
the availabilty  of  adequate
zooplankton as principal food items ¢
early life history stages
economically important fish species @
well as of the adults of some speci
(Mamaril, 2001a). The cultured
bighead carp, Hypophthalmichthyski'
nobilis (Richardson, 1845) feed o
zooplankton mechanical filtering of th

BigheadCarp, a zooplanktonfeede 1980

water through the gillrakers with ai

interrraker distance of 6000 pum, it can select especiallcopepoditesfrom the water in
Laguna de Bay, shown petersen (1981e) and Santiago (2004). The catadromous milkfish
Chanos chano@Forsskal, 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

Milkfish 1980 the  high  primary
production (Gross et al.
in Fernando, 2002a).
In Lake Taal in Batangdbe clupeid freshwater sardigardinella tawilis

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

has aplanktivorous diet of zooplankton such as ostracods, cladocd&assinasp.,Moina

sp.,Diaphanosomap.,Ceriodaphniasp. andSimocephalusp.) copepods (Cyclopoids and

Calanoids), and rotife@rachionusspp.). In a more recent stuBpsmnasp. had the highest
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occurrence items in the stomachgafilis purchased from the markéapa et al (2008a)
found that this freshwater sardine is a main predatoojedjeals, since up to 90% of its
stomachcontent has been found to be composed o&laoglied adult copepodmainly
calanoidArctodiaptomus dorsalis

AiTawilisd sold at the Binangonan Market. Pho:

To evaluate the importance of zooplankton as fish food knowledge of
zooplankton in the fish diehustbe studied As mentioned the zooplankton diet of the
freshwater sardine, Sardinella tawilis in Lake Taal has baghedby Papa (2005a). The
long-term changes can ls¢udiedby monitoring the stomach content for zooplankton for a
longerperiod(Briones et al, 2015Polycultures of fish may be more efficient in utilizing the
natural food. Polycultures has bdeavingbeensophisticatedn the Chinesaquaculture
tradition. The zooplankton play a role in this kind of management, as seen on the following

schematicallyfigure:
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Food levelin a Chinese polyculture pond. After Petersen (1980b)

Planktivorous fishes may have a direct effect on these large zooplankton groups
(Papa200&, Papaet al. 201b) andthe cladocerans even almost eliminated by fish
(Fernando, 2003aThe 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 davnwards to a depth where low irradiance prevents dete@®impa 2008a,Carlos
1982).
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Food chains in Laguna de Bay
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An example of a foodweb in a lake. After Petersen 1981e

In at study of vertical distribution during daylight, copepods with eggs where
thus primarily found neaihe bottom of the shallow, but turbid lake Laguna de Bay, invisible
for the zooplanktivorous fishes (Petersen, 1981e). The high predation from zooplanktivorous
fishes and fisHarvae, 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 bioma3snsequentiythe zooplankton of the tropical
lakes does not control phytoplankton biomass (Fernando, 2002a) as seen inmeangte
lakes. In the Danish Lake EsroBaphnia sp, which is rare in the tropical freshwaters,

controlled the phytoplanktebiomass in the warm summer period (Petersen, 1983).
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Other factors can influence the composition of zooplankton in allakgneal,
the zooplankton community structure, population dynamics, and production are strongly
influenced by lake produeity, and zooplankton is of this reason a useful indicator of
eutrophication of lake¢Papa et al. 2011b). Difference in diversity andrdistion of the
zooplankton within a lake may be influenced by anthropogenic eutrophicatiothdike).000
fish cagesn the Northern basin of Taal laK&ulati 2009) Furtherweather conditiongan
have an impact on the zooplanktalistribution; this is especiallythe case for tropical
zooplanktms, since their relatively smaller size Pgpa et al. 2011b).
Studies have shown that physiclemical parameters can be correlated to zooplankton
abundance, species number and diversity. The study by theaRagas 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 zoeplankton in
Laguna de Bay before 1980

was cladocerans followed b:

copepods and themotifers.
This was about the time whe
the total fish pen area was ¢
its maximum (ca. 30,000 ha

Declining zooplankton

biomass has been marke
between 1982 and 198:
The expanding fish pen industry, the operation of the Hydraulic Control Structure (HCS)

Fishpen in Laguna de Bay 1980

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 communbiesame apparent
seven year after the operation of the HCS, or 4 . @fter the demolition of fish pens.
Copepods became dominant over the cladocerans and rotifers in tha{MNiedeen, 1983,

TamayeZafaralla et al., 2002 Furthermorea shift towads a high biomass in younger stages
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of copepods caused bigeavily predation pressureon adult stagedy fish larvae and
planktivorous species, in and outsifieh pens has beerfound in Laguna de BayPapa,
20123.

The interconnectedness of the Lagunad_alas beedescribedby the awarded
scientist and teacheand my formecolleague Joy FerriolsPavica in this figure:

: oxygen fishkill
depletion
increased e
) photosynthesis k fish
(more food for herbivores) et

Napindan Hydraulic Control Structure

decreased
» photosynthesis s’run’redﬂzlsh
. [less food for herbivores) grow’ )

The interconnectedness of the Napindan Hydraulic Control Structure and the natural ecological dynamics of
Laguna Lake and the livelihood of its fishers

Interconnectedness of the Laguna Lake, Ferriol®avica (2017)

There is no doubt that zooplanktog

entersthe diet of different speceand stages o
fish, but the role ofCladoceransCopepodsand
Rotifersin the food of these fishes is only recent
being investigatedFernando, 2002a, Papa 200&
Petersen, 1981®ichter, H. 2001, Santiago et al
2009). It is the hope of the authothat this key

will help in intensifying the research about th

Fish from Laguna de Bay

problem, finding the per capita ration of
. db ter hyacints) 1980
zooplankton (and other animals) necessary for (covered by water hyacints)
raising a fish to recruitment stage in fishery or to fingerling stage for fish cultuoecas the

most important ways of getting more animal protein at less cost.
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Zooplankton studies of secondary production haeendone inLaguna deBay
(Peterseri981e, Nielen1983) These studies wepart of ecological investigations including
measurement of primmga production and important physical and chemical paramatetgave
a further insight in the factors determining the f@mduction modifying the onclusions
from the SOGREAHeport (1974). As pointed out in Nielseh &. (1981) and Nielsen
(1981),the limiting factors forfish productionvaried between inorganic turbidity (November
May), seltshading(May-August) and phosphorous (not nitroges stated inhe SOGREA
report (1974) in September to Octohefhe period okeltshadingof phytoplanktonwas the
period of high primary production, followed by a period of high biomass and secondary

production of zooplanktorAnd adocumentednaximumin growth rate ofTilapiain fish pens
from May to August The total annual primargroduction was found to be g*L ™ *yr ™ (wet

weight) givingrise to a secondary production of zooplankton of 0.38 ¥k (Divided by
Rotifers: 17 %, Cladocera: 19 % and Copepods: 64T%)nakedecisions abousustainable
aquaculture management in theilippine Freshwaters, search projects like theseust be

consideredn the future.
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Primary- and secondary production of plankton i Laguna de Bay
1980 (efter Petersen 198le)

HERBIVOROUS OMNIVOROUS CARNIVOROUS
Phytoplankton Asplanchna 38[[3
B = 20 mg/L Br. caudatus 1+*6
Br. angularis 1504
P=5g /L /Yr \ Br. calyciflorus 35n:|-6 \
Keratella 105 [Po \
1530 110
Conochilus 77 22 TOTAL
Filipino- 96“6 0. 38g
diaptomus {
NAUPLII 600 51 |
The:
2020
Diaphanosoma 280 27
Moina 69 L5
\
Bosmina 260 21
e e e
220 H :
A l” | LEGEND: FOOD CHAIN .
; average bi netproduction
Filinia 2296 { ug/L \/l mg/L/yxr
|

DETRIVOROUS . Species 555:[55«;

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

Al nvertebrate zooplankton predators al
numbers in ropical than in temperate lakes and reservoirs. Predatopgpodswhich
comprise the majority of limnetic predators are particularly low in species numbers in th
tropics. Predatoryladoceras are confined to the North Temperate zoGhaoborusappears
to be cosmopolitan. Amongptifers only the cosmopolitan predatésplanchnaoccurs in
tropical waters while the other common limnetic carnivorous g@hossomals restricted to
, 199
To learn about climate and haminduced changes to lake ecosystems it has

higher latitudeso (Fernando C. H. et al

been suggested to make more systematic monitoring of changes in the zooplankton
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communitiesof lakes in the Philippinesince the zooplankton act as the sentinels of the status
of the lake ecosystem (Papa anibBes, 2014c)

The role of zooplankton in the freshwater environment and the water quality of
those freshwater bodies where fish farming has been implemented wdulitfoéto study in
cases where fish are dependoigooplanktoras supplemented foalipply. 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 Lakedcanocrater Lakes in and near San Pablo City.)
Theenvironmentsmpact of fish farming was shown schematically (Lega&sil.,20158,
here with zooplankton included in the figure.

Schematic representation of fish farming and its environmental impactincluding the role of zooplankton.
Modified from Legaspi et al, 2015b.

The main task in zooplanktaesearch iraquaculture might be to find the production of the

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