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Abstract: Problem statement: Selectivity is common in predator-prey interactiout the selection
mechanism is still unexplored and a debatable igsurodern theoretical and experimental ecology
for numerous species across the globe. In presgasiigation we emphasized the hypothesis that the
zooplankton is less inclined to opt the food baeedsize selectivity criteria than the preferential
selectivity for the safe non-toxic food speciégpproach: As a test bed we select one nontoxic
phytoplankton Chaetocerous gracilis), one toxic phytoplanktonMicrocystis aeruginosa) and one
zooplankton Artemia salina). Initially the experiment is setup through theadinbatch cultures of
Nontoxic (NTP) and toxic Phytoplankton (TPP). Btitle strains of phytoplankton are collected from
the deltaic region of river Subarnarekha (87°31t8 21°37"N) and the isolation is done in the
laboratory. Similarly batches of zooplankton (BraRe&d Top, USA) are also hatched and maintained
at optimal conditions in the laboratory. We set thi experiments with the physical parameters viz.
Photo period: 12: 12 L: D cycle, Temperature: 282 7/Salinity: 10 ppt and pH of the medium 7.5. To
evaluate our hypothesis in restricted environmeathave introduced the zooplankton in a 3 liter
beaker with 75: 25 (TPP: NTP) food ratio. Biolodiaativities (feeding) are monitored for each of th
species with regular recorded biomass count on eggérimental day till the predator population goes
to extinct. Results: The mean biomass profile of zooplankton remaingsenw less constant at the
initial stage but a sharp decline trend has beesemied after the 4th day of the experiment. A simil
trend has been observed for the mean biomasseufNTP leading the population toward extinction
after 6th experimental day. The entire mean bionms§ile trend of TPP can be interpreted as a
convolution of three growth pulses viz., initiafhpsitive, followed by a negative and terminatinghwi

a positive growth. To evaluate the bias in the ltestiexperiment we have estimated the variance
levels of sample biomasses for each of the expetahéime points for each of the three species.
Conclusion: The observed stable nature of the zooplankton &ssnmay be due to initial NTP uptakes
but a sudden decline suggests that they are fawdded on the TPP for survival. In absence of
grazing pressure, TPP initially showed a mild pesigrowth but when the predator switch to TPP for
food it shows a negative growth and finally dueapid mortality of zooplankton and excretal nuttien
input the growth rate again kicks up. In summaryasaclude that the zooplanktekr{emia salina)

can discriminate toxic and nontoxic food species mnore inclined toward the non-toxic species if the
resource available. But shortage of nontoxic spedce them to feed on toxic one, in spite oktica
adverse effect on its survival.
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INTRODUCTION numerous role of plankton in an aquatic ecosysteth a
identified the existence of many avenues from which
Plankton is the most abundant food source in anplankton sustains in a system under limited ressirc
aquatic food chain. Phytoplankton, in particular, Every predator in nature has its own signatureepatt
occupies the first trophic level of the aquatic doo of predation and species preference may vary togel
chain. Plankton serves many ecological functionarin extent as nature offers strong competitors amomeg th
aquatic food chain. Many workers have investigalted predator communities and limited resource for suatvi
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When numerous prey species were abundant in thguality of food plays as an additional selectiityteria
predation zone, the predator will opt for randomof predation. Due to (Silvat al., 2008) the functional
selection. But in a limited resource environmendl an feeding of Chironomid larvae (Insecta, Diptera) are
under low prey density, non-selective predatorsprobably conditioned by environmental characterisfi
choose its optimal prey species for survival, bythe aquatic system, such as the modification of
enforcing the food selectivity criter@@larleenet al.,  substrate and input of organic matter of allochthen
2007; Stoeckeet al., 1981; Yen, 1985). origin, which reflect directly on the quality of dd
Selectivity is a complex choice among all thesources available. Similarly, European Rabbits may
biological species from the tiny virus particle tiee = compromise for predation with predation risk foe th
largest animal on earth “Blue Whale”. Selection ishighest quality of food (Bakkeet al., 2005). Food
opted for various micro and macro habitat to feaidi  quality was highest close to burrows, therefore the
the species a more stable and comfortable exisiatwe species selecting for high quality of food showdafje
the battle of survival ranging from food acquaim@to  most intensely close to the burrows and only move
habitat selection, partner selection for futurefurther away for higher quality items or when the
propagation etc. Selection in nature is a veryegetation close to their burrow is depleted.
complicated fabric of the ecosystem that holdskiée Aquatic systems are enriched with varieties ofhhig
to success among millions of species thriving iis th quality foods for the predators. It might be pokesihat
planet with various extreme climates (the polar icea predator could adopt more than one selectivitgria
caps, the deserts) to the lust green forest and thet a time for selecting its prey in such natural
scintillating marine world. Basically it is an aggate environment. Obviously it is very difficult to idefy
of several factors that the species considerd itsdbe  such criteria separately from field data. Contbliab
well enough to give itself a fair chance of optimum experiments are necessary to establish such hygesthe
survival for the struggle of existence. Size selective predation was common in nature but
In nature under extreme condition predator maywhat will happen if the predator has to choose from
exhibit variety of switching and selective mechams limited resources under controlled environment? Wil
in connections with their feeding behavior. A stigh opt for an alternate species from the given sethoice
variation in food habits may produce a useful pteda rather indulging into its prime food or it will shoa
species (Sweetman, 1936). Such deviation in feedinguffered consumption with respect to the availdbtel
habits probably resulted in modifications of certai densities (food rationing)? Does it move forward
useful characters which in the course of furthertoward a safe food (non-toxic) for its survival?
development become functional and permanent. In Before searching possible answers of these
most cases however, morphological are confineti¢o t questions, we like to narrate briefly an experiment
mouth parts and the gasping organ only for e.g.performed by Reeve (1963) to establish size selgcti
Syrphid larvae may be phytophagous, carnivorous oand filter feeding criteria of a marine zooplankton
saprophagous depending on the balance of plants adremia salina. The experiment showed no signature
animals food in the environment (Trehan, 1943).that Artemia could discriminate different speciels o
Similarly, the switching mechanisms of omnivorousplant cells presented in mixtures of food. It wdsoa
copepod Calanus pacifica) from herbivorous to observed that the species showed no appreciabigy abi
carnivorous is observed during the decline ofto discriminate between nutritious and non-nutusio
phytoplankton bloom (Landry, 1981). Another particles. But in the presence of toxic (unsafe) aan-
behavioral flexibility of a marine predator, The toxic (safe) mixtures of food particles the behaaio
common murre Yria aalge) has been observed when activity of the same species is still unknown and
food density decreases in the environment. It mwm  unexplored. The hypothesis that the selection &l
that flexible time budget allows some animals téfdou  driven more naturally toward the safe non-toxicdoo
the effect of variable food availability (Hardireg al.,  than the optimum sized food particles. This shdugd
2007). When food densities is low individuals maytested in a proper laboratory environment for mglan
allocate more time for foraging, whereas when it isdecision on such typical selectivity criteria. By
abundant they might allocate more time for otherinvestigating such basic choice patterns among
activity such as rest, play, courtship (Davies andzooplankton we tried to gain some basic knowledge o
Lundberg, 1985; Hixonet al., 1983). This type of selectivity. We conducted an experiment in theitspir
behavioral plasticity is a useful trait for marine Reeve (1963) with a marine zooplankton and two
predators living in a variable environment charaeeel  different food items as feed in restricted enviremmn
by patchy and ephemeral food resources. Also théorcing the grazer to opt among a binary choicéhéei
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feed or no feed). This would indeed help us toof patch formations. Daily biomass counts were take
understand the basics of selection criteria ifxisteand  for both the phytoplankton with a heamocytometet an
try to investigate the interrelations among thedf@emd the zooplankton counts were taken with narcotized
the consumer (i.e., the zooplankton). So in sumrfdasy samples from the test vessel with Sidgwick-rafter
study aims at to explore a basic choice pattermantitte  chamber. The samples were returned to the teselvess
interactions of a zooplanktovtemia salina) and two  after the counting process is over. During the tiogn
different algal species with intricate toxic andntexic ~ process we modified the counting method to elingnat
nature to reflect a contrast among themselves ad fo sampling errors and patch formations by the toxic
items. Initial results motivate us to leap furtlmio this  strain. Counts were taken for the entire Neubauer
aspect of zooplankton which remains quite unregkealerulings with 10 samples. For enumeration of pateh w
and little explored than it requires. adapted the following protocol as described below:
The materials and methods is attributed to theEach small square of the central grid has beerdelivi
experimental setup and protocols adopted for thénto 16 further squares or grids with equal siZésw,
experiment. The results segment deals with the postach tiny square could be able to accommodate
experimentation data analysis as well as therigglof  approximately 10 cells within a patch. Now the okl

the experiment undertaken. of the patch could be determined by eye estimate
through the patch occupying the tiny grid area. iAga
MATERIALSANSMETHODS from each tiny square of the central grid estimates

individual cells were taken by direct counting.
Experimental design and protocol: The test species
chosen for our experiments wethaetocerous gracilis RESULTS
(non-toxic strain)Microcystis aeruginosa (toxic strain)
andArtemia salina (zooplankton). In order to carry out Data analysis and inference: We have recorded the
the designed experiment we first cultured smalthes mean biomass levels of the three species, for eéch
of Nontoxic (NTP) and toxic Phytoplankton (TPP) in the experiment day. The experiment was terminated
our laboratory environment (Gulliard , 1975). Batle  after the eleventh day due to massive fall of
strains of phytoplankton are collected from thetalel zooplankton biomass almost toward extinction. The
region of river Subarnarekha (87°31"E and 21°37”"N)mean biomass and Relative Growth Rate (RGR) profile
and the isolation of the species have been perfbime curves of the three species are depicted in Filj.id to
the laboratory. Similarly batches of zooplanktonbe observed that each of the profile curves are
(Brand: Red top, USA) were also hatched andcomposed of several small growth pulses.
maintained in optimal condition for experiment et In the first panel of Fig. 1, RGR values are giott
laboratory environment (Provasoli and Shiraish9)9  only for first four time points. This is due to rhatmatical
The following protocols were laid down before the intractability of RGR metric when NTP populationego
experiments were initially performed: Only those to extinction. For other two species it is defifiedall the
zooplankton populations which have just startedexperimental time points which are depicted in Bdco
feeding (i.e., after 36-48 h of hatching) were sild.  and third panel of Fig. 1. RGR profiles for NTP aO
Determination of individual phytoplankton stock exhibit some unusual trends, which are not analgou
concentrations for mixing equivalent proportiongtted ~ with the RGR trends of some known growth laws. The
food ratio was done before the start of the expemtn  objective of the feeding experiment was to deteentire
Segregation and enumeration of the zooplanktorieeding response of zooplanktofrtemia salina) when
population were performed. After the initial protde  presented with mixtures containing one toxic (5 jamj
were met we started the experiments with the physic one non-toxic phytoplankton (average diameter 7 pm)
parameters viz. Photo period: 12: 12 L: D cycle.already established in existing literature (Dembd&39;
Temperature: 26-27°C, Salinity: 10 ppt and pH af th Logan et al., 1994). Following the same protocol as
medium 7.5. The experiment was designed in d&vrost (1972; 1977) we deliberately made the snlll ¢
chemostat fashion. The experiments were run ieB li (toxic) more abundant (75%) than the large celln¢no
containers with mild aeration to facilitate a toxic, 25%). Therefore if Artemia was inclined to
homogeneous mixing of the plankton population andconcentrate its feeding effort only based on thee si
better search rate. In all conducted experimentdkie  selectivity and abundance criteria, it should navé
strain Microcydtis aeruginosa) has a tendency to form any preference for the large NTP. But in our
patch in high densities so the gentle mixing impd@  experiment drastic initial fall of NTP bioma&s
counter measure adopted to minimize such occurrencé days) indicates that the zooplankton primarilyswa
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more inclined towards the predation of NTP ratlhant
the TPP although according to size selectivityecidt it
should be more biased towards the small cell gastic the system (time point 6 onwards). Sudden decline o
The mean biomass profile of zooplankton remainsemorthe biomass profile suggests that they were fottced

or less constant at the initial stage but a massiep
decline trend has been observed after the 4th fitheo
experiment. A similar decreasing trend has beemortality due to adverse toxic effect. The observed
observed for the mean biomass profile of NTP whichrapid growth of TPP might be due to the recycling
leads toward an extinction of the population afiér
experimental day. The entire mean biomass profilsmitrogenous excreta) and less predation due to the
trend of TPP can be interpreted as a convolution ofmassive fall of zooplankton biomass. These results
three growth pulses viz., initially positive, folled by
negative and end with a positive growth.

Table 1: Mean biomass, SD of the three speciessigakperimental

time points

Species

Z00 TPP NTP
Time points Mean SD Mean SD Mean SD
1 (initial) 3.65 250 2.06 0.13 0.51 0.02
2 3.70 2.14 2.29 0.09 0.44 0.02
3 3.60 259 3.14 0.05 0.27 0.02
4 3.62 3.02 3.97 0.36 0.04 0.01
5 3.42 1.33 3.35 0.23 0.01 0.02
6 3.30 225 211 023 = *
7 2.65 295 215 037 * *
8 1.50 235 241 021 * *
9 1.00 1.05 3.32 0.20 * *
10 0.85 1.34 4.63 0.27 * *
11 (final) 0.40 0.96 5.33 0.18 * *

*: Denotes extinct population from the system
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It is quite interesting to study mean biomassif@of
of the zooplankton after the NTP was terminatednfro

feed on the TPP for survival and it has a significa
negative impact on the population by causing adrapi

nutrient input from the zooplankton (donating

were depicted in Fig. 1. These findings supported o
hypothesis, a priori, of the experiment. We infeatt
with available resourcesArtemia salina could
discriminate the toxic and non-toxic food species.
Artemia is more inclined to opt for non-toxic spegi
which is comparatively a bigger size than the tme.

In the long run shortage of non-toxic species, ddrc
them to feed on toxic one although it has a drastic
negative impact on its survival. To evaluate theshn

the result of experiment we have plotted (Tablend a
Fig. 2) of the variances level of sample biomass fo
each of the experimental time points separately for
three species.

NTP

Variance

0.00030  0.00050

=y

0 0.1 02 0.3 04 05

Mean size

TPP

012
o
°

Variance
0.06
°
©

0.0

2.0 2.5 3.0 35 4.0 4.3 50

Mean size

200

Variance

1 2 3

Mean size

Fig. 2: Sampling fluctuations in terms of variareeels

for each of the three species. Left and right
arrows depicted in each panel of the figure
indicate that the species biomasses are
decreasing and increasing respectively



OnLine J. Bial. ci., 10 (1): 11-16, 2010

The variance of NTP remains almost constant withphytoplankton species presented in mixtures of food
the population size representing less bias in samplThe species also was unable to discriminate nuasti
measurement. On the other hand TPP shows a moderated non-nutritious food particles.
sample fluctuations initially might due to few sinal
patches in the s_am_ple. But as tim_e progress, teeddi CONCLUSION
the patches will increase leading to high sample
fluctuations. Initially the sample fluctuations of . .
zooplankton are high due to biased measurement of But_fro_m our experiment we con_clude that A_rtem|a
collected samples. The non-toxic food provides moré:OUId d_|sc_r|m|nate toxic and hon-toxic food s_pecaqsl
energy to the zooplankton at the initial stage itegdo more mclmeql toward the non-toxic Species i the
erratic movement of the species resulting in aduas resource available. But shgrtage O.f hontoxic sgecie
measurement. As soon as the zooplankton stareetb f force them to fe‘?d on toxic one, in spite of diast
on toxic species, it becomes less reactive duehgo t 2dverse effecton its survival.
adverse effect of such predation. This negativeairthp
helps in minimizing the sample fluctuations. ACKNOWLEDGMENT
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