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The variability and diversity of planktonic community under iso-nutrient (crude protein: 22 

%) feeding regime of mash (M) and pellet feed (P) was assayed in mixed culture of Labeo 

rohita and Cirrhinus mrigala in outdoor experimental tanks. Total phytoplankton population 

was higher by 11.03% in P in contrast to total zooplankton which was higher in M 

(13.06%). The initial dominance of Bacillariophyceae and Myxophyceae in both M and P 

declined with concomitant increase in the populations of Chlorophyceae and 

Euglenophyceae.  However, the overall dominance of bacillariophyceae was 15-18% more 

in M contrary to the chlorophyceae population which was 12.07-37.5% greater in P. 

Contribution of Copepods and Cladocerans in the total zooplankton population was higher 

in P as compared to M. A positive correlation was established between body weight of test 

fish and total plankton in both M (R2=0.995) and P (R2=0.941). Though positive correlation 

between body weight of the test fishes and total phytoplankton was observed both in M and 

P, such relationship with total zooplankton was established only in M. Comparative higher 

availability of ortho-phosphate and total inorganic nitrogen in pellet (P) resulted in higher 

plankton populations compared to M. Among all the groups, Chlorophyceae and Copepod 

influenced positively on body weight of the test fishes (R2 = 0.68-0.75 and 0.57-0.80, 

respectively). Shannon diversity index of the heterogeneity of total plankton was found to 

be maximum in P (2.45) compared to M (2.26). Gross and Net Primary Productivity was 

higher by 16.51% to 28.73% in P compared to M. 

 

 

1. Introduction 
 

Global fish production has grown steadily in the last five 

decades, with food fish supply increasing at an average 

annual rate of 3.2%, outpacing world population growth at 

1.6% (FAO 2014). In the last decade 2005-2014, cultured fish 

production grew at 5.8 percent annually and the production of 

food fish by aquaculture has more than doubled (FAO 2016). 

Aquaculture has been proven to be an effective livelihood 

besides land based farming systems for a large section of the 

agrarian populations in India.  Indian aquaculture has 

achieved a six and a half fold growth over the last two 

decades where freshwater aquaculture contributed over 95% 

of the total aquaculture production. The current trend in fish 

culture towards increased intensification is directly dependent 

upon nutritionally balanced and cost effective compound 

feeds among others.  

In-situ production and maintenance of a healthy 

population of phyto and zooplankton is extremely important 

to fulfill the requirement of sufficient food particularly for 

the early stages of fish and shellfish. Moreover, nutritional 

quality of live food in aquaculture is important for survival 

and growth of larvae (Szyper 1989). Being the biological 

wealth of the water body, phytoplankton plays a basic role in 

the food chain (Pokorny et al. 2005) and is indicators of 

production level. Temporal variability in the structure and 

function of a phytoplankton community are the fundamental 

importance to aquatic production system. Zooplankton 

constitutes the most important animal group of aquatic 

environment being a major portion of the live diet of fish and 

other organisms.  

Supplementary feeding plays vital roles in semi-intensive 

system to enhance fish production within shortest possible 

time. It is regarded as an useful tool for providing nutrient 
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components and energy required for better fish growth and 

production (Abdelghany et al. 2002) and is known to increase 

the carrying capacity of culture system (Nazish and Mateen 

2011).  Such feed is useful in conversion of low value animal 

and vegetable proteins into quality proteins (Devaraj and 

Krishna 1981).  Besides providing nutrition directly to the 

cultured fish and shell fish, nutrients generated out of 

metabolites and mineralization of unconsumed feed play 

significant role in supporting autotrophic production pathway 

thereby supporting the overall productivity of the system.   

The relationship between the physico-chemical 

parameters and plankton production is of great importance in 

the pond based fish culture system. Both the qualitative and 

quantitative abundance of plankton in a fish pond are of great 

importance in managing the successful aquaculture 

operations, as these vary from location to location and pond 

to pond within the same location even with similar ecological 

conditions (Boyd 1982). The present work designed to 

investigate the impact of iso-nutrient mash and pellet feed 

application upon the abundance and diversity of the 

planktonic community, and primary productivity under 

outdoor experimental carp culture system of Labeo rohita 

(rohu) and Cirrhinus mrigala (mrigal).   

 
2. Materials and methods 
 

2.1. Experimental system 
 

The experiment was conducted at the Faculty of Fishery 

Sciences (22.479749 N; 88.401301 E), West Bengal 

University of Animal and Fishery Sciences, Chakgaria, 

Kolkata, West Bengal, India. Nine outdoor experimental 

cylindrical cement tanks (180 L: diameter 64 cm and height 

56 cm) were thoroughly washed, sun dried and provided with 

a soil base of 15 cm. each and then filled with ground water 

(pH-7.5). All the tanks were applied with slurry of cow 

manure @ 10,000 kg/ha. as practiced in traditional carp 

culture pond preparation in the locality. After seven days of 

cow manure application, agricultural limestone was applied in 

each of the experimental tanks @ 200 kg ha-1. When the 

water colour turned greenish blue indicating plankton 

richness, they were randomly grouped into three batches in 

triplicate. Healthy fingerlings of Rohu (8.1 ± 0.2 cm; 12.75± 

0.21 g) and Mrigal (7.08 ± 0.2 cm; 13.31 ± 0.21 g) were 

stocked in two of the three batches of tanks @15 nos./tank 

(2:1; rohu: mrigal ) in the early morning soon after sunrise.  

 
2.2. Preparation of formulated feed and feeding 

 

Iso-nutritious mash (M) and pellet (P) feed (22% crude 

protein) were prepared by using two protein inputs from 

animal and plant sources namely fish meal (CP=45%) and 

mustard oil cake (CP=30%) respectively following Pearson’s 

Square method. Rice polish was used as carbohydrate source 

and filler as well. The calculated amount of each ingredients 

excepting oil was powdered by using a motorized grinder and 

mixed thoroughly. The mash was fortified with vitamin-

mineral mixture @ 1% and equal mixture of groundnut oil 

and cod liver oil @ 6% to supplement essential fatty acids. 

For preparation of pellet feed, the above mash feed excepting 

the vitamin-mineral mixture and oil was mixed with boiled 

tapioca starch (@ 2 %) as binder to make dough with 

addition of required quantity of moisture and cooked for 10 

minutes. The cooked dough was cooled and passed through 

an automated pelletizer (dye size of 2 mm).  The pellet was 

then sprayed with oil (6%) and vitamin-mineral mixture 

(1%) by using a hand sprayer. Both the feed types were air 

dried and packaged in HDPE bags with proper sealants. 

Fish in the first and second batches of cisterns were fed 

with mash (M) and pellet feed (P) respectively @ 5% of 

body weight once daily between 9.00 a.m. to 10 a.m. The 

required amount of feed was broadcasted over the water 

surface whereas, the third batch of cisterns were not applied 

with any kind of feed which served as control (C). A fixed 

level of water was maintained in the experimental tanks by 

periodic addition of ground water to compensate the loss due 

to evaporation and sampling.   

 
2.3. Collection of samples 

 

Five litres of water sample were pooled by collecting one 

liter sub-sample from different spots of each treatment tanks 

and passed through a plankton net made of bolting silk cloth 

(no. 42). A filtrate of 20 ml was collected and preserved in 

4% formaldehyde solution. Water samples were collected at 

biweekly intervals from each of the tanks at a fixed hour of 

the day (9.30 a.m.) by completely dipping the collection 

bottle at 15 cm depth for physico-chemical analyses.  During 

collection of water samples, caution was taken to prevent air 

bubbling, which might influence water parameters such as 

dissolved oxygen (APHA 1995). Soil samples from each of 

the cisterns were collected from two different places of the 

soil bed using hand sampler. After which, two samples were 

then mixed, air dried, pulverized with pestle and mortar, 

sieved through 150 μm mesh sieve and stored in labeled 

polythene packets for analyses. 

 
2.4. Analysis of sample 

 

Preserved plankton samples were analyzed by Drop Count 

Method (APHA 1995; Verlencar and Desai 2004) under a 

binocular microscope. Primary productivity of phytoplankton 

was measured using dark and light bottle technique by 

Winberg (1963). Standard method (APHA 1995) was used 

for estimation of Biochemical Oxygen Demand (BOD1) 

Population of aerobic heterotrophic bacteria was enumerated 

using standard method (APHA 1995).  

 
2.5. Statistical analysis 

 

All the results were subjected to statistical analysis.  One 

way Analysis of Variance (ANOVA) and Duncan Multiple 

Range Test (DMRT) were applied to test the significance 

among the treatments. Correlation co-efficient (r) test was 

applied to establish relationship between selective 

parameters using appropriate software and where significant, 

selective variables were fitted with appropriate models to 

find out the nature and intensity of dependency. All the 

statistical analyses have been done using IBM SPSS 

Statistics V20.0.0. 
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Fig. 1 Temporal trends of total phytoplankton (A) and zooplankton (B) population in mash (A) and pellet (B) fed treatments 

 

3. Results 
 

3.1. Plankton population 

 

3.1.1. Total phytoplankton and zooplankton populations 

 

Total phytoplankton and zooplankton populations tended to 

increase over time in any of the treatments employed. The 

highest mean of total phytoplankton was encountered in P 

(2954.43±234.78 nos.l-1) followed by M (2654.28±194.85 

nos.l-1) and lowest in Control (1600 ±160.73 nos.l-1) (Fig. 1 

A). Contrary to this, total zooplankton population was highest 

in M (1280 ± 91.97 nos.l-1) which was 13.06% and 84.36 % 

higher than P and Control, respectively (Fig. 1 B).  Overall 

treatment differences remained highly significant (F2, 20 ≥ 

32.17; P < 0.001) both for phytoplankton and zooplankton 

populations with significant (DMRT; P < 0.05) differences 

between M and P during investigation. 

 

3.1.2. Population composition 

 

3.1.2.1. Phytoplankton 

 

Phytoplankton population was composed of the members of 

the family Chlorophyceae (Pediastrum sp., Ankistrodesmus 

sp., Scenedesmus sp., Ulothrix sp., Crucigenia sp.), 

Myxophyceae (Anabaena sp., Merismopedia sp.), 

Bacillariophyceae (Stephanodiscus sp., Cyclotella sp., 

Navicula sp., Asterionella sp., Synedra sp.) and 

Euglenophyceae (Phacus sp., Euglena sp.). Though overall 

mean value of Chlorophyceae, Myxophyceae and 

Euglenophyceae population were highest in P, 

Bacillariophyceae population was highest in M followed by 

P and lowest in C. Differences remained significant (F2, 20 ≥ 

6.15; P ≤ 0.05) except Euglenophyceae. Xanthophyceae 

population (Gonochloris sp.) encountered very rarely in all 

the systems employed. The occurrence of Botriodiceae 

(Botriococcus sp.) encountered once each in P and C, 

respectively (Table 1). 

The relative contribution of different groups of 

phytoplankton under both mash and pellet feeding clearly 

indicated overall dominance of Bacillariophyceae 

community (46.95 %; 41.95%) followed by Chlorophyceae 

(30.16%; 32.10%), Myxophyceae (15.39%; 15.66%), 

Euglenophyceae (6.14%; 8.42%) and Xanthophyceae 

(1.36%; 1.15%). Such contribution of Bacillariophyceae and 

Myxophyceae population exhibited decline from 56.09 % to 

43.08 % and 55.93% to 36.8%, and, 10.32 to 8.12% and 

14.42% to 6.25% respectively in M and P respectively. 

Chlorophyceae and Euglenophyceae population increased 

from 28.05% to 43.25 % and 24.65 % to 54.42 %, and, 0 % 

to 4.95 % respectively in M and P, respectively. 

Xanthophyceae community contributed to the phytoplankton 

population occasionally (5.5% to 4 %) (Fig. 2). Difference 

among different groups of phytoplankton during the period 

of investigation was strongly significance (F4, 34 ≥ 53.88; P < 

0.001).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Percent distribution 

of phytoplankton in mash 

(A) and pellet (B) fed 

systems. 
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Table 1.  BOD1, primary productivity and plankton populations in the different treatments. 
 

Parameters P M C 

BOD1 (mg l-1) 6.99 ± 0.27  6.43 ±0.29  4.51±0.22  

GPP (gCm3day -1) 2.61 ± 0.30  2.24 ± 0.22  1.35 ± 0.10 

NPP (gCm3day -1) 1.91 ± 0.23  1.48 ± 0.14  0.91 ± 0.06 

CR (gCm3day -1) 0.82 ± 0.15  0.88 ± 0.14  0.43± 0.06  

  AHB(CFUx102ml-1) 61.85±11.72  72.57±14.16  37.85±3.45  

Chlorophyceae (nos.l-1) 853.57 ± 70.16  746.42 ± 91.35  500 ± 73.39  

Myxophyceae (nos.l-1) 446.43 ± 81.72  400 ± 84.34  217.86 ± 68.94  

Euglenophyceae (nos.l-1) 239.29 ± 87.43  160.71 ± 45.59  75 ± 40.08  

Baccillariophyceae (nos.l-1) 1128.57 ± 148.94  1182.14 ±99.21  800 ± 111.67 

Xanthophyceae (nos.l-1) 34.12 ± 20.92  25 ± 16.36 nos.l-1 7.14 ± 7.14  

Cladocera (nos.l-1) 571.42 ± 48.62  546.43 ±42.40  295.71±35.13  

Copepod (nos.l-1) 495.78 ± 74.36  467.85 ± 72.52  270±31.15  

Rotifera (nos.l-1) 182.14 ± 26.0 185.71 ± 42.91  120.71 ± 20.99  

Ostracod (nos.l-1) 14.28 ± 9.22  67.85 ± 24.22  14.29±9.22  

BOD = Biological Oxygen Demand; GPP = Gross Primary Productivity; NPP =Net Primary Productivity; CR =                            

Community Respiration; AHB = Aerobic Heterotrophic Bacteria 

 

 

3.1.2.2. Zooplankton 
 

Zooplankton population was composed of the members of the 

family Cladocera (Daphnia sp, Moina sp., Bosmina sp.), 

Copepoda (Cyclops sp. and Diaptomus sp.), Rotifera 

(Brachionus sp., Monostyla sp., Keratella sp. and Asplanchna 

sp.) and Ostracoda (Cypris sp.). Highest overall mean was 

observed in M (1225±80.18 nos.l-1) and lowest in C 

(694.29±19.98 nos.l-1) (Table 1). Relative contribution of 

different groups of zooplankton in M indicated dominance of 

cladocera (29.86-62.96%) followed by Copepoda (25-59.4%), 

Rotifera (8.98-31.49%) and Ostracods (1.76-10.87%). The 

variation showed gradual increase of the Cladoceran with 

concomitant increase in the populations of Rotifera and 

Ostracods. The overall difference among different groups 

exhibited strong significance (F3,27 =15.44; P < 0.001) (Fig. 3 

A).  

The overall contribution of different groups of 

zooplankton towards total population in P revealed that 

Cladocera contributed maximally (47.08%) followed by 

Copepoda (36.39%), Rotifera (15.40%) and Ostracod 

(1.13%). The relative contribution of different groups 

showed gradual decline of Cladocerans with simultaneous 

increase of Copepoda. Rotifers in general, maintained more 

or less minor variations in its contribution. The overall 

statistical difference among different groups remains highly 

significant (F3 27 = 36.43; P < 0.001) in the pellet fed 

treatment (Fig. 3 B). In the Control system also Cladocerans 

exhibited an edge of dominance (41.29 %) over Copepoda 

(38.81 %) (Fig. 3 C). 

 

3.1.3. Shannon diversity index (SDI)  

 

SDI of total plankton as well as total phytoplankton in both 

the treatments (P and M) was distinctly higher compared to 

the Control. Moreover, it was markedly higher in P than M 

(Fig. 4 A, B, C).  The heterogeneity (Hi) of total plankton 

was found to be maximal in the treatment with pellet 

treatment feeding (2.45) as compared to mash feeding (2.26) 

and the lowest value was encountered in Control (2.02). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Percent distribution of zooplankton in mash (A), pellet (B) and control (C) 
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Fig.  4 Shannon diversity index (Hi) of total zooplankton (A), total phytoplankton (B) and total plankton (C) in different 

treatments employed 

 

3.2. Primary productivity  

 

The trends of Gross Primary Production (GPP) and Net 

Primary Productivity (NPP) in general, tended to gradually 

increase over time in both P and M, whereas, it remained 

more or less stationary in the Control.  Highest overall mean 

value of GPP (2.61 gCm3day-1) and NPP (1.91 gCm3day-1) 

was encountered in P being 16.51% (GPP) and 28.73% (NPP) 

more than that of M (2.25 gCm3day-1 GPP and 1.48 gCm3day-

1) and lowest value was encountered in Control (Table 1). 

Though overall differences among the systems became 

significant (F2, 38 ≥ 22.78; P < 0.001) after one month of the 

experiment, treatment differences between M and P also 

remained significant (DMRT; P < 0.05) during most of the 

dates of observation. Community respiration exhibited three 

distinct peaks in both P and M. Statistical difference exhibited 

strong significance (F2, 38 = 9.36; P < 0.001) during most part 

of the observation and this was true in-between the treatments 

also (DMRT). 

 

3.3. Aerobic Heterotrophic Bacteria (AHB) 
 

The population of AHB exhibited a more or less stationary 

trend in all the systems during the first trimester of the 

investigation period followed by an increasing trend 

thereafter in both the treatments. The highest mean value 

(72.57 CFU x 102 ml-1) encountered in M was 0.28 % and 

2.42 % higher than P and control respectively (Table 1). 

Differences among the systems were distinctly pronounced 

(F2, 20 = 4.56; P < 0.05) during the second half of the 

investigation. 

 

3.4. Biochemical Oxygen Demand 
 

Biochemical Oxygen Demand (BOD1) of water, in general, 

tended to increase up to day 24, after which it remained more 

or less stationary in both the treatments except in the control 

it maintained more or less a steady state during the course of 

investigation.  The average value of BOD1 did not differ 

much between P and M and remained 54.38 to 41.91% 

higher than control. The overall statistical difference 

remained highly significant (F2, 38 = 62.09; P < 0.001) (Table 

1). 

 

4. Discussion 

 
The dominance of Chlorophyceae in P indicated superiority 

of pellet feeding as it is the most preferred group compared 

to the other groups in the phytoplankton population (Ansari 

et al. 2015 and Goswami et al. 2017).  This was further 

established as both the preferred groups of zooplankton 

namely Cladocera and Copepod were significantly higher in 

P compared to M.  Moreover, the significantly higher 

heterogeneity of the planktonic community in P indicated 

more ecological stability compared to M. This statement is 

also similar to the findings of Ptacnik et al. (2008) and 

Zimmerman and Cardinale (2014).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.  5  Fit curve between net 

primary productivity and aerobic 

heterotrophic bacterial population 

in mash and pellet fed treatments 
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Fig.  6  Fit curve between net primary productivity and aerobic heterotrophic bacterial population in mash (a) and pellet (b) fed 

treatments 

 

The ecological stability of the treatments with respect to 

the planktonic community composition as indicated by the 

Shannon Diversity Index (Fig. 4) indicated that upon 

application of any of the feed types, such indices increased 

significantly over the negative control with no feed.  This 

implied that upon application of any of the feed types, the 

internal cycling of nutrients resulted in nutrient regeneration 

either from the faecal matter or from the unused feed 

mediated through the strong heterotrophic activity of the 

system which supported not only the entire planktonic 

population but its heterogeneity and stability as well.  

Moreover, the overall value tremained slightly higher in pellet 

fed treatment (2.45) compared to its counterpart with mash 

feed (2.27).  As fish culture is practiced in a so called 

‘polluted’ condition compared to clean water, both the values 

in P and M remained within the congenial range as Santra 

(2004) stated that an index value of 2 to 3 indicates light 

pollution. 

The overall relationship between the aerobic heterotrophic 

bacterial population of water and net primary production 

established polynomial relationship with 69 % validity (Fig. 

5).  Such strong correlation between primary producers and 

the heterotrophs was also reported by Naeem et al. (2000). 

Gasol and Duarte (2000) stated that bacterial development 

and density is associated with primary production which is 

the main source of organic matter and also algae use 

inorganic nutrients released by the bacteria. Hepher and 

Pruginin (1981) and Olah (1986) observed that the readily 

decomposable organic matter of the manure provides 

dissolved and particulate substrates for bacteria and 

bacterially laden particles supply food to the filter feeding 

and detritus-consuming animals, while the mineralized 

fraction of the manure stimulates phytoplankton productivity 

similar to the action of inorganic fertilizers. 

However, when same mathematical model was applied in 

the mash and pellet fed treatment (Fig. 6) separately the 

validity of the equation was higher (71 %) in pellet fed 

condition which corresponds with the higher values of NPP 

in that system  (Fig. 7).  Therefore, organic carbon from the 

autotrophic production largely determined the heterotrophic 

biomass in the pellet fed treatment.  In contrast, the model 

was explained only by 60 % in the mash fed treatment with 

comparatively less NPP values though the bacterial density 

remained higher compared to the pellet fed treatment (Fig. 

8). This is attributable to the fact that in the mash fed 

treatment bacterial growth was less dependent upon the 

autotrophic production.  Moreover, the unfed uniformly 

settled mash over the surface sediment was more liable for 

decomposition than the pellet form of feed which is similar 

to the finding of Mandal and Das (2014). 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.  7 Temporal variation of net primary in 

different treatments employed 
Fig.  8 Temporal variation of aerobic heterotrophic 

bacteria in different treatments employed 
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Table 2  Fitted relationships between body weight of fish and Chlorophyceae, and, Copepods in different treatments 

 

Plankton family Treatments Correlation R2 value 

Chlorophyceae Mash Y= 27.536Ln(x)-137.05 0.728 

Pellet Y= 38.459Ln(x)-214.85 0.732 

Mash + Mrigal Y= 12.623Ln(x)-60.783 0.689 

Pellet + Mrigal Y= 19.353Ln(x)-107.64 0.744 

Mash +  Rohu Y= 14.913Ln(x)-76.271 0.749 

Pellet +  Rohu Y= 19.142Ln(x)-107.19 0.719 

Copepod Mash Y= 22.447Ln(x)-92.537 0.765 

Mash +  Mrigal Y= 11.111Ln(x)-45.745 0.578 

Pellet +  Mrigal Y= 12.623Ln(x)-60.783 0.689 

Mash +  Rohu Y= 12.279Ln(x)-52.908 0.804 

Pellet +  Rohu Y= 11.69Ln(x)-50.265 0.632 

 

Table 3  Fitted relationships between body weight of fish and plankton populations in pellet (P) and mash (M) treatments 

 

Parameters P M 

TPP and B.W. of fish y = 0.002x1.221; R² = 0.889  y = 0.002x1.221 ; R² = 0.985 

TPP and B.W. of mrigal y = 0.001x1.195; R² = 0.883  y = 0.002x1.150; R² = 0.975  

TPP and B.W. of rohu y = 0.001x1.248; R² = 0.893  y = 0.000x1.292; R² = 0.981  

TZP and B.W. of fish NA y = 0.001x1.422; R² = 0.949  

TZP and B.W. of rohu  NA y = 0.000x1.490; R² = 0.926   

TZP and B.W. of mrigal NA y = 0.001x1.355; R² = 0.959 

TPP and B.W. of fish y = 0.000x1.458; R² = 0.940  y = 0.000x1.304; R² = 0.994  

TPP and B.W. of mrigal y = 0.000x1.428; R² = 0.936  y = 0.000x1.232; R² = 0.990  

TPP and B.W. of rohu y = 9E-05x1.489; R² = 0.943  y = 0.000x1.376; R² = 0.985 

         TPP = Total phytoplankton; TZP = Total zooplankton; TP= Total plankton; B.W.=Body weight 

 

 Within the plankton population certain community 

had established a positive relationship with body weight of 

fish which implied that such community like 

Chlorophyceae and Cladocera were operational in 

contributing fish growth (Table 2).  Though manure was 

applied once during pre-stocking preparation of the culture 

systems in both the treatments both phytoplankton and 

zooplankton population continued to increase during 

period of investigation (Fig. 1 A, B).  This might be due to 

the nitrogenous metabolites of the test fish as well as the 

nutrient generation and decomposition of the unused feed 

in the culture system which supported the planktonic 

biomass during the course of investigation. 

All the test fishes were fed with two physically 

different types of feed as supplementary feed in manure 

applied culture systems. The plankton community in all 

the treatments substantially influenced the growth of fish 

as is evident in the significant positive relationships 

between plankton community and body weight of fish 

(Table 3).  Such direct relationship between plankton 

abundance and fish growth was evidenced by several 

earlier studies (Betsill and Van den Avyle 1997; Chick and 

Van den Avyle 1999). 
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