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ABSTRACT Several aquatic ecological studies have focused on the contrasting effects 

of top-down and bottom-up interactions on zooplankton communities.  It is essential 

to comprehend the relative strength of these interactions to evaluate the trophic 

interactions of pelagic food webs, an area that is still extensively researched due to its 

complexity. Therefore, we examined the biomass of zooplankton over a one-year 

period in a freshwater lake that is subject to multiple stressors such as anthropogenic 

activities, eutrophication. Top-down effects, namely fish biomass, and bottom-up 

effects, including total phosphorus, total nitrogen, and chlorophyll a concentrations 

were considered.  Structural equation modelling (SEM) was employed to evaluate the 

relative impact of top-down and bottom-up effects on zooplankton. The SEM analysis 

revealed that zooplankton is influenced by both top-down and bottom-up effects in 

Lake Yeniçağa. The biomass of cladocerans was found to have a negative correlation 

with increasing chlorophyll a, while the Calanoida group was negatively affected by 

both fish biomass and chlorophyll a from top-down and bottom-up controls. The fish 

biomass had a positive effect on both Cyclopoida and Rotifera, but only Rotifera 

showed a negative interaction with chlorophyll a. Direct bottom-up effects of total 

phosphorus and total nitrogen on chlorophyll a were found, with total nitrogen having 

a stronger interaction than total phosphorus. 

Keywords Lake Yeniçağa, zooplankton, trophic interaction, structural equation modeling 

 

1. INTRODUCTION 

Trophic interactions are essential aspects of limnology and have been the focus 

of much scientific investigation within lakes. Trophic interactions occur when 

one organism feeds on another, involving the flow of energy within a 

community. The question of whether food webs are resource- (bottom-up) or 

predation- (top-down) controlled is one of the most fundamental research 

questions in ecology [1]. In the past, most scientists believed that the structure of 

the food web was primarily regulated by available resources, a concept known 

as bottom-up control [2]. This implies that phytoplankton is regulated by abiotic 

factors such as light and temperature, and the flow of nutrients, which in turn 

regulate zooplankton [3]. However, it is now evident that food webs can also be 

significantly regulated by top-down effects through consumers. For instance, 

zooplankton are regulated by fish, and phytoplankton are regulated by 
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zooplankton [4, 5]. In addition to biotic factors, nutrients such as total nitrogen 

and total phosphorus can also play a crucial role in freshwater ecosystems by 

affecting phytoplankton growth rates [6, 7]. Numerous scientific studies have 

focused on the contrasting impacts of fish feeding (top-down) and phytoplankton 

biomass (bottom-up) on zooplankton communities [4, 8, 9]. Recent studies have 

also acknowledged the significance of the conditions under which top-down and 

bottom-up effects prevail [10]. 

Zooplankton play a crucial role in transferring matter and energy from 

phytoplankton to fish. They act as primary consumers and regulate 

phytoplankton community structure in food webs. To make informed decisions 

about environmental management, such as biomanipulation, it is important to 

understand how this link between phytoplankton and zooplankton varies along 

trophic gradients [11, 12]. Identifying and comprehending the distinct effects 

exerted by both top-down and bottom-up forces on zooplankton can be 

challenging due to the diverse nature of zooplankton communities, which consist 

of various taxonomic and functional groups. Investigating the top-down and 

bottom-up effects on zooplankton is critical for food web studies [13].  

Excessive nutrient inputs can cause eutrophication, which is a critical 

environmental problem that significantly degrades water quality. This 

phenomenon leads to changes in biodiversity that pose serious threats to aquatic 

ecosystems. The consequences include the decline of economically valuable 

fisheries, a shift in community composition from benthic periphyton and 

epiphytes to phytoplankton, and a limitation of zooplankton [14, 15, 16]. Shallow 

eutrophic lakes are characterized by high nutrient content, which can lead to 

serious ecological problems such as Cyanobacteria blooms. Although 

cyanobacteria are not normally a desired food source for zooplankton due to their 

low nutritional values, difficulty in digestion, and toxicity, several studies have 

shown that large zooplankton can remove small cyanobacteria in nutrient-

enriched shallow lakes [17, 18, 19]. However, in such lakes, the fish community 

is frequently dominated by planktivorous species, which may prevent the 

development of large zooplankton that could control phytoplankton populations 

[20].  

Several studies have investigated trophic interactions, specifically the top-down 

and bottom-up effects of organisms, in the food webs of shallow lakes in Turkey 

with varying nutrient levels and predation pressures [21-24]. The results of these 

studies revealed that food web dynamics can vary spatially and temporally across 

trophic gradients. 

Lake Yeniçağa is a freshwater lake that has been significantly impacted by 

various human activities including the excessive expansion of residential areas 

and the drainage of agricultural areas. The main threats to the lake are the 

discharge of domestic, urban, and industrial waste, agricultural activities, and 

eutrophication. It is classified as a habitat of high biodiversity and a threatened 

natural habitat according to the criteria of Important Plant Areas in Turkey. The 

entire shoreline of the lake is surrounded by reeds (Typha minima, Typha 
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shuttleworthii), some of which are over 200 meters wide, providing resting and 

wintering areas for migratory bird populations. Furthermore, the catchment area 

connected to the lake has one of the largest peatlands in Turkey, with a depth of 

2 meters. It is classified as a rich calcareous peatland under the Bern Convention 

[25, 26, 27]. 

This study aims to test the relative importance of top-down and bottom-up forces 

on zooplankton in a eutrophic shallow lake affected by massive cyanobacterial 

blooms using structural equation modeling. It was hypothesized that top-down 

interactions would have a greater impact on the Crustacea group compared to the 

Rotifera group because of their larger body size, particularly in the case of fish 

predation [28, 29]. Simultaneously, we proposed a second hypothesis that takes 

into account the trophic level of the lake. According to this hypothesis, 

phytoplankton would have a positive effect on the Cyclopoida and Rotifera 

groups, which typically thrive in eutrophic conditions. Conversely, the 

Cladocera and Calanoida groups, which exhibit higher biomass in oligotrophic 

waters, would be negatively impacted [29, 30]. This study is expected to be a 

valuable contribution to the existing literature on zooplankton food web 

interactions in shallow freshwater lakes with high levels of eutrophication. 

  2. MATERIALS AND METHODS 

2.1. Study Area 

The study was conducted in Lake Yeniçağa (40°47'N, 32°01'E), located in the 

interior of Western Black Sea, within the borders of Bolu city and north of 

Yeniçağa town. This shallow eutrophic lake covers approximately 1800 hectares, 

with mean and maximum water depths of 3.87±0.87 and 6.0 m, respectively. 

Commercial fishing activities take place in the lake. The lake is inhabited by a 

total of four fish species feeding omnivorously, but the pelagic fish community 

is dominated by Cyprinus carpio and Squalius cephalus. The contribution of 

these species to total fish biomass is 96%. Since 2014, varying numbers of 

Cyprinus carpio larvae have been stocked in the lake each year, which can 

potentially control zooplankton through predation and indirectly affect 

phytoplankton [26, 31]. Over the past 30 years, urban and agricultural settlement 

in the basin has led to a significant increase in nutrient loading, resulting in 

accelerated eutrophication. This has caused water quality deterioration and 

increasingly severe cyanobacterial blooms. The phytoplankton flora of the 

limnetic zone of Lake Yeniçağa consists mainly of Chlorophyta, Bacillariophyta, 

Cyanobacteria, and Dinoflagellata. Anabaena circinalis and Aphanizomenon 

flos-aquae have been the most abundant species in the lake [25, 31, 32]. 

2.2. Sampling 

The study was carried out in the limnetic zone of Lake Yeniçağa, which does not 

contain any vegetation. Monthly samples were collected from Lake Yeniçağa 

between December 2021 and November 2022, excluding January and February 
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due to a completely ice-covered lake surface. A total of three sampling stations 

were determined: the first site (1) was selected near the 100 m of the stream 

mouth (mean depth: 371±53 cm), another site (2) was in the middle of the lake 

(mean depth: 455±93 cm), a third (3) was located near the 100 m of the sewage 

outfall (mean depth: 335±70 cm) (Figure 1). 

 

Figure 1. Locations of sampling stations where field studies are carried out in Lake 

Yeniçağa. Station 1: 40°46'59.952''N - 32°1'11.496''E; Station 2: 40°46'50.664''N - 

32°1'32.987''E; Station 3:  40°46'37.848''N - 32°2'2.184''E. 

Water samples were collected from each site at the 0, 2, and deepest point of the 

water column (ca. 4m) using a 2 L Hydro-bios Ruttner water sampler. The 

samples were then combined in a bucket for analysis of physicochemical 

parameters. Turbidity was measured using an ORION AQ3010 turbidimeter. The 

transparency of the water was determined by monitoring Secchi depth (cm) with 

a white Hydro-bios Secchi disc (20 cm in diameter) in situ. Total nitrogen (TN) 

and total phosphorus (TP) concentrations in each sample were measured in the 

laboratory according to standard methods 4500 NO2-B, 4500-Norg-B, 4500P-B, 

and 4500PE [33]. The concentration of chlorophyll a was determined using 

spectrophotometry at 665 nm after extracting the samples collected on GF/C 

filters with a hot methanol solution [34]. 

Zooplankton samples were taken monthly at three sampling stations. The 

samples were obtained by filtering 100 L of water samples and concentrated to 

50 mL through a plankton net with a mesh size of 30 μm (HYDRO-BIOS, 

Althengolz, Germany). Surface sampling was made at a depth of 15-20 cm and 

vertical sampling was made by vertical tow from a few cm above sediment to 

surface. Concentrated zooplankton samples were gently preserved with a 4% 

(v/v) formaldehyde solution. Organisms from the Cladocera, Calanoida, 

Cyclopoida, and Rotifera groups were examined in a Sedgewick Rafter counting 
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cell with a volume of 1 ml and under a Leica DMR microscope (Wetzlar, 

Germany). The examination identified all samples, which were then counted and 

measured for total length under the microscope. At least 30 individual bodies of 

each species were measured under the microscope. The dry weight of species in 

the Cladocera, Calanoida, and Cyclopoida groups was calculated using the 

length-weight formulas provided by Dumont et al. [35] and Bottrell et al. [36]. 

To determine the biomass of the Rotifera group, we first calculated the 

biovolume of the samples using the formulas provided by Ejsmont-Karabin [37]. 

We then converted the data to dry weight values using the formulas given in 

Bottrell et al. [36].  

Monthly fish sampling was conducted at three sampling stations with the 

assistance of Yeniçağa Fisheries Cooperative (Figure 1). Two nets were used at 

each sampling station. We performed fish sampling with multi-mesh gill nets 

(length 50 m; height 4 m) with mesh sizes knot to knot of 10, 32, 40, 60, 80, and 

90 mm. The nets were set at dusk in areas where the water depth was less than 5 

m and removed at dawn, with the duration of exposure recorded. Fish were 

counted, measured (total length), and weighed (fresh mass).  

Catch Per Unit Effort (wCPUE) estimates of relative weight for all fish species 

were obtained using gillnetting and the following formula: 

wCPUE = (CN x (AS/AN))/t                                                       (1) 

where CN is the nominal catch (kg), AS is the area of the standard net (100 m2), 

AN is the area of the used net (m2) and t is the time of exposure (t) . The results 

obtained from the formula were converted to kg/ha/h [38].  

Carlson's trophic state indices (TSI) were calculated according to the provided 

equations [39].  

TSI (Chlorophyll a) = 9.81 * ln (Chlorophyll a) + 30   (2) 

TSI (Total Phosphorus) = 14.42 * ln(Total Phosphorus) + 4.15  (3) 

TSI (Secchi Depth) = 60 – 14.41 * ln(Secchi Depth)   (4) 

2.3. Data Analysis 

In this study, Structural Equation Modeling (SEM) was used to analyze the role 

of top-down and bottom-up controls in the food web, specifically their effects on 

the zooplankton community. SEM is a statistical analysis that estimates the 

relationships between variables. These variables can be either dependent or 

independent, factors, or measured variables. In comparison to other statistical 

tools such as factor analysis and multivariate regression, SEM has the ability to 

measure the errors of observed variables while simultaneously predicting causal 

relationships between both latent and manifest variables [40, 41]. Since 2000, 
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ecologists have been actively using SEM to study the complex interactions found 

in ecosystems [42]. SEM is distinguished from other data modeling methods by 

it is the ability to examine path relationships. It is increasingly popular among 

biologists as it helps to understand direct and indirect interactions within data 

[43]. Standardized path coefficients between two variables represent the relative 

strength of a relationship. In SEM, R2 values indicate the proportion of variance 

explained by each variable. SEM assumes a predefined set of predictor variables 

that impact other variables, establishes the direction of these effects, and 

subsequently tests them using empirical data. 

All data were log10(x+1) transformed prior to analyses to ensure the assumptions 

of normality, homogeneity of variance, and linearity of the analysis. During the 

SEM analysis, Comparative Fit Index (CFI) and Standardised Root Mean Square 

Residual (srmr) values were calculated to test the validity of the path diagram, 

and R2 and standartized estimates were determined [44]. In the literature, a CFI 

value greater than 0.95 and an srmr value less than 0.08 indicate a successful 

model [45, 46]. In our SEM, we obtained CFI values of 0.950 and srmr values 

of 0.058, confirming that the constructed model adequately explained the dataset. 

All path coefficients used in the analysis were standardized.  

SEM was carried out using the R Statistical Software (v4.3.2) and the 'lavaan' 

and 'tidySEM' packages [47, 48]. 

3. RESULTS 

In this study, Calanoid copepods were found to be the group that made the largest 

contribution to the zooplankton biomass in Lake Yeniçağa, while the group that 

contributed the least was the Cyclopoid copepods. Zooplankton biomass 

exhibited significant monthly changes, with the lowest values recorded as 8114 

μg/m3 during the summer period, and the highest values observed as 130779 

μg/m3 during the winter period. The biomass of Calanoid copepods ranged 

between 1125-91123 μg/m3, with maximum values observed in the winter and 

minimum values in the spring. The biomass of the cladocerans ranged between 

43-38794 μg/m3, with the lowest biomass values observed in the summer, and 

the highest biomass values in the spring. Rotifera biomass also displayed 

significant monthly variation, with the lowest values recorded as 502 μg/m3 

during the winter and the highest values as 39416 μg/m3 in the spring (Table 1). 
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Table 1. Mean, minimum, maximum, and standard deviation values of zooplankton 

biomass and fish wCPUE measured monthly in Lake Yeniçağa. 

  Mean Minimum Maximum SD     

Cladocera Biomass (µg/m3) 25073 43 38794 17228 

Calanoida Biomass (µg/m3) 25887 1125 91123 43559 

Cyclopoida Biomass (µg/m3) 5188 122 14178 6576 

Rotifera Biomass (µg/m3) 17542 502 39416 19896 

Zooplankton Biomass (µg/m3) 73690 8114 130779 51900 

Cyprinus carpio (kg/ha/h) 43.43 16.91 57.61 22.98 

Squalius cephalus (kg/ha/h) 13.54 5.32 19.03 7.25 

Tinca tinca (kg/ha/h) 1.63 0.28 2.75 1.25 

Carassius gibelio (kg/ha/h) 0.34 0.34 0.34 - 

Total Fish (kg/ha/h) 58.71 22.51 79.39 31.45 

 

 

 

Figure 2. Monthly zooplankton biomass changes in Lake Yeniçağa. 



 

 

  

TOP-DOWN AND BOTTOM-UP EFFECTS ON ZOOPLANKTON 

 

 130 

 

Figure 3. Monthly fish wCPUE changes in Lake Yeniçağa. 

 

Nineteen taxa of zooplankton were identified in the lake, including 12 Rotifera, 

4 Cladocera, and 3 Copepoda. The most significant contributors to the 

zooplankton community in terms of biomass were Acanthodiaptomus 

denticornis (38%) from the Calanoida group, Daphnia pulex (31%), from the 

Cladocera group, and Cyclops strenuus (7%) from the Cyclopoida group.  The 

biomass values of Rotifera were lower than those of other groups due to their 

small size, with Asplanchna priodonta (6%) making a significant contribution to 

rotifer biomass (Figure 2). 

Among the fish species sampled in the lake, four fish species were identified: 

Cyprinus carpio, Squalius cephalus, Tinca tinca, and Carassius gibelio. 

Cyprinus carpio contributed the most to the fish biomass, while Carassius 

gibelio contributed the least. The total fish wCPUE values in Lake Yeniçağa 

were calculated between 22.51-79.39 kg/ha/h (Table 1). The wCPUE values of 

Cyprinus carpio varied between 16.91-57.61 kg/ha/h (Figure 3). The range of 

total lengths of the fishes was between 165-500 mm (mean 369 mm) for C. 

carpio, 150-330 mm (mean 241 mm) for S. cephalus, 182-316 mm (mean 212 

mm) for T. tinca. During the studies, only one C. gibelio specimen was sampled, 

and the total length of the specimen was measured as 275 mm. Based on the 

literature data, we categorized the fish as omnivorous (bentho-planktivorous) 

depending on the measured body length [49, 50, 51]. 

During the study, chlorophyll a values in the lake ranged from 15.1 to 114.4 

mg/m3, total nitrogen from 88 to 1987 μm/L, total phosphorus from 141 to 310 

μm/L, Secchi depth from 60 to 300 cm, and turbidity from 1.17 to 41.53 ntu, as 

shown in Table 2. TN:TP ratios in Lake Yeniçağa were calculated to be between 

0.60 and 9.24.  
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This study evaluated monthly chlorophyll a, total phosphorus, and Secchi depth 

values in Lake Yeniçağa using Carlson TSI Indices. Carlson TSI(TP) Index 

varied between 75.48 and 86.87 throughout the year with an annual average of 

78.91. The Carlson TSI(CHLa) Index, was calculated between 57.23 and 77.10 

throughout the year, with an annual average of 65.65. Carlson TSI(SD) Index 

ranged from 44.16 to 67.36 and the annual average of this value was determined 

to be 55.19 (Table 2).  

 

Table 2. Mean, minimum, maximum, and standard deviation values of zooplankton 

biomass and fish wCPUE measured monthly in Lake Yeniçağa. 

 Mean Minimum Maximum SD     

Chlorophyll a (mg/m3) 42.06 15.10 114.44 28.70 

Total Phosphorus (µg/L) 184 141 310 52.55 

Total Nitrogen (µg/L) 986 88 1987 587.77 

Secchi Depth (cm) 163.5 60 300 93.77 

Carlson TSI (CHLa) 65.65 57.23 77.10 5.78 

Carlson TSI (TP) 78.91 75.48 86.87 3.59 

Carlson TSI (SD) 55.19 44.17 67.36 8.69 

Turbidity (ntu) 8.19 1.17 41.53 2.59 

TN:TP 5.36 0.60 9.24 3.18 

 

The calculated Carlson TSI Index values based on the total phosphorus results 

indicated that the lake was at a hypertrophic level. The results obtained from 

chlorophyll a showed that the lake had a hypertrophic tendency but at a eutrophic 

level, while the Secchi depth values indicated that the lake was at a eutrophic 

level. Based on these results, the lake can be considered to be at the eutrophic 

level with a hypertrophic tendency. 

Data on how much each variable can be explained by other variables in the SEM 

is presented in Table 3. The largest R2 value was found to be 0.854 for 

chlorophyll a, while the smallest R2 value was 0.426 for Cladocera. The results 

of the SEM, using fish, zooplankton, chlorophyll a, total nitrogen, and total 

phosphorus values in Lake Yeniçağa, are schematized in Figure 4. It was 
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observed that total nitrogen (r = 0.62, p < 0.001) and total phosphorus (r = 0.57, 

p < 0.001) values exhibited a positive interaction with chlorophyll a values. The 

standardized estimation values of the variables examined in the dataset are also 

presented in Table 4. It was understood that the effect of total nitrogen on 

chlorophyll a was higher than that of total phosphorus. The effect of chlorophyll 

a parameter on Rotifera (r = -0.48, p < 0.001), Cladocera (r = -0.48, p < 0.001), 

and Calanoida (r = -0.71, p < 0.001) was found to be negative. However, no 

significant relationship was found between chlorophyll a and Cyclopoida (p = 

0.15). According to the statistically significant standardized estimation values, 

the zooplankton group most affected by chlorophyll a was the calanoids. The 

analysis results for fish-zooplankton interactions in the food web were 

statistically insignificant for the Cladocera group (p = 0.30). The effect of fish 

on the zooplankton community was found to have a negative effect on Calanoida 

(r = -0.74, p = 0.002) and a positive effect on Cyclopoida (r = 0.82, p < 0.001) 

and Rotifera (r = 0.42, p < 0.001). According to the standardized estimation 

values, the effect of fish on the Cyclopoida group was higher compared to other 

groups (Table 4).  

 

Figure 4. Path diagram obtained by using SEM of monthly determined fish, 

zooplankton, chlorophyll a, total nitrogen, and total phosphorus values in Lake 

Yeniçağa. Boxes represent observed variables. (χ2 = 19.616, df = 9, p = 0.020). 
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Table 3. R2 values of variables used in SEM. 

 Estimate 

Chlorophyll a 0.854 

Rotifera 0.633 

Calanoida 0.481 

Cyclopoida 0.546 

Cladocera 0.426 

 

 

Table 4. Standardized estimates, standard errors, z-values, and p-values in SEM 

(**: p < 0.01, ***: p< 0.001). 

     
Standardized 

Estimate 
S.E. z-value p 

Cladocera <--- Fish 0.249 0.242 1.027 0.305 

Cladocera <--- Chlorophyll a -0.482 0.130 -3.698 *** 

Calanoida <--- Fish -0.747 0.241 -3.096 ** 

Calanoida <--- Chlorophyll a -0.715 0.160 -4.458 *** 

Cyclopoida <--- Fish 0.820 0.115 7.126 *** 

Cyclopoida <--- Chlorophyll a 0.174 0.122 1.423 0.155 

Rotifera <--- Fish 0.421 0.120 3.509 *** 

Rotifera <--- Chlorophyll a -0.482 0.099 -4.875 *** 

Chlorophyll a <--- Total Nitrogen 0.626 0.065 9.704 *** 

Chlorophyll a <--- Total Phosporus 0.573 0.073 7.848 *** 
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4. DISCUSSION 

The main reason for eutrophication, one of the most important problems 

affecting freshwater ecosystems, is the excessive presence of nitrogen and 

phosphorus elements in the water column that are essential for phytoplankton 

growth [52]. Secchi depth, an indicator of water transparency and trophic level, 

is inversely proportional to the density of phytoplankton populations in the water 

as suspended matter scatters and weakens incoming light [53].  

According to Carlson and Simpson [54], some interpretations can be made about 

ecosystem functioning based on the relationships between TSI indices calculated 

from chlorophyll a, total phosphorus, and Secchi depth values. In this study, to 

better understand the deviations in TSI values, the Trophic Index deviation 

graph, which is Carlson's two-dimensional approach has been used (Figure 5) 

[54, 55, 56]. Values below the horizontal axis indicate that chlorophyll a is not 

limited by phosphorus, while values above the horizontal axis indicate that it is 

limited by phosphorus. On the vertical axis, the values to the right of the line 

represent cases where the light transmittance is higher than the expected 

chlorophyll index. In this case, it shows that zooplankton use small-sized 

phytoplankton as food, and therefore large organisms such as filamentous 

cyanobacteria become dominant. Values to the left of the vertical axis indicate 

that water transparency is controlled by factors not dependent on phytoplankton 

[54]. According to the trophic index deviation graph given in Figure 5, almost 

all values for Lake Yeniçağa are gathered below the vertical axis and to the right 

of the horizontal axis. This suggests that phosphorus is not the limiting nutrient 

for chlorophyll a in the lake, and phytoplankton is dominated by larger-sized 

species, with zooplankton exerting grazing pressure on small-sized 

phytoplankton organisms. 

 

 

Figure 5. Deviations in the trophic state index. 
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TN:TP ratio provides information about the limiting element for photosynthetic 

organisms in an ecosystem. When the TN:TP ratio is lower than 10, nitrogen is 

considered the limiting nutrient, and when it is higher than 17, phosphorus is 

considered the limiting nutrient. Ratios between 10-17 indicate that both nitrogen 

and phosphorus are limiting nutrients [57]. The average TN:TP ratio (9.24 ± 

3.18) in Lake Yeniçağa indicates that nitrogen is the limiting element for 

photosynthetic organisms. In lakes characterized by a low TN:TP ratio, the 

predominant phytoplankton are typically cyanobacteria, and these low ratios 

promote the growth of nitrogen-fixing cyanobacteria [58-60]. These results are 

consistent with our findings in the Carlson Trophic Index deviation graph. 

Additionally, the effect of total nitrogen and total phosphorus on chlorophyll a 

was evaluated using SEM. The analysis results showed that bottom-up controls 

had a positive effect on chlorophyll a. This finding is consistent with what is 

commonly observed in freshwater lakes and reservoirs [61]. The SEM analysis 

also revealed that the effect of total nitrogen on chlorophyll a is stronger than the 

effect of total phosphorus in Lake Yeniçağa.  

The analyses conducted for Lake Yeniçağa revealed that zooplankton was 

influenced by both top-down and bottom-up controls, and different groups within 

the zooplankton community responded differently to these effects. 

It is considered that the Cladocera group in Lake Yeniçağa is not controlled by 

top-down effects as no significant relationship was found between the biomass 

of fish and this group. It has been reported in the literature that omnivorous fish 

species exert feeding pressure on large-bodied Cladocera species [28, 62]. While 

there are studies that support this relationship, there are also some studies where 

no significance could be detected [63, 64]. Thus, our analysis results for 

cladocerans are partially contradictory to the literature. Fish species in Lake 

Yeniçağa, such as Cyprinus carpio, Squalius cephalus, and Tinca tinca, are not 

exclusively dependent on zooplankton, but are also omnivorous organisms that 

can feed on phytoplankton, insect larvae, and benthic macrovertebrates [65, 66]. 

Consequently, fish may have reduced the top-down pressure on cladocerans by 

shifting their food preference towards calanoids. On the other hand, the feeding 

habits of fish may also change depending on the turbidity level of the water they 

are in, and the effect of size-related predation may decrease due to turbidity [67]. 

Lake Yeniçağa can be classified as a lake with medium turbidity based on its 

turbidity values (mean: 8.19±2.59). Studies have shown that the pigmentation 

rate of zooplankton affects the food selectivity of fish in turbid lakes. Therefore, 

transparent organisms with weak pigmentation can avoid predation pressure 

from fish in turbid environments [68, 69]. In the aquatic environment, 

cladocerans exhibit daily vertical or horizontal migration behaviours to escape 

predator pressure from fish. Experimental studies have shown that fish signals 

affect this migration behaviour [70, 71]. The SEM analysis results also indicated 

a negative bottom-up effect due to chlorophyll a on the cladocerans (r = -0.48). 

As the level of eutrophication increases in freshwater ecosystems, there is a 

decrease in the growth and fertility rates of cladocerans [72, 73]. Additionally, 

the increase in eutrophication in lake ecosystems triggers the overgrowth of 
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cyanobacteria, which provide poor nutrition for cladocerans and limit their 

energy for growth and reproduction, especially in the case of large-sized 

cladocerans [74,75,76]. Similarly, there are studies in which cladocerans are 

negatively affected by phytoplankton through bottom-up control. Elser et al. [77] 

stated that the grazing of Daphnia over phytoplankton in a lake at a high 

eutrophic level decreased considerably compared to a mesotrophic lake, and the 

increase in the trophic level turned the bottom-up effects on Daphnia into 

negative. This could explain why the Cladocera group in eutrophic Lake 

Yeniçağa was negatively affected by chlorophyll a. 

The top-down effects on the Copepoda group in Lake Yeniçağa exhibited 

opposite patterns for the two different orders studied within this group. The 

biomass of calanoid copepods was negatively affected by the presence of fish (r 

= -0.75), while the biomass of cyclopoid copepods was positively affected (r = 

0.82). According to Soto and Hurlbert [29], calanoid copepods are more sensitive 

to top-down effects than cyclopoid copepods. Calanoid copepods may enter into 

a food competition with cyclopoid copepods by consuming common food groups 

such as rotifers and protozoa with cyclopoid copepods, leading to a numerical 

decrease in the Cyclopoida group [29, 78]. The top-down control of calanoid 

copepods by fish in Lake Yeniçağa may indirectly affect the food competition 

between calanoid and cyclopoid copepods. This situation likely explains the 

positive association between fish CPUE and both Cyclopoida and Rotifera 

biomass. Matsuzaki et al. [63] found a positive relationship between Cyclopoida 

abundance and the CPUE of fish, while Li et al. [79] found a negative 

relationship between the increase in fish and calanoid biomass. The results 

obtained for copepods in Lake Yeniçağa are consistent with the literature. 

The bottom-up effect, another effect seen in the Copepoda group, was clearly 

detected for the order Calanoida (r = -0.71), but no significant relationship was 

found for the order Cyclopoida (p > 0.05). It is known that calanoids are much 

more sensitive to eutrophication than cyclopoids and have lower biomass in 

eutrophic water systems [80-85]. In our study, SEM results revealed that both 

top-down (r = -0.75) and bottom-up (r = -0.71) controls acted together on the 

Calanoida group, and it was understood that these effects were close to each 

other. The only significant effect in cyclopoid copepods was a positive top-down 

interaction. It is thought that the reason for this positive effect is the food 

competition with the calanoids, which decreases as a result of the negative effect 

exerted by the fish. As an omnivorous species, Acanthodiaptomus denticornis, 

the only Calanoida species identified in the study area, can feed on rotifers and 

ciliates [86]. At the same time, Cyclops strenuus, quantitatively the most 

dominant Cyclopoid Copepod species in the lake, has an omnivorous feeding 

characteristic and feeds on rotifers, other crustaceans, and phytoplankton [87]. 

For these reasons, it can be assumed that these two species entered into 

significant food competition. 

Increasing the top-down effect of fish predation on Crustacea in the aquatic food 

web may reduce predation pressure and trigger an increase in both the abundance 
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and biomass of rotifers [88, 89, 90]. The results of SEM analysis in Lake 

Yeniçağa showed a positive top-down control on rotifers from fish (r = 0.42). An 

increase in fish biomass also indirectly increased Rotifera biomass, and there are 

studies consistent with our results [63, 91, 92]. Predation pressure from fish, 

which negatively controls the calanoids from the top-down, may have indirectly 

contributed to this increase. Since Acanthodiaptomus denticornis, the only 

Calanoid species detected in Lake Yeniçağa, is a species that feeds on rotifers 

[86], the decrease in their abundance may have caused a decrease in the predation 

pressure on the Rotifera. On the other hand, studies in freshwater ecosystems 

reveal that rotifers are also controlled from the bottom-up, and this effect is 

higher than top-down control [30, 93]. In bottom-up controls, besides 

phytoplankton, there is also the effect of food sources such as bacteria, detritus, 

and Protista at a much higher rate. Due to the organism size of the filamentous 

algae, the lack of suitable nutrients for the rotifers reduces the filtration rate and 

creates negative effects on their nutrition and life cycles [75, 94-96]. In this 

respect, it can be thought that the negative interactions we detected between 

Rotifera and chlorophyll a are caused by dominant phytoplankton species 

(Anabaena circinalis, Aulacoseira granulata, Aphanizomenon flos-aquae) in the 

phytoplankton of Lake Yeniçağa [32]. According to the SEM analysis results in 

Lake Yeniçağa, the standardized path coefficient value was calculated as r = -

0.48 in the bottom-up interaction of chlorophyll a. Rotifers can interact positively 

with phytoplankton with bottom-up control in the food web, but these effects are 

weaker than interactions with other food sources such as bacteria and Protista 

[30, 93, 97]. In the zooplankton community, organisms with small body sizes, 

such as rotifers, may consume food sources like bacteria and detritus in the 

absence of suitable phytoplankton nutrients [94, 98, 99]. This situation may also 

be applicable for the Rotifera group in Lake Yeniçağa. However, it is not possible 

to reach a definite judgment since we do not have data on supplementary food 

sources. 

5. CONCLUSION 

In this study, we examined top-down and bottom-up effects on zooplankton in 

Lake Yeniçağa, which shows a eutrophic level close to hypertrophic, using SEM. 

According to the results of the standardized path coefficients, the summary of 

bottom-up and top-down controls in the zooplankton community is as follows: 

a) The Cladocera group was controlled from the bottom up by phytoplankton, b) 

The Cyclopoida group was controlled from the top-down by omnivorous fish, c) 

Both top-down and bottom-up effects observed on the Calanoida and Rotifera 

groups were quite close to each other (r = -0.75 and -0.71 for Calanoida; r = 0.42 

and -0.48 for Rotifera). For this reason, it was determined that both top-down 

and bottom-up controls acted together on these two groups. 

We believe the data from this study can set an example for future research on the 

interactions between zooplankton, fish, and phytoplankton in Lake Yeniçağa, 

making it valuable for potential biomanipulation studies in the lake. To conduct 

the biomanipulation study, it is necessary to reduce the number of omnivorous 
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fish species that exert predation pressure on Acanthodiaptomus denticornis, 

which is known to be an omnivorous species and can feed on phytoplankton in 

the lake [86]. Also, reducing fish biomass may indirectly affect the trophic level 

of the lake by decreasing internal loading [100]. We propose that a piscivorous 

species that can feed on these fish species should be introduced into the lake. 

However, it should be noted that any manipulation of the fish community in the 

lake will not be effective unless the untreated wastewater entering the lake is 

prevented. 

Acknowledgement This study conducted with the financial support of Hacettepe 

University Scientific Research Project Commission (Project no: FHD-2021-

19615). 

Author Contribution Statements Methodology, B.U.S., Y.S; investigation, 

B.U.S. and Y.S.; writing - original draft preparation, B.U.S. and Y.S., writing - 

review and editing, B.U.S. and Y.S. All authors have read and agreed to the 

published version of the manuscript. 

Declaration of Competing Interests The authors declare no conflict of interest. 

REFERENCES 

[1] Hairston, N.G., Smith, F.E., Slobodkin, L.B., Community structure, population 

control, and competition. The American Naturalist, 94 (1960), 421-425. 

doi:10.1086/282146  

[2] White, T.C.R., The importance of a relative shortage of food in animal 

ecology. Oecologia, 33 (1978), 71–86. doi.org/10.1007/BF00376997 

[3] McQueen, D.J., Johannes, M.R., Post, J.R., Stewart, T.J., Lean, D.R., Bottom‐up 

and top‐down impacts on freshwater pelagic community structure. Ecological 

Monographs, 59 (1989), 289-309. doi:10.2307/1942603  

[4] Carpenter, S.R., Kitchell, J.F., Hodgson, J.R., Cascading trophic interactions and 

lake productivity. BioScience, 35 (1985), 634–639. doi:10.2307/1309989  

[5] Vanni, M.J., Layne, C.D., Nutrient recycling and herbivory as mechanisms in the 

“top–down” effect of fish on algae in lakes. Ecology, 78 (1997), 21-40. 

doi:10.2307/2265976  

[6] Tilman, D., Resource Competition and Community Structure, Princeton University 

Press, USA, 1982. doi:10.1515/9780691209654  

[7] Elser, J.J., Marzolf, E.R., Goldman, C.R., Phosphorus and nitrogen limitation of 

phytoplankton growth in the freshwaters of North America: a review and critique 

of experimental enrichments. Canadian Journal of Fisheries and Aquatic Sciences 

47 (1990), 1468–1477. doi:10.1139/f90-165  

[8] Brooks, J.L., Dodson, S.I., Predation, body size, and composition of plankton. 

Science, 150 (1965), 28–35. doi:10.1126/science.150.3692.28  

[9] McQueen, D.J., Post, J.R., Mills, E.L., Trophic relationships in freshwater pelagic 

ecosystems. Canadian Journal of Fisheries and Aquatic Sciences 43 (1986), 1571-

1581. doi:10.1139/f86-195  

[10] Carpenter, S.R., Cole, J.J., Pace, M.L., Wilkinson, G.M., Response of plankton to 

nutrients, planktivory and terrestrial organic matter: A model analysis of whole‐

lake experiments. Ecology Letters,  19 (2016), 230-239. doi:10.1111/ele.12558  

 

https://doi.org/10.1086/282146
https://doi.org/10.2307/1309989
https://doi.org/10.2307/2265976
https://doi.org/10.1139/f90-165
https://doi.org/10.1126/science.150.3692.28
https://doi.org/10.1139/f86-195
https://doi.org/10.1111/ele.12558


 

 

 

 B.U. SORGUÇ, Y. SAYGI 139 

[11] Ha, J.Y., Hanazato, T., Chang, K.H., Jeong, K.S., Kim, D.K., Assessment of the 

lake biomanipulation mediated by piscivorous rainbow trout and herbivorous 

daphnids using a self-organizing map: A case study in Lake Shirakaba, Japan. 

Ecological Informatics, 29 (2015), 182-191. doi:10.1016/j.ecoinf.2014.05.013  

[12] Yuan, L.L., Pollard, A.I., Changes in the relationship between zooplankton and 

phytoplankton biomasses across a eutrophication gradient. Limnology and 

Oceanography, 63 (2018), 2493-2507. doi:10.1002/lno.10955  

[13] Braun, L.M., Brucet, S., Mehner, T., Top-down and bottom-up effects on 

zooplankton size distribution in a deep stratified lake. Aquatic Ecology, 55 (2021), 

527-543. doi:10.1007/s10452-021-09843-8  

[14] Burkholder, J.M., Noga, E.J., Hobbs, C.H., Glasgow Jr, H.B., 

New'phantom'dinoflagellate is the causative agent of major estuarine fish kills. 

Nature, 358 (1992), 407-410. doi:10.1038/358407a0  

[15] Ger, K.A., Hansson, L.A., Lürling, M., Understanding cyanobacteria‐zooplankton 

interactions in a more eutrophic world. Freshwater Biology, 59 (2014), 1783-1798. 

doi:10.1111/fwb.12393  

[16] Alexander, T.J., Vonlanthen, P., Seehausen, O., Does eutrophication-driven 

evolution change aquatic ecosystems?. Philosophical Transactions of the Royal 

Society B: Biological Sciences, 372 (2017) 20160041. doi:10.1098/rstb.2016.0041  

[17] Kozlowsky-Suzuki, B., Karjalainen, M., Lehtiniemi, M., Engström-Öst, J., Koski, 

M., Carlsson, P., Feeding, reproduction and toxin accumulation by the copepods 

Acartia bifilosa and Eurytemora affinis in the presence of the toxic cyanobacterium 

Nodularia spumigena. Marine Ecology Progress Series, 249 (2003), 237–249. 

doi:10.3354/meps249237 

[18] Panosso, R., Carlsson, P.E.R., Kozlowsky-Suzuki, B., Azevedo, S.M., Granéli, E., 

Effect of grazing by a neotropical copepod, Notodiaptomus, on a natural 

cyanobacterial assemblage and on toxic and non-toxic cyanobacterial 

strains. Journal of Plankton Research, 25 (2003), 1169–1175. 

doi:10.1093/plankt/25.9.1169 

[19] Frau, D., Battauz, Y., Sinistro, R., Why predation is not a controlling factor of 

phytoplankton in a Neotropical shallow lake: A morpho-functional perspective. 

Hydrobiologia, 788 (2017), 115-130. doi:10.1007/s10750-016-2991-4  

[20] Iglesias, C., Mazzeo, N., Meerhoff, M., Lacerot, G., Clemente, J., Scasso, F., Kruk, 

C., Goyenola, G., García, J., Amsinck, S.L., Paggi, J.C., José de Paggi, S., Jeppesen, 

E., High predation is the key factor for dominance of small-bodied zooplankton in 

warm lakes - evidence from lakes, fish exclosures and surface sediment. 

Hydrobiologia, 667 (2011), 133–147. doi:10.1007/s10750-011-0645-0  

[21] Beklioglu, M., Ince, O., Tuzun, I. Restoration of the eutrophic Lake Eymir, Turkey, 

by biomanipulation after a major external nutrient control I. Hydrobiologia, 490 

(2003) 93-105. doi:10.1023/A:1023466629489 

[22] Özen, A., Bucak T., Tavşanoğlu, Ü.N., Çakıroğlu, A.İ., Levi, E.E., Coppens, J., 

Beklioğlu, M., Water level and fish-mediated cascading effects on the microbial 

community in eutrophic warm shallow lakes: a mesocosm experiment. 

Hydrobiologia, 740 (2014), 25-35. doi:10.1007/s10750-014-1934-1  

[23] Özen, A., Tavşanoğlu, Ü.N., Çakıroğlu, A.İ., Levi, E.E., Jeppesen, E., Beklioğlu, 

M., Patterns of microbial food webs in Mediterranean shallow lakes with 

contrasting nutrient levels and predation pressures. Hydrobiologia, 806 (2018), 13-

27. doi:10.1007/s10750-017-3329-6  

[24] Kıran, H., The Relative Impacts of Top-down and Bottom-up Processes on 

Zooplankton Biomass and Community Body Size in Urban Ponds in Ankara. 

Master’s Thesis, Middle East Technical University, Ankara, Turkey, 2023. 

https://doi.org/10.1016/j.ecoinf.2014.05.013
https://doi.org/10.1002/lno.10955
https://doi.org/10.1007/s10452-021-09843-8
https://doi.org/10.1038/358407a0
https://doi.org/10.1111/fwb.12393
https://doi.org/10.1098/rstb.2016.0041
https://doi.org/10.1007/s10750-016-2991-4
https://doi.org/10.1007/s10750-011-0645-0
https://doi.org/10.1007/s10750-014-1934-1
https://doi.org/10.1007/s10750-017-3329-6


 

 

  

TOP-DOWN AND BOTTOM-UP EFFECTS ON ZOOPLANKTON 

 

 140 

[25] Saygı, Y., Yiğit, S., Heavy metals in Yeniçağa Lake and its potential sources: soil, 

water, sediment, and plankton. Environmental Monitoring and Assessment, 184 

(2012), 1379-1389. doi:10.1007/s10661-011-2048-0  

[26] Zengin, M., İlhan, S., Küçükkara, R., Güler, M., Oktay, Ç., Yeniçağa Gölü (Bolu, 

Türkiye) balıkçılık yönetimi üzerine bir değerlendirme. Acta Aquatica Turcica, 17 

(2021), 489-504. doi:10.22392/actaquatr.867466  

[27] Evrendilek, F., Berberoglu, S., Karakaya, N., Cilek, A., Aslan, G., Güngör, K., 

Historical spatiotemporal of land-use/land-cover changes and carbon budget in a 

temperate peatland (Turkey) using remotely sensed data. Applied Geography, 31 

(2011), 1116–1172. doi: 10.1016/j.apgeog.2011.03.007 

[28] Hall, D.J., Threlkeld, S.T., Burns, C.W., Crowley, P.H., The size-efficiency 

hypothesis and the size structure of zooplankton communities. Annual Review of 

Ecology and Systematics, 7 (1976), 177-208.  

doi:10.1146/annurev.es.07.110176.001141  

[29] Soto, D., Hurlbert, S.H., Long‐term experiments on calanoid‐cyclopoid 

interactions. Ecological Monographs, 61 (1991), 245-266. doi:10.2307/2937108  

[30] Yoshida, T., Urabe, J., Elser, J.J., Assessment of ‘top-down’ and ‘bottom-up’ forces 

as determinants of rotifer distribution among lakes in Ontario, Canada. Ecological 

Research, 18 (2003), 639–650. doi:10.1111/j.1440-1703.2003.00596.x  

[31] Saygı, Y., Demirkalp, F.Y., Trophic status of shallow Yeniçağa Lake (Bolu, 

Turkey) in relation to physical and chemical environment. Fresenius 

Environmental Bulletin, 13 (2004), 358-393. 

[32] Kilinc, S., The phytoplankton community of Yeniçaga Lake (Bolu, Turkey). Nova 

Hedwigia, 76 (2003), 429-442. doi:10.1127/0029-5035/2003/0076-0429  

[33] Greenberg, A.E., Clesceri, L.S., Standard Methods for the Examination of Water 

and Wastewater, American Public Health Association, Washington, 1992. 

[34] Marker, A.F.H., Chlorophyll a SCA Method Revision, National Rivers Authority, 

Bristol, 1994. 

[35] Dumont, H.J., Van de Velde, I., Dumont, S., The dry weight estimate of biomass in 

a selection of Cladocera, Copepoda and Rotifera from the plankton, periphyton and 

benthos of continental waters. Oecologia, 19 (1975), 75–97. 

doi:10.1007/bf00377592  

[36] Bottrell, H.H., Duncan, A., Gliwicz, Z.M., Grygierek, E., Herzig, A., Hillbricht-

Ilkowska, A., Kurosawa, H., Larsson, P., Weglenska, T.A., Review of some 

problems in zooplankton production studies. Norwegian Journal of Zoology, 24 

(1976), 419-456. 

[37] Ejsmont-Karabin, J., Empirical equations for biomass calculation of planktonic 

rotifers. Polskie Archiwum Hydrobiologii/Polish Archives of Hydrobiology, 45 

(1998), 513-522. 

[38] Tarkan, A.S., Gaygusuz, Ö., Gaygusuz, Ç., Sac, G., Copp, G.H., Circumstantial 

evidence of gibel carp, Carassius gibelio, reproductive competition exerted on 

native fish species in a mesotrophic reservoir. Fisheries Management and Ecology, 

19 (2012), 167-177. doi:10.1111/j.1365-2400.2011.00839.x  

[39] Carlson, R.E., A trophic state index for lakes 1. Limnology and Oceanography, 22 

(1977), 361–369. doi:10.4319/lo.1977.22.2.0361  

[40] Ullman, J.B., Bentler, P.M., Structural equation modeling. In: Weiner, I., Schinka, 

J.A., Velicer, W.F. Editors.  Handbook of Psychology, Second Edition. John Wiley 

& Sons Inc, (2012), 661-690. doi:10.1002/9781118133880.hop202023  

 

 

https://doi.org/10.1007/s10661-011-2048-0
https://doi.org/10.22392/actaquatr.867466
https://doi.org/10.1146/annurev.es.07.110176.001141
https://doi.org/10.2307/2937108
https://doi.org/10.1111/j.1440-1703.2003.00596.x
https://doi.org/10.1127/0029-5035/2003/0076-0429
https://doi.org/10.1007/bf00377592
https://doi.org/10.1111/j.1365-2400.2011.00839.x
https://doi.org/10.4319/lo.1977.22.2.0361
https://doi.org/10.1002/9781118133880.hop202023


 

 

 

 B.U. SORGUÇ, Y. SAYGI 141 

[41] Xiong, B., Skitmore, M., Xia, B., Masrom, M.A., Ye, K., Bridge, A. Examining the 

influence of participant performance factors on contractor satisfaction: A structural 

equation model. International Journal of Project Management, 32 (2014), 482-491. 

doi:10.1016/j.ijproman.2013.06.003  

[42] Fan, Y., Chen, J., Shirkey, G., John, R., Wu, S.R., Park, H., Shao, C., Applications 

of structural equation modeling (SEM) in ecological studies: an updated review. 

Ecological Processes, 5 (2016), 1-12. doi:10.1186/s13717-016-0063-3  

[43] Grace, J.B., Anderson, T.M., Olff, H., Scheiner, S.M., On the specification of 

structural equation models for ecological systems. Ecological Monographs, 80 

(2010), 67-87. doi:10.1890/09-0464.1  

[44] Kline, R.B., Principles and Practice of Structural Equation Modeling, The Guilford 

Press, New York, 2016. 

[45] Hu, L.T., Bentler, P.M. Cutoff criteria for fit indexes in covariance structure 

analysis: Conventional criteria versus new alternatives. Structural Equation 

Modeling: A Multidisciplinary Journal, 6 (1999), 1-55. 

doi:10.1080/10705519909540118  

[46] Hooper, D., Coughlan, J., Mullen, M., Structural equation modeling: guidelines for 

determining model fit. The Electronic Journal of Business Research Methods, 6 

(2007), 53-60. 

[47] Rosseel, Y., Lavaan: An R package for structural equation modeling. Journal of 

Statistical Software, 48 (2012), 1–36. doi:10.18637/jss.v048.i02 

[48] Van Lissa, C.J., CRAN-Package tidySEM. Available online: https://cran.r-

project.org/web/packages/tidySEM/index.html (accessed on 17 March 2024). 

[49] Adámek, Z., Sukop, I., Rendón, P.M., Kouřil, J., Food competition between 2+ 

tench (Tinca tinca L.), common carp (Cyprinus carpio L.) and bigmouth buffalo 

(Ictiobus cyprinellusVal.) in pond polyculture. Journal of Applied Ichthyology, 19 

(2003), 165-169. doi:10.1046/j.1439-0426.2003.00467.x 

[50] Khan, T.A., Dietary studies on exotic carp (Cyprinus carpio L.) from two lakes of 

western Victoria, Australia. Aquatic Sciences, 65 (2003), 272-286. 

doi:10.1007/s00027-003-0658-5 

[51] Ünver, B., Erk’akan, F., Diet composition of chub, Squalius cephalus (Teleostei: 

Cyprinidae), in Lake Tödürge, Sivas, Turkey. Journal of Applied Ichthyology,  27 

(2011), 1350-1355. doi:10.1111/j.1439-0426.2011.01766.x 

[52] Abell, J.M., Özkundakci, D., Hamilton, D.P., Miller, S.D., Relationships between 

land use and nitrogen and phosphorus in New Zealand lakes. Marine and 

Freshwater Research, 62 (2011), 162-175. doi:10.1071/mf10180  

[53] Frumin, G.T., Gildeeva, I.M., Eutrophication of water bodies - A global 

environmental problem. Russian Journal of General Chemistry, 84 (2014), 2483-

2488. doi:10.1134/s1070363214130015  

[54] Carlson, R.E., Simpson, J.A., Coordinator’s guide to volunteer lake monitoring 

methods. North American Lake Management Society, 96 (1996), 305. 

[55] Saluja, R., Garg, J.K., Trophic state assessment of Bhindawas Lake, Haryana, India. 

Environmental Monitoring and Assessment, 189 (2017), 1-15. doi:10.1007/s10661-

016-5735-z  

[56] Markad, A.T., Landge, A.T., Nayak, B.B., Inamdar, A.B., Mishra, A.K., Trophic 

state modeling for shallow freshwater reservoir: a new approach. Environmental 

Monitoring and Assessment, 191 (2019), 1-21. doi:10.1007/s10661-019-7740-5  

[57] Sakamoto, M., Primary production by phytoplankton community in some Japanese 

lakes and its dependence on lake depth. Archiv für Hydrobiologie, 62 (1966), 1-28. 

https://doi.org/10.1016/j.ijproman.2013.06.003
https://doi.org/10.1186/s13717-016-0063-3
https://doi.org/10.1890/09-0464.1
https://doi.org/10.1080/10705519909540118
https://doi.org/10.18637/jss.v048.i02
https://cran.r-project.org/web/packages/tidySEM/index.html
https://cran.r-project.org/web/packages/tidySEM/index.html
https://doi.org/10.1046/j.1439-0426.2003.00467.x
https://doi.org/10.1111/j.1439-0426.2011.01766.x
https://doi.org/10.1071/mf10180
https://doi.org/10.1134/s1070363214130015
https://doi.org/10.1007/s10661-016-5735-z
https://doi.org/10.1007/s10661-016-5735-z
https://doi.org/10.1007/s10661-019-7740-5


 

 

  

TOP-DOWN AND BOTTOM-UP EFFECTS ON ZOOPLANKTON 

 

 142 

[58] Smith, V.H., The nitrogen and phosphorus dependence of algal biomass in lakes: 

An empirical and theoretical analysis. Limnology and Oceanography, 27 (1982), 

1101–1112. doi:10.4319/lo.1982.27.6.1101  

[59] Schindler, D.W., Hecky, R.E., Findlay, D., Stainton, M.P., Parker, B.R., Paterson, 

M.J., Beaty, K.G., Lyng, M., Kasian, S.E.M., Eutrophication of lakes cannot be 

controlled by reducing nitrogen input: Results of a 37-year whole-ecosystem 

experiment. Proceedings of the National Academy of Sciences, 105 (2008), 11254–

11258. doi:10.1073/pnas.0805108105  

[60] Vrede, T., Ballantyne, A., Algesten, G., Gudasz, C., Lindahl, S., Brunberg, A.K., 

Mille-Lindblom, C., Mille-Lindblom, C., Effects of N:P loading ratios on 

phytoplankton community composition, primary production and N fixation in a 

eutrophic lake. Freshwater Biology, 54 (2009), 331–344. doi:10.1111/j.1365-

2427.2008.02118.x  

[61] Smith, V.H., Tilman, G.D., Nekola, J.C., Eutrophication: impacts of excess nutrient 

inputs on freshwater, marine, and terrestrial ecosystems. Environmental Pollution, 

100 (1999), 179-196. doi:10.1016/s0269-7491(99)00091-3  

[62] Lynch, M., The evolution of cladoceran life histories. The Quarterly Review of 

Biology, 55 (1980),  23-42. doi:10.1086/411614  

[63] Matsuzaki, S.I.S., Suzuki, K., Kadoya, T., Nakagawa, M., Takamura, N., Bottom‐

up linkages between primary production, zooplankton, and fish in A shallow, 

hypereutrophic lake. Ecology, 99 (2018), 2025-2036. doi:10.1002/ecy.2414  

[64] Diniz, A.S., do Nascimento Moura, A., Top-down and bottom-up effects of fish on 

a macrophyte-mediated trophic network: a mesocosm approach. Aquatic Ecology, 

56 (2022), 1157–1175. doi:10.1007/s10452-022-09976-4  

[65] Rahman, M.M., Verdegem, M.C.J., Nagelkerke, L.A.J., Wahab, M.A., Milstein, A., 

Verreth, J.A.J., Growth, production and food preference of rohu Labeo rohita (H.) 

in monoculture and in polyculture with common carp Cyprinus carpio (L.) under 

fed and non-fed ponds. Aquaculture, 257 (2006), 359-372. 

doi:10.1016/j.aquaculture.2006.03.020  

[66] Marković, G.S., Simić, V.M., Ostojić, A.M., Simić, S.B., Seasonal variation in 

nutrition of chub (Leuciscus cephalus L., Cyprinidae, Osteichthyes) in one reservoir 

of West Serbia. Zbornik Matice Srpske za Prirodne Nauke, 112 (2007), 107-113. 

doi:10.2298/zmspn0712107m  

[67] Abrahams, M.V., Kattenfeld, M.G., The role of turbidity as a constraint on 

predator-prey interactions in aquatic environments. Behavioral Ecology and 

Sociobiology, 40 (1997), 169–174. doi:10.1007/s002650050330  

[68] Zaret, T.M., Predators, invisible prey, and the nature of polymorphism in the 

Cladocera (class Crustacea). Limnology and Oceanography, 17 (1972), 171-184. 

doi:10.4319/lo.1972.17.2.0171  

[69] Zaret, T.M., Kerfoot, W.C., Fish predation on Bosmina longirostris: Body‐size 

selection versus visibility selection. Ecology, 56 (1975), 232-237. 

doi:10.2307/1935317  

[70] Dodson, S., The ecological role of chemical stimuli for the zooplankton: Predator-

avoidance behavior in Daphnia. Limnology and Oceanography, 33 (1988), 1431–

1439. doi:10.4319/lo.1988.33.6_part_2.1431  

[71] Lampert, W., Ultimate causes of diel vertical migration of zooplankton: new 

evidence for the predator-avoidance hypothesis. Diel Vertical Migration of 

Zooplankton, 39 (1993), 79-88. 

[72] Gliwicz, Z.M., Siedlar, E., Food size limitation and algae interfering with food 

collection in Daphnia. Archiv für Hydrobiologie, 88 (1980), 155-177. 

https://doi.org/10.4319/lo.1982.27.6.1101
https://doi.org/10.1073/pnas.0805108105
https://doi.org/10.1111/j.1365-2427.2008.02118.x
https://doi.org/10.1111/j.1365-2427.2008.02118.x
https://doi.org/10.1016/s0269-7491(99)00091-3
https://doi.org/10.1086/411614
https://doi.org/10.1002/ecy.2414
https://doi.org/10.1007/s10452-022-09976-4
https://doi.org/10.1016/j.aquaculture.2006.03.020
https://doi.org/10.2298/zmspn0712107m
https://doi.org/10.1007/s002650050330
https://doi.org/10.4319/lo.1972.17.2.0171
https://doi.org/10.2307/1935317
https://doi.org/10.4319/lo.1988.33.6_part_2.1431


 

 

 

 B.U. SORGUÇ, Y. SAYGI 143 

[73] Gliwicz, Z.M., Why do cladocerans fail to control algal blooms?. Hydrobiologia, 

200 (1990), 83–97. doi:10.1007/bf02530331  

[74] Porter, K.G., McDonough, R., The energetic cost of response to blue‐green algal 

filaments by cladocerans. Limnology and Oceanography, 29 (1984), 365-369. 

doi:10.4319/lo.1984.29.2.0365  

[75] Gilbert, J.J., Durand, M.W., Effect of Anabaena flos-aquae on the abilities of 

Daphnia and Keratella to feed and reproduce on unicellular algae. Freshwater 

Biology, 24 (1990), 577–596. doi:10.1111/j.1365-2427.1990.tb00734.x  

[76] Havens, K.E., Beaver, J.R., East, T.L., Plankton biomass partitioning in a eutrophic 

subtropical lake: comparison with results from temperate lake ecosystems. Journal 

of Plankton Research, 29 (2007), 1087-1097. doi:10.1093/plankt/fbm083  

[77] Elser, J.J., Carney, H.J., Goldman, C.R., The zooplankton-phytoplankton interface 

in lakes of contrasting trophic status: an experimental comparison. Hydrobiologia, 

200 (1990), 69-82. doi:10.1007/bf02530330  

[78] Soto, D., Hurlbert, S.H., Short term experiments on calanoid-cyclopoid-

phytoplankton interactions. Hydrobiologia, 215 (1991), 83-110. 

doi:10.1007/bf00014714  

[79] Li, Y., Xie, P., Zhang, J., Tao, M., Deng, X., Effects of filter-feeding planktivorous 

fish and cyanobacteria on structuring the zooplankton community in the eastern 

plain lakes of China. Ecological Engineering, 99 (2017), 238-245. 

doi:10.1016/j.ecoleng.2016.11.040  

[80] Gliwicz, Z.M., Studies on the feeding of pelagic zooplankton in lakes with varying 

trophy. Ekologia Polska, 17 (1969), 663-707. 

[81] Patalas, K., Crustacean plankton and the eutrophication of St. Lawrence Great 

Lakes. Journal of the Fisheries Board of Canada, 29 (1972), 1451-1462. 

doi:10.1139/f72-224  

[82] McNaught, D.C., A hypothesis to explain the succession from calanoids to 

cladocerans during eutrophication. Internationale Vereinigung für Theoretische 

und Angewandte Limnologie: Verhandlungen, 19 (1975), 724-731. 

doi:10.1080/03680770.1974.11896115  

[83] Gannon, J.E., Stemberger, R.S., Zooplankton (especially crustaceans and rotifers) 

as indicators of water quality. Transactions of the American Microscopical Society, 

1 (1978), 16-35. doi:10.2307/3225681  

[84] Gulati, R.D., The zooplankton and ıts grazing as measures of trophy in the 

Loosdrecht Lakes. Verhandlungen Internationale Vereinigung für Theoretische 

und Angewandte Limnologie, 22 (1984), 863–867. 

doi:10.1080/03680770.1983.11897399  

[85] Muck P., Lampert W., An experimental study on the importance of food conditions 

for the relative abundance of calanoid copepods and cladocerans. Archiv für 

Hydrobiologie, 66 (1984), 157–179. 

[86] Lair, N., Hilal, M., Acanthodiaptomus denticornis another omnivorous calanoid 

copepod: description of ıts mouth appendages and feeding experiments on animal 

prey. Hydrobiologia, 248 (1992), 137-142. doi:10.1007/bf00006081  

[87] Makino, W., Ban, S., Diel changes in vertical overlap between Cyclops strenuus 

(Copepoda; Cyclopoida) and its prey in oligotrophic Lake Toya, Hokkaido, Japan. 

Journal of Marine Systems, 15 (1998), 139-148. doi:10.1016/s0924-

7963(97)00073-0  

[88] Telesh, I.V., The effect of fish on planktonic rotifers. Hydrobiologia, 255 (1993), 

289-296. doi:10.1007/bf00025851  

 

https://doi.org/10.1007/bf02530331
https://doi.org/10.4319/lo.1984.29.2.0365
https://doi.org/10.1111/j.1365-2427.1990.tb00734.x
https://doi.org/10.1093/plankt/fbm083
https://doi.org/10.1007/bf02530330
https://doi.org/10.1007/bf00014714
https://doi.org/10.1016/j.ecoleng.2016.11.040
https://doi.org/10.1139/f72-224
https://doi.org/10.1080/03680770.1974.11896115
https://doi.org/10.2307/3225681
https://doi.org/10.1080/03680770.1983.11897399
https://doi.org/10.1007/bf00006081
https://doi.org/10.1016/s0924-7963(97)00073-0
https://doi.org/10.1016/s0924-7963(97)00073-0
https://doi.org/10.1007/bf00025851


 

 

  

TOP-DOWN AND BOTTOM-UP EFFECTS ON ZOOPLANKTON 

 

 144 

[89] Gilbert, J.J., Suppression of rotifer populations by Daphnia: A review of the 

evidence, the mechanisms, and the effects on zooplankton community structure. 

Limnology and Oceanography, 33 (1988), 1286-1303. 

doi:10.4319/lo.1988.33.6.1286  

[90] Sanni, S., Wærvågen, S.B., Oligotrophication as a result of planktivorous fish 

removal with rotenone in the small, eutrophic, Lake Mosvatn, Norway. 

Hydrobiologia, 200 (1990), 263-274. doi:10.1007/978-94-017-0924-8_22  

[91] Christoffersen, K., Riemann, B., Klysner, A., Søndergaard, M., Potential role of 

fish predation and natural populations of zooplankton in structuring a plankton 

community in eutrophic lake water. Limnology and Oceanography, 38 (1993), 561–

573. doi:10.4319/lo.1993.38.3.0561  

[92] Miracle, M.R., Alfonso, M.T., Vicente, E., Fish and nutrient enrichment effects on 

rotifers in A Mediterranean shallow lake: a mesocosm experiment. Hydrobiologia, 

593 (2007), 77-94. doi:10.1007/s10750-007-9071-8  

[93] Du, X., García-Berthou, E., Wang, Q., Liu, J., Zhang, T., Li, Z., Analyzing the 

importance of top-down and bottom-up controls in food webs of chinese lakes 

through structural equation modeling. Aquatic Ecology, 49 (2015), 199–210. 

doi:10.1007/s10452-015-9518-3  

[94] Karabin, A., Pelagic zooplankton (Rotatoria+ Crustacea) variation in the process of 

lake eutrophication. I: Structural and quantitative features. Ekologia Polska, 33 

(1986), 567-616. 

[95] Rothhaupt, K.O., The influence of toxic and filamentous blue‐green algae on 

feeding and population growth of the rotifer Brachionus rubens. Internationale 

Revue der Gesamten Hydrobiologie und Hydrographie, 76 (1991), 67-72. 

doi:10.1002/iroh.19910760108  

[96] Weithoff, G., Walz, N., Influence of the filamentous cyanobacterium Planktothrix 

agardhii on population growth and reproductive pattern of the rotifer Brachionus 

calyciflorus. Hydrobiologia, 313 (1995), 381-386. doi:10.1007/978-94-009-1583-

1_50  

[97] Duncan, A., Food limitation and body size in the life cycles of planktonic rotifers 

and cladocerans. Hydrobiologia, 186 (1989), 11–28, doi:10.1007/bf00048891  

[98] Bays, J.S., Crisman, T.L., Zooplankton and trophic state relationships in Florida 

lakes. Canadian Journal of Fisheries and Aquatic Sciences, 40 (1983) 1813–1819. 

doi:10.1139/f83-210  

[99] Sládeček, V., Rotifers as indicators of water quality. Hydrobiologia, 100 (1983), 

169-201. doi:10.1007/bf00027429  

[100] Søndergaard, M., Jeppesen, E., Mortensen, E., Dall, E., Kristensen, P., Sortkjær, 

O., Phytoplankton biomass reduction after planktivorous fish reduction in a 

shallow, eutrophic lake: A combined effect of reduced internal P-loading and 

increased zooplankton grazing. Hydrobiologia, 200 (1990), 229–240. doi: 

10.1007/BF02530342 

https://doi.org/10.4319/lo.1988.33.6.1286
https://doi.org/10.1007/978-94-017-0924-8_22
https://doi.org/10.4319/lo.1993.38.3.0561
https://doi.org/10.1007/s10750-007-9071-8
https://doi.org/10.1007/s10452-015-9518-3
https://doi.org/10.1002/iroh.19910760108
https://doi.org/10.1007/978-94-009-1583-1_50
https://doi.org/10.1007/978-94-009-1583-1_50
https://doi.org/10.1007/bf00048891
https://doi.org/10.1139/f83-210
https://doi.org/10.1007/bf00027429

