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ABSTRACT 

Regarding to fish cage culture development in freshwater reservoirs, it is essential to evaluate its environmental 

impacts. The present study was aimed to evaluate the environmental impacts of common carp, Cyprinus carpio 

cage culture on water quality and phytoplankton communities of Golestan reservoir, north of Iran. Sampling was 

monthly conducted from six stations (5, 100, 200, 400, 1000 and 2000 m distance from cages) along this reservoir 

during April to September, 2016. The water quality parameters and phytoplankton population alterations were 

sampled at all stations. No significant differences were observed in the environmental variables (except for BOD) 

among the sampling stations. However, all these variables showed significant differences between the sampling 

periods. The highest abundances of identified phytoplankton were belonged to Cyanophyta, Bacillariophyta and 

Chlorophyta respectively in both seasons. Canonical correspondence analysis (CCA) diagrams presented 

differences in the temporal distribution of sampling units and phytoplankton abundances in both seasons. 

However, no significant spatial differences were observed. Based on results, we found no consistent 

environmental alteration caused by cage culture, hence it can be allowed in Golestan reservoir, Iran byclose 

monitoring its impacts. 
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INTRODUCTION 

Inland freshwater bodies including dams, lakes and reservoirs can be used for freshwater fish cage culture due to 

some advantages including perfect food chain, simple management, low cost of harvesting, and efficient 

monitoring of fish growth (Degefu et al. 2011). However, cage culture is known to have some environmental 

impacts (Guo et al. 2009). Nutrient-rich waste such as uneaten feed and fish excrement released from cage can 

affect the environment (Walker et al. 2003; Rebeca et al. 2010). The severity of cage-related environmental 

impacts usually depends on the intensity of fish production within a lake or reservoir. Since the exchange time of 

freshwater systems is shorter than that in marine environments, the environmental effects of wastes produced by 

freshwater cage fish culture are much stronger than those in marine environments (Beveridge et al. 1997). In 

recent years, special attentions are paid to fish cage culture in inland freshwater reservoir of Iran. Common carp, 

Cyprinus carpio and rainbow trout, Oncorhynchus mykiss are the major fish species for cage culture in freshwater 

systems. Golestan reservoir is a freshwater dam located in the northeast of Golestan Province, Iran, built on the 

Gorganrud River. The increasing development of the cage-culture industry has caused environmental and 

ecological concerns. Cage culture alters the physio-chemical characteristics of the water (Dias et al. 2011) and 



also the physiology, behaviour and finally the structure of communities. Thus, the evaluation of the environmental 

factors may be a good indicator to analyse the variation and structure of biotic communities in freshwater 

environments (Neiff 1996). In Iran, most of the studies have been focused on impact assessment of marine and 

open sea fish cages (Bagheri et al. 2016; Afraei Bandpei et al. 2016; Karimian et al. 2017; Jahani et al. 2018) and 

no study has been carried out on risk assessment of freshwater cage culture. Bagheri et al. (2016) reported the 

impact of the fish cage culture on the zooplankton population due to striking increase of A. tonsa, B. improvisus, 

P. polyphemoides, and bivalve-larvae abundance at the fish cage site. Moreover, Afraei Bandpei et al. (2016) 

reported that the density and biomass of phytoplankton and zooplankton in spring and winter were higher than in 

the other seasons which may be due to the activity of rainbow trout culture in the cages. The present study presents 

basic information regarding the environmental impacts of a cage culture system in freshwater by evaluating water 

quality and phytoplankton population structures. The aim of this study was to examine the relationship between 

the distance from the cage and any observed impacts. 
 

MATERIALS AND METHODS 

Study area  

The study was conducted in Golestan reservoir at (coordinates: 55° 16' E and 37° 19' N), Golestan Province, 

Iran. The reservoir surface area and its volume were 152 km2 and 5.7 km3 respectively. 
 

Field sampling 

In this experiment,8 cages (each 120 m3 in volume and8 tons in production capacity) were used in the Golestan 

dam between April and September, 2016. Water and phytoplankton were sampled from six stations. Furthermore, 

twice-a-day manually-feeding was done at 3-5% of fish body weight. 

 

Collection of water samples 

Water samples were collected monthly in the morning during six months from April to September, 2016. Samples 

were collected with the Ruttner sampler (with the depth ranging from 70 cm to 100 cm) along the stations transects 

(fluctuated 6.5-9 m, depending on the season), starting at 5, 100, 200, 400, 1000 and 2000 mnamedas distances I, 

II, III, IV, V and VI respectively away from the cage during six-month sampling (i.e., April, May, Jun, July, 

August, September). So, we used the data from different months as replicates of the sites. 

 

Water quality monitoring 

The water quality parameters including temperature, dissolved oxygen (DO), pH, salinity and electrical 

conductivity (EC) were monthly monitored. Other parameters including nitrate (No3), ammonium (NH4
+), 

phosphorus (P), biochemical oxygen demand (BOD), total dissolved solids (TDS), water hardness (H) were 

determined using water test kit and spectrophotometric methods (APHA 1975; Boyd & Tucker 1998).  

 

Phytoplankton identification 

Surface and bottom water (each 3 samples) were collected in 500-mL bottles at each station, processed by standard 

method of fixation with 4% formalin and further sedimentation, and then placed in the dark cool box before 

analysis. Phytoplankton was identified using the available keys (John et al. 2002; Bellinger & Sigee 2010) and 

under an inverted microscope at 400× magnification in the laboratory. 

 

Statistical analysis 

The significance of differences in phytoplankton abundance and physicochemical characteristics were evaluated 

using one way analysis of variance (ANOVA), followed by a Duncan’s test to identify significant differences (p < 

0.05) among the means. The analyses were carried out using SPSS 19 software. The relationships between the 

environmental variables and phytoplankton abundance were analysed through canonical correspondence analysis 

(CCA) using CANOCO software version 4.5. Phytoplankton abundance data were transformed by log (x + 1). 

 

RESULTS  

Environmental parameters 

Table 1 shows water quality parameters in six sampling stations and also sampling periods. The experiment began 

during the spring, when all environmental variables (except dissolved oxygen) were in lowest amount. At the end 



of the experiment, all the variables significantly increased at summer. No significant differences were observed 

in the environmental variables (except BOD) between the sampling stations (p > 0.05). However, significant 

differences were found in all environmental variables between the sampling periods (p < 0.05). The results showed 

that the effect of nutrient discharge on DO was not significant (p > 0.05). Water temperatures showed seasonal 

trends, but the variation between stations was not statistically significant (p > 0.05). The nitrite levels were not 

significant (p > 0.05) between the stations.  

 

Table 1. Spatial and temporal variation in physicochemical parameters registered in the Golestan reservoir, north of Iran. T: 

temperature; DO: dissolved oxygen; Sal: salinity; EC: electrical conductivity; TDS: total dissolved solids; H: hardness; Alk: 

alkalinity; NO3: nitrate; NH4
+: Ammonium; P: phosphorus; BOD: biochemical oxygen demand. Letters represent pairwise 

significant differences between treatments by Duncan test, with a 0.05 level of significance. 

Variables Sampling stations 

 5 m 100 m 200 m 400 m 1000 m 2000 m 

Temperature (°C) 27.9 ± 1.6a 27.9 ± 1.6a 27.9 ± 1.6a 27.9 ± 1.6a 27.8  ± 1.5a 27.8  ± 1.5a 

DO (mg L-1) 7.6 ± 0.6a a 0.7±   7.6 7.9 ± 0.8a 7.9 ± 0.8a 8.1 ± 0.8a 8.1 ± 0.7a 

Salinity (ppm) 0.8 ± 0.2a a0.8±    0.2 0.8 ± 0.2a 0.8 ± 0.2a 0.8 ± 0.2a 0.8 ± 0.2a 

pH 8.1 ± 0.4a a0.4±    8.1 8.0 ± 0.4a 8.0 ± 0.3a 8.0 ± 0.3a 8.0 ± 0.2a 

EC (mscm-1) 1066.6 ± 170.6a 1048.3  ±  161.9a a101.6±    950.8 986.6 ± 121.1a 976.6 ± 100.5a 942.5 ± 102.5a 

TDS (gL-1) 987.1 ± 308.8a 983.0  ±  293.4a 949.1  ±  263.8a 923.2 ± 244.5a 911.7 ± 225.1a 903.6 ± 235.3a 

Hardness 1070.1 ± 159.8a 1061.0  ±  167.2a 165.7 a ± 1045.9 1020.6 ± 167.5a 999.4 ± 161.3a 975.2 ± 144.1a 

Alkalinity 111.6 ± 30.6a 111.6  ±  30.6a 107.2 ± 25.7a 104.2 ± 27.3a 101.5 ± 26.9a 101.5 ± 26.9a 

Nitrate 1.0 ± 0.6a 0.9  ±  0.6 a 0.9 ± 0.6a 0.7 ± 0.5a 0.7 ± 0.5a 0.6 ± 0.4a 

NH3 1.1 ± 0.8a 1.1 ± 0.8a 1.0 ± 0.8a 0.8 ± 0.7a 0.7 ± 0.6a 0.7 ± 0.6a 

Phosphate 0.7 ± 0.4a 0.7 ± 0.4a 0.7 ± 0.4a 0.6 ± 0.4a 0.6 ± 0.3a 0.6 ± 0.3a 

BOD 3.6 ± 1.2a 3.3 ± 1.2ab 2.6 ± 1.2abc 2.1 ± 0.9bc 1.6 ± 0.8c 1.6 ± 0.8c 

 

Variables 

 

Sampling periods 

 April May Jun July August September 

Temperature (°C) 25.5 ± 0.0f 26.8 ± 0.0e 27.6 ± 0.0d 28.6 ± 0.5c 30.0 ± 0.0a 29.0 ± 0.0b 

DO (mg L-1) 8.8 ± 0.4a 8.7 ± 0.2a 7.9 ± 0.1b 7.2 ± 0.2c 7.2 ± 0.1c 7.3 ± 0.3c 

Salinity (ppm) 0.6 ± 0.0d 0.6 ± 0.0c 0.6 ± 0.0c 0.9 ± 0.0b 1.1 ± 0.1a 0.9 ± 0.1b 

pH 7.5 ± 0.1c 7.6 ± 0.1c 7.8 ± 0.1b 7.9 ± 0.1b 8.4 ± 0.1a 8.2 ± 0.1a 

EC (mscm-1) 841.3 ± 30.6d 855.1 ± 12.2cd 955.0 ± 29.3c 1083.3 ± 98.3b 1166.2 ± 68.6a 1040.3 ± 92.6b 

TDS (gL-1) 545.3 ± 15.6e 723.0 ± 0.0d 975.0 ± 0.0c 1090.1 ± 113.0b 1241.2 ± 49.9a 1083.4 ± 68.8b 

Hardness 831.0 ± 21.1e 883.2 ± 40.3d 950.4 ± 44.6c 1149.3 ± 56.9b 1216.7 ± 40.6a 1140.5 ± 32.6b 

Alkalinity 69.7 ± 3.6f 86.7 ± 2.9e 95.2 ± 5.6d 114.0 ± 4.1c 141.6 ± 6.3a 131.7 ± 6.8b 

Nitrate 0.2 ± 0.1e 0.4 ± 0.1d 0.6 ± 0.1c 0.9 ± 0.2b 1.4 ± 0.2a 1.5 ± 0.2a 

NH3 0.1 ± 0.0d 0.1 ± 0.0d 1.1 ± 0.3c 1.7 ± 0.1a 1.4 ± 0.3ab 1.3 ± 0.3bc 

Phosphate 0.2 ± 0.1e 0.3 ± 0.0d 0.4 ± 0.1c 0.9 ± 0.1b 1.1 ± 0.1a 1.1 ± 0.1a 

BOD 1.3 ± 0.5c 1.6 ± 0.8c 2.0 ± 0.9bc 3.0 ± 0.9ab 3.3 ± 1.2a 3.8 ± 0.9a 

  

Identified phytoplankton 

During the study in Golestan reservoir, 30 taxa from 5 divisions have been identified: Cyanophyta, Chlorophyta, 

Bacillariophyta, Chrysophyta, Pyrrophyta and Euglenophyta. The identified genus categorized according to major 

groups includes: Cyanophyta (Anabaena, Anabaenopsis, Chroococcus, Cylindrospermopsis, Lyngbya, 

Oscillatoria, Cylindrospermum, Gloeocapsa, Merismopedia, Aphanizomenon, Nostoc, Raphidiopsis), 

Chlorophyta (Ankistrodesmus, Chlamydomonas, Oocystis, Scenedesmus, Tetraederon, Chlorogonium), 

Bacillariophyta (Chaetoceros, Cyclotella, Navicula, Nitzschia, Skeletonema, Surirella, Synedra), Chrysophyta 

(Dinobryon), Pyrrophyta (Gymnodiniu and Peridinium) and Euglenophyta (Trachelomonas and Euglena). The 

highest abundances in spring were related to Cyanophyta (59.4%), Bacillariophyta (19.4%) and Chlorophyta 

(19.7%) respectively. The main species in summer were Cyanophyta (50.9%), Bacillariophyta (23.3%) and 

Chlorophyta (18.8%). The results indicated significant differences in phytoplankton abundance at different 

sampling stations (p < 0.05) except for Synedra and Peridinium. Phytoplankton abundances significantly 

increased from March to September (p < 0.05). Also, phytoplankton abundances were different (p < 0.05) among 

the sampling stations and periods (Table 3).  

 

 

 



 

Table 2. Identified composition of phytoplankton during cage culture. 

Phylum Class Order Family Genus 

 

 

 

 

 

 

 

Cyanobacteria 

 

 

 

 

 

 

 

 

 

 

Cyanophyceae 

 

 

Nostocales 

 

 

Nostocaceae 

Anabaena 

Anabaenopsis 

Cylindrospermopsis 

Cylindrospermum 

Aphanizomenon 

Nostoc 

 

Oscillatoriaceae 

Lyngbya 

Oscillatoria 

Rivulariaceae Raphidiopsis 

 

Chroococcales 

 

Chroococcaceae 

Chroococcus 

Gloeocapsa 

Merismopedia 

 

 

 

 

 

Chlorophyta 

 

 

 

 

 

 

 

Chlorophyceae 

 

 

Trebouxiophyceae 

 

 

Sphaeropleales 

Selenastraceae Ankistrodesmus 

Scenedesmaceae Scenedesmus 

Hydrodictyaceae Tetraederon 

 

Chlamydomonadales 

Chlamydomonadaceae Chlamydomonas 

Chlamydomonadaceae Chlorogonium 

Chlorellales Oocystaceae Oocystis 

Bacillariophyta 

 

 

 

 

 

Bacillariophyceae 

 

Chaetocerotales Chaetocerotaceae Chaetoceros 

Thalassiosirales Stephanodiscaceae Cyclotella 

Naviculales Naviculaceae Navicula 

Bacillariales Bacillariaceae Nitzschia 

Thalassiosirales Skeletonemataceae Skeletonema 

Surirellales Surirellaceae Surirella 

Fragilariales Fragilariaceae Synedra 

Chrysophyta Chrysophyceae Ochromonadales Dinobryaceae Dinobryon 

 

Pyrrophycophyta 

 

Dinophyceae 

Gymnodiniales Gymnodiniaceae Gymnodinium 

Peridiniales Peridiniaceae Peridinium 

 

Euglenophycota 

 

Euglenophyceae 

 

Euglenales 

 

Euglenaceae 

Trachelomonas 

Euglena 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=956108


 

Table 3. Spatial and temporal variation in phytoplankton abundance (102 ind. mL-1) registered in the Golestan reservoir, 

north of the Iran. Letters represent pairwise significant differences between treatments by Duncan test, with a 0.05 level of 

significance. 
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CCA ordination of phytoplankton species with environmental variables 2  

The canonical correspondence analysis (CCA), performed with 30 phytoplankton genus of the sampling and 12 

environmental variables for spring and summer seasons separately (Figs. 1A and 1B). In spring, CCA diagram 

presented significant scores for the first two axes (p < 0.05), Eigen value for axis 1 (ɻ1 = 0.434) and axis (2 = 

0.1777) according to the Monte Carlo test, indicating significant correlations (97%) between environmental 

variables and phytoplankton (p < 0.05). These two axes explained together 65% of the total data variability. In 

summer, CCA diagram explained 83% of the data joint variability in the first two components, presenting 

statistically significant (p < 0.05) eigen value for axis 1 (ɻ1 = 0.508) and axis 2 (ɻ2 = 0.151) according to Monte 

Carlo test. The species– environment correlation was high (95%) and significant for both axes of the CCA (p 

<0.05). CCA diagram presented differences in the temporal distribution of sampling units and phytoplankton 

abundances in Golestan reservoir in both seasons. However, significant spatial differences were not observed.NO3, 

NH4
+, DO, BOD, H, EC, and pH were the main variables associated with the phytoplankton community 

distribution (Figs. 1A and 1B). As indicated by CCA diagram (Figs. 1 A and 1B) three main taxonomic groups 

could be distinguished in spring and summer. The group 1 advantaged mostly from increasing DO and decreasing 

all of other variables in both seasons. The group2 were related positively to TDS, P, pH, Alk, NO3, NH4
+, and H 

and negatively to DO in spring. In other hand, the group 2 were related positively to P, pH, H, NO3, and NH4
+ and 

negatively to DO in summer. The group3 which were advantaged mostly from increasing T, Sal, EC, and BOD 

and decreasing DO in spring, while the group3 in summer were advantaged mostly from increasing Alk, TDS, 

and EC. 

 



 
Fig. 1. Score dispersion of environmental variables and phytoplankton abundance for sampling periods; spring (A), and 

summer (B) along the first two Canonical Correspondence Analysis (CCA) axes. Ana: Anabaena; Anasis: Anabeanaposis; 

Chro: Chroccoccus; Cyl: Cylindrospermopsis; Lyn: Lyngbya; Osc: Oscillatoria; Cylmum: Cylindrospermum; Glo: 

Glococapsa; Meri: Merismopedia; Aph: Aphanizomenon; Nos: Nostoc; Raph: Raphidiopsis; Ank: Ankistrodesmus; Chla: 

Chlamydomonas; Ooc: Oocystis; Sce: Scendesmus; Tet: Tetraederon; Chlor: Chlorogonium; Chae: Chaetoceros; Cyc: 

Cyclotella; Din: Dinobryon; Nav: Navicula; Nyt: Nytzschia; Scel: Sceletonema; Sur: Surirella; Syn: Synedra; Gym: 

Gymnodinium; Peri: Peridinium; Trac: Trachelomonas; Eug: Euglena. Environmental variables codes are available in table1. 

 

DISCUSSION 

For cage systems of fish production, the data on BOD were significant among the sampling stations. BOD is 

directly linked with decomposition of dead organic matter and it can be correlated with pollution status. Yee et al. 

(2012) reported the lower pH value corresponded with low dissolved oxygen and high BOD values due to the 

oxygen consumption during the breakdown of organic matter from excess feed and fish excrement. Similar 

conclusions indicated that fish culture in cages does not appear to involve any risk of exceeding the levels 

admissible for water courses (Kubu 1987). Several authors demonstrated that nutrient levels might be increased 

by fish cage culture depending on the site and size of cages, water exchange rates and other characteristics of the 

water body (Phillips et al. 1985; Stirling & Dey 1990; Pitta et al. 1999; Heidary et al. 2016). Similar results 

obtained by Stirling & Dey (1990), where nitrite concentration showed no differences between the cage and 

control stations in Scottish freshwater loach. However, nitrate, ammonium and phosphorus were different among 

stations and varied monthly. Several studies have used phytoplankton for risk assessment of cage cultures in 

aquatic environments (Stirling & Dey 1990; Diaz et al. 2001, Longgen & Zhongije 2003). The predominance of 

Cyanophytes at the Golestan reservoir may be due to high concentrations of nutrients (nitrate, ammonia and 

phosphorous). As a result of nutrient load, increased phytoplankton expansion, especially Cyanobacteria, has been 



reported, reflecting a growing problem in ecosystems such as reservoirs (Borges et al. 2010). Our results were in 

line with the study of Mwaura et al. (2002), who also documented the dominance of Cyanobacteria in eight 

Kenyan highland reservoirs. In the present study, the Chlorophyta abundance was also high, which may be due to 

the high N:P ratio along with intermediate pH and water temperatures (Zevenboom & Mur 1980). These results 

were in agreement with the results of Degefu et al. (2011), who introduced Chlorophyta as dominant species 

throughout the study period in Yemlo cage culture. Moreover, Nasrollahzadeh Saravi et al. (2014) once working 

inthe southern part of the Caspian Sea showed that Bacillariophyta and Pyrrophyta were the dominant phyla, 

respectively. Eutrophic condition of the lake water allowed some species to grow faster, while this condition may 

restrict the growth of other species (Moss 1998, Sharifinia et al. 2012). Moreover, domestic sewage and soil 

erosion are the diffuse sources of nutrients by agriculture and other activities that might be influencing the 

phytoplankton community structure. In the present study, the most of the dissimilarities observed among the 

stations were related to changes in phytoplankton abundance rather than phytoplankton diversity, indicating the 

relatively low disturbance caused by cage culture in the dam. 

 

CONCLUSION 

Since freshwater resources are extremely limited in Iran, utilization should be maximized with minimum impacts 

and pollutions. Aquaculture causes alterations in water chemistry and ecology in most of the studied reservoirs. 

In our study, results showed that there were localized short-term impacts of the common carp cage but the long-

term effects of different cage capacities are still unknown and need to be monitored in the future. Neither abiotic 

variables nor phytoplankton showed significant differences between the variations. The variations recorded in 

phytoplankton structure appear to have been mainly influenced by seasonal changes, temperature and nutrient 

availability. It seems that only temporal changes were observed due to the low number of cages. Although the 

results of the present study confirm the safety of carp cage culture site selection. however, permanent monitoring 

of cages are recommended. 
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