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Abstract: 	 The effects of environmental factors (water temperature, pH, dissolved oxygen, chlorophyll, salinity, water 
depth, transparency and electrical conductivity) on growth performance (weight, total length and carapace 
length) and abundance (number of prawns caught) of Macrobrachium nipponense in the Anzali Lagoon were 
studied from January to December 2015. There was seasonal variation in the growth performance of M. nippon-
ense (P < 0.05). This shrimp species was more abundant in June – October than in the other months. The growth 
of M. nipponense was positively correlated with water temperature, chlorophyll and electrical conductivity (P 
< 0.5). The results showed that the Anzali Lagoon was a suitable place for the breeding of M. nipponense.
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Introduction
The Anzali Lagoon is located on the southern coast of 
the Caspian Sea and has four basins: Western, East-
ern, Central and South-West. These four sections are 
distinguished by having different physical, chemical, 
ecological and geographical parameters (Khanipour 
et al. 2020). The Anzali Lagoon location between 
land and sea ecosystems and between freshwater and 
brackish ecosystems forms a special ecotone embrac-
ing a unique blend of plant and animal communities. 

The oriental river prawn Macrobrachium nip-
ponense (De Haan, 1849) is natively distributed in 
east Asia, while in Iran, Uzbekistan and Iraq is an in-
troduced species (New et al. 2010). This species was 
reported in the Anzali Lagoon in 2006 (De Grave 
& Ghane 2006). It is omnivorous. Spawning takes 
place in spring and summer (Wakefield 2015). The 

temperature has an important influence on reproduc-
tion for M. nipponense. Morphologically, there are 
differences between males and females, with mature 
males being larger than females (Bacheler 2013).

In the present study, traps were evaluated for 
catching M. nipponense in the Anzali Lagoon. The 
aim of the study was to determine the effect of eco-
logical factors on the weight, length, carapace length 
and the numbers of M. nipponense over a period of 
one year in the Anzali Lagoon, Iran. 

Materials and Methods
Specimen sampling
Three localities were used, i.e. Site 1 (GPS coordi-
nates: 37° 27’ 9446.43” N – 49° 22’ 9944.18” E), 
Site 2 (37° 25’ 026.42” N – 49° 27’ 307.12” E) and 
Site 3 (37° 25’ 2998.45” N – 49° 24’ 6902.1” E) 
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(Fig. 1). Twenty-seven traps were randomly selected 
for the three sites. All the traps were used simultane-
ously for the sampling of prawns in this study. The 
traps were checked every 24 hours and the samples 
were collected five times per month for 12 months 
in 2015. All traps were scent baited with bread. Col-
lected samples were removed and placed in icebox-
es and transferred to the laboratory for further analy-
ses. Total weight was measured on a digital scale 
with 0.1 g accuracy. Carapace length (the distance 
from the base of the rostrum to the first body seg-
ment) and total length (the distance from the tip of 
the rostrum to the end of telson) were measured for 
each sample with a Vernier calliper to the nearest 0.1 
mm. Samples were extracted each month, then were 
measured and preserved separately.

Environment factors
The water pH, temperature (oC), dissolved oxygen, 
DO (mg/L) and electrical conductivity (EC, µS/cm), 
chlorophyll, transparency and salinity were meas-
ured in situ, using the calibrated multi-parameter 
meter (Multiprobe, Hach HQ40d). Transparency 
was measured by Secchi disc. The water samples 
were collected at the bottom level of the waters us-
ing Nalgene bottles (1000 mL). Water samples were 
stored in the refrigerated at 4 ºC until analysis. 

Statistical methods
Data were tested for normal distribution using the 
Shapiro-Wilk test for normality before applying the 
parametric tests. To detect the effects of months on 
physical and chemical variables, the General Linear 
Model (GLM) under ANOVA was applied (Chap-

man et al. 2004). The Tukey method was used to 
establish the significant variables in the outputs pair-
wise comparison (Kwok et al. 2007).

Principal component analysis (PCA) was per-
formed utilizing a two-way table of physical and 
chemical parameters (Basatnia et al. 2015) and 
months. During this analysis, Principal Compo-
nents (PCs) with eigenvalues greater than one were 
retained as those explaining the highest total water 
quality variability. Biplots for the first two compo-
nents were constructed out of the resulting scores 
and loadings to provide an overall view of the mul-
tivariable relations within months (Muriithi & Yu 
2015, Jabbar & Grote 2019).

Canonical correspondence analysis (CCA) 
was used to analyse growth performance for prawns 
across the environmental gradients measured. These 
multivariate ordination analyses were carried out 
with XLSTAT2020 software.

Correlations between ecological factors and 
growth performance of prawns were tested by para-
metric Spearman correlation coefficient. Analyses 
were performed with R v. 2.9.0 (www.Rproject.org).

Results
Monthly status of physical and chemical vari-
ables and water quality
The mean values of physical and chemical vari-
ables and their statistical differences were evaluated 
on monthly basis (Table 1). The temperature val-
ues were highest in July and lowest in January (P < 
0.05), There was a significant difference in tempera-
ture between samples collected in different seasons 

Fig. 1. Sampling area for Macrobrachium nipponense in the Anzali Lagoon, Iran.
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(P < 0.05). However, there was no significant dif-
ference in spring and summer (Table 1). DO values 
were highest in January and lowest in August; there 
was a significant difference in seasons (P < 0.05). 
However, there was no significant difference in 
spring and autumn (P > 0.05) (Table 1). The An-
zali Lagoon’s depth was different during the year 
because of the sediment load of the rivers but the 
difference was not significant (P > 0.05). 

The values of pH, EC, chlorophyll and salin-
ity were significantly higher (P < 0.05) during sum-
mer. The transparency values were highest in No-
vember and lowest in August (P < 0.05). Because of 
the rain, transparency values were higher during the 
wet than the dry season (P < 0.05).

Length-frequency distribution

The mean weight, total length and carapace length 
of prawns were 145.25 ± 38.16 g, 50.28± 1.52 mm 
and 12.85 ± 0.37 mm, respectively. There was a sig-
nificant difference in total length between samples 
collected in a different season (P < 0.05). However, 
there was no significant difference in April, May, 
June, October and November (Table 2). Analysis 
of variance of body weight showed significant dif-
ferences in different seasons (P < 0.05). However, 
there was no significant difference in spring and au-
tumn (P > 0.05) (Table 2). Analysis of variance of 
carapace length showed significant differences in 
different seasons (P < 0.05). However, there was no 

Table 2. Biological data of examined specimens Macrobrachium nipponense (mean ± standard error) and their sea-
sonal differences in the Anzali Lagoon.

Months Weight (g) Number Length (mm) Carapace length 
(mm)

January 7± 0.02 21 34.15±1.3 a 9.22±0.5 a

February 30± 3 21 35.93±1.2 a 9.63±0.6 a

March 10± 0.1 7 38.91±1.3 a 9.81±0.4 a

April 30± 2.8 14 46.16±0.9 b 12.11±0.3 b

May 136± 32 50 58.87±1.5 b 14.63±0.6 b

June 323± 58 70 59.26±1.8 b 14.97±0.2 bc

July 300± 42 90 64.12±2.1 c 16.72±0.3 c

August 374± 63 200 65.68±2.3 c 17.62±0.1 c

September 200± 36 120 60.12±1.8 c 15.21±0.2 c

October 170± 33 110 52.28±1.2 b 14.07±0.6 b

November 85± 23 35 46.41±1.3 b 10.23±0.4 a

December 30± 3.2 18 41.52±1.6 b 10.01±0.3 a

Table 1. Characteristics of selected water physical and chemical variables (mean ± standard error) and their seasonal 
differences in the Anzali Lagoon. Physical and chemical factors: DO = dissolved oxygen, pH = potential of hydrogen, 
EC = electrical conductivity, T (oC) = Temperature, Tu = transparency, Ch = chlorophyll.

Months T (oC) DO (ppm) pH EC (µS/cm) Salinity (ppt) Depth (cm) Tu 
(cm) Ch (µg/l)

January 9.4±0.5a 6.9±0.3a 7.9±0.3ab 565±48a 0.2±0.08a 92±9a 56±5 a 41±4a

February 10.2±0.4 a 6.7±0.4 a 8.2±0.1 b 712±95 a 0.3±0.07 a 87±10 a 46±2 a 43±3 a

March 11.3±0.3 a 6.8±0.3 a 8.2±0.2 b 450±48 a 0.1±0.06 a 96±8 a 51±5 a 42±1 a

April 16.2±0.5b 4.9±0.4 b 8.1±0.1b 530±46 a 0.4±0.01ba 88±7 a 53±5 a 51±6ab

May 25.9±0.5c 4.8±0.5 b 8.3±0.2 b 1130±123b 0.5±0.2 b 72±4 a 40±3b 58±2b

June 26.8±0.9 c 4.6±0.4 b 8.4±0.3 b 2993±849 c 1.5±0.4 bc 91±9 a 39±4 b 78±6c

July 29.2±0.2 c 4.1±0.3 c 8.5±0.1cb 3310±712c 2.5±0.3c 95±12 a 36±2 b 68±3 c

August 28.2±0.2 c 3.9±0.2 c 8.6±0.3c 4776±895 c 3.7±0.5 c 84±12 a 35±4 b 163±5 d

September 27.5±0.3 c 4.2±0.1 c 8.7±0.2 c 3890±726 c 3.6±0.3 c 66±10 a 37±6 b 70±2 c

October 17.1±0.4 b 4.5±0.4 b 7.8±0.1a 1316±358 b 0.6±0.08 b 89±7 a 49±2a 45±1 a

November 14.9±0.2 b 4.6±0.3 b 8.1±0.1 b 995±160 b 0.5±0.06 b 112±12 a 72±8c 48±3 a

December 10.8±0.2 a 5.8±0.2 bd 8.0±0.2 b 675±75 a 0.3±0.03 a 114±14 a 69±6 c 40±4 a
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significant difference between autumn and winter 
(P > 0.05) (Table 2).

Correlations between indices
The correlations (Fig. 2) between growth parame-
ters with physical and chemical variables were sig-
nificant and strong. The highest positive correlations 
were found between total length and temperature (R2 
= 95, P < 0.05). The total length had a positive cor-
relation with pH, EC and chlorophyll (P < 0.05). The 
result for carapace length was the same as the total 
length. The result showed a positive correlation be-
tween weight and pH, EC, temperature and chloro-
phyll (P < 0.05). The results showed that chlorophyll 
increases (positive correlation) during the summer 
due to the temperature increasing and subsequently 
causes an increase in the weight and the individual 
number of prawns. There was no significant corre-
lation between the number of prawns, chlorophyll 
and pH (P > 0.05). The number of prawns showed a 
significant positive correlation with temperature and 
EC (P < 0.05).

PCA and CCA analysis
The PCA carried out using physical and chemical 
parameters set a well-defined distinction during the 
sampling period. The PCA results indicate that our 
set of variables explained 81.9 % of the variability 

with the first two axes (Fig. 3). The first principal 
component (F1) explained 66.85 % of the total var-
iance and was positively correlated to water tem-
perature, EC, salinity and pH negatively correlated 
with transparency. The F2 was positively correlated 
to depth and negatively correlated with DO, while 
F2 explains 14.24 % of the variance (Fig. 3). The 
results showed a clear temporal separation (spring 
and summer in Purple Circle and autumn and win-
ter in Black Circle). Spring and summer were more 
affected by pH, EC, salinity and temperature be-
cause the level of Caspian Sea comes up, which is a 
direct influence on the Anzali Lagoon.

The CCA results indicate that our set of vari-
ables explained 99.87 % of the variability with the 
first two axes (Fig. 4). The first principal compo-
nent (F1) explained 82.86 % of the total variance 
and was positively correlated to water tempera-
ture and EC, negatively correlated with DO. The 
F2 was positively correlated to salinity and nega-
tively correlated with pH, chlorophyll, depth and 
transparency. At the same time, F2 explains 17.01 
% of the variance (Fig. 4). The CCA showed that 
the season was located in a separate area. They 
showed a clear preference for temperature (Fig. 4). 
The weight was mostly affected by chlorophyll and 
water temperature.

Fig. 2. Scatterplot matrix of the different physical and chemical factors and biological parameters for Macrobra-
chium nipponense in the Anzali Lagoon.
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Fig. 2. Scatterplot matrix of the different physical and chemical factors and biological parameters for 
Macrobrachium nipponense in the Anzali Lagoon. 
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Discussion
The temperature influenced the reproduction and 
growth pattern. Macrobrachium spp. are consid-
ered tropical species requiring water temperatures 
of 26 to 310C (Sandifer & Smith 1985) for proper 
growth, with 29 to 310C as an optimal condition. 
However, Tidwell et al. (1994) reported rapid 
growth rates for prawns raised at a mean water 

temperature of 250C. In this study, the best month 
for growing patterns base on temperature was May 
to September (25.9-27.5). Prawns can survive win-
ter under natural conditions, but they do not grow 
during December to early March due to the low 
temperature (new et al. 2010). The temperature 
had a direct effect on the growth pattern. As shown 
in the results, the relationship between temperature 
and weight, number of prawns, total length and 
carapace length was significant and strongly posi-
tive. In addition to affecting prawn growth patterns, 
temperature also affects its feeding, mating and 
spawning rates. Mirzajani et al. (2020) showed 
during the warm season (spring and summer), M. 
nipponense grows more due to the abundance of 
food; therefore, during this time, the total length 
and carapace length growth more. Lavajoo et al. 
(2019) showed 99 % of M. nipponense had empty 
stomachs during the winter. They have indicated 
omnivorous feeding as a significant reason for be-
ing successful, high tolerance and adaptation of M. 
nipponense in the Anzali Lagoon. Due to the abun-
dance of food, suitable temperature and spawning, 
the number of M. nipponense was higher in hot sea-
sons (spring and summer). 

Freshwater prawns can reproduce continuously 
or periodically, depending on their geographical dis-
tribution. In some regions (e.g., Malaysia), repro-
duction is possible throughout the year, but in others, 
particularly monsoon regions, it is seasonal (Ling 
1969). In the Anzali Lagoon, reproduction occurs in 
spring and summer when males with a hard shell 
and females with a soft one mate together (Wake-
field 2015). New et al. (2010) noted the breeding 
season for M. nipponense was from May to July. 
The principal spawning periods were mid-April 
to mid-July (water temperature at 20.50C –310C). 
In this study, the number of prawns was low from 
April to July due to spawning at this time. 

Wong & McAndrew (1990) showed that a 
population of M. nipponense in Hong Kong with 
optimal salinity for larval survival of 10 ppt had a 
high realized heritability for larval freshwater tol-
erance. Wang & Qianhong (1999) reported that 
M. nipponense could reproduce in natural (inland) 
waters. Salman et al. (2006) noted the ubiquitous 
ability of M. nipponense to adapt to salinity chang-
es. Kwon & Uno (1969) reported that larval de-
velopment duration was 18 to 20 days at a salinity 
of 8.3 to 9.3 ppt at 23 to 26.50C. In another study, 
Wang et al. (2004) investigated the effects of salin-
ity on growth and osmotic adjustments in M. nip-
ponense. They reported the maximum weight gain 
was obtained at a salinity of 14 ppt. In the Anzali 

Fig. 3. Diagram of the principal components analysis 
results based on environmental variables (Red vectors). 
Sampled month are abbreviated by the first three letters: 
Nov. (November, etc.). Physical and chemical factors: 
Tem = temperature, pH, DO = dissolved oxygen, Sa = 
salinity, De= Depth, Tu = transparency, Ch = Chloro-
phyll, EC = Electrical Conductivity. Biological param-
eter: W = weight, N = number, L = total length, CL = 
carapace length.

Fig. 4. Canonical correspondence analysis of Macro-
brachium nipponense in the Anzali Lagoon. The envi-
ronmental variables are indicated with arrows. Months 
are marked with circle symbols. Biology parameters are 
marked with square symbols.
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Fig. 4. Canonical correspondence analysis of Macrobrachium nipponense in the Anzali Lagoon. The 
environmental variables are indicated with arrows. Months are marked with circle symbols. Biology 
parameters are marked with square symbols. 
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Lagoon, the mean salinity was 1.18 ppt. The An-
zali Lagoon is located between freshwater (because 
of the rivers) and brackish ecosystems (because of 
the Caspian Sea). The salinity of the Anzali Lagoon 
is affected by rivers and the Caspian Sea. In some 
months, some parts of the lagoon’s salinity become 
equal to the Caspian Sea salinity (12-14 ppt), which 
occurs in summer and has the highest salinity. Ac-
cording to the results, the best time for growing 
larva was August and September (in some parts of 
the Anzali Lagoon).

Larvae and adults are omnivorous, mainly eat-
ing zooplankton, but they can feed on small organic 
material particles (Ling 1969). This study showed 
a significant correlation between weight with tem-
perature and chlorophyll (the best time was from 
May to October). Similar results showed feeding 
rate is influenced by water temperature; the quantity 
is reduced at temperatures below 150C (winter time) 
(New et al. 2010). A study of the specific growth 
rate of juvenile M. nipponense at different tempera-
tures, ranging from 16 to 320C, showed that the op-
timal temperature for growth was 250C (Wang et al. 
2006). Zhang et al. (2020) showed that the diet of 
medium and large prawns was proportionally higher 
in particulate organic matter and zooplankton com-
pared to small prawns. 

Macrobrachium nipponense, having a maxi-
mum size of 86 mm of males and 75 mm of females 
(Holthuis 1980), is one of the few members of the 
genus Macrobrachium that has a temperate dis-
tribution (Wong & McAndrew 1994). Its fresh-
water and brackish water habitats were mentioned 
by Holthuis (1980). In the Anzali Lagoon, this 
species’ maximum total length was 97 mm for the 
male and 92 mm for the female during the summer. 
This indicates that the Anzali Lagoon’s prawn has 
a good feeding situation due to proper ecological 
parameters, which creates a suitable environment 
for them. 

The results showed pH was 7.8-8.7. Simi-
lar results were presented by Moraes-Riodades 
et al. (2006), has reported that the minimum and 
maximum values of pH variables in M. amazoni-
cum rearing ponds were 7.3-8.1. New et al. (2010) 
reported water quality for M. nipponense larvae 
measured during the test period (September–De-
cember 2002) was found conducive for larval 
growth; water temperature ranged from 29 to 330C, 
DO 4.3 to 5.1 mg/L and pH 8.4 to 8.5. In the Anzali 
Lagoon, DO was 3.9-6.9. From July to September, 
DO was low. 

According to the resulting transparency, for 
the Anzali Lagoon was 35-72 cm. New et al. (2010) 

showed for transparency, the best range in Secchi 
disk visibility was from 25 to 40 cm in ponds. Con-
ditions in natural places are different from human-
made places, but generally, May to September was 
the best transparency for M. nipponense. 

keppeler & valenti (2006) reported 138.5 
µg/l as the total chlorophyll on pond water in Brazil 
for M. amazonicum. The total chlorophyll in the An-
zali Lagoon was 163 µg/l during August, which the 
optimum was found from June to September. Chlo-
rophyll had a significant positive correlation com-
pared with weight, total length and carapace length. 
However, the result indicated the highest weight for 
the prawns from June to September. 

The range for depth in the Anzali Lagoon was 
72-114 cm. New et al. (2010) presented similar re-
sults and noted the best water depth (100-150 cm) 
for M. nipponense. Because in this depth, the births 
cannot hunt the prawn and, therefore, the food and 
DO is enough for prawn. The result showed that 
autumn and winter were more affected by depth, 
transparency and DO because they are the rainy 
season for the Anzali Lagoon. 

In conclusion, all physical and chemical fac-
tors affected M. nipponense. The Anzali Lagoon had 
a good ecological condition for growing, breeding 
and prawning of M. nipponense. All physical and 
chemical factors in the Anzali Lagoon were suit-
able and in the range for M. nipponense. With good 
management and taking care of the Anzali Lagoon 
ecosystem, they can have a good harvest of M. nip-
ponense in the Anzali Lagoon. Besides, this prawn 
creates jobs and income for local fishers.
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