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ABSTRACT
The present research study investigated the catch-per-unit-effort (CPUE, kg/h) and biomass of Par-
apenaeus longirostris in consideration of three parameters, i.e. seasons, regions, and depth levels. 
Beam trawls were used to collect the specimens at a total of 229 sampling stations in the Sea of 
Marmara between September 2011 and July 2014. In the Sea of Marmara, the mean CPUE of P. 
longirostris was calculated to be 8.4±0.5 kg h-1 , and the mean biomass to be 354 kg/km-2. The 
mean CPUE value was at its highest in summer and autumn, and the lowest was observed in winter 
and spring. The by-region mean CPUE value of P. longirostris was the highest in the northern Sea 
of Marmara (14.3±1.9 kg h-1), and the lowest was detected in the south (3.6±1.0 kg h-1). The highest 
biomass value was found at a depth of 50-100 m, in the northern Sea of Marmara, while the lowest 
was calculated in the southeastern Sea of Marmara. 

Keywords: Parapenaeus longirostris, CPUE, Abundance, Biomass, Sea of Marmara

INTRODUCTION

The crustacean Parapenaeus longirostris is 
widely distributed from the eastern Atlantic to 
the Mediterranean Sea. In the Mediterranean 
Sea, P. longirostris is found between 20 and 900 
meters but abundant between 100 and 400 me-
ters (Politou, Tserpes, & Dokos, 2008).

P. longirostris is the most important commer-
cially valuable crustacean along the coasts of 
the Mediterranean Sea (Sbrana, Viva, & Belcari, 
2006). Besides, it is the primary crustacean spe-
cies that is caught in the Sea of Marmara by 
beam trawl (Zengin et al., 2004). Since trawl fish-
ing is forbidden, fishermen commonly use 
beam trawls for shrimp fishing. The southwest-
ern part, especially the Kapıdağ Peninsula, is 
known as the most efficient fishing area for this 
species in the Sea of Marmara. Shrimp fishing 
with beam trawl can be legally performed in the 

Sea of Marmara between September 1 and De-
cember 1, and between February 1 and April 14

The amount of captured deep-water rose 
shrimp in the Turkish seas decreased between 
2007 to 2018. The amount of shrimp in 2007, 
amounting to 2761 tonnes, decreased to 1413 
tonnes in 2010.  A capture of 2500 tonnes in 
2014 sharply fell in the following years to rise to 
3213 tonnes in 2018 (Figure 1), when 1854 
tonnes of rose shrimp were captured in the Sea 
of Marmara, 1234 tonnes in the Aegean Sea, 
and 124 tonnes in the Mediterranean Sea. The 
per-kilogram price for P. longirostris increased 
from 10 Turkish Liras in 2014 to 20 Turkish Liras 
in 2018 (TUIK, 2019). Gradual year-to-year de-
crease in the captured shrimps translated into 
raised prices.

Despite its commercial importance, research on 
deep-water rose shrimp is exiguous. The related 
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literature incorporates some studies on its distribution, biology, 
bycatch, selectivity, and population in the Turkish waters (Deval, 
Bök, Ateş, & Özbilgin, 2006; Demirci & Hoşsucu, 2007; Manaşırlı, 
Avşar, & Yeldan, 2008; Tosunoğlu, Akyol, Dereli, & Yapıcı, 2009; Öz-
türk, 2009; Bök, Göktürk, & Kahraman, 2011). Moreover, a few 
studies were observed to investigate catch composition and CPUE 
in the Sea of Marmara (Zengin et al., 2004; Bayhan, Çiçek, Ünlüer, 
Akkaya, 2006; Erten, 2009; Yazıcı, Ismen, Altınağaç, & Ayaz, 2006). 
These studies do not cover the entire area and are limited to the 
northern and southern Sea of Marmara.

This study is the most detailed monitoring study including the 
highest number of data collection stations and sampling dura-
tions. The aim is to determine the existing stock status of the 
species and to obtain the much-needed data for the fishing man-
agement authority, which is important for the regional and sea-
sonal restrictions. Furthermore, establishing the productive areas 
is another likely beneficial result considered important for fisher-
men due to the commercial value of this species.

MATERIALS AND METHODS

The monthly data were collected during the beam trawl surveys 
aboard the fishery vessel in the Sea of Marmara between Sep-
tember 2011 and July 2014. For the purpose of the study, 229 
beam trawl hauls were carried out. The trawls feature a cod-end 
mesh size of 32 mm. The average towing speed was 2.5 knots for 
30 min at depths ranging from 50 to 160 m within two depth con-
tours, i.e 50-100 m and 100-200 m. Considering the fishing areas 
of shrimp fishermen, the Sea of Marmara was divided into six re-
gions, namely 1: Erdek, 2: Tekirdağ, 3: Marmara Island, 4: the 
Kapıdağ Peninsula, 5: Yalova, and 6: Silivri (Figure 2).

The targeted, incidental, and discarded catches were separately 
weighed (Alverson, Freeberg, Murawski, & Pope, 1994). The 
length and weight measurements of all the species were per-
formed in a laboratory. 

The catch-per-unit-effort (CPUE) values (kg h-1) were determined 
and the mean values were computed based on seasons, loca-
tions, and depths. Biomass (kg/km2) estimations were calculated 
by the swept area method (Sparre & Venema, 1998).  The swept 
area (a) for each hauling was estimated by the following formula; 
a = v×t×h×X (v=velocity of the trawl over the ground when trawl-

ing, t=time spent for trawling, h=length of the head-rope, X: 
fraction of the head-rope length which is equal to the width of 
the path swept by the beam trawl).

RESULTS AND DISCUSSION

A total catch of 4.2 tonnes were sampled by using beam trawls in 
the Sea of Marmara between September 2011 and July 2014. 
The most weight-wise abundant catch was observed for inverte-
brate species, accounting for 60% of the total capture except for 
P. longirostris.  The target species P. longirostris comprised 1.05 
tonnes (25%) of the total catch. The teleost and cartilaginous fish 
were a small part (13% and 2%, respectively) of the catch. 

The mean CPUEs were calculated to be 36.6±4.8 kg h-1, 4.7±0.3 
kg h-1, 0.8±0.1 kg h-1, and 22.6±4.6 kg h-1 for the total catch, tele-
ost fish, cartilaginous fish, and invertebrate species, respectively. 
The mean CPUE of P. longirostris was found to be 8.4±0.5 kg h-1 
in the Sea of Marmara. The CPUE value was the highest in sum-
mer and autumn and the lowest in winter and spring. Consider-
ing the depths and seasons, the highest seasonal CPUE of P. lon-
girostris was determined to be 14.7±2.0 kg h-1 in spring 2013 at a 
depth of 100-200 m. The difference between the CPUE values of 
summer 2013 and spring 2014 was found to be statistically signif-
icant (p<0.05, ANOVA) (Table 1). In terms of the depth contours, 
these values were calculated to 8.5 kg h-1 at 50-100 m and 7 kg h-1 

at 100-200 m. However, no significant difference was observed 
for the two depth contours (p>0.05, ANOVA). The CPUE results 
in the present research was found to be similar to the other stud-
ies conducted in the Aegean Sea (Tosunoğlu et al., 2009) and the 
Mediterranean Sea (Manaşırlı et al., 2008), which report the high-
est CPUE value in the summer months. 

The mean region-based CPUE value of P. longirostris was the 
highest (14.3±1.9 kg h-1) in Silivri in the northern Sea of Marmara 
and the lowest (3.6±1.0 kg h-1) in the southeast (Yalova). Further-
more, the analysis of depth-wise CPUE change by the regions re-
vealed that the deep-water pink shrimp preferred the depths 
more than 100 m in Erdek and Yalova. In the Tekirdağ region, the 
CPUE was found to be remarkably low at depths of over 100 m. 
High human population density and polluting factors severely af-

Figure 1. Total production of P. longirostris by years in the 
Turkish Seas.

Figure 2. Study area (1. Erdek, 2. Tekirdağ, 3. Marmara Island, 
4. Kapıdağ Peninsula, 5. Yalova, and 6. Silivri).
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fect the northern Sea of Marmara. These regions have been re-
ported in previous studies to be poor in oxygen, especially in the 
summer and spring (Satılmış et al., 2017). The among-region dif-
ferences in the CPUE values were statistically significant (p<0.05, 
ANOVA). According to the Tukey’s test, regions 1, 3, and 4 (Erdek, 
Marmara Island, and Kapıdağ Peninsula) are similar in compari-
son to region 2 (Tekirdağ) and 6 (Silivri) (Table 2). It is obvious that 
the Sea of Marmara was divided into two parts, namely the north-
ern and southern Sea of Marmara, for the purpose of the study.

The annual CPUE was determined to be 7.7±0.6 kg h-1 in 2012, 
and the value rose up to 11.0±1.1 kg h-1 in 2013 and then de-
creased to the lowest value (6.5±0.9 kg h-1) in 2014.  Statistically 
significant values were observed in 2013 but not in the other 
years. (p<0.05, ANOVA). When we compared the results ob-
tained in our study with those in the studies available in Table 3, 
we realized that our CPUE results were higher than theirs except 
for Yazıcı et al. (2006). 

The mean biomass of P. longirostris was found to be 354 kg/km2 
in the Sea of Marmara. Biomass values were observed to vary by 
season, year, depth, and region. The highest biomass was repre-

sented in 2013 (480 kg/km-2), followed by the one in 2012 (297 kg/
km-2), and the lowest in 2014 (283 kg km-2) (Table 4). 

With respect to depth, relatively higher values were recorded to 
be 355.9 kg km-2 at depths of less than 50-100 m (189.1 kg/km-2; 
≥100 m). The highest biomass value was obtained in the northern 
Sea of Marmara, whereas the lowest was calculated in the south-
east.  There is only one study to have revealed the biomass of P. 
longirostris in the Sea of Marmara. Zengin et al. (2004) have 
found the highest biomass values at 50-100 m in winter. 

In previous research studies, it has been stated that different fac-
tors exert effects on the distribution of the species. Ungaro & 
Gramolini (2004) have found that water circulation, temperature, 
and geomorphological differences are effective in species distri-
bution. Guijarro, Massutí, Moranta, & Cartes (2009) state that the 
spatial-temporal differences in the density of the species are re-
lated to seabed topography, sediment composition, hydro-
graphic characteristics, and amount of nutrients in the Balearic 
Islands in the Mediterranean Sea. Tosunoğlu et al. (2009) report 
that water temperature is important for the distribution of P.lon-
girostris in the Aegean Sea. 

Table 1. CPUE values of P. longirostris by depths and seasons.

Seasons

Depth

ANOVA-Tukey Test50-100 m >100 m Mean

kg h-1 kg h-1 kg h-1

Aug. 11 9.9±1.6 - 9.9±1.6 AB
Win. 12 5.1±0.9 - 5.1±0.9 AB
Spr. 12 6.2±0.9 7.4±2.6 6.3±0.9 AB
Sum. 12 9.1±1.6 4.6 8.9±1.5 AB
Aug. 12 10.8±2.2 - 10.8±2.2 AB
Win. 13 9.1±1.7 13.6 9.3±1.7 AB
Spr. 13 10.9±2.6 14.7±2.0 11.3±2.4 AB
Sum. 13 13.7±2.7 6.1±0.1 12.9±2.5 A
Aug. 13 7.2±2.2 - 7.2±2.2 AB
Win. 14 4.7±0.7 5.1±1.7 4.7±0.7 AB
Spr. 14 4.7±1.7 3.3±1.3 4.6±1.5 B
Sum.14 12.0±3.1 5.4±0.6 11.2±2.7 AB
Mean 8.5±0.6 7.0±1.1 8.4±0.5

A, B, AB: Data sets with at least one of the same letters are significantly similar.

Table 2. CPUE values of P. longirostris by depth and region.

Depth

Regions*
Mean

1 2 3 4 5 6

kg h-1 kg h-1 kg h-1 kg h-1 kg h-1 kg h-1 kg h-1

50-100 m 5.7±0.6 11.0±1.5 8.5±1.1 6.7±0.8 3.3±1.0 14.3±1.9 8.5±0.6
>100 m 7.8±1.7 4.8 6.6±1.6 - 10.0 - 7.0±1.1
Total 5.9±0.6 10.8±1.4 8.2±1.0 6.7±0.8 3.6±1.0 14.3±1.9 8.4±0.5
ANOVA-Tukey’s Test BC AB BC BC C A

*1. Erdek, 2. Tekirdag, 3. Marmara Island, 4. Kapıdağ Peninsula, 5. Yalova, 6. Silivri; A, C, AB, BC: Data sets with at least one of the same letters are significantly similar.
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CONCLUSION

It was concluded that the knowledge of the spatio-temporal pat-
tern of P. longirostris is crucial for understanding the differences 
and for sustainable exploitation of the stock in the Sea of Marma-
ra. The amount of captured species decreased from year to year, 
which may have resulted from the increased fishing pressure on 
the species. The analyses of all the data showed that the Sea of 
Marmara had two different structures in terms of CPUE and bio-
mass, namely Northern Marmara and Southern Marmara. Popu-
lation density and polluting factors may have caused this parti-
tion. Considering the scarcity of data or estimates about beam 
trawl in Turkish fisheries, this study is thought to help guide fu-
ture research in the studied area.
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ABSTRACT
The littoral and limnetic phytoplankton of ‘soft and de-mineralized water’ in the Nongmahir reser-
voir of Meghalaya state of northeast India (NEI) reveal a fairly diverse assemblage of a total of 52 
species, depict a higher richness of Chlorophyta and desmids, and record a speciose constellation 
of 51 species per sample. Phytoplankton form a dominant quantitative component of net plankton 
and indicate the differential spatial dominance of important groups. Bacillariophyta > Chlorophyta 
indicate dominance in the littoral region and Chlorophyta records dominance in the limnetic re-
gion. Staurastrum spp. > Cosmarium spp. are important in the two regions. Seventeen ‘specialist’ 
species collectively contribute to phytoplankton abundance in the littoral (87.9±6.9%) and limnetic 
(91.6±3.3%) regions and the rest depict a ‘generalist’ nature. Phytoplankton records moderate 
species diversity and variations of dominance and evenness. The spatial monthly variations of com-
position, richness, similarities, abundance, diversity indices and influence of individual abiotic fac-
tors are hypothesised to differences in habitat heterogeneity amongst the two regions. The CCA 
registers 78.36 and 78.95% cumulative influence of 10 abiotic factors on the littoral and limnetic 
phytoplankton assemblages, respectively. Our results highlight distinct temporal variations of di-
versity parameters in comparison with the preliminary survey of June 1995–May 1996. This study is 
an important contribution to phytoplankton diversity of the reservoirs of India and the subtropical 
reservoirs in particular. 

Keywords: Calcium poor, de-mineralized, soft water, Nongmahir, spatio-temporal variations

INTRODUCTION

Phytoplankton, an integral link of aquatic food-
webs, has been studied from diverse freshwater 
environs since the inception of the Indian lim-
nology during the early part of the 20th century. 
A sizeable fraction of the published works with 
incomplete species inventories and inadequate 
data-analysis comprise ‘routine’ ecology reports 
(Sharma, 2015). The noteworthy phytoplankton 
diversity Indian studies relate to the lakes of 
Kashmir (Zutshi et al., 1980; Zutshi and Wanga-
neo, 1984; Wanganeo and Wanganeo, 1991; 
Baba and Pandit, 2014; Ganai and Parveen, 
2014), Himachal Pradesh (Thakur et al., 2013; 
Gupta et al., 2018; Jindal et al., 2013, 2014a, 

2014b) and Uttarakhand (Sharma and Singh, 
2018; Sharma and Tiwari, 2018; Singh and Shar-
ma, 2018). Certain notable works from NEI are 
from the floodplain lakes (beels) of the Brahma-
putra river basin of Assam (Sharma, 2004, 2012, 
2015; Sharma and Hatimuria, 2017) and pats of 
the floodplains of Manipur (Sharma, 2009, 2010). 
Nevertheless, there is paucity of works on diver-
sity of phytoplankton assemblages from the 
sub-tropical reservoirs of India in general and 
NEI in particular. The related work from NEI be-
long to the Khawiva reservoir of Mizoram (Shar-
ma and Pachuau, 2016), while Sharma (1995), 
Sharma and Lyngdoh (2003) and Sharma and 
Lyngskor (2003) dealt with the preliminary re-
ports of three reservoirs of Meghalaya.

https://orcid.org/0000-0002-8019-2684
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The present study, a follow-up of our limited survey of June 1995–
May 1996 (Sharma and Lyngskor, 2003), attempts to provide de-
tailed information on the phytoplankton diversity of the subtropi-
cal Nongmahir reservoir of Meghalaya; it assumes limnological im-
portance in light of the stated lacunae. Our observations are 
based on analyses of monthly littoral and limnetic net plankton 
with reference to species composition, richness, community simi-
larities, abundance, species diversity, dominance, evenness and 
trophic status as well as individual and cumulative influence of abi-
otic factors on phytoplankton assemblages. The results are com-
pared and discussed with reference to studies from the Himalayan 
and sub-Himalayan sub-tropical lakes of India, and the floodplain 
lakes and the sub-tropical reservoirs of NEI. We comment on spa-
tial variations of the observed parameters based on the sampled 
littoral and limnetic regions, and on temporal variations in com-
parison with an earlier survey of June 1995–May 1996.  

MATERIALS AND METHODS

Our observations are based on a limnological survey (January–
December, 2015) of the Nongmahir reservoir (250 08’ N; 910 50’ E; 
area: 70 ha; maximum depth:  25 m) commissioned in 1979 to 
serve as a pick up reservoir (Stage III) of the Umiam-Umtru hydro-
electric project. It is located in the Ri-Bhoi district (Figure 1, A-B) 
and at a distance of about 45 km from Shillong city, the capital of 
Meghalaya state of NEI. This reservoir lacks any aquatic vegeta-
tion, and its fish fauna includes Catla catla, Cirrhinus mrigala, Cy-
prinus carpio, Clarias batrachus, Danio acquipinnatus, D. dangi-
la, Heteropneustes fossilis, Labeo rohita, Neolissocheilus hex-
agonolepis, Puntius sophore and Tor putitora. 

Water samples as well as qualitative and quantitative net plank-
ton samples were collected at monthly intervals from the littoral 
and the limnetic regions (Sharma and Sharma, 2020). Water tem-
perature was recorded using a centigrade thermometer, trans-
parency was measured with a Secchi disc, pH and specific con-
ductivity were recorded with field probes, dissolved oxygen was 

estimated using the modified Winkler’s method, while other abi-
otic factors (total alkalinity, total hardness, calcium, magnesium, 
chloride, dissolved organic matter, phosphate, nitrate and sul-
phate) were analyzed following APHA (1992). Rainfall data was 
obtained from the local meteorological station. 

The monthly qualitative net plankton samples, collected by tow-
ing a nylobolt plankton net (#40 µm) and preserved in 5% forma-
lin, were screened with a Wild Stereoscopic binocular micro-
scope. Phytoplankton was observed with a Leica stereoscopic 
microscope (DM 1000) and were identified following the works of 
Biswas (1949), Islam and Haroon (1980), Prescott (1982), Fitter and 
Manuel (1986), Anand (1998) and John et al. (2002). The commu-
nity similarities were calculated vide Sørensen’s index and the hi-
erarchical cluster analysis was done using SPSS (version 20). The 
monthly quantitative net plankton samples were obtained by fil-
tering 25 L of water for each sample through a nylobolt plankton 
net and were preserved in 5% formalin. Quantitative enumera-
tion of phytoplankton, constituent groups, important taxa and 
species was done by using Sedgewick-Rafter counting cell and 
abundance was expressed as n/l. Species diversity (Shan-
non-Weiner’s index), dominance (Berger-Parker’s index) and 
evenness (E1 index) were calculated vide Ludwig and Reynolds 
(1988) and Magurran (1988). Two-way analysis of variance (ANO-
VA) was used to ascertain the significance of variations of the dif-
ferent abiotic and biotic parameters. Pearson correlation coeffi-
cients, for the littoral and limnetic regions (r1 and r2, respectively), 
were calculated between abiotic factors and phytoplankton; p 
values were calculated vide http://vassarstats.net/tabs.html and 
their significance were ascertained after Bonferroni corrections. 
The canonical correspondence analysis (XLSTAT 2015) was done 
to observe the cumulative influence of 10 abiotic parameters (lo-
gistic limitations of the study period): water temperature, rainfall, 
transparency, specific conductivity, dissolved oxygen, total alka-
linity, total hardness, phosphate, sulphate and nitrate on phyto-
plankton assemblages.

Figure 1. A-B. A, map of India showing Meghalaya state (red color); B, District map of Meghalaya showing location of the           
  Nongmahir reservoir (red triangle) in the Ri-Bhoi district.

http://vassarstats
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RESULTS AND DISCUSSION  

Abiotic attributes
The Nongmahir reservoir is characterized by soft, slightly acid-
ic-circum neutral, calcium poor and oxygenated waters with low 
specific conductivity, free carbon dioxide, chloride and nutrients 
(Tables 1-2). ANOVA depicts (Table 3) significant variations of 
transparency, total alkalinity, total hardness and dissolved organ-
ic matter between stations and months. Free carbon dioxide reg-
isters significant variation between stations. Water temperature, 
specific conductivity, calcium, magnesium, chloride, phosphate, 
nitrate and sulphate record significant monthly variations. Low 
specific conductivity is attributed to the leached and weathered 
nature of rocks and soils because of high rainfall (Sharma, 1995; 
Sharma and Bhattarai, 2005; Sharma and Sharma, 2020). This no-
table feature warrants inclusion of the sampled reservoir under 
‘Class I’ category of trophic classification vides Talling and Talling 
(1965) and Payne (1986). The present study records temporal vari-
ations vis-à-vis the relative increase in specific conductivity, free 
carbon dioxide, total alkalinity, total hardness, calcium, phos-
phate and chloride, and decrease in transparency, magnesium, 
sulphate and nitrate in comparison with our preliminary June 
1995–May 1996 survey (Sharma and Lyngskor, 2003). 

Species richness
Our report of 52 phytoplankton species (Tables 3-4), belonging 
to seven groups, marks a distinct three-fold increase as com-
pared with species reported vide the earlier survey (Sharma and 
Lyngskor, 2003). The richness concurs with 52 species each known 
from two floodplain lakes of Assam (Sharma, 2004, 2015) and 
broadly compares with 55 species observed from the Khawiva 
reservoir of Mizoram (Sharma and Pachuau, 2016). Phytoplankton 
is distinctly speciose in contrast to the reports from the sub-trop-
ical reservoirs of Meghalaya (Sharma, 1995; Sharma and Lyn-
gdoh, 2003), the floodplain lakes of Assam (Laskar and Gupta, 

2009; Gupta and Devi, 2014; Devi et al. 2016; Deb et al., 2019) 
and Tripura (Bharati et al., 2020) states of NEI, and lakes of Kash-
mir (Shafi et al., 2013; Jeelani and Kaur, 2012; Chandrakiran et al., 
2014; Nissa and Bhat, 2016), Uttarakhand (Rawat and Sharma, 
2005; Negi and Rajput, 2015; Sharma and Singh, 2018; Singh and 
Sharma, 2018, Goswami et al., 2018), Himachal Pradesh (Gupta et 
al., 2018; Jindal and Thakur, 2014; Jindal et al, 2014b) from India, 
and adjacent south Asian countries of Bhutan (Sharma and Bhat-
tarai, 2005) and Nepal (Hickel, 1973; Nakanishi et al., 1988). The 
richness is, however, marginally lower than the reports from Ma-
nipur (Sharma, 2009, 2012), Assam (Sharma, 2015), Kashmir (Baba 
and Pandit, 2014) and Himachal Pradesh (Thakur et al., 2013). The 
stated comparisons highlight the overall biodiverse nature of 
phytoplankton of the soft and de-mineralized waters of the 
Nongmahir reservoir in particular. Further, the 52 and 47 species 
observed from the littoral and limnetic regions (Table 4) indicate 
overall homogeneity with ~95% community similarity. 

The speciose Chlorophyta (Tables 3-4) of the Nongmahir reser-
voir broadly compares with the reports from the Khawiva reser-
voir of Mizoram (Sharma and Pachuau, 2016) and Prashar Lake of 
Himachal Pradesh (Jindal and Thakur, 2014). Our results, howev-
er, depict species-rich Chlorophyta as compared with the reports 
from the various environs of Meghalaya (Sharma, 1995; Sharma 
and Lyngdoh, 2003) and Assam (Laskar and Gupta, 2009; Gupta 
and Devi, 2014; Devi et al., 2016; Bharati et al., 2020) of NEI; and 
the lakes of Kashmir (Shafi et al., 2013; Baba and Pandit, 2014; 
Ganai and Parveen, 2014) and Uttarakhand (Negi and Rajput, 
2015; Goswami et al., 2018; Sharma and Singh, 2018; Sharma and 
Tiwari, 2018). Nevertheless, the qualitative importance of the 
green-algae differs from that of Chlorophyta > Bacillariophyta 
(Sharma and Lyngskor, 2003; Rawat and Sharma, 2005; Sharma, 
2012, 2015; Shafi et al., 2013), Chlorophyta > Cyanophyta (Shar-
ma and Lyngdoh, 2003; Laskar and Gupta, 2009) and Bacillario-
phyta > Chlorophyta (Sharma, 2004; Baba and Pandit, 2014; Ga-

Table 1. Variations of abiotic factors.

Regions →      Littoral region Limnetic region

Factors ↓ Range Mean ± S.D Range Mean ± S.D

Water temperature 0C 16.0-24.0 20.7±2.7 16.5-24.5 20.8±2.6

Rainfall mm 1.4-803.2 230.2±227.8 1.4-803.2 230.2±227.8

Transparency cm 75-110 92.5±10.1 80-120 100.8±12.4

pH 6.7-7.2 6.95±0.16 6.8-7.2 6.95±0.13

Specific conductivity µS/cm 40.2-57.8 50.3±5.3 38.8-58.0 50.0±6.3

Dissolved oxygen mg/l 7.0-9.6 8.2±0.7 7.4-9.0 8.3±0.6

Free Carbon dioxide mg/l 9.0-14.0 11.3±1.5 6.0-8.0 7.1±0.9

Total Alkalinity mg/l 24.0-48.0 33.0±6.8 28.0-46.8 36.3±5.7

Total Hardness mg/l 16.8-32.0 23.0±4.8 18.6-38.8 25.6±5.8

Calcium mg/l 9.8-19.2 13.9±3.4 10.0-18.7 13.7±2.6

Magnesium mg/l 1.2-4.2 2.2±0.8 1.0-5.0 2.2±1.1

Chloride mg/l 12.0-18.0 14.5±2.1 1.8-2.8 2.3±0.4

Phosphate mg/l 0.090-0.208 0.151±0.041 0.102-0.234 0.160±0.046

Sulphate mg/l 0.159-2.020 1.022±0.664 0.259-2.004 0.939±0.558

Nitrate mg/l 0.062-0.108 0.090±0.016 0.052-0.110 0.086±0.016

Dissolved organic matter mg/l 2.2-4.8 3.1±0.7 1.6-3.4 2.1±0.6
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nai and Parveen, 2014; Negi and Rajput, 2015; Goswami et al., 
2018; Sharma and Singh, 2018; Singh and Sharma, 2018; Deb et 
al., 2019) reported elsewhere from India. Woelkerling and Gough 
(1976), Payne (1986) and Sharma (1995) hypothesized high de-
smid diversity to be a notable feature of the soft, calcium-poor 
and de-mineralized waters. We extend this hypothesis to the rich 
desmid flora of the Nongmahir reservoir (Table 3) indicating 
Staurastrum (7 species) = Cosmarium (7 species) > Pediastrum (3 
species) > Micrasterias (2 species) = Closterium (2 species) and 
one species each of Anthrodesmus, Coelastrum, Euastrum, Ne-
trium, Pleurotaenium, Scenedesmus, Sirogonium, Staurodesmus 
and Xanthidium. This salient feature concurs with the reports 
from Meghalaya (Sharma, 1995; Sharma and Lyngdoh, 2003), 
Mizoram (Sharma and Pachuau, 2016), Assam (Sharma, 2015; 
Sharma and Hatimuria, 2017) and Himachal Pradesh (Thakur et 
al, 2013) but differs from the desmid paucity noted vide the ear-
lier survey (Sharma and Lyngskor, 2003). 

Our report of high phytoplankton monthly richness (Table 5) in 
the littoral region > the limnetic region (Figure 2) is hypothesized 
to greater habitat heterogeneity of the littoral region. Further, 
the notable speciose constellation / sample of 51 species ob-
served in the littoral region of the Nongmahir reservoir during 
the winter (January) collection (Figure 2) is attributed to the pos-
sibility of co-existence of a number of phytoplankton spe cies 
due to a high amount of niche overlap as hypothesized by 
MacArthur (1965). The differential and oscillating monthly phyto-
plankton richness variations (Figure 2) noted in the present study 
is affirmed by significant richness differences (vide ANOVA) be-
tween stations and months (Table 3).  The peak richness noticed 
during January and December (winter) in the two regions, re-
spectively concurs with the reports from the floodplains of Mani-
pur (Sharma, 2010) and Assam (Devi et al., 2016). The monthly 
phytoplankton richness registers 50.7-79.6 and 39.4-87.4% com-
munity similarities in the littoral and limnetic regions (Table 4), re-
spectively and depicts more heterogeneity in the latter region. 

Table 2. Monthly variations of abiotic factors at littoral and limnetic regions.

Parameters ↓                                 Months → J F M A M J J A S O N

Water temperature 
(0C)

Littoral 16.0 17.0 19.0 21.0 23.0 23.5 24.0 24.0 22.5 21.0 20.0
Limnetic 16.5 17.0 19.5 21.0 23.0 23.0 24.5 24.0 22.0 21.0 20.0

Rainfall mm Littoral 32.0 2.0 39.8 390.8 272.0 803.2 502.1 220.8 169.8 150.0 178.6
Limnetic 32.0 2.0 39.8 390.8 272.0 803.2 502.1 220.8 169.8 150.0 178.6

Transparency cm Littoral 90 95 100 95 105 90 80 75 80 90 100
Limnetic 100 110 120 105 100 90 80 85 90 100 110

pH Littoral 6.9 7.1 7.2 6.9 6.8 6.7 6.9 7.1 6.8 6.9 7.2
Limnetic 6.9 6.8 7.1 7.1 6.9 6.9 6.8 6.9 6.8 7.2 7.1

Specific conductivity 
(µS /cm)

Littoral 51.6 47.7 51.4 54.0 56.0 57.8 45.0 40.2 44.2 46.8 52.2
Limnetic 42.8 48.6 52.2 56.4 57.2 58 49 40.2 38.8 48.6 52

Dissolved oxygen 
mg/l

Littoral 8.2 9.6 9.0 8.6 7.0 9.0 8.2 8.0 7.0 7.8 7.9
Limnetic 7.2 7.8 8.6 9.0 8.2 8.8 7.4 8.4 9.0 8.8 7.8

Free Carbon dioxide 

mg/l                       
Littoral 10.0 14.0 12.0 10.8 10.0 9.0 10.0 12.0 14.0 11.8 12.0

Limnetic 6.0 8.0 8.0 6.0 6.0 7.8 8.0 6.8 8.0 6.0 6.0
Total alkalinity mg/l Littoral 36.0 48.0 40.0 38.0 29.0 27.8 26.0 24.0 26.0 30.0 34.0

Limnetic 40.2 46.8 44.0 40.2 36.0 34.6 30.0 28.6 28.0 32.8 36.4
Total hardness mg/l Littoral 28.0 32.0 29.0 28.0 22.0 20.6 20.2 18.0 16.8 19.0 20.0

Limnetic 30.0 38.8 32.2 29.8 26.4 24.0 20.8 19.8 18.6 20.2 22.6
Chloride mg/l Littoral 12.0 14.0 16.0 12.0 18.0 16.0 15.9 17.8 14.0 13.2 13.0

Limnetic 10.2 12.0 14.6 14.0 16.0 17.8 15.0 14.8 12.0 13.2 12.0
Calcium mg/l Littoral 18.0 19.2 18.6 17.0 15.2 13.2 10.2 9.8 10.0 11.2 11.8

Limnetic 16.2 18.7 17.0 16.4 14.0 12.2 10.8 10.0 11.2 12.4 12.8
Magnesium mg/l Littoral 2.8 4.2 2.2 2.8 1.8 1.4 1.2 1.2 1.7 2.0 2.6

Limnetic 3.2 5.0 2.0 3.2 2.0 1.1 1.0 1.1 1.5 1.8 2.0
Phosphate mg/l Littoral 0.090 0.099 0.104 0.128 0.182 0.190 0.160 0.208 0.190 0.182 0.168

Limnetic 0.110 0.102 0.094 0.159 0.214 0.234 0.142 0.148 0.190 0.205 0.198
Sulphate mg/l Littoral 0.159 0.270 0.304 0.478 0.602 1.642 1.820 2.020 2.004 1.023 0.998

Limnetic 0.259 0.370 0.404 0.478 0.502 1.042 1.320 1.920 2.004 1.023 0.998
Nitrate mg/l Littoral 0.090 0.098 0.084 0.090 0.078 0.062 0.072 0.080 0.098 0.108 0.120

Limnetic 0.092 0.082 0.082 0.078 0.069 0.052 0.079 0.089 0.098 0.108 0.110
Dissolved organic  
matter mg/l

Littoral 3.8 4.2 4.8 2.6 2.2 2.8 3.0 2.2 3.0 3.2 2.8
Limnetic 3.2 3.4 2.0 1.8 1.6 2.0 2.2 1.8 2.0 2.2 1.8
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Table 3. ANOVA indicating significance of abiotic factors.

Parameters Regions Months

Abiotic factors

Water temperature          - F11,23=233.294, P=2.19E-11
Transparency                   F1,23

 =17.742, P=0.001 F11,23=10.871, P=0.0002
pH - -
Specific conductivity   - F11,23=11.1508, P=0.0002
Dissolved oxygen         - -
Free Carbon dioxide     F1,23=73.565, P=3.35E-06 -
Total Alkalinity           F1,23=23.683, P=0.0005 F11,23=30.097, P=1.31E-06
Total Hardness             F1,23

 =30.644, P=0.0002 F11,23=43.616, P=1.87E-07
Calcium                        - F11,23=31.712, P=9.99E-07
Magnesium                  - F11,23=26.706, P=2.44E-06
Chloride                         - F11,23=6.0970, P=0.0028
Phosphate                     - F11,23=8.972, P=0.0005
Sulphate                        - F11,23=30.302, P=1.27E-06
Nitrate                           - F11,23=15.625, P=3.68E-05
Dissolved organic matter F1,23=31.132, P=0.0002 F11,23-=3.893, P=0.016

(-) indicates insignificant variations

Table 4. Species composition of phytoplankton.

Phytoplankton ↓            Regions → Littoral Limnetic

CHLOROPHYTA

1.   Anthrodesmus convergens + +
2.   Cosmarium botrytis + +
3.   Cosmarium contractum + +
4.   Cosmarium decoratum + +
5.   Cosmarium granatum + +
6.   Cosmarium punctulatum + -
7.   Cosmarium scabrum + -
8.   Cosmarium undulatum + +
9.   Closterium pseudolunula + +
10.   Closterium kuetzingii + +
11.   Coleastrum sphaericum + +
12.   Dictyosphaerium sp. + +
13.   Euastrum sinousum + +
14.   Micrasterias foliacea + +
15.   Micrasterias radians + +
16.   Netrium digitus + +
17.   Pediastrum boryanum + +
18.   Pediastrum duplex + +
19.   Pediastrum simplex + -
20.   Pleurotaenium sp. + +
21.   Scenedesmus acuminatus + +
22.   Sirogonium sticticum + +
23.   Staurastrum artiscon + +
24.   Staurastrum sexangulare + +
25.   Staurastrum sonthalianum + +
26.   Staurastrum formosum + +
27.   Staurastrum paradoxum + +
28.   Staurastrum leptocladum + +

29.   Staurastrum rotula + +
30.   Staurodesmus dejectus + +
31.   Spirogyra orientalis + +
32.   Xanthidium sp. + +
BACILLARIOPHYTA 
33.   Caloneis sp. + +
34.   Diatoma vulgaris. + +
35.   Frustulia rhomboides + +
36.   Navicula radiosa + +
37.   Pinnularia interrupta + +
38.   Rhopalodia sp. + +
39.   Stauronies sp. + +
40.   Tabellaria flocculosa + +
DINOPHYTA  
41.   Ceratium hirudinella + +
42.   Peridinium cinctum + +
CRYPTOPHYTA  
43.   Cryptomonas sp. + +
CYANOPHYTA  
44.   Microcystis aeruginosa + +
45.   Anabaena sp. + +
46.   Oscillatoria limosa + +
47.   Nostoc sp. + -
48.   Spirulina agilis + +
CHRYSOPHYTA  
49.   Dinobryon sociale + +
EUGLENOPHYTA   
50.   Euglena acus + +
51.   Euglena viridis + -
52.   Phacus  longicauda + +
Total phytoplankton species 52 47

+ present;   - absent
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This generalization is affirmed by similarity values ranging be-
tween 61-80% in ~72% instances in the limnetic region as against 
~ 83% instances in the former region. The heterogeneity is en-
dorsed by different hierarchical cluster groupings (Figures 3-4) 
with peak affinity between January-July followed by Septem-
ber-December while February community records maximum 
species divergence in the littoral region. The limnetic phyto-

plankton indicates peak affinity between June-July and records 
maximum divergence during March. Chlorophyta indicate a rich-
ness (Table 5) varying between 19-31 > 15-22 species (Figure 2); 
it registers significant variations (vide ANOVA) between stations 
and months (Table 6) and significantly influences phytoplankton 
richness (r1= 0.692, p = 0.027; r2= 0.787, p = 0.007) in the two re-
gions. 

Table 5. Qualitative and quantitative variations of phytoplankton.

Taxa ↓           Regions → Littoral region Limnetic region

Richness

Phytoplankton                       
         Community similarity   

52 species: 37-51, 41±5 species
50.7-79.6%

 47 species: 23-38, 31±6 species
39.4-87.4%

Chlorophyta  32 species: 19-31, 23±2 species 29 species: 15-22    19±2
Quantitative

Net Plankton                  n/l 436-1736     1053±421 363-1346    747±325
Phytoplankton               n/l
      Percentage of net plankton

295-1555     854±154
58.4-89.6    76.7±9.9

234-983     529±256
41.8-63.0      57.7±5.3

Species Diversity 1.425-3.143    2.570±0.528 1.875-2.741    2.503±0.218
Dominance  0.136-0.514    0.264±0.131 0.145-0.567    0.241±0.106
Evenness    0.379-0.836    0.696±0.146 0.532-0.739    0.738±0.067

Different Groups
Chlorophyta                   n/l
    Percentage of phytoplankton 

89-699      313±204
6.3-67.1      39.8±17.7

63-763    312±320
15.7-78.5    52.1±19.9

Bacillariophyta               n/l
    Percentage of phytoplankton

74-1352      356±417
8.2-86.9      35.6±23.2

17-307    75±85
2.2-74.7    19.0±19.9

Chrysophyta                  n/l
   Percentage of phytoplankton

18-502      97±129
1.3-46.1      11.6±12.1

10-192    68±65
2.4-26.1    11.0±8.2

Dinophyta                      n/l
  Percentage of phytoplankton

9-80      38±23
0.6-22.7       6.4±5.9

15-111    47±25
3.6-17.8    9.6±5.0

Cyanophyta                    n/l
   Percentage of phytoplankton

20-69        36±17
1.4-7.5        5.0±2.0

7-96    47±25
1.6-16.7    4.8±4.0

Important taxa (n/l)  
Staurastrum spp.            42-457            191±149 38-555         217±77
Cosmarium spp.            15-200               63±55 5-144            44±46

Important species (n/l)  
Navicula radiosa            40-800           208±248 4-229              39±64
Diatoma vulgaris                    2-530             103±177 1-40                11±11
Dinobryon sociale          19-502             97±127 10-192             68±65
Staurastrum artiscon      7-167              55±49 7-196              54±48
Staurastrum paradoxum                10-160             51±43 3-120              45±38
Cosmarium contractum  10-148             46±41 1-120              34±38
Tabellaria flocculosa     6-101              31±31 2-60                19±20
Ceratium hirudinella      6-68               29±22 9-105              40±26
Sirogonium sticticum           2-170              28±48 0-95                21±30
Staurastrum sonthalianum 2-98               28±29 1-130               41±45
Staurastrum formosum                  5-97                23±27 2-108               30±31
Staurastrum rotula                        1-72                15±22 1-89                 30±29
Staurastrum sexangulare                  1-31                13±10 1-52                 14±14
Spirulina agilis                  5-42               17±11 1-80                 16±22
Staurodesmus dejectus   1-39                11±9  0-40                  15±14
Cosmarium granatum    1-42                11±13 1-22                     8±8
Microcystis aeruginosa   5-32                14±8 3-15                     7±3
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Abundance
The Nongmahir reservoir indicates the highest phytoplankton 
abundance in comparison with other subtropical lacustrine envi-
rons of NEI (Sharma, 1995; Sharma and Lyngdoh, 2003; Sharma 
and Pachuau, 2016), while the density is notably higher than our 
earlier survey (Sharma and Lyngskor, 2003). Phytoplankton com-

prises the dominant component (76.7±9.9, 57.7±5.3%) and con-
tributes significantly to net plankton (r1 = 0.995, p < 0.0001; r2 = 
0.963, p < 0.0001) in both the regions, respectively. Wider phyto-
plankton density variations in the littoral > limnetic regions (Ta-
ble 5) are affirmed by significant variations between stations and 
months registered vide ANOVA (Table 6); high abundance in the 
former region is hypothesized to its habitat heterogeneity. The 
quantitative dominance of phytoplankton of the sampled reser-
voir concurs with the results from Meghalaya (Sharma, 1995; 
Sharma and Lyngdoh, 2003) and Mizoram (Sharma and Pachuau, 
2016), Himachal Pradesh (Jindal and Prajapat, 2005; Jindal and 
Thakur, 2014), Assam (Sharma and Hatimuria, 2017) and Kerala 
(Krishnan et al., 1999). This study records oscillating monthly phy-
toplankton density variations (Figure 5) with wider oscillations in 
the littoral region. Pre-monsoon maxima observed in both re-
gions and autumn peak in the limnetic region (Figure 5) concur 
with the results of Sharma and Pachuau (2016) and the former 
corresponds with the report of Sharma (2015). The autumn peak 
recorded in the limnetic region concurs with the report from 
Kashmir (Baba and Pandit, 2014) and Uttarakhand (Sharma and 
Singh, 2018), and the winter maxima in the two regions agree 
with the reports of Wanganeo and Wanganeo (1991), Sharma 
(1995, 2004, 2009, 2010), Sharma and Lyngdoh (2003), Sharma 
and Hatimuria (2017) and Goswami et al. (2018). Bacillariophyta 
influence autumn phytoplankton peak, Chrysophyta>Chlorophy-
ta contribute to the winter maxima and Chlorophyta > Bacillario-
phyta result in pre-monsoon maxima in the littoral region. Chlo-
rophyta mainly contribute to pre-monsoon phytoplankton peak 
and Bacillariophyta > Chlorophyta contribute to winter maxima 
in the limnetic region. Our results thus highlight differential spa-
tio-temporal quantitative influence of important phytoplankton 
groups of the Nongmahir reservoir.

Our study highlights the quantitative importance of Navicula 
radiosa > Diatoma vulgaris > Dinobryon sociale > Staurastrum 
artiscon> S. paradoxum > Cosmarium contractum > Tabellaria 
flocculosa > Ceratium hirudinella ≥ Sirogonium sticticum > 
Staurastrum sonthalianum > S. formosum > S. rotula > Spirulina 
agilis > Microcystis aeruginosa > Staurastrum sexangulare > 
Cosmarium granatum > Staurodesmus dejectus in the littoral 
region (Table 5). Besides, Dinobryon sociale > Staurastrum ar-
tiscon > S. paradoxum > S. sonthalianum > Ceratium hirudinel-
la ≥ Navicula radiosa > Staurastrum formosum > S. rotula > 

Figure 2. Monthly species richness variations of 
phytoplankton and Chlorophyta.

Figure 3. Hierarchical cluster analysis of Phytoplankton 
assemblages (Littoral region).

Figure 4. Hierarchical cluster analysis of Phytoplankton 
assemblages (Limnetic region).

Figure 5. Monthly variations in Phytoplankton abundance.
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Cosmarium contractum > Sirogonium sticticum > Staurastrum 
sexangulare > Spirulina agilis > Staurodesmus dejectus > Dia-
toma vulgaris register importance in the limnetic region (Table 
5) while Cosmarium granatum > Microcystis aeruginosa also 
deserve attention. We categorize these 17 species as ‘special-
ists’ which collectively contribute notably (776±411, 490±277 
n/l; 87.9±6.9%, 91.6±3.3%) to phytoplankton abundance in the 
two regions, respectively. The Nongmahir reservoir records a 
notably rich assemblage of ‘specialist’ species as compared 
with the reports from the Khawiva reservoir of Mizoram (Sharma 
and Pachuau, 2016) and the floodplains of Assam (Sharma, 
2015; Sharma and Hatimuria 2017). Of the stated species, Cos-
marium contractum, Staurastrum rotula, Navicula radiosa and 
Microcystis aeruginosa register significant density variations 

(vide ANOVA) between the two regions (Table 6), while Cos-
marium contractum, C. granatum, Dinobryon sociale, Sirogoni-
um sticticum, Spirulina agilis, Staurastrum artiscon, S. formo-
sum, S. paradoxum, S. rotula, S. sexangulare, S. sonthalianum 
and Staurodesmus dejectus affirm significant monthly density 
variations (Table 6). Navicula radiosa (r1 = 0.776, p = 0.008) indi-
vidually influences phytoplankton abundance in the littoral re-
gion, and Cosmarium contractum (r2= 0.866, p = 0.0012), Staur-
astrum artiscon (r2 = 0.757, p = 0.011), S. formosum (r2 = 0.772, 
p= 0.009), S. paradoxum (r2 = 0.678, p = 0.031), S. sexangulare 
(r2 = 0.878, p = 0.0008), S. sonthalianum (r2 = 0.920, p = 0.0002), 
Staurodesmus dejectus (r2 = 0.845, p = 0.0021) influence abun-
dance in the limnetic region. 

Table 6. ANOVA indicating significance of Phytoplankton assemblages.

Parameters Regions Months

Richness

Phytoplankton F1,23=71.768, P=3.77E-06 F11,23=5.545, P=0.0042
Chlorophyta F1,23=146.520, P=3.17E-06 F11,23=3.479, P=0.0191

Abundance
Phytoplankton F1,23=9.777, P=0.009 F11,23=2.956, P=0.042
Chlorophyta          - F11,23=42.833, P=2.06E-07
Bacillariophyta  F1,23=7.538, P=0.019 - 
Chrysophyta       - F11,23=3.089, P=0.037
Dinophyta - -
Cyanophyta F1,23=7.919, P=0.017 F11,23=10.783, P=0.0002

Diversity indices
Species diversity - -
Dominance - F11,23=5.171, P=0.005
Evenness - F11,23=3.646, P=0.021

Abundance of important taxa
Staurastrum spp.            - F11,23=44.087, P=1.36-06
Cosmarium  spp.            F1,23=12.819, P=0.004 F11,23=29.909, P=2.43E-06

Abundance of important species
Navicula radiosa            F1,23=8.366, P=0.014 -
Diatoma vulgaris                    - -
Dinobryon sociale          - F11,23=3.089, P=0.037
Staurastrum artiscon      - F11,23=16.984, P=3.33E-06
Staurastrum paradoxum                - F11,23=8.341, P=0.0007
Cosmarium contractum  F1,23=6.748, P=0.024 F11,23=25.141, P=3.33E-06
Tabellaria flocculosa     - -
Ceratium hirudinella      - -
Sirogomium sticticum           - F11,23=13.077, P=8.79E-05
Staurastrum sonthalianum - F11,23=5.886, P=0.003
Staurastrum formosum                  - F11,23=14.208, P=5.87E-05
Staurastrum rotula                        F1,23=6.627, P=0.026 F11,23=9.019, P=0.0004
Staurastrum sexangulare                  - F11,23=6.531, P=0.002
Spirulina agilis                  - F11,23=6.158, P=0.003
Staurodesmus dejectus   - F11,23=4.708, P=0.008
Cosmarium granatum    - F11,23=10.364, P=0.0002
Microcystis aeruginosa   F1,23=12.736, P=0.004 -

(-) indicates insignificant variations 
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The Nongmahir reservoir depicts quantitative dominance of 
Chlorophyta (52.1±19.9.0%) and its significant contribution to 
phytoplankton abundance in the limnetic region (r2=0.919, p = 
0.0002), while this group indicates importance (39.8±17.7%) at 
the littoral region (Table 5). The significant density variations (Ta-
ble 6) noted between regions (vide ANOVA) endorse differential 
spatial importance of Chlorophyta. This study depicts a higher 
abundance of the green-algae than the reports from the reser-
voirs of Meghalaya (Sharma, 1995; Sharma and Lyngdoh, 2003) 
and Mizoram (Sharma and Pachuau, 2016) and the floodplain 
lakes (Sharma, 2004, 2009, 2010, 2012, 2015; Sharma and Hatimu-
ria, 2017) of NEI; abundance is notably higher than in the earlier 
survey (Sharma and Lyngskor, 2003). Chlorophyta follows nearly 
identical patterns of monthly density variations in both the re-
gions (Figure 6) with peak abundance in May; the latter concurs 
with the reports of the floodplains lakes of Assam (Sharma, 2012, 
2015; Sharma and Hatimuria, 2017) and Nigeen Lake of Kashmir 
(Shafi et al., 2013). 

Cosmarium contractum (r1= 0.941, p < 0.0001), C. granatum (r1= 
0.883, p =0.001), Staurastrum artiscon (r1= 0.884, p = 0.001), S. 
formosum (r1= 0.800, p = 0.006), S. paradoxum (r1= 0.749, p= 
0.013), S. sonthalianum (r1= 0.735, p= 0.015) and S. rotula (r1= 
0.782, p = 0.008) influence Chlorophyta abundance in the littoral 
region and Cosmarium contractum (r2=0.954, p < 0.0001), Staur-
astrum artiscon (r2= 0.857, p = 0.0002), S. formosum (r2= 0.703, 
p<0.023), S. paradoxum (r2=0.855, p=0.0016), S. sonthalianum 
(r2= 0.926, p=0.0001), S. sexangulare (r2= 0.804, p = 0.0051), and 
Staurodesmus dejectus (r2= 0.914, p = 0.0002) influence abun-
dance in the limnetic region. The stated species collectively 
(278±204 and 290±225 n/l; 83.1±9.9 and 90.0±5.6%) contribute 
to Chlorophyta abundance (r1= 0.998, p < 0.0001; r2= 0.999, p < 
0.0001) in the two regions, respectively. Further, Staurastrum ar-
tiscon (167 n/l) > Cosmarium contractum (148 n/l) > S. paradox-
um (101 n/l) > S. rotula (72 n/l) > S. sonthalianum (50 n/l) > C. gra-
natum (42 n/l) > S. formosum (40 n/l) contribute to pre-monsoon 
Chlorophyta maxima in the littoral region; Staurastrum artiscon 
(196 n/l) > Cosmarium contractum (120 n/l) > S. sonthalianum 
(111 n/l) > S. paradoxum (92 n/l) > S. rotula (89 n/l) influence 
pre-monsoon maxima in the limnetic region. In general, the 
quantitative importance of desmids concurs with the reports of 
Sharma (2009, 2010) and Sharma and Lyngdoh (2003), Hulyal and 
Kaliwal (2009) and Thakur et al. (2013). 

Staurastrum spp. (191±149 and 217±77 n/l) > Cosmarium spp. 
(63±55 and 44 ± 46 n/l) together comprise notable fractions of phy-
toplankton (31.1±17.1 and 47.3±20.8%) and Chlorophyta (76.8±17.4 
and 78.9±17.2%) abundance in the littoral and limnetic regions, re-
spectively. ANOVA (Table 6) registers a significant monthly density 
variation of the two desmids, while Cosmarium spp. registers a sig-
nificant density variation between the two regions of the Nongmahir 
reservoir. Further, Staurastrum spp. (r1= 0.955, p < 0.0001) and Cos-
marium spp. (r1= 0.945, p < 0.0001) influence Chlorophyta abun-
dance as well as pre-monsoon peak and winter maxima in the littoral 
region (Figures 7-8). Besides, Staurastrum spp. (r2=0.889, p=0.0006; 
r2=0.983, p< 0.0001) and Cosmarium spp. (r2= 0.873, p= 0.0002; r2= 
0.961, p < 0.0001) influence abundance and influence pre-monsoon 
peaks and winter maxima of phytoplankton and Chlorophyta in the 
limnetic region, respectively (Figures 7-8). The importance of Staur-
astrum spp. > Cosmarium spp. observed vide the present study dif-
fers from the reports of Staurastrum spp. > Xanthidium spp. > Cos-
marium spp. from the Khawiva reservoir of Mizoram (Sharma and Pa-
chuau, 2016); Closterium spp.> Staurastrum spp. > Gonatozygon 
spp. > Micrasterias spp. > Cosmarium spp. from Loktak Lake of As-
sam (Sharma, 2009); and Closterium spp.> Gonatozygon spp. > Mi-
crasterias spp. > Staurastrum spp. from Utra Pat and Closterium spp. 
> Cosmarium spp. > Staurastrum spp. > Xanthidium spp. from 
Waithou Pat of Manipur (Sharma, 2010).

Phytoplankton depicts higher Bacillariophyta (Table 5) abun-
dance in the littoral region (Figure 9), comprise an important 
quantitative component (35.6±23.2%) of phytoplankton (r1=0.766, 
p=0.010), and record bloom during November-December (peak 

Figure 6. Monthly variations in Chlorophyta abundance.

Figure 7. Monthly variations in Staurastrum spp. abundance.

Figure 8. Monthly variations in Cosmarium spp. abundance.
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during autumn) and maxima during pre-monsoon (May). In con-
trast, this group indicates sub-dominance (19.0±19.9%) in the 
limnetic region (Figure 9) with peak in autumn (November). The 
differential spatial importance of Bacillariophyta is affirmed by 
significant density variations (vide ANOVA) between the two re-
gions (Table 6). The diatom dominance and sub-dominance at 
the two regions, respectively concurs with the results from 
Samuajan beel (Sharma, 2004) and the dominance in the former 
region corresponds with the reports from Deepor beel (Sharma, 
2015) and Bhereki Beel (Sharma and Hatimuria, 2017) of Assam, 
and lakes of Himachal Pradesh (Jindal and Prajapat, 2005; Jindal 
et al., 2014b), Kashmir (Baba and Pandit, 2014; Nissa and Bhat, 
2016) and Uttarakhand (Goswami et al., 2018). Bacillariophyta 
sub-dominance corresponds with the reports from Loktak Lake 
of Manipur (Sharma, 2009) and Holmari and Ghotonga beels 
(Sharma and Hatimuria, 2017) of Assam, and lakes of Kashmir 
(Shafi et al, 2013) and Uttarakhand (Sharma and Singh, 2018).  Au-
tumn Bacillariophyta peak in the littoral region concurs with the 
report from Nigeen Lake of Kashmir (Nissa and Bhat, 2016) and 
winter bloom in this region corresponds with the reports from 
Kashmir (Wanganeo and Wanganeo, 1991; Baba and Pandit, 
2014), Meghalaya (Sharma and Lyngdoh, 2003) and Manipur 
(Sharma, 2009). 

Navicula radiosa, Diatoma vulgaris and Tabellaria flocculosa col-
lectively comprise a significant fraction of Bacillariophyta of the 
Nongmahir reservoir in the littoral (342±416 n/l; 89.2±7.0%) and 
limnetic (69±83 n/l; 87.6±13.9 %) regions, and contribute to phy-
toplankton (r1= 0.765, p =0.009) and Bacillariophyta (r1= 0.999, p 
< 0.0001), and Bacillariophyta (r2= 0.998, p < 0.0001) abundance 
in the two regions, respectively.  In addition, N. radiosa (800 n/l) 
> D. vulgaris (530 n/l) influence autumn phytoplankton and Bacil-
lariophyta peaks in the littoral region, while N. radiosa (229 n/l) > 
T. flocculosa (60 n/l) influence autumn peak in the limnetic re-
gion. These remarks are further affirmed by significant influence 
of N. radiosa (r1= 0.999, p < 0.0001) and D. vulgaris (r1= 0.976, p 
< 0.0001), and N. radiosa (r2 = 0.984, p < 0.0001) and T. flocculosa 
(r2 = 0.895, p < 0.0005) on Bacillariophyta abundance in the two 
regions, respectively.

Chrysophyta (represented by Dinobryon sociale) forms a subdom-
inant phytoplankton component in the two regions with relatively 
wider quantitative variations (Table 5) in the littoral region; ANOVA 

registers its significant density variations between months (Table 
6). Chrysophyta depicts importance at both the regions from Feb-
ruary-May; it records bloom (peak) during winter (February) in the 
littoral region and during April in the limnetic region (Figure 10). 
Our results are in contrast to poor Chrysophyta abundance report-
ed from various floodplain lakes and reservoirs of NEI (Sharma, 
1995, 2009, 2010, 2012, 2015; Sharma and Lyngdoh, 2003; Sharma 
and Lyngskor, 2003). Dinophyta, another sub-dominant group, re-
cords relatively lower abundance (Table 5) in the limnetic region > 
the littoral region and depicts insignificant density variations (vide 
ANOVA) between the two regions. This group indicates oscillating 
patterns of monthly density variations with peak during winter 
(February) and maxima during monsoon (August) in the littoral re-
gion (Figure 11), and peak during monsoon (June) in the limnetic 
region (Figure 12). Dinophyta abundance is influenced by Cerati-
um hirudinella at the two regions (r1= 0.978, p < 0.0001; (r2= 0.989, 
p < 0.0001). The winter peaks of Dinophyta and C. hirudinella 
agree with the report Loktak Lake of Manipur (Sharma, 2009) but 
differ from the summer maxima recorded from Garhwal (Sharma 
and Singh, 2018). Our results differ from poor Dinophyta abun-
dance reported vides Sharma and Lyngdoh (2003), Sharma and 
Lyngskor (2003) and Sharma (2010). 

Cyanophyta, yet another sub-dominant group (Table 5) of phyto-
plankton, is largely influenced by Spirulina agilis (r1 = 0.978, p 
<0.0001; r2 = 0.995, p < 0.0001) > Microcystis aeruginosa (r1 = 

Figure 10. Monthly variations in Chrysophyta abundance.

Figure 11. Monthly variations in Dinophyta and   
 Cyanophyta abundance (Littoral region).Figure 9. Monthly variations in Bacillariophyta abundance.
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0.910, p = 0.0003) in the littoral and limnetic stations, respective-
ly. ANOVA indicates significant density variations of this group 
between months (Table 6). The blue green algae depict oscillat-
ing monthly density variations with peak during winter (February) 
in the two regions (Figures 11-12). The sub-dominance of Cyano-
phyta concurs with the reports from Himachal Pradesh (Jindal 
and Prajapat, 2005), Assam (Sharma, 2015), Mizoram (Sharma 
and Pachuau, 2016) and Kashmir (Baba and Pandit, 2014). Eugle-
nophyta and Cryptophyta record poor abundance in the Nong-
mahir reservoir corresponding with the reports of Sharma and 
Lyngdoh (2003), Sharma (2009) and Sharma and Pachuau (2016).

Diversity indices
Our study highlights the moderate species diversity (Table 4) of 
Phytoplankton of the Nongmahir reservoir.  It depicts differential 
spatial monthly variations with higher values in the littoral > lim-
netic regions during January and March-October, and the lim-
netic > littoral pattern during February and November-Decem-
ber (Figure 13). The diversity compares with the report from 
Khawiva reservoir from Mizoram (Sharma and Pachuau, 2016) vis-
à-vis moderate diversity, overall variations and few instances of 
higher values, while this study records higher diversity than the 
reports from Meghalaya (Sharma, 1995, Sharma and Lyngdoh, 
2003; Sharma and Lyngskor, 2003). Further, the species diversity 
is inversely influenced by abundance of phytoplankton (r1= 

-0.808, p = 0.005), Chlorophyta (r1= -0.834, p= 0.003) and Chryso-
phyta (r1= -0.909, p= 0.0003), Navicula radiosa (r1= -0.911, p= 
0.0002) and Diatoma vulgaris (r1= -0.891, p = 0.0005) in the littoral 
region, and by Bacillariophyta (r2= -0.772, p= 0.008) and N. radio-
sa (r2= -0.832, p= 0.003)  in the limnetic region.  It is inversely in-
fluenced by dominance (r1= -0.879, p = 0.0008; r2= -0.847, p = 
0.002) as also affirmed by concurrence of the lowest diversity 
during autumn with peak dominance in both regions. The diver-
sity is positively influenced by phytoplankton evenness (r1= 0.984, 
p < 0.0001; r2= 0.916, p = 0.0002) in the two regions, respectively.  
We consider the Shannon Weiner diversity index for assessing 
the health of aquatic biotopes (Wilhm and Dorris 1968; Masson 
1998). In general, phytoplankton diversity variations noted vide 
the present study depict the ‘meso-trophic’ status of the Nong-
mahir reservoir, while H/ value > 3.0 during monsoon (August and 
September) in the littoral region reflects the shift to a ‘meso-eu-
trophic’ nature. The stated remarks concur with trophic status as-
sessment of this reservoir based on our zooplankton species di-
versity results (Sharma and Sharma, 2020).

Our observations depict monthly differences of phytoplankton 
dominance in the two regions (Table 4); this generalization is also 
affirmed by significant monthly dominance variations noted vide 
ANOVA (Table 6). Peak dominance and maxima are noted during 
autumn (November) and winter (February), and winter (Decem-
ber) and winter (January) in the littoral and limnetic regions, re-
spectively. The ‘specialist species’ influence higher dominance 
while low values during certain months concur with equitable 
abundance of the ‘generalist species’ as suggested by McNaugh-
ton (1967). These remarks are affirmed by the positive influence of 
Bacillariophyta (r1= 0.686, p = 0.029; r2= 0.754, p = 0.012), Navicu-
la radiosa (r1= 0.684, p = 0.0292; r2= 0.812, p = 0.003) on domi-
nance in the two regions and that of Diatoma vulgaris (r1= 0.731, 
p = 0.0163) in the limnetic region in particular. The extant of dom-
inance variations broadly correspond with the reports of Sharma 
and Pachuau (2016) and Sharma and Hatimuria (2017). 

Phytoplankton depicts differential variations of evenness (Table 
5) in the littoral and the limnetic regions; ANOVA registers signif-
icant evenness variations between months. High evenness 
during several months is attributed to equitable abundance of 
the majority of taxa (Washington, 1984) while dominance of cer-
tain species results in moderate evenness. This generalization is 
affirmed by an inverse correlation of evenness vs. dominance (r1 

= -0.910, p= 0.0003; r2 = - 0.925, p = 0.0001) in the two regions as 
well as by inverse influence of abundance of Navicula radiosa (r1 

= -0.886, p = 0.0006) and Diatoma vulgaris (r1= -0.896, p= 0.0005) 
in the littoral region, and of Navicula radiosa (r2 = -0.882, p = 
0.0007) at the limnetic region. Further, evenness is inversely influ-
enced by abundance of phytoplankton (r1= -0.728, p = 0.017), 
Chlorophyta (r1= -0.763, p = 0.010) and Chrysophyta (r1= -0.887, 
p = 0.0006) in the littoral region and by Bacillariophyta abun-
dance (r2= -0.842, p = 0.002) in the limnetic regions.  

Influence of abiotic factors
Inverse influence of water temperature on phytoplankton rich-
ness (r2=-0.728, p=0.017) in the limnetic region of the Nongmahir 
reservoir is attributed to lower richness during warmer months 
(April - June and August), while more richness variations in the lit-

Figure 12. Monthly variations in Dinophyta and   
 Cyanophyta abundance (Limnetic region).

Figure 13. Monthly variations in phytoplankton species  
 diversity.
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toral region result in insignificant inverse correlation with tem-
perature. High phytoplankton abundance concurrent with the 
periods of high ionic concentration results in positive influence 
by specific conductivity (r1= 0.836, p = 0.0026; r2= 0.803, p = 
0.0052) at the two regions, while high abundance during Febru-
ary-March, November-December coincides with the relatively 
higher transparency (r1= 0.718, p= 0.019) in the littoral region. 
The importance of specific conductivity concurs with the report 
of Sharma and Lyngdoh (2003) and Sharma and Bhattarai (2005). 

The positive influence of dissolved oxygen on Chlorophyta (r1= 
0.731, p = 0.016) and Staurastrum artiscon (r1= 0.751, p = 0.035) in 
the littoral region is attributed to concurrence of a higher abun-
dance of these taxa with the relatively high dissolved oxygen 
during February-April and June. The positive influence of chlo-
ride on Chlorophyta (r2= 0.719, p = 0.0191), Cosmarium contrac-
tum (r2= 0.715, p = 0.020) and Staurodesmus dejectus (r2= 0.750, 
p = 0.012) in the limnetic region results from a concurrence of 
high abundance of three taxa and a marked influx of chloride 
with rainwater during early monsoon. Further, the higher abun-
dance of Staurastrum formosum during the early-monsoon 
months in the littoral region affirms positive influence by rainfall 
(r1= 0.815, p = 0.004) and higher densities of this desmid in the 
limnetic region coincides with periods of the relatively high spe-
cific conductivity (r2= 0.758, p = 0.011). Cosmarium granatum is 
inversely influenced by nitrate (r1= -0.706, p = 0.026) in the littoral 
region, and Staurastrum sexangulare is positively influenced by 
nitrate (r2= 0.770, p = 0.009) in the limnetic region. Peak abun-
dance of Sirogomium sticticum during winter results in inverse in-
fluence by water temperature (r1= -0.744, p = 0.014; r2= -0.764, p 
= 0.0101) in the littoral and limnetic regions; this species is posi-
tively influenced by total alkalinity (r2= 0.700, p = 0.024), total 
hardness (r2= 0.776, p = 0.008) and dissolved organic matter (r2= 
0.875, p = 0.006) in the limnetic region. The positive influence of 
water temperature (r2= 0.711, p = 0.002), rainfall (r2= 0.830, p = 
0.003) and chloride (r2= 0.880, p = 0.0008) on Staurastrum para-
doxum in the limnetic region is attributed to higher abundance 
during warmer early and mid-monsoon periods which also coin-
cides with the influx of chloride. Our results thus highlight the dif-
ferential spatial influence of abiotic factors on Chlorophyta and 
its notable species in the two regions. 

The notable feature of lack of significant influence of abiotic factor 
on Bacillariophyta abundance concurs with the reports of Sharma 
(2009) and Sharma and Pachuau (2016). Chrysophyta is positively 
influenced by dissolved oxygen (r1= 0.678, p = 0.031), total alkalin-
ity (r1= 0.783, p = 0.007) and total hardness (r1= 0.725, p = 0.028) in 
the littoral region and by total alkalinity (r2= 0.770, p = 0.009) and 
total hardness (r2= 0.789, p = 0.006) in the limnetic region.  Cyano-
phyta is positively influenced by dissolved oxygen (r1= 0.803, p = 
0.005), total alkalinity (r1= 0.773, p = 0.009) and total hardness (r1= 
0.905, p = 0.0003) in the littoral region. These remarks are en-
dorsed by important species of blue-green algae i.e. Spirulina agi-
lis with positive correlations with dissolved oxygen (r1= 0.842, p = 
0.002), total alkalinity (r1= 0.817, p = 0.004), total hardness (r1= 
0.921, p = 0.0002), while Microcystis aeruginosa indicates the pos-
itive influence of dissolved oxygen (r1= 0.735, p = 0.015), total 
hardness (r1= 0.733, p = 0.016) in the littoral region. Cyanophyta is 

positively influenced by total alkalinity (r2= 0.829, p = 0.003), total 
hardness (r2= 0.913, p = 0.0002) and sulphate (r2= 0.847, p = 0.002), 
while S. agilis is positively influenced by total alkalinity (r2= 0.796, p 
= 0.006) and total hardness (r2= 0.895, p = 0.0005) in the limnetic 
region.  Our results thus indicate overall conducive influence of to-
tal alkalinity and total hardness in promoting higher abundance 
Chrysophyta and Cyanophyta. Dinophyta is positively influenced 
by rainfall (r2= 0.695, p=0.025) and chloride (r2= 0.786, p=0.0067), 
while Ceratium hirudinella is positively influenced by chloride (r2= 
0.734, p = 0.016) in the limnetic region. These relationships are af-
firmed by a high abundance of these taxa during monsoon which 
also marks the influx of chloride. In general, the present study reg-
isters the differential importance of water temperature, rainfall, 
transparency, specific conductivity, dissolved oxygen, total alkalin-
ity and total hardness on phytoplankton assemblages. Referring to 
notable individual phytoplankton species, our results indicate a 
distinct departure from the reports of Sharma (1995, 2009. 2010, 
2012, 2015), Sharma and Lyngdoh (2003), Sharma and Lyngskor 
(2003) and Sharma and Pachuau (2016) and Sharma and Hatimuria 
(2017) yielding little insight on the influence of abiotic factors vis-a-
vis important species.

Abbreviations: Abiotic factors: Alk (alkalinity), Cond (conduc-
tivity), DO (dissolved oxygen), hard (hardness), rain (rainfall), 
Trans (transparaency), No3 (nitrate), Po4 (phosphate), So4 (sul-
phate), wt (water temperature. Biotic factors: Bac (Bacillariophy-
ta), Chl (Chlorophyta), Chry (Chrysophyta), Cos. cn. (Cosmarium 
contractum), Cos.gra. (Cosmarium granatum),  Cos s (Cosmarium 
spp.), CR (Chlorophyta richness),  Cr. hir. (Ceratium hirudinella), 
Crypt (Cryptophyta), Cyan (Cyanophyta), Dia. vul. (Diatoma vul-
garis), Din (Dinophyta), Dn. soc. (Dinobryon sociale), Eug (Eugle-
nophyta), Mcr. ar (Microcystis aeruginosa), N rad. (Navicula radio-
sa),PR (phytoplankton richness), Phy (Phytoplankton), Sir. st. (Siro-
gonium sticticum.), Spr. ag. (Spirulina agilis), Staur s (Staurastrum 
spp.), St. art. (Staurastrum artiscon), St. for. (Staurastrum formo-

Figure 14. CCA coordination biplot of phytoplankton  
 and abiotic factors (Littoral region).
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sum), St. par. (Staurastrum paradoxum). St. rot. (Staurastrum rot-
ula), St. son. (Staurastrum sonthalianum), St. sex. (Staurastrum 
sexangulare), Tab. fl. (Tabellaria flocculosa)

Abbreviations: Abiotic factors: Alk (alkalinity), Cond (conduc-
tivity), DO (dissolved oxygen), hard (hardness), rain (rainfall), 
Trans (transparaency), No3 (nitrate), Po4 (phosphate), So4 (sul-
phate), wt (water temperature. Biotic factors: Bac (Bacillariophy-
ta), Chl (Chlorophyta), Chry (Chrysophyta), Cos. cn. (Cosmarium 
contractum); Cos s (Cosmarium spp.), CR (Chlorophyta richness), 
Cr.hir. (Ceratium hirudinella), Crypt (Cryptophyta), Cyan (Cyano-
phyta), Dia. vul. (Diatoma vulgaris), Din (Dinophyta), Dn. soc. (Di-
nobryon sociale), Eug (Euglenophyta), PR (phytoplankton rich-
ness), Phy (Phytoplankton), Sir. st. (Sirogomium sticticum), Spr. 
ag. (Spirulina agilis), Staur s (Staurastrum spp.), St. art. (Stauras-
trum artiscon), St. for. (Staurastrum formosum), St. par. (Stauras-
trum paradoxum). St. rot. (Staurastrum rotula), St. son. (Stauras-
trum sonthalianum), St. sex. (Staurastrum sexangulare), St. dej. 
(Staurodesmus dejectus), Tab. fl. (Tabellaria flocculosa)

The Canonical correspondence analysis (CCA) registers the high 
cumulative influence (78.36 and 78.95%) of 10 abiotic factors, 
along first two axes, on phytoplankton assemblages in the littoral 
and limnetic stations, respectively. The CCA co-ordination biplot 
indicates the influence of transparency and nitrate on phyto-
plankton abundance; hardness on phytoplankton and Chloro-
phyta richness, and on abundance of Cyanophyta, Dinophyta, 
Dinobryon sociale and Spirulina agilis; dissolved oxygen on Mi-
crocystis aeruginosa; alkalinity and hardness on Euglenophyta in 
the littoral region.  The CCA biplot depicts the influence of alka-
linity and hardness on Chrysophyta and Dinobryon sociale; trans-
parency on richness of phytoplankton and Chlorophyta, and phy-
toplankton and Euglenophyta abundance; specific conductivity 
on Chlorophyta, Staurastrum spp., S. artiscon, S. formosum, S. 

sonthalianum; specific conductivity, dissolved oxygen and rainfall 
influenced Dinophyta, Ceratium hirudinella; rainfall influenced 
Staurastrum paradoxum  and Staurodesmus dejectus; rainfall 
and water temperature influenced Staurastrum rotula in the lim-
netic region. Phytoplankton assemblages of the Nongmahir res-
ervoir depict higher cumulative influence of abiotic factors than 
the reports from the Khawiva reservoir (Sharma and Pachuau, 
2016) of Mizoram; Bhereki and Holmari beels (Sharma and 
Hatimuria, 2017), and in the littoral station of Deepor beel (Shar-
ma, 2015) of Assam, while it broadly compares with the report 
from Ghotonga (Sharma and Hatimuria, 2017) beel of Assam. 
The comparisons with the reports of Sharma (1995, 2004), Shar-
ma and Lyngskor (2003) and Sharma and Lyngdoh (2003), howev-
er, deserve caution because of lack of CCA analyses.

CONCLUSIONS 

The soft, slightly acidic-circum neutral, calcium poor and de-min-
eralized waters of the Nongmahir reservoir in particular depict 
fairly biodiverse phytoplankton, speciose Chlorophyta with di-
verse desmids, and interesting constellation of 51 species per 
sample. Our study highlights the quantitative dominance of phy-
toplankton vis-a-vis net plankton. The differential spatial domi-
nance of Bacillariophyta and Chlorophyta, importance of 17 ‘spe-
cialist’ species and Staurastrum spp. > Cosmarium spp. in the lit-
toral and the limnetic regions, resources utilization both by ‘spe-
cialist’ and ‘generalist’ species, high cumulative influence of 10 
abiotic factors on phytoplankton assemblages and  meso-trophic 
status of the Nongmahir reservoir are noteworthy features. The 
differential spatial variations of species richness, abundance, di-
versity indices and influence of individual abiotic factors are hy-
pothesised to habitat heterogeneity amongst the littoral and lim-
netic regions of the sampled reservoir. Overall, this study is an im-
portant contribution to phytoplankton diversity of the reservoirs 
of India in general and the subtropical reservoirs in particular.
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ABSTRACT
In this research, spatial – temporal variations of water quality in the fluvial components of the 
Hasanağa Stream Basin were evaluated by using the Water Quality Index. Surface water samples 
were taken from seven stations selected on the basin in the winter seasons of 2019 and 2020. Elev-
en variables including dissolved oxygen, oxygen saturation, pH, electrical conductivity, total dis-
solved solids, salinity, turbidity, nitrate, nitrite, phosphate and sulphate were measured in freshwa-
ter samples. The Water Quality Index (WQI) and Cluster Analysis (CA) were applied to the detected 
data in order to determine the differences among the spatial – temporal contamination levels and 
classify the investigated locations according to their similar water quality characteristics. According 
to the detected data, the water of the Hasanağa Stream Basin has 1. – 2. Class quality in 2019 and 
2. – 3. in 2020, in general. According to the results of WQI, although it was determined that the 
water quality decreased significantly in 2020, the basin was found to be of "A Grade – Excellent" 
water quality (<50) in both 2019 and 2020. According to the results of the CA, 3 statistical clusters 
were formed and they were named as “less polluted zone”, “moderate polluted zone” and “more 
polluted zone”. 

Keywords: Hasanağa stream basin, water quality index, cluster analysis

INTRODUCTION

Contamination of freshwater resources is a sig-
nificant environmental problem, because of the 
increasing world population, the developments 
of industry and no environmental awareness in 
society. It is known that one of the main points 
in the effective management of freshwater re-
sources is the monitoring of the quality of 
aquatic environments (Arslan et al., 2011; Tokat-
lı et al., 2014; 2016; Köse et al., 2014; 2016).

Water quality assessment indices are known to be  
an effective tool in evaluating the quality of water 
ecosystems. The Water Quality Index (WQI) has 
achieved increasing significance in the manage-
ment of freshwater resources and it is one of the 

most commonly used freshwater quality indices 
and it is calculated from the perspective of the 
suitability of water for human consumption (Tyagi 
et al., 2013; Akter et al., 2016; Sutadian et al., 2016; 
Mukatea et al., 2019; Ustaoğlu and Tepe, 2019; 
Varol, 2020; Tokatlı and Ustauğlu, 2020). Describ-
ing the suitability of freshwater resources for do-
mestic use especially in terms of the WQI is one of 
the most convenient ways to describe the current 
qualities of water ecosystems. The WQI also en-
ables the modifications of policies by various en-
vironmental agencies (Akoteyon et al., 2011; To-
katlı and Ustauoğu, 2020; Ustaoğlu and Aydın, 
2020; Tokatlı, 2020a).

Multi-statistical methods have been used to 
evaluate and characterise freshwater resourc-
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es and they help in the interpretation of complex data matrices 
and for them to be better understood. Cluster Analysis (CA) is 
known as one of the most convenient multivariate statistical 
methods. It assembles the objects based on the similar charac-
teristics they possess (Akın et al., 2011; Varol et al., 2012; Belkh-
iri and Narany, 2015; Köse et al., 2018; Atıcı et al., 2018; Çiçek et 
al., 2019; Tokatlı, 2020b).

The Meriç–Ergene River Basin is the main watershed of the Thra-
ce Region of Turkey. The Hasanağa Stream Basin is located in the 
Edirne Province of Turkey and it is one of the sub–basins of the 
Tunca River that is one of the main parts of the Meriç–Ergene Riv-
er Basin. As in many aquatic ecosystems, the Hasanağa Stream 
Basin is adversely affected by agricultural and domestic dis-
charges. The aim of this study was to determine the spatial and 
temporal variations of the water quality in this significant water-
shed by using the WQI.

MATERIALS AND METHODS

Sample collection 
In this study, surface water samples were collected from seven 
stations located on the Hasanağa Stream Basin (3 of them were 
on the Sinanköy Stream, 3 of them were on the Korucuköy Stream 
and 1 of them was on the Hasanağa Stream) in the winter sea-
sons of 2019 and 2020. The coordinate information of the loca-
tions is given in Table 1 and a map of the study area and the sev-
en selected stations of the basin are given in Figure 1.

Physical – Chemical and Statistical Analysis
Dissolved oxygen (DO), oxygen saturation (OS), pH, electrical 
conductivity (EC), total dissolved solids (TDS) and salinity vari-
ables were determined by using a multi – parameter device 
(Hach Lange – HQ40D) in the field studies; the turbidity variable 
was determined by using a turbidimeter device (Hach Lange – 
2100Q) in the field studies; nitrate (NO3), nitrite (NO2), phos-
phate (PO4) and sulphate (SO4) variables were determined by 
using a colorimeter device (Hach Lange – DR890) and by using 
a spectrophotometer device (Hach Lange – DR3900) in the lab-
oratory studies.

Cluster Analysis (CA) and Similarity – Distance Index (SDI) (in 
terms of Bray Curtis) were applied to the detected data in order 
to the define the spatial differences of contamination by using 
the “PAST” package statistical program.

Water Quality Index (WQI)
The WQI is an effective method in evaluating the drinking water 
quality and has commonly been used, especially in recent years 
(Wang et al., 2017; Tokatlı, 2019c; Ustaoğlu et al., 2020). The fol-
lowing formula was used to calculate the WQI;

 
                (1)

                  
(2)

Where, Wi is relative weight and Wi values are assigned as a 
maximum of 5 and a minimum of 1, taking into account the rel-
atively significant effects of the toxicants on human health and 
their significance in terms of potability (Meng et al., 2016). Ci is 
the trace-toxic element concentration measured in water and 
the Si values refer to the standard values   determined by TS266 
(2005), EC (2007) and WHO (2011) for drinking water. The Stan-
dard values (Si) of the investigated parameters with the as-
signed Wi coefficients in the present application are given in 
Table 2 (Meng et al., 2016). The scale of WQI is given in Table 3 
(Xiao et al., 2019). 

Table 1. Coordinate information of stations.

Station Code Name of Stream
Coordinate

North East

S1
Sinanköy Stream

41.838 26.749
S2 41.777 26.683
S3 41.719 26.636
K1

Korucuköy Stream
41.862 26.700

K2 41.791 26.657
K3 41.725 26.631
H Hasanağa Stream 41.732 26.569

Figure 1. Meriç – Ergene River Basin, study area and selected 
stations.

Table 2. Standard values, assigned weights and relative 
weights of parameters.

Variable Unit
Standart 
Value (Si)

Assigned 
Weight (Wi)

Relative 
Weight (WI)

pH 7.5 3 0.111111

EC
µS/
cm

1500 4
0.148148

TDS mg/L 600 4 0.148148
Turbidity NTU 5 3 0.111111
Nitrate mg/L 50 5 0.185185
Nitrite mg/L 3 5 0.185185
Sulphate mg/L 250 3 0.111111
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RESULTS AND DISCUSSION

The results of the detected limnological parameters in the main 
fluvial components of the Hasanağa Stream Basin in 2019 and 
2020 are given in Table 3.

According to the Turkish Regulations (2004; 2015), In the winter 
season of 2019, the Hasanağa Stream Basin had a 1. Class quali-
ty in terms of dissolved oxygen, oxygen saturation, pH, TDS and 
sulphate parameters and has a 2. Class quality in terms of the EC, 
nitrate, nitrite and phosphate parameters in general (Uslu and 
Türkman, 1987). In the winter season of 2020, the basin has a 1. 
Class quality in terms of dissolved oxygen, oxygen saturation, 
TDS and sulphate parameters, and has a 2. Class quality in terms 
of the EC and nitrite parameters and has a 3. Class quality in 
terms of the pH, nitrate and phosphate parameters in general 
(Uslu and Türkman, 1987). It was also determined that any inves-
tigated locations (except K3 station for turbidity parameter) did 
not exceed the drinking water standards in terms of the investi-
gated parameters (TS266, 2005; EC, 2007; WHO, 2011).

Nitrate is caused by the oxidation of ammonia, which occurs as a 
result of the decomposition of proteins contained in animal and 
vegetable wastes, and especially nitrate fertilisers used in agricul-
tural areas. A small amount of nitrate in clean waters is the most 
common form of nitrogen in streams (Wetzel, 2001; Manahan, 
2011). Nitrite is an intermediate in biological oxidation from am-
monium to nitrate, and it may have oxidised to nitrate or reduced 
to ammonia. It is mostly low in natural waters. Nitrite can reach 
high densities in low oxygenated waters with organic pollution 
and suggests sewage contamination if it is found in high amounts. 
The most important sources of nitrite in soils and waters are organ-
ic substances, nitrogenous fertilisers and some minerals (Wetzel, 
2001; Manahan, 2011). Phosphorus is a significant essential ele-
ment for plant growth. It is necessary for crop production and is 
commonly used in fertilisers. It is known as one of the main ele-
ments that increase the nutrient enrichment of surface waters and 
cause the ageing of lakes or streams (Wetzel, 2001; Manahan, 
2011). The reason for the quite high nitrate, nitrite and phosphate 
values detected in the water of some basin components may have 
been the applied intensive agricultural fertilisers in the region.

CA was applied to the data in order to obtain the similarity 
groups among the investigated localities on the Hasanağa 
Stream Basin according to their similar water quality characteris-

tics. The diagram of CA calculated by using the WQI scores of lo-
cations is given in Figure 2 and the calculated similarity coeffi-
cient of locations are given in Table 4.

According to the results of CA, 3 statistically significant clusters were 
formed. Cluster 1 (C1) was named as a “less contaminated zone” 
and corresponded to the stations S1 and K1; Cluster 2 (C2) was 
named as a “moderate contaminated zone” and corresponded to 
the station H, S2, S3 and K2; Cluster 3 (C3) was named as a “more 
contaminated zone” and corresponded to the station of K3.

The Monomial and multinomial risks of pH, EC, TDS, turbidity, ni-
trate, nitrite and sulphate parameters in the water of the 
Hasanağa Stream Basin were determined for all the investigated 
habitats and seasons by using the WQI and the detected data 
are given in Table 4 and Figure 3.

According to the results of WQI, the values of the overall WQI 
were within the permissible limits (<100), and all the investigated 
stations on the Hasanğa Stream Basin in all the seasons were 
found as “A grade – Excellent” in water quality characteristics. It 
was also determined that the risk sequence of the investigated pa-
rameters in the surface water of the basin is as follows; pH > TDS 

Table 3. Water quality rating for WQI.

Value
Rating of Water 

Quality
Usage  

Possibilities
Grading

< 50
Excellent water 

quality
Drinking, irriga-
tion, industrial

A

50 – 
100

Good water 
quality

Drinking, irriga-
tion, industrial

B

100 – 
200

Poor water 
quality

Irrigation, 
industrial

C

200 – 
300

Very Poor water 
quality

Irrigation D

Figure 2. CA diagram.

Table 4. Similarity coefficients of locations.

S1 S2 S3 K1 K2 K3 H

S1 1.000
S2 0.942 1.000
S3 0.910 0.968 1.000
K1 0.954 0.951 0.936 1.000
K2 0.942 0.990 0.968 0.941 1.000
K3 0.806 0.862 0.894 0.851 0.862 1.000
H 0.884 0.941 0.954 0.930 0.941 0.920 1.000
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> turbidity > EC > nitrate > sulphate > nitrite for 2019 and pH > 
TDS > nitrate > EC > turbidity > sulphate > nitrite in general.

In a study performed in the catchments of the Emet and Orhaneli 
Streams, the water quality of the basin was evaluated by using the 

WQI. According to the results of this investigation, being signifi-
cantly different from the present investigation, the general trend 
of the WQI for Emet and Orhaneli Streams was found to be of a 
heavily polluted water quality (WQI > 300) (Omwene et al., 2019).

Table 3. Physical and chemical data detected in 2019 and 2020.

Winter Season of 2019

Parameters *

St.
DO
ppm

O2Sat
%

pH
EC

ms/cm
TDS
ppm

Sal.
%0

Tur.
NTU

NO3

ppm
NO2

ppm
PO4

ppm
SO4

ppm

S1
12.26

1. Class
108.3

1. Class
7.89

1. Class
303

1. Class
208

1. Class
0.21 4.53

1.73
1. Class

0.007
1. Class

0.041
2. Class

39
1. Class

S2
12.53

1. Class
109.9

1. Class
7.74

1. Class
482

1. Class
340

1. Class
0.34 2.44

7.29
2. Class

0.047
2. Class

0.176
3. Class

51
1. Class

S3
12.20

1. Class
107.0

1. Class
7.70

1. Class
541

2. Class
382

1. Class
0.38 2.27

7.60
2. Class

0.025
2. Class

0.087
2. Class

54
1. Class

K1
12.71

1. Class
111.8

1. Class
7.73

1. Class
513

2. Class
360

1. Class
0.36 2.90

8.48
2. Class

0.015
2. Class

0.084
2. Class

71
1. Class

K2
10.91

1. Class
96.7

1. Class
7.77

1. Class
448

2. Class
311

1. Class
0.31 2.02

12.80
3. Class

0.037
2. Class

0.052
2. Class

32
1. Class

K3
12.20

1. Class
103.0

1. Class
7.65

1. Class
559

2. Class
409

1. Class
0.41 7.90

10.60
3. Class

0.041
2. Class

0.151
2. Class

40
1. Class

H
11.74

1. Class
96.2

1. Class
7.19

1. Class
541

2. Class
409

1. Class
0.41 4.46

7.97
2. Class

0.077
3. Class

0.163
3. Class

80
1. Class

Min 10.91 96.20 7.19 303 208 0.21 2.02 1.73 0.01 0.04 32.00
Max 12.71 111.80 7.89 559 409 0.41 7.90 12.80 0.08 0.18 80.30
Mean 12.08 104.70 7.67 483 345 0.35 3.79 8.07 0.04 0.11 52.51
SD 0.60 6.26 0.22 88 70 0.07 2.08 3.42 0.02 0.05 17.72

Winter Season of 2020

Parameters *

St.
DO
ppm

O2Sat
%

pH
EC

ms/cm
TDS
ppm

Sal.
%0

Tur.
NTU

NO3

ppm
NO2

ppm
PO4

ppm
SO4

ppm

S1
11.51

1. Class
113.3

1. Class
9.35

4. Class
643

2. Class
387

1. Class
0.39 1.75

9.10
2. Class

0.005
1. Class

0.640
3. Class

50
1. Class

S2
10.01

1. Class
99.6

1. Class
9.48

4. Class
630

2. Class
390

1. Class
0.39 2.05

22.40
4. Class

0.009
1. Class

0.760
4. Class

51
1. Class

S3
9.79

1. Class
95.3

1. Class
9.39

4. Class
6472. 
Class

406
1. Class

0.41 3.01
24.30

4. Class
0.036

2. Class
1.210

4. Class
64

1. Class

K1
9.23

1. Class
89.3

2. Class
9.10

4. Class
601

2. Class
416

1. Class
0.32 1.88

15.10
3. Class

0.011
2. Class

0.070
2. Class

17
1. Class

K2
8.64

1. Class
83.4

2. Class
8.73

3. Class
676

2. Class
431

1. Class
0.43 2.48

23.70
4. Class

0.021
2. Class

0.150
2. Class

27
1. Class

K3
7.57

2. Class
73.1

2. Class
8.60

3. Class
827

2. Class
528

2. Class
0.53 4.65

24.30
4. Class

0.065
3. Class

0.370
3. Class

43
1. Class

H
9.98

1. Class
97.2

1. Class
8.76

3. Class
694

2. Class
437

1. Class
0.44 2.59

20.20
4. Class

0.054
2. Class

0.130
2. Class

73
1. Class

Min 7.57 73.10 8.60 601 387 0.32 1.75 9.10 0.01 0.07 17.00
Max 11.51 113.30 9.48 827 528 0.53 4.65 24.30 0.07 1.21 73.00
Mean 9.53 93.03 9.06 674 427 0.42 2.63 19.87 0.03 0.48 46.43
SD 1.23 12.78 0.36 73 48 0.06 0.99 5.76 0.02 0.42 19.59

St.: Stations; Sal.: Salinity; Tur.: Turbidity; Min: Minimum; Max: Maximum; SD: Standard Deviation; *3. – 4. Class water qualities are given in bold
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In another study performed in the same watershed, the ground-
water quality of the Ergene River Basin was evaluated by using 
the WQI. According to the results of this research, as similar to 
the present research, the investigated element accumulations in 
the groundwater of the basin were recorded within the range of 
human consumption standards (Tokatlı, 2019).

In a study performed in the Black See Region of Turkey, the WQI 
was used to assess the surface water qualities. As similar to the 
data of the current study, it was reported that the investigated 
Turnasuyu Stream has an excellent water quality in terms of the 
WQI (Ustaoğlu et al., 2020). 

In a study conducted abroad in the city of Nagpur (India), The 
WQI was applied to determine the quality of different surface 
water resources. According to the results of this study, as differ-

ent of the results of the present study, the calculated WQI for the 
various lakes studied showed poor water quality (Puri et al., 
2011).

CONCLUSION

In the present research, the temporal and spatial change of the 
water quality of the Hasanağa Stream Basin including the Sinan-
köy, Korucuköy and Hasanağa Streams were evaluated by using 
the Water Quality Index (WQI) and Cluster Analysis (CA). As a re-
sult of this research, the water quality of the basin was found to 
have significantly decreased over time and it has a 1. – 2. Class 
water quality in 2019 and has a 2. – 3. Class water quality in 2020 
in general. As a result of the WQI, the basin was found as having 
“A Grade – Excellent” water quality (<50) in both 2019 and 2020. 
As a result of CA, 3 statistically significant clusters were formed 
and the locations investigated were classified as “less polluted 
zones”, “moderate polluted zones” and “more polluted zones”. 
For the protection and sustainability of this important aquatic 
system, it is necessary to constantly monitor and raise the aware-
ness of local people in agricultural activities.

Financial Disclosure: The present study was funded by Trakya 
University, Commission of Scientific Research Projects (Project 
No. 2019/127).

Ethics committee approval: Ethics committee approval is not 
required.

Conflict of Interest: The authors have no conflicts of interest to 
declare.

Table 4. Monomial and multinomial results of applied WQI.

Parametre

Sinanköy
Stream

Korucuköy 
Stream

Hasanağa 
Stream

S1 S2 S3 K1 K2 K3 H

Winter Season of 2019

pH 11.689 11.467 11.407 11.452 11.511 11.333 10.652
EC 2.993 4.760 5.343 5.067 4.425 5.521 5.343
TDS 5.136 8.395 9.432 8.889 7.679 10.099 10.099
Turbidity 10.067 5.422 5.044 6.444 4.489 17.556 9.911
Nitrate 0.641 2.700 2.815 3.141 4.741 3.926 2.952
Nitrite 0.043 0.290 0.154 0.093 0.228 0.253 0.475
Sulphate 1.742 2.244 2.400 3.173 1.422 1.787 3.569
WQI 32.310 35.279 36.596 38.259 34.495 50.474 43.001

Winter Season of 2020

pH 13.852 14.044 13.911 13.481 12.933 12.741 12.978
EC 6.351 6.222 6.390 5.936 6.677 8.168 6.854
TDS 9.556 9.630 10.025 10.272 10.642 13.037 10.790
Turbidity 3.889 4.556 6.689 4.178 5.511 10.333 5.756
Nitrate 3.370 8.296 9.000 5.593 8.778 9.000 7.481
Nitrite 0.031 0.056 0.222 0.068 0.130 0.401 0.333
Sulphate 2.222 2.267 2.844 0.756 1.200 1.911 3.244
WQI 39.270 45.070 49.081 40.283 45.870 55.591 47.437

Figure 3. Spatial – temporal comparison of WQI scores.



71

Aquat Sci Eng 2021; 36(2): 66-71
Tokatlı. Assessment of Spatial – Temporal Variations in Freshwater Pollution by Means of Water Quality Index

Acknowledgments: -

Disclosure: -

REFERENCES

Akin, B. S., Atıcı, T., Katircioglu, H., Keskin, F. (2011). Investigation of water 
quality on Gökçeekaya dam lake using multivariate statistical analysis, in 
Eskişehir, Turkey. Environmental Earth Sciences, 63: 1251–1261. [CrossRef]

Akoteyon, I. S., Omotayo, A. O., Soladoye, O., Olaoye, H. O. (2011). 
Determination of water quality index and suitability of urban river for 
municipal water supply in lagos-Nigeria. European Journal of 
Scientific Research, 54: 263–271.

Akter, T., Jhohura, F. T., Akter, F., Chowdhury, T. R., Mistry, S. K., Dey, D., 
Barua, M. K., Islam, M. A. & Rahman, M. (2016). Water quality index for 
measuring drinking water quality in rural Bangladesh: A cross-sectional 
study. Journal of Health, Population and Nutrition, 35:4. [CrossRef]

Arslan, N., Tokatlı, C., Çiçek, A., Köse, E. (2011). Determination of some 
metal concentrations in water and sediment samples in Yedigöller 
region (Kütahya). Review of Hydrobiology 4,1: 17-28.

Atıcı, T., Tokatlı, C., Çiçek, A. (2018). Diatoms of Seydisuyu stream basin 
(Turkey) and assessment of water quality by statistical and biological 
approaches. Sigma Journal of Engineering and Natural Sciences, 36 
(1): 271-288. 

Belkhiri, L., Narany, T. S. (2015). Using multivariate statistical analysis, 
geostatistical techniques and structural equation modeling to 
identify spatial variability of groundwater quality. Water Resources 
Management, 29: 2073–2089. [CrossRef]

Çiçek, A., Köse, E., Tokatlı, C. (2019). Use of factor analysis to evaluate the 
sediment quality of a significant mining area: Seydisuyu stream basin 
(Turkey). Polish Journal of Environmental Studies, 28 (3): 2021-2025. 
[CrossRef]

EC (European Communities) (2007). European Communities (drinking 
water) (no. 2), Regulations 2007, S.I. No. 278 of 2007.

Köse, E., Çiçek, A., Uysal, K., Tokatlı, C., Emiroğlu, Ö. & Arslan, N. (2016). 
Evaluation of surface water quality in Porsuk stream. Unıversıty 
Journal of Scıence and Technology – C Life Sciences and 
Biotechnology, 4 (2): 81-93. [CrossRef]

Köse, E., Emiroğlu, Ö., Çiçek, A., Tokatlı, C., Başkurt, S., Aksu, S. (2018). 
Sediment quality assessment in porsuk stream basin (Turkey) from a 
multi-statistical perspective. Polish Journal of Environmental Studies, 
27 (2): 747-752. [CrossRef]

Köse, E., Tokatlı, C. & Çiçek, A. (2014). Monitoring stream water quality: A 
statistical evaluation. Polish Journal of Environmental Studies, 23 (5): 
1637-1647. 

Manahan, S. E. (2011). Water Chemistry: Green Science and Technology 
of Nature’s Most Renewable Resource. Taylor and Francis Group. 
CRC Press, 398p. [CrossRef]

Meng, Q., Zhang, J., Zhang, Z., Wu, T. (2016). Geochemistry of dissolved 
trace elements and heavy metals in the dan river drainage (China): 
Distribution, sources, and water quality assessment. Environmental 
Science and Pollution Research, 23, 8091–8103. [CrossRef]

Mukatea, S., Wagha, V., Panaskara, D., Jacobs, J. A. & Sawantc, A. (2019). 
Development of new integrated water quality index (IWQI) model to 
evaluate the drinking suitability of water. Ecological Indicators, 101, 
348-354. [CrossRef]

Puri, P. J., Yenkie, M. K. N., Sangal, S. P., Gandhare, N. V., Sarote, G. B. & 
Dhanorkar, D. B. (2011). Surface water (lakes) quality assessment in 
nagpur city (India) based on water quality index (WQI). Rasayan 
Journal of Chemistry, 4(1): 43-48.

Sutadian, A. D., Muttil, N., Yilmaz, A. G., Perera, B. J. C. (2016). 
Development of river water quality indices—A review. Environmental 
Monitoring and Assessment, 188: 58. [CrossRef]

Tokatlı, C. (2019). Drinking Water Quality Assessment of Ergene River 
Basin (Turkey) by water quality index: Essential and toxic elements. 
Sains Malaysiana, 48 (10): 2071-2081. [CrossRef]

Tokatlı, C., 2020a. Use of water quality index to evaluate the groundwater 
characteristics of villages located in edirne province. International 
Journal of Agriculture, Environment and Food Sciences, 4(3): 362-
367. [CrossRef]

Tokatlı, C., 2020b. Water quality assessment of Ergene river basin using 
multivariate statistical analysis. Journal of Limnology and Freshwater 
Fisheries Research, 6 (1): 38-46. [CrossRef]

Tokatlı, C., Köse, E., Arslan, N., Emiroğlu, Ö., Çiçek, A. & Dayıoğlu, H. 
(2016). Water quality of emet stream basin. Uludağ University Journal 
of the Faculty of Engineering, 21(2): 9-24. [CrossRef]

Tokatlı, C., Köse, E. & Çiçek, A. (2014). Assessment of the effects of large 
borate deposits on surface water quality by multi statistical 
approaches: A case study of the Seydisuyu stream (Turkey). Polish 
Journal of Environmental Studies, 23(5): 1741-1751.

Tokatlı, C., Ustaoğlu, F. (2020). Health risk assessment of toxicants in 
Meriç river delta wetland, thrace region, Turkey. Environmental Earth 
Science, 79, 426. [CrossRef]

TS 266 (2005). Sular-İnsani tüketim amaçlı sular. Türk Standartları Enstitüsü, 
ICS 13.060.20.

Turkish Regulations (2004). Yüzeysel Su Kalitesi Yönetimi Yönetmeliği, 31 
Aralık 2004, Resmi Gazete No: 25687, http://suyonetimiormansu.gov.tr.

Turkish Regulations (2015). Yüzeysel su kalitesi yönetimi yönetmeliğinde 
değişiklik yapılmasına dair yönetmelik, 15 Nisan 2015, Resmi Gazete 
No: 29327, http://suyonetimiormansu.gov.tr.

Tyagi, S., Sharma, B., Singh, P. & Dobhal, R. (2013). Water quality 
assessment in terms of water quality index. American Journal of 
Water Resources, 1(3):34–8. [CrossRef]

Uslu, O. & Türkman, A. (1987). Su kirliliği ve kontrolü. T.C. Başbakanlık 
Çevre Genel Müdürlüğü Yayınları, Eğitim Dizisi 1, Ankara.

Ustaoğlu, F., Aydın, H. (2020). Health risk assessment of dissolved heavy 
metals in surface water in a subtropical rivers basin system of Giresun 
(north-eastern Turkey). Desalination and Water Treatment, 194, 222-
234. [CrossRef]

Ustaoğlu, F. & Tepe, Y. (2019). Water quality and sediment contamination 
assessment of Pazarsuyu stream, Turkey using multivariate statistical 
methods and pollution indicators. International Soil and Water 
Conservation Research, 7, 47-56. [CrossRef]

Ustaoğlu, F., Tepe, Y. & Taş, B. (2020). Assessment of Stream quality and 
health risk in a subtropical Turkey river system: A combined approach 
using statistical analysis and water quality index. Ecological 
Indicators,  [CrossRef]

Varol, M. (2020). Use of water quality index and multivariate statistical 
methods for the evaluation of water quality of a stream affected by 
multiple stressors: a case study. Environmental Pollution, 266: 115417. 
[CrossRef]

Varol , M., Gökot B., Bekleyen, A., Şen, B. (2012). Water quality assessment 
and apportionment of pollution sources of Tigris river (Turkey) Using 
multivariate statistical techniques—a case study. River Research and 
Applications, 28, 1428–1438. [CrossRef]

Wang, J., Liu, G., Liu, H. & Lamc, P. (2017). Multivariate statistical 
evaluation of dissolved trace elements and a water quality assessment 
in the middle reaches of Huaihe river, Anhui, China. Science of the 
Total Environment, 583: 421–431. [CrossRef]

Wetzel, R. G. (2001).  Limnology:  Lake and River Ecosystems.  Elsevier 
Academic Press. 1006p. [20] Manahan, S.E. (2011) Water Chemistry: 
Green Science and Technology of Nature’s Most Re-newable 
Resource. Taylor and Francis Group. CRC Press, 398p.

WHO (World Health Organization) (2011). Guidelines for Drinking-water 
Quality. World Health Organization Library Cataloguing-in-
Publication Data, NLM classification: WA 675.

Xiao, J., Wang, L., Deng, L. & Jin, Z. (2019). Characteristics, sources, water 
quality and health risk assessment of trace elements in river water 
and well water in the Chinese loess plateau. Science of the Total 
Environment, 650: 2004-2012. [CrossRef]

https://doi.org/10.1007/s12665-010-0798-6
https://doi.org/10.1186/s41043-016-0041-5
https://doi.org/10.1007/s11269-015-0929-7
https://doi.org/10.15244/pjoes/89852
https://doi.org/10.18036/btdc.35567
https://doi.org/10.15244/pjoes/76113
https://doi.org/10.1201/b11794
https://doi.org/10.1007/s11356-016-6074-x
https://doi.org/10.1016/j.ecolind.2019.01.034
https://doi.org/10.1007/s10661-015-5050-0
https://doi.org/10.17576/jsm-2019-4810-02
https://doi.org/10.31015/jaefs.2020.3.16
https://doi.org/10.17216/limnofish.524036
https://doi.org/10.17482/uujfe.39645
https://doi.org/10.1007/s12665-020-09171-4
http://suyonetimiormansu.gov.tr
http://suyonetimiormansu.gov.tr
https://doi.org/10.12691/ajwr-1-3-3
https://doi.org/10.5004/dwt.2020.25900
https://doi.org/10.1016/j.iswcr.2018.09.001
https://doi.org/10.1016/j.ecolind.2019.105815
https://doi.org/10.1016/j.envpol.2020.115417
https://doi.org/10.1002/rra.1533
https://doi.org/10.1016/j.scitotenv.2017.01.088
https://doi.org/10.1016/j.scitotenv.2018.09.322


72

EISSN 2602-473X

AQUATIC SCIENCES AND ENGINEERING

Aquat Sci Eng 2021; 36(2): 72-77 • DOI: https://doi.org/10.26650/ASE2020793465 Original Article

Investigation of the Effects of Hook Size and Bait Type on the Catch of 
Whiting, Merlangius merlangus (Linnaeus, 1758) (Gadidae) in Bottom 
Longline Fisheries of the Black Sea

Bünyamin Arı1 , İsmet Balık2

Cite this article as: Ari, B., & Balik, İ. (2021). Investigation of the effects of hook size and bait type on the catch of whiting, Merlangius merlangus 
(Linnaeus, 1758) (Gadidae) in bottom longline fisheries of the Black Sea. Aquatic Sciences and Engineering, 36(2), 72-77.

ORCID IDs of the author:
B.A. 0000-0002-0493-6178; 
İ.B. 0000-0003-2168-8572

1Ordu University, Strategy Department, 
Campus, Ordu, Turkey

2Akdeniz University, Kemer Maritime 
Faculty, Konyaaltı, Antalya, Turkey

Submitted:
10.09.2020

Revision Requested:
20.10.2020

Last Revision Received: 
21.10.2020 

Accepted:
30.10.2020 

Online Published:
27.01.2021

Correspondence:
İsmet Balık
E-mail: 
ibalik@akdeniz.edu.tr

©Copyright 2021 The Author(s)
Available online at
https://dergipark.org.tr/ase

ABSTRACT
This study was carried out along the Ünye coasts of the South-eastern Black Sea (Turkey), in order 
to investigate the effects of hook size and bait type on the catch of whiting, Merlangius merlangus 
(Linnaeus, 1758) (Gadidae) in the bottom longline fisheries. For this, a set of bottom longline with 
a total of a hundred hooks, including 20 from each hook number 2, 4, 6, 8 and 10, was tested in a 
total of 24 trials twice a month between March 2017 and February 2018. Each hook type was baited 
with squid, horse mackerel, chicken breast and whiting. During the study, a total of 373 whiting 
were caught. Most of the whiting catch was obtained with the hook no 2. With the reduction in 
hook size, both the amount of catch and the size of the fish caught decreased. Most whiting were-
caught by the hooks baited with squid. This was followed by the hooks baited with horse mackerel, 
chicken breast and whiting, respectively. This result shows that hook size no 2 or larger should be 
used for catching whiting when using bottom longline in the Ünye coasts of the South-eastern 
Black Sea. Howev-er, considering the bait types used in this study, it is recommended to use squid 
as bait. If squid is thought to increase the cost of fishing, alternatively horse mackerel or chicken 
breast can also be used as bait. 

Keywords: Bait type, catch, hook size, longline, whiting

INTRODUCTION

Longline fishing is one of the most traditional 
and widespread fishing methods throughout 
the world from small-scale artisanal fishing to 
modern mechanised longline operations 
(Björdal & Løkkeborg, 1996). It is an environ-
mentally friendly fishing method and gives ex-
cellent quality and high profitability while re-
quiring only a low fuel consumption (Endal, 
1980; Løkkeborg & Björdal, 1992). Since long-
line fishing has high selectivity, its use is encour-
aged for protection in fisheries management. 
However, it is not possible to expect the same 
success in a habitat from a longline team used 
in the fishing of only one species. 

Since 2006, fishing with bottom trawls has been 
forbidden in the South-eastern coasts of the 
Black Sea (Tarım ve Orman Bakanlığı, 2006). 
Therefore, the benthic fish species have typical-
ly been caught only with gillnets and trammel 
nets in the south-eastern parts of the Black Sea. 
However, the use of gillnets in fishing is gener-
ally considered to be more efficient when more 
than one species of fish is caught with the same 
gillnet. Longline are considered as a type of 
fishing gear that can easily be arranged accord-
ing to the target species and size (Løkkeborg & 
Björdal, 1992), and, in particular, it can contrib-
ute to the renewal of distressed stocks such as 
whiting and red mullet, Mullus barbatus Linnae-
us, 1758 in this part of the Black Sea. In addi-
tion, it offers the opportunity to catch fish in 

https://orcid.org/0000-0002-0493-6178
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stony and rocky areas which are not suitable for fishing with oth-
er fishing gear but where the fish are densely concentrated. 

In longline fisheries, the fish is attracted to the hook by visual mo-
tivation, either by natural bait or more commonly in the form of 
artificial imitations of prey organisms such as lures, jigs and rub-
ber worms. Hook type (size and shape) varies greatly depending 
on the target species. There is also a great variation in baits used 
in different longline fisheries, but the major types of bait are ei-
ther different pelagic fish (e.g. herring, mackerel, sardine, saury) 
or different species of squid (Björdal, 2009). The bait used in fish-
ing is divided into two groups, namely, natural and artificial. Arti-
ficial baits are the those that imitate the creature’s favourite prey. 
Natural bait is the most preferred bait group in longline fisheries 
and can be a whole fish, live or inanimate fish, cuttlefish and 
squid, pheasant, mammal, pipe worm, goat, crab, mussel and 
sea cucumber. In the selection of bait, easy availability, cost, fast 
deterioration, easy attachment to the hook, easy exit from the 
hook, and the best way to attract the target fishing features are 
sought (İlkyaz, Aydın, Soykan & Kınacıgil, 2012). Different baits 
have been used in studies on whiting fishing with longline. For 
example, squid has been used as bait in many previous studies in 
the bottom longline fisheries and its catching efficiency was 
found higher than some other bait varieties (Ekanayake, 1999; 
Özdemir, Ayaz, Gurbet & Erdem, 2006; İlkyaz et al., 2012). Fishing 
with longlines along the Turkish coasts of the Black Sea is not 
common. For this reason, most of the fishermen do not have 
enough information about longline fisheries.The goal of the 
present study was to investigate the effect of hook size and bait 
type used in bottom longline on the whiting catch. 

MATERIALS AND METHODS

Study area and experimental fishing trials
This study was conducted along the Ünye coasts of the 
South-eastern Black Sea in the area 41°06´ – 41°08´ N, 37°22´ – 
37°260´ E (Figure 1). 

In the study, a set of bottom longline with 100 hooks was used. 
Longline have 20 hooks from each of 2, 4, 6, 8 and 10 hook sizes. 

Hooks were attached to the main line in order “2,2,2,2; 4,4,4,4; 
6,6,6,6; 8,8,8,8; 10,10,10,10”. This procedure was repeated 5 times. 
The hooks were standard “J” large-shank hooks (Youvella). The 
structural size measurements of the hooks are shown in Figure 2. 

In addition, technical characteristics of the bottom longline used 
in the trials are given in Table 1. A plastic basin of 50 cm diameter 
was used as the longline basket. Floats are attached to a big ce-
ment weight (about 5 kg) by means of a rope at the beginning 
and end of the main line. As seen in Figure 3, during the fishing 
operation floats and sinkers were attached with a rope at begin-
ning and end of the main line. During the study which was carried 
out between March 2017 and February 2018, a total of 24 trials 
were conducted twice a month. The depth of the fishing trials 
conducted was about 30 m in the summer when the water tem-
perature increased, while it reached a depth of 80 m in the winter 
months. When fishing in shallow areas (30-35 m) during the sum-
mer months, the depth went down to 80 m due to the decrease in 
water temperature. It is known that this fish species migrates to 
the waters below the thermocline layer in summer and lives in wa-
ter temperatures of 7.5-8.5 ° C (Knudsen, Zengin & Koçak, 2010). 

In this study, squid, horse mackerel, whiting and chicken breast 
were used as bait to investigate the effect of hook size and bait 
type on catch amount. As mentioned above, many previous 
studies reported that more fish were caught in the hooks baited 
with squid. For this reason, squid was also used as bait in the tri-
als. Chicken breast was preferred because it was cheap and eas-

Figure 1. The study area in the Ünye coasts of the South-
eastern Black Sea.

Figure 2. Hooks used in making longline and their structural 
dimensions.

Table 1. Technical characteristics of the bottom longline 
used in trials

Gear Specification

Length deployed (m) ~300 m
Mean soak time (hour) About one hour
Hook type J-hook
Hook size 2, 4, 6, 8 and 10
Number of hooks 20 hooks for each sizes
Diameter of main line (mm) PA multifilament Ø 4.2 mm
Material of branchline (snood) PA monofilament Ø30
Branchline length 50 cm
Float line PP Ø 3 mm
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ily available. In the study, the bait types were cut into cubes wher-
ever possible and in equal sizes proportional to the hook size. In 
each trial, a total of 20 hooks from each size group were baited 
with squid, horse mackerel, chicken breast and whiting. A wood-
en fishing boat of 7.30 m length with 32 HP motor was rented for 
the fishing trials. Longline remained about one hour at sea and 
then it was hauled from the sea. After the fish were separated 
from the hooks, they were classified according to the size of the 
hooks and the bait types. The total length and weight of the 
whiting samples were measured to the nearest 1 mm and 
weighed to the nearest 0.01 g. 

Data analysis
CPUEn (Catch Per Unit Effort by number of fish) and CPUEb (Catch 
Per Unit Effort by biomass of fish) were calculated for each hook 
size and bait type. In the calculation of CPUEn and CPUEbequa-
tions by Godøy, Furevik & Løkkeborg (2003) were used:

Catch Per Unit Effort for No. of fish,
 

Catch Per Unit Effort for biomass, 

N: No. of fish

W: biomass of fish

h: number of hooks per setting

t: number of setting

Statistical analysis
First, a normality test (Shapiro-Wilk test) and a homogeneity test 
(Levene test) were applied to the data. The differences in catch 
rate and in size among hook sizes and bait types were assessed 
for each hook size and bait type using one-way analysis of vari-
ance (ANOVA, α=0.05) or Kruskal-Wallis test (α=0.05) for para-
metric or non-parametric data, respectively. When statistical dif-
ferences in catch and in fish size were observed, LSD test in para-

metric data and Mann-Whitney U-test in non-parametric data 
were applied for pairwise compare of mean significant differenc-
es. Statistical analysis was conducted using SPSS package pro-
gram.

RESULTS AND DUSCUSSION

Effect of hook size on catch
During the study, 373 whiting with a total mass of 8439 g were 
caught. Most whiting were obtained with hook no 2 (Table 2). The 
CPUEb of the whiting caught with hook no 2 was higher by 1.16, 
1.44, 1.35 and 1.46 times than the those caught with hooks no 4, 
6, 8 and 10, respectively. 1.24, 1.17 and 1.26 times more whiting 
were caught with hook no 4 than with hooks no 6, 8 and 10, re-
spectively. On the other hand, hooks no 6, 8 and 10 had similar 
CPUEb values of whiting. Catch rates were significantly affected 
by hook size for whiting fishing (Kruskal-Wallis test; P<0.05). The 
amount ofwhiting caught with hook no 2 was significantly higher 
than that caught with hooks no 6 (Z=-2.269; P=0.023), 8 (Z=-
2.070; P=0.038) and 10 (Z=-3.707; P=0.000). Similarly, the catch 
amounts of whiting caught with hooks no 4 and 6 were statistical-
ly different (Mann-Whitney U test; Z=-2.634; P=0.008).

Hook size significantly influences the catch amount of a species 
as well as its size (Patterson, Porch, Tarnecki & Strelcheck, 2012). 
Therefore, increasing the hook size can affect catch efficiency 
and reduce the chances of catching small fish (Alós, Cerdá, 
Deudero & Grau, 2008; Campbell, Pollack, Driggers & Hoffmay-
er, 2014). Our results indicated that most whiting were caught by 
hook no 2, while it decreased gradually with decreasing hook 
size (from 2 to 10). Özdemir et al. (2006) reported that hook size 
in the bottom longline fisheries in the Gulf of Izmir affects catch 
amount. On the other hand, Ekanayake (1999) found that in the 
waters of Sri Lanka the catches were similar for hooks no 7 and 
12. It is understood that the effect of hook size on catch amount 
and fish size may vary from species to species and even from 
habitat to habitat for the same species.

The weights of the whiting samples varied between 19.3 g and 
26.8 g and their length ranged from 13.6 cm to 15.4 cm. Length 
and weight distributions of whiting samples are shown in Figure 
4 and 5. These figures showed that the weight and length of the 
whiting samples increased with increasing hook size (hook size 
from no 10 to 2). This paper concludes that the size of the fish 
caught increases with an increase in hook size. In many studies, it 
has been concluded that hook size is directly related to the 

Figure 3. Diagram of longline used in this study.

Table 2. Number (N), Biomass (g), CPUEn (No. of fish 
hook-1 h-1) and CPUEb (g hook-1 h-1) of the whiting 
by hook size

Hook no
No. of Fish
(N)

Biomass 
(g)

CPUEn

(N)
CPUEn

(weight)

2 79 2119 0.165 4.415
4 80 1830 0.167 3.813
6 68 1470 0.142 3.063
8 71 1570 0.148 3.271
10 75 1450 0.156 3.021
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length of the fish caught. For example, McCracken (1963) and 
Saetersdal (1963) conclude that the lengths of Gadus morhua 
and Merlanogrammus aeglefinus in the longline fishery increased 
with increasing hook size. In the study carried out by Çekiç & 
Başusta (2004) in the Mediterranean, it was found that the fish-
caught by hooks no. 8 and 10 were larger than those caught by 
hook no. 14. Erzini, Gonçalves, Bentes & Lino (1995) also report-
ed similar results.

The results of the pairwise comparisons with the Mann-Whitney 
U test showed that the difference of average weights were statis-
tically significant between hooks no 2 and 6 (Z=-2.269; P=0.023), 

2 and 8 (Z =-2.070; P=0.038), 2 and 10 (Z =-3.707; P=0.000), 4 and 
10 (Z=-2.634; P=0.008). In terms of average length, differences 
were found to be significant between hooks no 2 and 6 (Z=-
2.861; P=0.004), 2 and 8 (Z=-2.101; P=0.036), 2 and 10 (Z=-4.321; 
P=0.000), 4 and 10 (Z=-3.160; P=0.002), 8 and 10 (Z=-2.160; 
P=0.031).

Effect of bait type on catch
Most of the whiting were caught by hooks baited with squid (114 
individuals, 2517 g). This bait type was followed by horse mack-
erel in biomass (Table 3). In terms of the effect of the bait type on 
catching yield, squid (Z=-2.823; P=0.005), horse mackerel (Z=-
2.624; P=0.009) and chicken breast (Z=-2.673; P=0.008) were dif-
ferent from whiting.

CPUEb of whiting for squid was 1.07, 1.11 and 1.92 times higher 
than that of the horse mackerel, chicken breast and whiting, re-
spectively. Statistical analyses showed that there was no differ-
ence among the average weights (𝓧2 = 2.501, df = 3, P=0.475) 
and the average lengths (𝓧2 = 3.155, df = 3, P=0.368) of the whit-
ing caught with bait variety. In other words, bait types used in this 
study did not affect the size of the whiting caught for the longline 
fisheries in the south-eastern Black Sea. The behaviour of the fish 
that is directed to longline is affected by the bait at all stages of 
the process of catching the hook, searching for the location of 
the bait, attacking the food, inserting the bait in the mouth, or in-
serting it into the hook (Løkkeborg, 1989). The effect of nutrient 
availability is the first necessary step during feeding. Almost all 
fish use their sniffing senses to locate a distant bait. On the other 
hand, baits leave chemical stimulants that will affect living things 
in the environment. The chemical structure of the bait also af-
fects the feeding preference of the species. In addition, the spe-
cies’ vision, sniffing senses and mouth structure, depending on 
both hook shape and bait size, has an effect on the amount and 
composition of catch (Løkkeborg & Johannesen, 1992).

This is clearly seen in Figures 6 and 7 showing the weight and 
length distributions of the whiting samples caught by the bait va-
rieties. The average weight of the whiting caught with bait variet-
ies ranged from 21.9 to 24.0 g and the average length ranged 
from 14.2 to 14.7 cm. 

The main factors affecting longline fishing are migration move-
ments and behaviours of target species or species in longline 

Figure 4. Weight distribution of whiting samples caught by 
hook size.

Figure 5. Length distribution of whiting samples caught by 
hook size.

Table 3. Number (N), Biomass (g), CPUEn (No. of fish 
hook-1 h-1) and CPUEb (g hook-1 h-1) of the whiting 
by bait types

Bait
Fish  

number
Biomass (g) CPUEn CPUEb

Squid 114 2.517 0.190 4.195
Horse  
mackerel

98 2.353 0.163 3.922

Chicken 
breast

100 2.259 0.167 3.765

Whiting 61 1.310 0.102 2.183
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fishing, their depth, water movements, feed type, the physical 
properties of the hooks used, catching time and duration, physi-
cal properties of the main body and shackle materials (Björdal, 
1981). Our study determined that most whiting was caught by 
hook baited with squid. This bait was followed by chicken breast 
and horse mackerel, respectively. Hooks baited with whiting 
yielded the least catch of whiting. It is noteworthy that some 
longline studies show catching efficiency to be high where squid, 
or other cephalopod, and horse mackerel are used as bait. For 
example, in a study conducted on the coast of Sinop, 64% and 
36% of the total catch in weight was caught by hooks baited with 
horse mackerel and anchovy, respectively (Özdemir, Erdem & 

Çetin, 2007). In a similar study conducted by Çekiç & Başusta 
(2004) in the Gulf of İskenderun it was reported that 473 of a total 
of 1059 fish were caught by hooks baited with squid, and 586 of 
them were caught by hooks baited with sardine. In another long-
line fisheries study in İzmir Bay, the catch ratio of hooks baited 
with sardine and squid-fed hooks was found to be 1: 3.5 (Öz-
demir et al., 2006). In a study conducted in Sri Lankan waters, it 
was reported that 36.5% of the total catch was caught by hoosk 
baited with squid, 27.7% by hooks baited with herring and 35.9% 
by hooks baited with sand snakes (Ekanayake, 1999). According 
to He (1996) the squid as bait remains longer on the hook than 
the fish as bait. This affects catching efficiency. Both the results of 
our study and the results of the above mentioned studies show 
that whiting generally prefer squid and horse mackerel as bait in 
longline fisheries. Almost all the whiting caught with hooks used 
in the study were determined to be larger than the minimum 
landing size (Tarım ve Köyişleri Bakanlığı, 2016). This shows that 
when compared to bottom trawl fishing, longline fishing does 
not harm the whiting population.

CONCLUSION

The results of our research show that while the number of whiting 
caught did not differ significantly with the increase in hook size, 
the size of whiting caught increased with hook size. Therefore, 
the hook number to be used in longlines for fishing of whiting in 
the south-eastern Black Sea should be size 2 or larger. In this way, 
a greater catch of whiting will be obtained while at the same time 
preventing the fishing of small whiting. When the bait types used 
in our study are taken into consideration, squid should be used 
as a bait for the fishing of whiting with longline. Alternatively, 
Mediterranean horse mackerel meat and chicken breast can also 
be a choice of bait in bottom longline fishing.
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ABSTRACT
Freshwater resources are used for many purposes such as drinking, tap water, industrial usage and 
agricultural irrigation. Although unpolluted surface waters and groundwater are preferred for the 
irrigation of landscape plants in parks and gardens, snowmelt water is generally ignored. Like oth-
er precipitation types, snow can absorb solid and liquid substances in the atmosphere and it can 
rain on the earth with its natural chemical structure changed. Also, this water from snowmelt which 
includes different chemicals can enter surface waters and groundwater resources. In this study, the 
snowmelt water quality in outdoor green areas of the Van Province was examined. Some physi-
co-chemical features (pH, conductivity, salinity, Ca, Mg, total hardness, Cl, NO3-N, NO2-N, SO4, and 
PO4) of the snow samples were taken at monthly intervals from six sampling stations between the 
dates of December 2019 - February 2020. Also, metal ion concentrations (Cd, Pb, As, Cu, Cr, Co, 
Ni, Zn, Fe, Mn, B, Se, Ba, Al, Na, Be, V, Mo, Si, K, Sr, Ag, Sb, Tl) and the values of SAR (Sodium Ad-
sorption Ratio) and Na% in some sampling stations, which have intense industrial and settlements 
located in the area, were determined to evaluate the water quality level of the snowmelt water. 
While, it was observed that some parameters values exceeded the first quality level when com-
pared with the quality levels of the surface water resources control regulation of Turkey and the 
rates in irrigation water quality values, a general evaluation of the results showed that snowmelt 
can be alternative irrigation water for plants. Also, the species of the landscape plants in the stud-
ied area were identified and the possible effects of the parameters on the development of the 
plants were discussed. 

Keywords: Freshwater, snowmelt, landscape plants, metal ions, irrigation water

INTRODUCTION

In urban outdoor green areas, the visual land-
scape is provided by annual or seasonal plants. 
The surface waters and groundwater are gener-
ally used as irrigation resources for the plants in 
outdoor green areas. Furthermore, snow melt-
water released by snowfall is also a potential ir-
rigation water source for plants in these areas at 
spring season especially (Cooper, Dullinger, & 
Semenchuk, 2011). But, snow properties which 
are ignored generally can cause significant 
changes in soil and vegetation processes (Rixen 
et al., 2008). The atmosphere, one of the main 

receptive environments such as water and soil, 
may also be exposed to increasing pollutants, 
especially due to the intensive use of fossil fuels 
in winter. As the water vapour in the atmo-
sphere condenses and descends to the soil in 
the form of rain, snow or hail, it is likely that 
these pollutants involved in precipitation have 
some effect on the soil and therefore on the 
plants (Rixen et al., 2008; Seven, Can, Darende, 
& Ocak, 2018). However, depending on the use 
of fossil fuels and industrial activities, pollutants 
enter the atmosphere and can be included in 
the precipitation. Thus it can lead to negative 
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physico-chemical contents that affect plant growth (Yücedağ & 
Kaya, 2016). In some studies, it has been reported that snowmelt 
water contains some elements in higher proportions than rainwa-
ter, and surface water is affected by the melting of snow (Hagen 
& Langeland, 1973; Johannessen & Henriksen, 1978; Jeffries, 
1990; Pehlivan, 2016; Galeczka, Sigurdsson, Eiriksdottir, Oelkers, 
& Gislason, 2016). 

Up to now, there has not been a study on the snowmelt water 
quality in the landscape areas of the Van Province. In this study, 
physico-chemical properties of water from snowmelt in the out-
door green areas of Van province were examined. Thus, it was 
aimed to determine snowmelt water quality which can enter the 
surface and groundwater resources. Also, the possible effects of 
snow meltwater as an alternative irrigation water on the growth 
of the landscape plants were discussed in this study. 

MATERIALS AND METHODS

The Van province which is located on east side of Turkey and has 
20921 km2, is a major city with a population of over 1 million. Fossil fu-
els for heating and transportation are used throughout the city, and 
organisations from different industries are also located in the region. 
There are many parks and gardens created for recreation in the out-
door green areas of the city and they have many different landscape 
plants which are completely under snow in the winter season. 

In this study, a total of 6 sampling stations were selected from 
recreational outdoor green areas which contain plants planted 
by the municipality: Van-Kocaeli Dostluk Park (st1), Kurtuluş Park 
(st2), 15 Temmuz Şehitler Park (st3), Atatürk Kültür Park (st4), 
Yüzüncü Yil University Alle Park (st5), Iskele Yasar Kemal Park (st6) 
(Fig.1). The snow samples were taken from the surface to 5 cm of 
snow package at monthly intervals (December 2019, January 
2020 and February 2020) under sterile conditions, they put into 1 
L polyethylene cups and allowed to melt at room temperature 
(+24 oC). The values of pH and conductivity (EC as µS cm-1) were 
measured during the field studies and the water samples from 
snowmelt were filtered by filtered paper and were transported to 
the laboratory to analyse Ca, Mg, total hardness (TH), Cl, salinity, 
NO3-N, NO2-N, SO4, PO4 (Egemen & Sunlu, 1999). 

Also, the melting snow samples taken from the sampling stations 
st1, st2 and st5, which are located at areas that have intense indus-
trial and settlements, were put into sterile polyethylene bottles 
(100 cc) with the addition of 0.1 N.HNO3 to reduce pH levels below 
2 and transported to the laboratory to measure some metal ion 
concentrations (Van Loon, 1980; Welz & Sperling, 1999). The aver-
age values were taken after three replicated at flame atomic ab-
sorption spectrophotometer (Perkin-Elmer A-Analyst 800 device). 
Also, the values   of Na+, Ca+2, Mg+2, K+ ions were converted to me 
L-1 from the obtained chemical analysis results and the SAR value 
(sodium adsorption ratio) and the Na% (sodium percentage ratio) 
were calculated (Ayers & Wescott, 1985; FAO, 2007). 

Alp (1999), Yeler & Yeler (2019) and Van Lake Basin Virtual Herbar-
ium (Demirkuş, 2019) were used to identify the landscaping 
plants. The species were separated into four groups as ever-
green trees (ET), deciduous trees (DT), evergreen shrubs (ES), 
and deciduous shrubs (DS). The Bray-Curtis Cluster Analysis in 
the program “BioDiversity Pro 2.0” was used to determine the 
similarities of the sampling stations for their floral diversity 
(McAleece, Gage, Lambshead, & Paterson, 1997). 

RESULTS AND DISCUSSION

Snow thicknesses at the sampling stations were measured as 7 
cm (Dec.), 15 cm (Jan.), and 7 cm (Feb.) The physico-chemical re-
sults and their average values of the snowmelt water samples are 
presented in Table 1 and Figure 2.

Physico-chemical properties: The pH can affect the availability of 
macro and micro nutrients by plants when it has an undesirable 
level (Toor & Lusk, 2011). pH values   were observed between the 
levels of 6.5 and 8.4 in this study (Toor & Lusk, 2011). When the 
results were evaluated according to the limits in Surface Water 
Resources Control Regulation (SWRCR) of Turkey and irrigation 
water quality (Ayers & Westcot, 1985; Toor, 2009; Anonymous, 
2004, 2010; Toor & Lusk, 2011; Erdoğan & Dağdelen, 2012): the 
EC were found at compatible levels for the freshwater character 
(45.7-131.5 µS cm-1). These values showed parallelism with the sa-
linity (0.02-0.05 ‰), the chloride (1.99-14.99 mg L-1) and the TH 
values (2.4-5.4 FS0). The EC values should range between 0-3 dS 
m-1 for irrigation water and they should have a value of < 700 µS 
cm-1 as there is human contact in landscape areas such as parks 
and gardens (Ayers & Westcot, 1985; Anonymous, 2010). In this 
study, the EC values were determined at T1 class in terms of irri-
gation water, and high quality in terms of  classification by the 
Schofield method (Erdoğan & Dağdelen, 2012). In a study carried 
out at Van Çaldıran Plain, which is located close to our area of 
study, it was reported that the EC in the surface waters of the re-
gion was 1203 µS cm-1 higher than our results (Aydın, 2017). 
Woodless plants rather than annual plants are sensitive to chlo-
ride concentrations (Ayers & Westcot, 1985). The Cl values were 
observed at first class water quality in this study, and < 4 me Cl L-1 
signals that this water resource could be used even in the irriga-
tion of sensitive plants according to the Schofield method (Anon-
ymous, 2004; Erdoğan & Dağdelen, 2012). It is reported that irri-
gation of the soil with this water has high a sodium concentration 
and disturbs the physical structure of the soil and this prevents 
plant growth, indirectly (Erdoğan & Dağdelen, 2012). Although 

Figure 1. Location of Van province and the sampling stations.
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most annual plants are not very sensitive to sodium, the excess 
sodium rate still has a toxic effect on plants. In addition, it is rec-
ommended to determine the SAR (Sodium Adsorption Ratio) 
value for the effect of sodium in irrigation waters (Ayers & 

Wescott, 1985). In this study, the SAR and Na% did not exceed 
the limits for irrigation water quality (SAR values and Na% were 
calculated as 0.11 and 12.5% for st1, 0.12 and 11.9% for st2, 0.40 
and 8.4% for st5, 0.07 and 7% for December, 0.14 and 16% for 

Table 1. The results of physico-chemical features of the sampling stations.

Parameters/Stations St1 St2 St3 St4 St5 St6

D
ec

em
b

er
 2

01
9

pH 7.39 7.50 7.68 7.38 8.36 8.70
Conductivity (µS cm-1) 54.2 75.7 98.2 62.5 48.4 131.5
Magnezyum (mg L-1) 0.19 0.26 0.38 0.46 0.29 0.48
Calcium (mg L-1) 4.80 7.21 5.61 6.41 7.21 4.80
Total Hardness (FSº) 2.8 4 4.6 5.4 4.2 5.2
Salinity (‰) 0.03 0.02 0.03 0.05 0.05 0.03
Chloride (mg L-1) 5.99 8.99 10.99 8.99 5.99 14.99
NO2-N (mg L-1) 0.037 0.034 0.026 0.030 0.053 0.022
NO3-N (mg L-1) 4.540 4.208 6.866 4.651 6.091 5.759
Phosphate (mg L-1) 0.007 0.004 0.079 0.055 0.072 0.143
Sulphate (mg L-1) 0.37 0.41 0.303 0.394 0.359 0.253

Ja
nu

ar
y 

20
20

pH 7.64 7.63 7.56 7.65 7.55 7.75
Conductivity (µS cm-1) 58.5 78.2 98.4 66.7 45.7 119.7
Magnezyum (mg L-1) 0.34 0.26 0.29 0.34 0.29 0.41
Calcium (mg L-1) 4 7.21 5.61 3.20 2.40 4
Total Hardness (FSº) 3.8 4 3.8 3.6 3 4.4
Salinity (‰) 0.05 0.03 0.04 0.04 0.02 0.02
Chloride (mg L-1) 12.99 4.99 7.99 3.99 4.99 4.99
NO2-N (mg L-1) 0.026 0.018 0.011 0.020 0.040 0.009
NO3-N (mg L-1) 5.53 4.96 7.70 6.06 7.17 6.86
Phosphate (mg L-1) 0.003 0.010 0.139 0.091 0.088 0.190
Sulphate (mg L-1) 0.371 0.394 0.280 0.337 0.299 0.204

Fe
b

ru
ar

y 
20

20

pH 7.59 7.65 7.60 7.58 7.70 7.68
Conductivity (µS cm-1) 60.2 80.3 96.2 68.3 48.6 122.3
Magnezyum (mg L-1) 0.04 0.24 0.24 0.36 0.60 0.17
Calcium (mg L-1) 8.01 2.40 8.01 4.80 8.01 6.41
Total Hardness (FSº) 2.4 2.6 2.8 4.2 7 3
Salinity (‰) 0.03 0.02 0.03 0.02 0.04 0.02
Chloride (mg L-1) 1.99 2.99 1.99 3.99 2.99 4.99
NO2-N (mg L-1) 0.008 0.007 0.006 0.0002 0.018 0.001
NO3-N (mg L-1) 7.199 4.433 6.645 7.199 7.973 7.530
Phosphate (mg L-1) 0.0008 0.005 0.149 0.094 0.094 0.216
Sulphate (mg L-1) 0.329 0.363 0.223 0.268 0.223 0.147

TH
E 

A
VE

RA
G

E 
VA

LU
ES

 

St1 St2 St3 St4 St5 St6

pH 7.54 7.59 7.61 7.53 7.87 8.03
Conductivity (µS cm-1) 57.6 78.0 97.6 65.8 47.5 124.5
Magnezyum (mg L-1) 0.19 0.25 0.30 0.38 0.39 0.35
Calcium (mg L-1) 5.6 5.6 6.4 4.8 5.8 5.0
Total Hardness (FSº) 3.0 3.5 3.7 4.4 4.7 4.2
Salinity (‰) 0.03 0.02 0.03 0.03 0.03 0.02
Chloride (mg L-1) 6.99 5.65 6.99 5.65 4.65 8.32
NO2-N (mg L-1) 0.023 0.019 0.014 0.016 0.037 0.010
NO3-N (mg L-1) 5.75 4.53 7.07 5.97 7.07 6.71
Phosphate (mg L-1) 0.003 0.006 0.122 0.080 0.084 0.183
Sulphate (mg L-1) 0.356 0.389 0.268 0.333 0.293 0.201
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January, 0.07 and 8% for February. So, the SAR values   were found 
<1 value and were determined in the A1 category (Erdoğan & 
Dağdelen, 2012). The Na% values were found far below the 50-
60% value that would damage the trees and decorative woody 
plants that are more sensitive to soil and especially sodium (Ayers 
& Westcot, 1985; Erdoğan & Dağdelen, 2012). All the sampling 
stations were found to be of first class quality and had desirable 
values in terms of SO4, while the NO3-N values   exceed this level 
(Ayers & Westcot, 1985; Anonymous, 2004). Also, the NO2-N ra-
tios were found to be of second and third class quality while the 
PO4 contents were found at first class in all of the sampling sta-
tions except st5 which has the most landscape plant diversity. 
However, it may be more appropriate to determine the amount 
of nitrogen to evaluate the toxic effects of the nitrogen content 
contained in these compounds on plants. According to the cal-
culations made based on the NO3-N values per L (the maximum 
value was measured as 7.9 mg NO3-N L-1 in this study), it was ob-
served that the nitrogen amount in the snow meltwaters was 
even below 5 mg L-1 which is a harmful ratio for sensitive plants in 
irrigation waters (Ayers & Westcot, 1985; Erdoğan & Dağdelen, 
2012). In one study, it was reported that the SO4 concentrations 
increased from 2 to 14 mg L-1 in the stream waters in the area 
during and immediately after the snow melts (Siegel, 1981). In 
another study, it was determined that the NO3-N and SO4 in rain-
water were higher than those in snow melt (Pehlivan, 2016). The 
SO4, which is less toxic than chlorine in irrigation waters, causes 
calcium to precipitate in high concentrations, causing plants not 
to get calcium (Arslan, Güler, Cemek, & Demir, 2007). For this 
reason, it is recommended that the SO4 value in irrigation waters 
should not exceed 20 me L-1 (Ayers & Westcot, 1985). 

Metal ions: Data on the metal ions from the st1, st2, and st5 are 
presented in Table 2. In this study, the snowmelt water was deter-
mined as being of a first class water quality level in terms of the 
Cd, As, Cu, Cr, Co, Fe, Mn, B, Se, Ba, Al, Na, Pb, Zn concentra-
tions according to the SWRCR and the values of Be, Cd, Ni, V, K, 
Si did not exceed the limit values   given for irrigation water (Anon-
ymous, 2004; Erdoğan & Dağdelen, 2012; Smith, Oster, & Sposi-
to, 2014; Horuz, 2016). The chloride and boron are most com-
monly ions to lead toxic hazard to the plants at higher than the 
critical levels which is 70 ppm for Cl and 0.7 ppm for Boron (Toor 

& Lusk, 2011). In this study, the boron values   determined be-
tween 0.001 mg L-1 and 0.4 mg L-1 were found to be of a quality 
that can be used even for sensitive plants, and they were found 
in first class level irrigation water quality according to the Chris-
tiansen system (Erdoğan & Dağdelen, 2012). Although the values 
of Pb in st5 at January and Zn in st2  in December exceeded the 
first quality class levels at the SWRCR, these values   were found at 
far below the toxic limits (5 mg Pb L-1 and 2 mg Zn L-1) for the irri-
gation of plants (Anonymous, 2010; Erdoğan & Dağdelen, 2012). 
But, it was observed that the Mo value exceeded the limit value 
0.01 mg L-1 (10 ppb) in January at the all sampling stations (Er-
doğan & Dağdelen, 2012). It is reported that the high rates of 
molybdenum, which are effective on nitrogen fixation in soil, will 
decrease the nitrogen fixation of the plant (Vuralın & Müftüoğlu, 
2012). When determining the quality of irrigation water for plants, 
the total salt concentration, the percentage of sodium and its re-
lation to other cations, the amount of calcium and magnesium, 
as well as the Boron concentration, which has a significant impact 
on plants, are taken into consideration (Özer & Köklü, 2019). 
Also, the chloride values were found at <10 ppm. In one study it 
was reported that snow water is richer in terms of certain ele-
ments (Al, Ba, Cu, Pb, Mn, Ni, Si, U and Zn) than rainwater (Peh-
livan, 2016). The reason for this can be considered as the release 
of major ions, trace metals and organic pollutants contained in 
snow masses into surface waters with melting of snow (Jeffries, 
1990). This provides a reduction in pH, acid neutralisation capac-
ity and base cations in surface waters, especially in spring (Jef-
fries, 1990). 

While the ground of all the sampling stations was covered with 
mixed turfgrass, a total of 45 landscape plant species were deter-
mined in the study area and the species were separated to four 
groups: evergreen trees (ET) with 13 species, deciduous trees 
(DT) with 17 species, evergreen shrubs (ES) with 7 species, decid-
uous shrubs (DS) with 8 species (Table 3).  The diversity of the 
landscape plant species in the sampling stations was determined 
as st5 > st1 > st4 > st3 and st6 > st2 (Figure 3). When the sam-
pling stations were compared using the Bray-Curtis Cluster Anal-
ysis method in terms of the flora diversity they contain, it was 
found that the stations st5 and st1 were the most similar (58% 
similarity), and the stations st3 and st2 were completely different 
from each other (Figure 4).

CONCLUSION

When the results of the snowmelt water obtained in this study 
was compared with the quality levels in SWRCR of Turkey 
(Anonymous, 2004), it was found that it has a first class water 
quality level for a lot of parameters. Although the concentra-
tions of some parameters (NO2-N, NO3-N, PO4, Pb and Zn) in 
some sampling stations exceeded the first quality level, these 
concentrations were not found above the limit values for irriga-
tion (Ayers & Westcot, 1985; Anonymous, 2004; Erdoğan & 
Dağdelen, 2012). It was observed that only the Mo values ex-
ceed the maximum limit for irrigation water in all of the sam-
pling stations in January. It is known that this metal is used in 
the steel industry and it is an essential element for higher plants 
and its toxicity danger in plants is small (Anke & Seifert, 2007). 
The values of pH, conductivity, Na, K, Ca, Mg, total alkalinity, Cl, 

Figure 2. The distribution of average values of the physico-
chemical parameters   in the sampling stations.
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SO4, total hardness, B and SAR are taken into consideration in 
determining the irrigation water quality (Ayers & Westcot, 1985; 
Anonymous, 2004; FAO, 2007; Hussain, Alquwaizany, & Al-
Zarah, 2010; Erdoğan & Dağdelen, 2012). When the data ob-
tained in this study were evaluated considering the mentioned 
parameters, it was determined to have a very good water qual-
ity in terms of Schofield classification system (Erdoğan & 
Dağdelen, 2012). Furthermore, according to the sodium dia-
gram by Wilcox, the quality of the studied samples was found 
to be of S1 category (Hussain et al., 2010). 

It has been observed that perennial woody plants are generally 
used as landscape plants in the study area. There is also mixed 
grass material in the study area and seasonal/sensitive cultivars 
are planted in these areas after the winter period. In this study, it 
was observed that some parameters exceeded the first class wa-
ter quality level in the SWRCR (Anonymous, 2004). It is possible 
that these substances enter underground and surface water 
sources with the melting of snow and are to be used in the irriga-
tion of sensitive plants to be planted in  landscape areas after the 
winter period.

Table 2. The metal ion concentrations of the sampling stations.

December 2019 January 2020 February 2020

ppb St1 St2 St5 St1 St2 St5 St1 St2 St5

Cd 0.130 0.055 0.061 0.071 0.186 0.055 0.029 0.041 0.034
Pb 11.896 10.332 7.252 1.802 0.989 60.212 2.457 6.063 0.976
As 7.216 8.098 6.454 7.128 6.481 6.212 7.169 6.779 6.346
Cu 10.417 13.790 4.637 9.409 5.755 6.442 5.821 8.028 6.185
Cr 1.491 1.291 0.988 1.373 1.223 11.802 1.197 1.979 1.667
Co 0.697 0.366 0.112 0.133 0.083 0.249 0.093 0.155 0.093
Ni 3.212 4.346 0.928 4.728 6.947 9.987 1.917 4.730 1.082
Zn 106.133 479.764 34.642 32.730 27.409 95.441 15.394 115.643 36.786
Fe 129.516 70.380 47.394 137.653 43.797 98.284 46.238 93.089 108.955
Mn 11.250 4.784 3.314 4.180 3.036 6.900 3.486 5.547 2.929
B 5.335 2.613 40.884 5.941 9.572 11.934 3.253 4.301 1.121
Se 1.425 1.317 1.384 1.443 1.380 1.456 1.427 1.333 1.335
Ba 61.383 35.417 49.982 18.939 22.378 92.938 11.657 67.992 18.194
Al 113.568 68.127 59.135 104.826 68.458 115.820 31.908 64.013 71.233
Na 945.686 879.675 796.549 1309.536 1633.743 917.333 1006.926 974.995 568.483
Be 0.010 0.006 0.004 0.009 0.004 0.009 0.003 0.007 0.005
V 8.705 9.604 9.497 9.612 8.460 8.882 8.604 9.156 9.429
Mo 10.512 9.851 8.265 45.291 135.339 23.146 9.434 8.793 8.432
Si 187.114 193.613 149.674 132.112 99.013 184.270 117.322 151.785 211.288
K 374.463 214.730 234.453 555.872 256.899 239.428 347.163 361.952 242.486
Sr 7.451 5.288 3.829 6.680 8.933 14.336 5.157 7.880 4.079
Ag 1.959 2.355 1.427 1.594 1.498 2.507 28.641 46.106 17.009
Sb 0.228 0.149 0.121 0.139 0.148 0.177 0.156 0.134 0.118
Tl 0.007 0.005 0.004 0.005 0.003 0.005 0.002 0.004 0.003

Figure 3. The distribution of landscape plants in the sampling 
stations.

Figure 4. The similarities of the sampling stations according 
to the floral contents.
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Consequently, the quality of snow meltwater was examined in 
the outdoor green areas of the Van province in this study. The 
obtained results showed that the snow meltwater were not at the 
concentrations that would cause negative effects on the land-
scape plants in the study area. It was thought that the high values   
encountered at some stations from time to time may be due to 
the atmosphere. It is recommended that snow water is also con-
sidered as an alternative irrigation source for outdoor green ar-
eas and should be monitored periodically.
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Table 3. The list of landscape plant species determining 
in the sampling stations.

Group Species ↓ Stations→ st
1

st
2

st
3

st
4

st
5

st
6
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ve

rg
re

en
 T

re
es

  
(E

T)

Abies nordmanniana ● ● ●
Aesculus hippocasta-
num

● ●

Cedrus libani ● ● ●
Cupressus arizonica ● ● ●
Platanus orientalis ● ● ●
Populus alba ● ● ● ●
Picea pungens ● ●
Picea orientalis ● ● ● ●
Pinus nigra ● ● ● ● ●
Pinus sylvestris ● ●
Quercus robur ● ● ●
Thuja occidentalis ● ●
Thuja orientalis ● ● ●

D
ec

id
uo

us
 T

re
es

  
(D

T)

Acer negundo ● ● ●
Acer platanoides ● ●
Acer pseudoplatanus ● ●
Betula pendula ● ●
Catalpa speciosa ● ●
Elaeagnus angusti-
folia

● ●

Fraxinus excelsior ● ● ●
Malus domestica ●
Malus floribunda ● ●
Morus alba ● ● ●
Morus platanifolia ● ●
Prunus cerasifera ● ●
Salix alba ● ●
Salix babylonica ● ● ●
Syringa vulgaris ●
Tamarix tetrandra ● ●
Tilia tomentosa ●

E
ve

rg
re

en
 S

hr
ub

s 
(E

S)

Ilex crenata ●
Juniperus horizon-
talis

● ● ● ●

Juniperus sabina ● ● ●
Photinia Serrulata ● ● ●
Prunus laurocerasus ● ●
Pyracantha coccinea ● ● ● ●
Viburnum tinus ● ●

D
ec

id
uo

us
 S

hr
ub

s 
 

(D
S)

Berberis thunbergii ●
Cotoneaster horizon-
talis

●

Cydonia japonica ●
Ribes aureum ●
Rosa polyantha ● ● ●
Spiraea vanhouttei ●
Viburnum opulus ● ●
Vitex agnus-castus ●
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ABSTRACT
Champsodon nudivittis (Ogilby, 1895), also known as the nakedband gaper, is distributed in the 
Aegean and Levantine parts of the Mediterranean Sea. It has been reported in the Mediterranean 
Sea as a Red Sea immigrant. The first record of the species in the Mediterranean Sea was reported 
in 2009 from the Levantine coasts. In this study, two individuals of nakedband gaper were captured 
about two months apart from the north of Gokceada Island, in the North Aegean Sea. The speci-
mens were obtained using a trawl at depths of 100-120 m. Their total lengths were measured as 117 
and 122 mm. This report extends the distribution of C. nudivittis to the North Aegean Sea, marking 
its northernmost record in the Mediterranean Sea to date. Moreover, the species is the second Red 
Sea originated fish recorded in the area between Gokceada Island, Samothraki Island and Saros 
Bay. C. nudivittis is known as a predator, hence, its population density should be monitored and its 
impact on the ecosystem should be assessed in the North Aegean Sea. 

Keywords: Champsodontidae, new record, Nakedband Gaper, North Aegean Sea, Turkey

INTRODUCTION

According to Nemeth (1994), the family Champ-
sodontidae has one genus and thirteen species 
around the world. These fishes are known by 
their large mouths, laterally compressed bodies 
and small denticulate scales. They are originat-
ed from the Indo-Pacific oceans and their popu-
lations are concentrated around the tropical 
zone. Among them, Champsodon nudivittis 
(Ogilby  1895), C. vorax Günther, 1867 and C. 
capensis Regan, 1908 were reported in the 
Mediterranean Sea as Red Sea immigrants (Bar-
iche, 2010; Çiçek & Bilecenoğlu, 2009; Dalyan et 
al., 2012). Finally, Stern et al. (2020) asserted that 
all of the recorded individuals belonged to C. 
nudivittis in the light of morphological and ge-
netic data in the Mediterranean Sea. The Aege-
an and Levantine Seas represent the expanded 
range of the species in the Mediterranean Sea 
(Figure 1). All Mediterranean records of the na-
kedband gaper are listed in (Table 1).

Champsodon nudivittis is native to the In-
do-West Pacific, and found in Madagascar, In-
donesia, the Philippines, Australia and the Red 
Sea (Froese & Pauly, 2020; Goren et al., 2012). It 
is a bathypelagic species and found at depths 
between 0 – 716 m (Dalyan et al., 2012; Froese 
& Pauly, 2020). It is known as the deepest inva-
sive fish that was recorded at a depth of 716 m, 
in the Mediterranean Sea (Dalyan et al., 2012). 

Previously, the species has reached up to the 
Central Aegean Sea (Kebapçıoğlu & Dereli, 
2016). And, the present report is related to the 
first record of C. nudivittis in the North Aegean 
Sea. Besides Lagocephalus sceleratus (Gmelin, 
1789), which has also been recorded in this area 
(Katsanevakis et al., 2014), this report provides 
the second record of Red Sea immigrant fish 
species in the area between Gokceada Island, 
Samothraki Island and Saros Bay, which is a spe-
cial zone due to its high biodiversity.

https://orcid.org/0000-0002-7386-5641
https://orcid.org/0000-0002-5559-3953
https://orcid.org/0000-0002-9636-1649
https://orcid.org/0000-0003-2288-5084
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MATERIALS AND METHODS

On 12 November, 2019 and 5 January, 2020, two specimens of C. 
nudivittis were captured by trawl in the north of Gokceada Island, 
Turkey, in the North Aegean Sea at depths of 100-120 m (on a san-
dy-muddy bottom). The first individual was found at coordinates 
between 40°14’10”N;25°49’54”N and 40°13’58”N;25°48’06”E. 
The coordinate of the second specimen could not be recorded. 
The specimens were caught by the commercial vessel UĞUR REİS-
3 (17 m, 500 HP). Morphological features were measured on the in-
dividuals using a digital caliper (nearest 0.01 mm). 

The specimens were identified as C. nudivittis following Nemeth 
(1994) and Stern et al. (2020). The individuals were preserved in 
50% ethanol solution and stored in the Istanbul University Sci-
ence Faculty, Hydrobiology Museum (IUSHM 2019-1414, IUSHM 
2020-1419).

RESULTS AND DISCUSSION

The captured specimens of the nakedband gaper, C. nudivittis, 
were 122 and 117 mm total length and they weighed 10 and 9 g 
respectively (Table 2). The specimens had the following fea-
tures: Head length 3.6-3.7 times and body width 6.5-6.8 times 
the standard length, SL. Snout length 3.6-4.0 times and eye di-
ameter 4.8-4.6 times the head length, HL. The body was well 
compressed. The maxilla extended beyond the eye, the chin 
was without scales and covered with melanophore spots. The 
breast was scaled. 

All metric and meristic data, forming of the specialized scales, 
and color of the features individuals were consistent with Nemeth 
(1994) and Stern et al. (2020) and indicated the identification to 
be C. nudivittis (Figure 2). It is distinguished from its congenerics 
by having no scales on its chin while it has a restricted or wide 
scaled area on the pectoral. In the last decade, C. nudivittis have 

appeared to be the main subject of many articles with their high 
invasive characteristic in the Eastern Mediterranean Sea, and the 
common view is that the species entered the Mediterranean 
through the Suez Canal (Bariche, 2010; Çiçek & Bilecenoğlu, 
2009; Dalyan et al., 2012). Moreover, C. nudivittis were reported 
in the Red Sea (Goren et al., 2014). 

It is not surprising that the species that reach the maximum age 
early and have an r-selected life history, have opportunistic char-
acters and will be invasive in their newly arrived areas. The maxi-
mum age of C. nudivittis is determined as two (Yağlıoğlu et al., 
2014) and four (Demirci et al., 2016) in the Mediterranean. This 
can be considered as an advantage that strengthens the invasive 
character of the fish.

Table 1. Records of C. nudivittis in the Mediterranean 
Sea.

 Year Locality References

1 2009
Iskenderun Bay (Turkey) 
/ Levantine Sea

Çiçek & Bilecenoğ-
lu, 2009

2 2010
Coast of Baotrun (Lüb-
nan) / Levantine Sea

Bariche, 2010

3 2011
Coast of Baotrun (Lüb-
nan) / Levantine Sea

Bariche, 2011

4 2011
Gulf of Antalya (Turkey) 
/ Levantine Sea

Gökoğlu et al., 2011

5 2011
Finike Bay (Turkey) / 
Levantine Sea

Erguden & Turan, 
2011

6 2011
off Ashdod (Israel) / 
Levantine Sea

Goren et al., 2011

7 2012
North of Rodos 
(Greece) / Aegean Sea

Kalogirou and Corsi-
ni-Foka, 2012

8 2012
Iskenderun Bay (Turkey) 
/ Levantine Sea

Dalyan et al., 2012

9 2013
Gulf of Antalya (Turkey) 
/ Levantine Sea

Gökoğlu & Özvarol, 
2013

10 2013
Gulf of Antalya (Turkey) 
/ Levantine Sea

Gökoğlu & Özvarol, 
2013

11 2014
Ekincik and Fethiye Bay 
(Turkey) / Aegean Sea

Filiz et al., 2014

12 2015
Gokova Bay (Turkey) / 
Aegean Sea

Akyol & Ünal, 2015

13 2015
Izmir Bay (Turkey) / 
Aegean Sea

Aydın & Akyol, 2015

14 2016
Kusadasi Bay (Turkey) / 
Aegean Sea

Kebapcioglu & Der-
eli, 2016

15 2016
Gokova Bay (Turkey) / 
Aegean Sea

Yapıcı et al., 2016

16 2017
off Jableh (Syria) / Le-
vantine Sea

Ali et al., 2017

17 2019
Saronikos Gulf (Greece) 
/ Aegean Sea

Kousteni & Chris-
tidis, 2019

18 2020
North of Gokceada 
Island (Turkey) / Aegean 
Sea

Present study

Figure 1. Distribution map of C. nudivittis in the Mediterranean 
Sea.



87

Aquat Sci Eng 2021; 36(2): 85-88
Dalyan, Gönülal, Kesici, and Yapıcı. The Northernmost Record of Champsodon nudivittis (Ogilby, 1895) in the Mediterranean Sea

CONCLUSION

This study provides the northernmost record of C. nudivittis in 
the Mediterranean Sea it is also the second documented Red 
Sea immigrant fish species to has been found in the area be-
tween Gokceada Island, Samothraki Island and Saros Bay. The 
population density of the fish should be monitored in the North 
Aegean Sea due to its high trophic level; besides its impact on 
the ecosystem should be assessed. 
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ABSTRACT
The blunthead puffer, Sphoeroides pachygaster was first recorded in Algerian waters in 2009 from 
Annaba Gulf (Western Mediterranean) caught by a trawler at 150 m depth. Since then the records 
show there been no further observations in Algerian waters. In this paper, we report a new record 
of S. pachygaster from western Algerian coasts, eleven years after it was first recorded in Eastern 
Algeria. Two specimens were caught, the first by an angler in Bousfer beach on 25th January, 2020, 
measuring 360.6 mm TL and weighting 2250g and the second by trammel net in “Les Andalouses” 
bay measuring 409.5 mm TL and weighting 2420g. Accordingly, we describe biometrical and mer-
istic characteristics, literature, databases and fish collections reviews of this Tetraodontidae, a spe-
cies new to the Western Algerian fish fauna. 

Keywords: Puffer, Blunthead, Tetraodontidae, Oran Bay, Algeria, Western Mediterranean

INTRODUCTION

Non-native fauna or flora are organisms found 
outside their known area of distribution in 
which the Mediterranean Sea is not part of their 
original distribution area (UNEP-MAP-RAC/
SPA.2011). Marine environment is continuously 
assaulted by anthropic activities pressures 
namely habitat destruction, resources over-ex-
ploitation and climate change (Crain et al., 
2008; Halpern et al., 2015). Occhipinti-Ambrogi 
& Galil (2010), stated that climate change on its 
own facilitates overcoming historic geographic 
barriers. 

Blunthead Sphoeroides pachygaster is a ma-
rine benthopelagic species living in a depth be-
tween 50 and 480 m (Matsuura and Tyler, 1997) 
but usually lives between 50 and 250 m 
(Ragonese et al., 1992). Found in all oceans of 
central and temperate latitudes (Shipp, 1974 in 

Carpenter et al., 2016) it is also the most 
wide-ranging species in the genus Sphoeroides 
(Shipp, 2002). This family shares with its near 
relatives, the diodontidae, the ability to inflate, 
probably for protection from predation (Martin 
and Drewry,1978). It inhabits sandy, muddy and 
rocky bottoms (Schneider, 1990) and young 
specimens are pelagic (Robins and Ray, 1986). 
S. pachygaster feeds mainly on squid (Smith 
and Heemstra, 1986), cuttlefish, octopus, but 
also feeds on small bony fish (Psomadakis et al., 
2008). Juveniles of S. pachygaster are known to 
be pelagic whereas adults prefer benthic habi-
tats such as sandy, muddy, and rocky bottoms 
(Robins and Ray 1986; Tortonese, 1986). In gen-
eral, Tetraodontidae are capable of inflating 
their abdomens with water when frightened or 
disturbed and are capable of producing and 
accumulating toxins such as tetrodotoxin and 
saxitoxin in the skin, gonads, and liver. The de-
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gree of toxicity varies by species, and also according to geo-
graphic area and season (Allen and Erdmann, 2012). Noguchi 
and Arakawa (2008) consider blunthead puffer as weakly toxic 
while in the Mediterranean, it is considered non-toxic (Ragonese 
and Morara 2012). Little is known about reproduction and other 
life history aspects of this species. 

Sphoeroides pachygaster is not directly targeted by fishing gears 
but can be a by-catch of semi-industrial fishing, purse seines, 
trawls, gillnets, bottom longlines, drifting longlines. Shao et al., 
(2014) stated that it is a least concern species on the IUCN Red 
List (ver 3.1) and that although it may be subject to high discard 
mortality when taken as bycatch in some fisheries, there do not 
appear to be any major threats and there are no recorded popu-
lation declines. 

A review of available literature showed that a reduced number of 
articles dealt with this Tetraodontidae:  Ishizaki et al., (2006); Vel-
la et al., (2017) on molecular identification, Carlucci et al., (2019) 
on isolation of glycoconjugates, Nagashima et al., (2018) on tox-
icity, Ragonese and Morara (2012); Peatman et al., (2017) on by-
catch; Cammilleri et al., (2019) on parasites. The remaining avail-
able documentation focused on occurrence all around the world: 
Wirtz et al., (2017) in Ascension Island (South Atlantic Ocean); 
Sampaio et al., (2001) in Brazilian waters; Gilhen et al., (1985) in 
Canadian waters; Hanel and John, (2014)  in Cape Verde islands; 
Quero et al., (1991; 1998); Bearez et al., (2017) in Atlantic French 
waters; Wheeler and Van Oijen, (1985); Quigley and Flannery, 
(1992; 2004) in Irish waters; Shinohara et al., (2009, 2011, 2014) in 
Japanese waters; Duffy and Ahyung, (2015) in New Zealander 
waters; Okan and Aydın, (2017) in Turkish waters; Edwards and 
Glass, (1987) in Saint Helena Island (South Atlantic Ocean).

In the Mediterranean basin, the first occurrence of this Tetra-
odontidae was observed for the first time in 1979 (Oliver, 1981) 
near the Balearic Islands, since then the blunthead puffer has 
spread through the western Mediterranean as a new environ-
ment; in the western basin it was recorded first in the early ‘90s in 
Tunisian waters Bradai et al., (1993) then in Algerian waters Hemi-
da et al., (2009). in central Mediterranean, it was recorded first in 
Italian waters Tursi (1992); then in Croatian waters Dulcic (2002); 
Slovenian waters Lipej et al., (2013) and Libyan waters Shakman 
et al., (2017). The occurrence of S. pachygaster in eastern Medi-
terranean was noticed lately, first in Turkish waters Erilmaz et al., 
(2003); then in Greek waters Peristeraki et al., (2006); in Syrian wa-
ters Rahman et al., (2014); Egyptian Farrag et al., (2016) bottom 
trawl; and Lebanese waters Crocetta and Bariche in Gerovasile-
iou et al., (2017). Except observation of Hemida et al., (2009), in 
eastern Algeria (Annaba) up to date, no works or new occurrenc-
es were reported on this Tetraodontidae for Algerian water this 
last decade.

Here, we report the first confirmed record of the blunthead, 
Sphoeroides pacygaster from the Oran shoreline and the second 
for Algerian waters. This record is also an additional data for the 
entire Mediterranean basin to help with monitoring and manag-
ing invasive species newly established.

MATERIALS AND METHODS 

On January 25th, 2020 a blunthead puffer (Fig.1) was caught by an 
angler in Bousfer Beach (35°43’33.1”N 0°50’56.5”W) at 300 m 
from the shoreline at a depth of 10 m using squid as bait. The 
second specimen was caught on May 5th, 2020 in “les Andalous-
es” Bay (35°45’36.1”N 0°53’58.7”W) by trammel net at 120 m 
depth but the specimen was in a deteriorated (dried out) condi-
tion. The two fishermen reported the specimens and donated 
them to our team composed of researchers from university 
Oran1 Ahmed BENBELLA and marine ecology association mem-
bers (BARBAROUS). Morphometric and meristic characteristics 
were taken. 

Measures were carried out using a caliper to the nearest 0.01 
mm. Three meristic characters and thirteen morphometric char-
acteristics (Fig.2) were measured: total length TL; standard length 
SL; preocular POD1; eye diameter ED; post ocular POD2 dis-
tance; post ocular POD3 distance; dorsal fin length DFL; pectoral 
fin length PFL; Inter orbital distance (IOD); Body thickness (BT); 
maximum body height Hmax; minimum body height Hmin; Cau-
dal width (CFW).

RESULTS AND DISCUSSION

Specimen morphological characteristics were in accordance with 
those described by Shipp (1974) for blunthead Sphoeroides 
pachygaster, the body was entirely smooth; pigmentation mostly 
uniformed, except for a few dark spots on the flanks. Also, this 
species differs from other species of Sphoeroides genus by hav-

Figure 1. Caught specimen of Sphoeroides pachygaster 
reported in this study (36.06 cm TL) caught in Oran 
Bay, Algeria (Photographed by L. Bensahla-Talet).

Figure 2. Morphometric measurements of the blunthead 
puffer Sphoeroides pachygaster caught in Bousfer 
Beach.
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ing no spinules or spines on the body. Morphometric measure-
ments are presented in Table 1. 

Streftaris and Zenetos (2006) included Sphoeroides pachygaster 
in the list of the 100 “Worst Invasives” in the Mediterranean com-
ing from the Atlantic Ocean; characterized by a fast spread 
(Ragonese et al., 1997; Psomadakis et al., 2008; Lipej et al., 2013).  
In the Mediterranean basin, the first occurrence of this Tetra-
odontidae was observed for the first time in 1979 (Oliver, 1981) 
near the Balearic Islands, since then the blunthead puffer has 
spread through the western Mediterranean as a new environ-
ment; in the western basin it was recorded first in the early ‘90s in 
Tunisian waters Bradai et al., (1993) then Cherif et al., (2010); 
Enajjar et al., (2015) then in Algerian waters Hemida et al., (2009). 

The majority of records concerning this invasive species (Figure 
3) were made in central Mediterranean, first in Italian waters Tursi 
(1992); Arculeo and Riggio (1994); Ragonese et al., (1997); Bedini 
(1998); Ligas et al., (2007); Psomadakis et al., (2008); Giordano et 
al.,  (2012); Carbonara et al., (2017) then in Croatian waters Dulcic 
(2002); Slovenian waters Lipej et al.,  (2013) and Libyan waters 

Shakman et al., (2017) but established population seems to be 
concentrated between Italian waters and Malta (Ragonese et al., 
1997; Sciberras and Schembri 2007; Ragonese and Morara 2012; 
Evans et al., 2015). 

The occurrence of S. pachygaster in eastern Mediterranean was 
noticed lately, first in Turkish waters Erilmaz et al., (2003); Ergud-
en et al in Elefteriou et al., (2011); Akyol and Aydin (2017), then in 
Syrian waters Rahman et al., (2014); Greek waters Peristeraki et 
al., (2006); Dailanis et al., (2016); Egyptian Farrag et al., (2016); 
and Lebanese waters Crocetta and Bariche in Gerovasileiou et 
al., (2017). Except observation of Hemida et al., (2009), up to 
date, no works or new occurrence were reported on this Tetra-
odontidae for Algerian waters.

In a recent study, Kleitou et al., (2020) noticed that a large number of 
pufferfish species (Diodontidae and Tetraodontidae) have invaded 
or expanded their ranges in the Mediterranean Sea. Golani et al., 
(2002) supported the hypothesis that the blunthead puffer entered 
the Mediterranean from the Atlantic Ocean via Gibraltar Strait given 

Table 1. Morphometric (in cm) and meristic characters 
of analyzed specimen of blunt head 
Sphoeroides pachygaster from the western 
Algerian costs (Oran Bay).

Measurements
Length 
(mm)

% of 
TL

Length 
(mm)

% of 
TL

Total length (TL) 384.00 100.00 409.50 100.00
Standard length 
(SL)

342.40 89.17 356.40 8.70

Preorbital distance 
(POD1)

55.78 14.53 54.92 1.34

Eye diameter (ED) 23.60 6.15 24.40 0.60
Post orbital dis-
tance (POD2)

43.42 11.31 39.41 0.96

Post orbital dis-
tance (POD3)

178.28 46.43 187.84 45.87

Inter orbital dis-
tance (IOD)

66.40 17.29 55.65 13.59

Body thickness 
(BT)

115.34 30.04 104.06 25.41

Pectoral fin length 
(PFL)

51.29 13.36 62.70 15.31

Dorsal fin length 
(DFL)

36.98 9.63 24.04 5.87

Hmax 126.03 32.82 113.6 27.74
Hmin 15.94 4.15 17.56 4.29
Caudal fin width 
(CW)

57.26 14.91 55.21 13.48

Meristic characters

Dorsal fin rays 8
Anal fin rays 8
Pectoral fin rays 14

Figure 3. Map showing countries in the Mediterranean Sea 
where Blunthead Sphoeroides pachygaster has 
been recorded (1-first record in the Mediterranean, 
2b-new record in Oran Bay in red). (d-maps.
com©2020 adapted). 1) Oliver,1981, 2a) Hemida et 
al.,2009, 2b) Present study, 3) Bradai et al., 1993, 4) 
Cherif et al., 2010, 5) Enajjar et al., 2015, 6) Shakman 
et al., 2017, 7) Sciberras and Schembri, 2007, 8) 
Evans et al., 2015, 9) Farrag et al 2016, 10) Crocetta 
et al 2017, 11) Rahman et al., 2014, 12) Ioannou et al 
2009 in Katsanevakis et al., 2009, 13) Erilmaz et al., 
2003, 14a) Erguden et al in Elefteriou et al., 2011, 
14b) Erguden et al in Elefteriou et al., 2011, 15) Akyol 
and Aydin 2017, 16a)  Peristeraki et al 2006, 16b) 
Peristeraki et al 2006, 16c) Peristeraki et al 2006, 17) 
Dailanis et al., 2016, 18) Dulcic,2002, 19) Lipej et 
al.,2013, 20) Tursi,1992, 21) Arculeo and Riggio,1994, 
22) Ragonese et al., 1997, 3) Bedini, 1998, 24) Ligas 
et al 2007, 25) Psomadakis et al., 2008 , 26) Giordano 
et al 2012, 27) Carbonara et al., 2017.
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that most of the records were recorded from the western and cen-
tral Mediterranean regions. Coll et al., (2010) characterized the 
semi-enclosed Mediterranean Sea as a basin “under siege” at the 
forefront of ecosystem alterations, facing human pressures. The 
spread of non-indigenous species these last year’s causes an in-
creasing impact over time, resulting in changes in trophic flows, in-
teractions between native and non-indigenous species and biodi-
versity loss and/or changes (Galil, 2007; Corrales, 2019).

Global warming was already mentioned in several regions of the 
world (Walther et al., 2002; Parmesan, 2006; González-Lorenzo et 
al., 2013). Santos et al., (2012) observed a change in species distri-
bution around the Canary Islands related to an increase in sea sur-
face temperature (SST) this thirty years with records of tempera-
tures over 24 ºC. in the Mediterranean basin. Moullec et al., (2016) 
concluded the same phenomenon and deducted that tempera-
ture has a major direct effect on the physiology, growth, reproduc-
tion, recruitment and behavior of poikilothermic organisms such 
as fish. It is clear that the warming of the Mediterranean Sea now-
adays affects the fitness of marine biota as already shown by re-
cords of changes in abundance, survival, fertility, phenology and 
the most important species migration (Quero et al., 1998, Dulčić 
2002, Marbà et al., 2015). Data available from online biogeograph-
ic information databases contain between 2,435 (GBIF,2020) and 
(OBIS,2020) 2900 georeferenced records with a majority around 
the Australian continent and Eastern Atlantic which let us suppose 
that migration of this invasive species initiated from the West Afri-
can coastline to reach the Mediterranean basin.

CONCLUSION

We concluded that citizens have contributed and still contribute 
to the detection of non-indigenous species in Algerian waters via 
social media as it is the case of our study which is an efficient tool 
already tried in other regions of the Mediterranean (Giovos et al., 
2019; Kleitou et al., 2019; Kousteni et al., 2019). We believe that 
eco-citizen concept coupled with NGO efforts can surely con-
tribute to enrich future databases of alien marine species and 
cover all Algerian coastline to detect, manage and monitor this 
biological invasion harmful to aquatic biodiversity.  
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ABSTRACT
In this study, the quality and reproductive success of wild Black Sea Trout (Salmo trutta labrax) were 
investigated. In total 32 wild trout (27.3±13.6 g and 13.9±2.3 cm) from the Bıçkı Stream in Kocaeli 
Province in the Marmara Region were kept in circular fiberglass outdoor flow-through tanks (1.5m 
ø) at the mean water temperature of 11.8±4.5 °C. In November 2016, when the water temperature 
was 8.4 °C, the first spawning of wild trout occurred. Sperm volume (ml), Motility (%) and VCL (µm/
sec) values were determined to be 7.5±2.5, 70.42±0.83 and 70.35±3.98, respectively. The weight 
(g), total fecundity and egg diameter (mm) values of female fish were listed to be 513.75±78, 
1.171±171, and 3.84±0.02, respectively. In the experiment, 5.859 wild Black sea trout eggs were 
fertilized. The eyed-egg stage occurred 24 days (288 day-degree) post fertilization and the survival 
rate from fertilization to the eyed-stage was 28%. Wild Black Sea trout larvae from P1 (Paternal 
Generation) hatched 48 days after fertilization with the hatching rate of 7%.

Keywords: Wild trout, sperm quality, egg quality, fertilization, first spawning

INTRODUCTION 

Domesticating and cultivating wild fish are the 
first stages of aquaculture. In these stages, 
huge losses can occur in the fish stock due to 
stress. Aquaculture success of a species de-
pends on the losses at this stage and the repro-
ductive ability of individuals adapted to culture 
conditions (Bromage and Roberts, 1995; Telet-
chea et al., 2014; Özgür et. al., 2016). 

The Salmonidae family has many species of 
commercial, cultural and environmental value. 
Thirteen species in the family have been listed 
as either “endangered, “critically endangered” 
or “vulnerable,” according to The International 
Union of Conservation of Nature - Red List of 
Threatened Species (IUCN, 2020). For decades, 
the pollution of water, habitat destruction, hy-
dro-electric power stations, sand-mines, weirs, 
dams and the lack of control overfishing have 
caused a decrease in the Salmonid species 

population of Turkey and the world. The rearing 
of endangered salmonid species for both com-
mercial and ecological purposes has received 
considerable attention. From an ecological 
perspective, the rearing of wild fish in culture 
conditions may provide potential solutions for 
the rehabilitation of damaged populations. 
Aquaculture is one of the most widely used 
methods to increase the natural populations af-
ter adaptation to the culture conditions of en-
dangered species (Cabrita et al., 2009).

According to the environment or geographical 
region where they are adapted, the genus Sal-
mo is present in almost all cold streams and riv-
ers of Anatolia with high diversity, such as Sal-
mo. abanticus, S. caspius, S. platycephalus, S. 
rizeensis, S. coruhensis, S. tigridis, S. labecula, 
S. opimus, S. chilo, S. kottelati, S. okumusi, S. 
euphrataeus and S. munzuricus. Black Sea Trout 
(Salmo trutta labrax) are distributed along the 
eastern part of the Black Sea, and are endemic 

https://orcid.org/0000-0001-7378-0165
https://orcid.org/0000-0003-1708-7272
https://orcid.org/0000-0003-1886-4985
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anadromous species of Salmonidae family. This species lives in 
the Black Sea until sexual maturity and migrates upstream in or-
der to spawn (Turan et al., 2009). 

Reproduction and bio-ecological characteristics, first feeding 
problems, and growth properties of Black Sea Trout have been 
studied systematically and the majority of studies have been 
conducted regarding the development of aquaculture practices 
in order to restock their natural habitat (Çakmak et al., 2004; 
Aksungur et al., 2005). 

Collecting gametes from wild fish under captive conditions can 
only be achieved by creating conditions similar to natural condi-
tions. A successful adaptation process is possible by the “no mor-
tality “ and “reproduction” of the existing species. After the ad-
aptation periods are completed, aquaculture success depends 
on obtaining gametes and the quality and quantity of gametes 
obtained. The monitoring of gamete quality is a key issue for effi-
cient artificial reproduction strategy. The quality of gametes al-
lows us to make certain predictions to the gamete’s capacity for 
successful fertilization or survival possibility (Migaud et al., 2013). 

In Black Sea trout, there have been certain spawning techniques 
and protocols developed (Çakmak et al., 2004). In addition, the 
determination of gamete quality has become a main step to op-
timize breeding techniques. Quality and quantity of gametes can 
be influenced by factors including fish origin, fish health and age, 
time of stripping during the spawning season, nutrition and 
pre-spawning broodstock management (Bobe and Labbe 2010). 

The aim of the present study is to describe for the first time, the re-
production specialty and gamete quality of both genders of wild 
Salmonid species (Salmo trutta labrax) from the Bıçkı Stream and 
provide information for the fertilization rate of newly adapted fish. 

MATERIALS AND METHODS

Broodstock and rearing system 
Fish were captured two years before the fertilization experiment 
by an electroshock device in the Bıçkı Stream (40°34’42.99”N; 
29°55’57.60”E) in Kocaeli Province on 28 January 2014 and trans-
ported by aerated transfer tank to Istanbul University Faculty of 
Aquatic Science, Sapanca Inland Fish Culture Research and Ap-
plication Unit. 

In total 32 wild trout (27.34±13.66 g, and 13.91±2.33 cm) were 
placed in circular fiberglass outdoor flow-through tanks (1.5 m di-
ameter) at a mean water temperature of 11.79±4.55°C and they 
were kept under culture conditions until ready for the reproduc-
tion. The first feeding of wild trout was maintained by conducting 
social interaction with domesticated rainbow trout, which al-
ready had experienced the feeding process. Wild trout and rain-
bow trout of the same length were fed commercial trout feed 
(2-3 mm depending on the fish size; 48% protein; 17% oil; 11% 
ash) until their first spawning (Başçınar et al., 2010b).

Reproductive performance
In order to investigate wild Black Sea trout spawning adaptability 
in culture conditions, gamete maturation was checked between 
September and January in 2015 and 2016. The gender and stage 

of the sexual maturity of each fish were determined via investiga-
tion of eggs or sperm. The first spawning activity occurred two 
years post-capture. In total five female (mean weight of 
476.32±107 g) and two male (mean weight of 529±51 g) brood-
stocks spawned for the first time at 8.4°C in November 2016. 
Gentle hand pressure was applied to the abdomen to obtain 
eggs and sperm samples.Contamination of blood, feces, and 
urine during stripping were avoided.

Determination of gamete quality

1. Egg quality 
The total number of eggs for each individual were estimated grav-
imetrically. The subsamples of about 1 g of eggs were counted for 
each fish and the total fecundity was calculated to be F=nG/g 
where F is fecundity, n is the number of eggs in the subsample, G 
is the total weight of the fish and g is the weight of subsample 
(Hunter et al., 1985). Fifty eggs from each female were taken at 
random, placed under the stereomicroscope and photographed, 
measured to the nearest 0.01 mm using a stereomicroscope. An 
average egg size for each female fish was then calculated. 

2. Sperm quality
The sperm volume (ml) was calculated using labelled glass bea-
kers. The sperm cell motility parameters (Motility, VCL) were de-
termined with the Computer Assisted Sperm Analysis (CASA, 
CEROS, Hamilton Thorne, Beverly, MA, USA) system connected 
to a CX41 microscope (Olympus Japan). Recordings were made 
with a digital camera (U-TV1X-2 Tokyo, Japan) at 60 images per 
second using Salmonid variables pre-determined in the Hamil-
ton configuration. Sperm were considered immotile at velocities 
<20 μm s−1, and motile at velocities >20 μm s−1. Hatchery water 
was used as a sperm activation solution.

3. Fertilization experiment
The fertilization was performed by the dry method. The eggs of 
each female were fertilized with two male’s pooling sperm. The 
sperm and eggs were gently stirred for 15-20 seconds, then 250 
ml water from broodstock holding tanks was added. The eggs 
were left for 30 minutes until completion of swelling. The eggs 
were placed on the vertical incubation system which has con-
stant well water (12.0°C) (2 L/min) in the hatchery (Okumuş et al., 
2007). The fertilization rates were measured at the eyed stage 
and calculated as the number of eyed eggs × initial egg num-
ber-1 × 100 and hatching stages calculated as several hatching 
larvae × eyed eggs-1 × 100 (Hunter et al., 1985).

Statistical analysis
The data obtained from the analysis are given as mean value and 
standard deviation (± SD). An independent T-test was performed 
using STATISTICA v.8. 

RESULTS AND DISCUSSION

Physicochemical parameters of water
Water temperature was measured weekly and found to be 
11.79±4.55°C in outdoor tanks, and 12 °C in the incubation unit. 
The dissolved oxygen level varied between a minimum of 8.2 
and a maximum of 9.4 mg/lt. The water pH level ranged between 
a minimum of 7.4 and a maximum of 8.2 during the study. 
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Reproductive performance of female individuals
The first spawning activity took place two years later, while the 
wild S. trutta labrax were kept under aquaculture conditions. 
Spawning occurred in November 2016 when the water tempera-
ture was 8.4°C. Five female individuals spawned and a total num-
ber of 5,859 eggs were collected (Table 1). The eggs (M=3.84, 
SD=0.02) were yellow, spherical, non-adhesive and demersal. 

Salmonid fish reach sexual maturity at the age of 2-5 years (Bro-
mage and Roberts 1995). In this study, we observed the first ovu-
lation two years from capture. This is consistent with the observa-
tions in this study where the individuals who were given gametes 
but did not mature. It has been well documented in the literature 
that spawning among Salmonids generally occurs during the au-
tumn-winter period: the beginning of October to the end of Jan-
uary. It is indicated that additional genetic conditions, the origin 
of broodstock, feeding regime, size and age of individuals were 
the main factors controlling the spawning, and consequently, fer-
tilization success. Geldiay and Balık (1996) reported that the 
spawning age of salmonid species  is between 2-4 years in Tur-
key. The present study shows that after two years in captivity in 
trout farm conditions, wild Black Sea trout were able to naturally 
spawn in November.

The amount and size of the egg are the two main parameters for 
the determination of the quality of female broodstock individuals 
in aquaculture (Bromage and Roberts 1995). Several studies 
(Okumuş et al., 2007; Woynarovich et al., 2011) have stated that 
the fecundity of Salmonid species is about 300-2.000 eggs × 
broodstock-1. The fecundity of Salmo trutta macrostigma was 
found as 1.322±233 eggs × individual-1 (Alp et al., 2010). Report-
ed as a new Salmonid species of Alakır trout (Salmo kottelati), the 
fecundity was changed to between 1.035-1.632 eggs × individu-
al-1 (Kanyılmaz, 2016). For some Salmo trutta species, fecundity 
was reported as a maximum of 1.250 eggs × individual-1 (Arslan 
and Aras 2007). Aksungur et al. (2011) found a total fecundity of 
3.226±320 numbers of eggs per individual in the broodstock of 
marine ecotype Black Sea trout. Some researchers, however, 
have reported a higher number of eggs produced by brown 
trout, such as 2.000-5.000 eggs × kg-1 (Geldiay and Balik 1996); 
3.099 eggs × kg-1 (Alp et al., 2010). In our study, the number of 

spawned eggs per female (n=5) was found as 1.172±171. Fecun-
dity values achieved in our study showed similarities with other 
Salmonid fish reports. 

Egg size is another key parameter for measuring the egg quality. 
The egg size per diameter may vary among fish species and with-
in the same species (Bromage and Roberts 1995). In rainbow 
trout egg diameter ranges from 4.9 to 7.2 mm, while egg diame-
ter in brown trout ranges from 5 to 5.33 mm (Gjedrem and 
Gunnes 1978). Egg diameter in Black Sea trout was found as 3.0-
5.3 mm (Sonay 2008), 4.5-4.7 mm (Başçınar et al., 2010a), and 4.5-
5.1 mm (Erbaş and Başçınar 2013). In our study, egg diameter was 
recorded as 3.8±0.02 mm and it was in agreement and compara-
ble with earlier reports. 

Reproductive performance of male individuals
Spermiation occurred in three males before the spawning of fe-
males and in two males at the same time the females spawned. 
Sperm volume and the kinematic parameters of sperm  (motility 
(%), and VCL (µm/sec) values gained in the experiment) are given 
in Table 2. Sperm volume ranged from 5 ml to 10 ml per individu-
al. Sperm cell motility was higher than 70% in each individual, and 
the mean motility percentage was 70.42±0.83% for five males. 

Sperm volume in fish is directly related to water temperature, 
stripping frequency, age of the individual, presence of females in 
the pool and rearing conditions (Büyükhatipoğlu and Holtz 1984). 
In salmonids, the total sperm volume stripped from an individual 
varies between 5-30 ml during a complete breeding season. 
While a total sperm amount of 4.5-18 ml was reported in brown 
trout, 19.6 ml sperm volume was reported in rainbow trout (Rainis 
et al., 2005). Total sperm volume was reported as 8.4±0.4 ml in 
Salmo trutta macrostigma (Yavaş et al., 2011), 8.45±1.32 ml (Erbaş 
and Başçınar 2013), and 1.6±0.04 ml (Şahin et al., 2013) in Black 
Sea trout. In the present study, total sperm volume was detected 
as 7.5±2.5 ml in males. Our findings for sperm counts in the pres-
ent study show parallel findings with earlier reports on trout. 

High sperm cell motility is required for successful fertilization and 
it is the most important parameter for determining the fertiliza-
tion ability of sperm cells. Sperm cell motility can change be-
tween 0% and 100% under aquaculture conditions, where any 
manipulation processes are applied. Ruling out the details and 
variables in sperm cell freezing or sperm cell activation studies, 
more than 70% of the cells in a fresh sperm sample is a reason for 
preference (Cabrita et al., 2009). In fresh sperm collected from 
salmonid fishes without any manipulation, the spermatozoa mo-

Table 1. Weight, total fecundity and the mean egg 
diameters of wild S. trutta labrax females.

Individuals
Weight of 
female (g)

Total fecundi-
ty (egg / 

individual)

Egg 
diameter 

(mm) (n=50)

1 327 1247 3.82±0.08
2 470 1044 3.82±0.08
3 624 1300 3.85±0.06
4 514 1330 3.84±0.07
5 447 938 3.88±0.07
Mean±SD 476.32±107 1171±171 3.84±0.02

*Values with different superscript letters and numbers are significantly different 

(p<0.05, Independent T test).

Table 2. Sperm (volume, ml) and Spermatological 
parameters (motility (%), VCL (µm/sec) of the 
wild S.trutta labrax (mean±SE).

Sperm and Spermatological 
parameters

Values (Mean±SE) 
(n=5)

Sperm volume (ml) 7.5±2.5

Motility (%) 70.42±0.83

VCL (µm/sec) 93.79±6.51
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tility was determined between 20-100% in brown trout (Dziewul-
ska, Rzemieniecki, & Domagała, 2008); 50-89% in rainbow trout 
(Dziewulska, Rzemieniecki, & Domagała, 2008; Ekici et al., 2012; 
Şahin et al., 2013), and 60-90% in Black Sea trout (Erbaş and 
Başçınar 2013). In our study, sperm motility was determined as 
70.42±0.83% These motility values determined in Black Sea trout 
are similar to earlier reports on Black Sea trout as well as other 
trout species mentioned above. 

The VCL value, the curvilinear velocity related to the sperm mo-
tility, also varies among species and within the same species in 
salmonids. The sperm cell with higher speed is more successful 
in fertilizing (Lahnsteiner et al., 2011). In salmonid fishes, various 
VCL values were determined as 38.1-149.5 μm/sec in Chinook 
salmon (Oncorhynchus tshawytscha) (Rosengrave et al., 2009); 
96-127 μm/s in Atlantic salmon (Salmo salar) (Rosengrave et al., 
2009); 191.8±56.9 μm/s (Dziewulska, Rzemieniecki, & Domagała, 
2008); 102.50±18,39 μm/s (Tunçelli and Memiş 2020) 59.42±24.63 
μm/s in Salmo turtta labrax, and 141.2-240 μm/s in Oncorhynchus 
mykiss. In our study, VCL values were determined as 93.79±6.51 
μm/s. VCL values achieved in our study showed similarities with 
the previous reports.

Fertilization and survival rate of larvae
In the experiment, some of the 5,859 Black Sea trout eggs were 
fertilized. The eyed egg stage was determined at 24 days (288 
day-degree) post-fertilization and the survival rate from fertiliza-
tion to the eyed stage was 28%. Black Sea trout larvae hatched 
48 days after fertilization with a hatching rate of 7% (Figure 1). 

The temperature of the incubation period greatly impacts the 
survival of fish embryos (Cabrita et al., 2009; Simcic et al., 2015). 
Reference for the optimum temperature for incubation and 
hatching is between 8-14°C for Salmonid (Pennell and Barton 
1996), however, incubation time, development of embryonic and 
larval stages, hatching and swim-up larvae as day-degree reveal 
differences in Salmonids (Başçınar et al., 2010a). These studies 

showed that the reproduction period, gamete quality and fertil-
ization rate in different conditions can be different between in-
terspecies and between species. It was reported that in brown 
trout, the incubation temperature varied between 10.5-10.9°C 
and the rate of hatching was determined to be between 32 and 
57% (Demir et al., 2010). In the other study, S. trutta labrax eggs 
hatched after 38 days under 10°C (Firidin, Çakmak, & Aksungur, 
2012). According to Marten (1992), in order to gain a high surviv-
al rate in brook trout, the incubation temperature should be 
maintained between 3-8°C during the incubation period. Some 
species of salmonids, such as Brook trout embryos, grew much 
faster in the warm water treatment than their siblings in the 
cold-water treatment. This was consistent with previous studies 
of other species, showing individuals in warmer environments 
had earlier hatch dates (Cook et al., 2018). In the present study, 
the eggs of wild Black Sea trout incubated at 12.0°C during the 
incubation period, the water temperature changed between 8.4 
and 12.3°C (11.3±1.2). Although the water temperature was con-
sidered suitable for Black Sea trout eggs in the incubation unit, 
the low hatching rate is thought to be related to the low quality 
of gametes.  As is well known, the quality of eggs can be deter-
mined by healthy larvae in the hatchery after fertilization. While 
the number and size of the eggs are important criteria for deter-
mination of gamete quality of the female broodstock, the rate of 
fertilization and eyed egg ratio are also important for the quality. 
During the incubation, survival rates of Salmonid eggs may vary 
0-100% (Bromage et al., 1992). The survival of eggs during the in-
cubation period and hatching larvae recorded in the present 
study was lower than previously reported for some salmonids 
species (Pennell and Barton 1996). Neither the egg number nor 
egg size proved to be useful indicators of egg quality and egg vi-
ability of wild oradapted broodstock of S. trutta labrax. The 
hatching rate of larvae of wild broodstock individuals was calcu-
lated as >10% despite fertilization. The majority of eggs were 
lost due to mortality during embryogenesis which could indicate 
that there were several factors causing the egg loss (Cabrita et 
al., 2009). Lower survival rate during the incubation conditions 
could possibly be explained by the lower adaptation to culture 
conditions of broodstock individuals, even though these individ-
uals were given the gametes. Gamete growth occurred in wild 
broodstock, but gamete maturation was not enough for the em-
bryonic development for first spawning under culture conditions 
(Bobe and Labbe 2010). Also, the egg quality should be affected 
by broodstock nutrition, genetics, environmental conditions and 
any stress factors such as handling and spawning induction (Mi-
gaud et al., 2013). 

Sperm quality has been described as “the ability of sperm to suc-
cessfully fertilize an egg” (Rurangwa et al., 2004). This definition 
reflects the former consensus that sperm quality only affected 
fertilization rates, while paternal effects on offspring viability are 
limited to genetic information carried by the sperm quality of the 
father rather than his sperm. However, embryonic survival and 
development are affected by sperm quality (Labbe et al., 2017). 
Because of oxidative stress during spermatogenesis, if there is 
some damage to the chromatin or RNA in the spermatozoa, the 
sperm still have the ability to fertilize an egg. However, embryon-
ic development will be disturbed due to damage to these mole-
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Figure 1. Total number of fertilized, eyed and hatched larvae 
of wild trout (S.trutta labrax). 
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cules (Johnson et al., 2011). The present study determined ac-
ceptable sperm quality with regard to  the motility and kinematic 
parameters of motility. All parameters were found to be similar to 
the salmonid sperm quality, which is described in previous stud-
ies (Dziewulska et al., 2008; Ekici et al., 2012; Şahin et al., 2013) 
but together with information on fertilization and embryonic sur-
vival rates of present study, these data showed that there should 
be a paternal effect on reproduction performance. 

CONCLUSION

In conclusion, Salmo trutta labrax individuals, which were caught 
from their natural habitat (Bıçkı stream) could be adapted to cul-
ture conditions. As was observed, all individuals could have fin-
ished the oogenesis and spermatogenesis cycle under culture 
conditions in consideration of first spawning. However, the first 
gametes of these individuals showed bad quality for both gen-
ders, which led to low and unacceptable rates for the aquacul-
ture conditions. The first spawning from the wild parental gener-
ation results can be considered as ordinary results and the suc-
cess will increase in the next generations. With regard to the sus-
tainable culture conditions of this species in farms, the ways of 
increasing the “breeding success” and “gamete quality” of this 
wild trout species should be investigated in future studies. 
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should be acknowledged in the title page of the manuscript.

Aquatic Sciences and Engineering requires corresponding 
authors to submit a signed and scanned version of the 
authorship contribution form (available for download through 
istanbul.dergipark.gov.tr/ase) during the initial submission 
process in order to act appropriately on authorship rights and 
to prevent ghost or honorary authorship. If the editorial board 
suspects a case of “gift authorship,” the submission will be 
rejected without further review. As part of the submission of the 
manuscript, the corresponding author should also send a short 
statement declaring that he/she accepts to undertake all the 
responsibility for authorship during the submission and review 
stages of the manuscript.

Aquatic Sciences and Engineering requires and encourages 
the authors and the individuals involved in the evaluation 
process of submitted manuscripts to disclose any existing or 
potential conflicts of interests, including financial, consultant, 
and institutional, that might lead to potential bias or a conflict 
of interest. Any financial grants or other support received for 
a submitted study from individuals or institutions should be 
disclosed to the Editorial Board. To disclose a potential conflict 
of interest, the ICMJE Potential Conflict of Interest Disclosure 

Form should be filled in and submitted by all contributing 
authors. Cases of a potential conflict of interest of the editors, 
authors, or reviewers are resolved by the journal’s Editorial 
Board within the scope of COPE and ICMJE guidelines.

The Editorial Board of the journal handles all appeal and 
complaint cases within the scope of COPE guidelines. In such 
cases, authors should get in direct contact with the editorial 
office regarding their appeals and complaints. When needed, 
an ombudsperson may be assigned to resolve cases that cannot 
be resolved internally. The Editor in Chief is the final authority 
in the decision-making process for all appeals and complaints.

When submitting a manuscript to Aquatic Sciences and 
Engineering, authors accept to assign the copyright of their 
manuscript to İstanbul University Faculty of Aquatic Sciences. If 
rejected for publication, the copyright of the manuscript will be 
assigned back to the authors. Aquatic Sciences and Engineering 
requires each submission to be accompanied by a Copyright 
Agreement Form (available for download at istanbul.dergipark.
gov.tr/ase). When using previously published content, including 
figures, tables, or any other material in both print and electronic 
formats, authors must obtain permission from the copyright 
holder. Legal, financial and criminal liabilities in this regard 
belong to the author(s).

Statements or opinions expressed in the manuscripts published 
in Aquatic Sciences and Engineering reflect the views of the 
author(s) and not the opinions of the editors, the editorial 
board, or the publisher; the editors, the editorial board, and 
the publisher disclaim any responsibility or liability for such 
materials. The final responsibility in regard to the published 
content rests with the authors.

MANUSCRIPT PREPARATION
The manuscripts should be prepared in accordance with 
ICMJE-Recommendations for the Conduct, Reporting, 
Editing, and Publication of Scholarly Work in Medical Journals 
(updated in December 2017 - http://www.icmje.org/icmje-
recommendations.pdf). Authors are required to prepare 
manuscripts in accordance with the CONSORT guidelines 
for randomized research studies, STROBE guidelines for 
observational studies, STARD guidelines for studies on 
diagnostic accuracy, PRISMA guidelines for systematic reviews 
and meta-analysis, ARRIVE guidelines for experimental animal 
studies, TREND guidelines for non-randomized studies, and 
COREQ guidelines for qualitative studies.

Manuscripts can only be submitted through the journal’s online 
manuscript submission and evaluation system, available at 
istanbul.dergipark.gov.tr/ase. Manuscripts submitted via any 
other medium will not be processed.
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Manuscripts submitted to the journal will first go through a 
technical evaluation process where the editorial office staff will 
ensure that the manuscript has been prepared and submitted 
in accordance with the journal’s guidelines. Submissions that do 
not conform to the journal’s guidelines will be returned to the 
submitting author with technical correction requests.

Authors are required to submit the following forms during the 
initial submission. These are available for download at istanbul.
dergipark.gov.tr/ase 

• Copyright Agreement Form,
• Author Contributions Form, and
• ICMJE Potential Conflict of Interest Disclosure Form (should 

be filled in by all contributing authors)

Preparation of the Manuscript
Title page: A separate title page should be submitted with all 
submissions and this page should include:

• The full title of the manuscript as well as a short title (running 
head) of no more than 50 characters,

• Name(s), affiliations, and highest academic degree(s) of the 
author(s) and ORCID ID (orcid.org)

• Grant information and detailed information on the other 
sources of financial support,

• Name, address, telephone (including the mobile phone 
number) and fax numbers, and email address of the 
corresponding author,

• Acknowledgment of the individuals who contributed to 
the preparation of the manuscript but who do not fulfil the 
authorship criteria.

Abstract: A Turkish and an English abstract should be submitted 
with all submissions except for Letters to the Editor. Submitting 
a Turkish abstract is not compulsory for international authors. 
Please check Table 1 below for word count specifications.

Keywords: Each submission must be accompanied by a 
minimum of three to a maximum of six keywords for subject 
indexing at the end of the abstract.

Manuscript Types
Original Articles: This is the most important type of article since 
it provides new information based on original research. The 
main text should contain Introduction, “Materials and Methods”, 
“Result and Discussion”, "Conclusion" and "References" sections.

Statistical analysis to support conclusions is usually necessary. 
Statistical analyses must be conducted in accordance with 
international statistical reporting standards. Information on 
statistical analyses should be provided with a separate subheading 
under the Materials and Methods section and the statistical 
software that was used during the process must be specified.

Units should be prepared in accordance with the International 
System of Units (SI).

After the Conclusion section and before references list, 
information regarding conflict of interest, financial disclosure, 
ethics committee approval and acknowledgement are given. 
These information are to be provided in the author form which 
must be submitted togather with the manuscript.

Conflict of interests: When you (or your employer or sponsor) 
have a financial, commercial, legal or professional relationship 
with other organizations or people working with them, a conflict 
of interest may arise that may affect your research. A full 
description is required when you submit your article to a journal.

Ethics committee approval: Ethical committee approval is 
routinely requested from every research article based on 
experiments on living organisms and humans. Sometimes, 
studies from different countries may not have the approval of 
the ethics committee, and the authors may argue that they 
do not need the approval of their work. In such situations, we 
consult COPE’s “Guidance for Editors: Research, Audit and 
Service Evaluations” document and evaluate the study at the 
editorial board and decide whether or not it needs approval.

Financial disclosure: If there is any, the institutions that support 
the research and the agreements with them should be given 
here.

Acknowledgment: Acknowledgments allow you to thank people 
and institutions who assist in conducting the research.

Review Articles: Reviews prepared by authors who have 
extensive knowledge on a particular field and whose scientific 
background has been translated into a high volume of 
publications with a high citation potential are welcomed. These 
authors may even be invited by the journal. Reviews should 
describe, discuss, and evaluate the current level of knowledge of 
a topic in researches and should guide future studies. The main 
text should start with Introduction and end with "Conclusion" 
and "References" sections. Authors may choose to use any 
subheading in between those sections.

After the Conclusion section and before references list, 
information regarding conflict of interest and acknowledgement 
are given. These information are to be provided in the author 
form which must be submitted togather with the manuscript.

Conflict of interests: When you (or your employer or sponsor) 
have a financial, commercial, legal or professional relationship 
with other organizations or people working with them, a conflict 
of interest may arise that may affect your research. A full 
description is required when you submit your article to a journal.



Acknowledgment: Acknowledgments allow you to thank people 
and institutions who assist in conducting the research.

Short Communication: This type of manuscript discusses 
important parts, overlooked aspects, or lacking parts of a 
previously published article. Articles on subjects within the 
scope of the journal that might attract the readers’ attention, 
particularly educative cases, may also be submitted in the form 
of a “Short Communication” Readers can also present their 
comments on the published manuscripts in the form of a “Short 
Communication”. The main text should contain Introduction, 
“Materials and Methods”, “Result and Discussion”, "Conclusion" 
and "References" sections.

After the Conclusion section and before references list, 
information regarding conflict of interest, financial disclosure, 
ethics committee approval and acknowledgement are given. 
These information are to be provided in the author form which 
must be submitted togather with the manuscript.

Conflict of interests: When you (or your employer or sponsor) 
have a financial, commercial, legal or professional relationship 
with other organizations or people working with them, a conflict 
of interest may arise that may affect your research. A full 
description is required when you submit your article to a journal.

Ethics committee approval: Ethical committee approval is 
routinely requested from every research article based on 
experiments on living organisms and humans. Sometimes, 
studies from different countries may not have the approval of 
the ethics committee, and the authors may argue that they 
do not need the approval of their work. In such situations, we 
consult COPE’s “Guidance for Editors: Research, Audit and 
Service Evaluations” document and evaluate the study at the 
editorial board and decide whether or not it needs approval.

Financial disclosure: If there is any, the institutions that support 
the research and the agreements with them should be given here.

Acknowledgment: Acknowledgments allow you to thank people 
and institutions who assist in conducting the research.

Tables
Tables should be included in the main document, presented 
after the reference list, and they should be numbered 
consecutively in the order they are referred to within the main 
text. A descriptive title must be placed above the tables. 
Abbreviations used in the tables should be defined below 
the tables by footnotes (even if they are defined within the 
main text). Tables should be created using the “insert table” 
command of the word processing software and they should be 
arranged clearly to provide easy reading. Data presented in the 
tables should not be a repetition of the data presented within 
the main text but should be supporting the main text.

Figures and Figure Legends
Figures, graphics, and photographs should be submitted as 
separate files (in TIFF or JPEG format) through the submission 
system. The files should not be embedded in a Word document 
or the main document. When there are figure subunits, the 
subunits should not be merged to form a single image. Each 
subunit should be submitted separately through the submission 
system. Images should not be labeled (a, b, c, etc.) to indicate 
figure subunits. Thick and thin arrows, arrowheads, stars, 
asterisks, and similar marks can be used on the images to 
support figure legends. Like the rest of the submission, the 
figures too should be blind. Any information within the images 
that may indicate an individual or institution should be blinded. 
The minimum resolution of each submitted figure should be 300 
DPI. To prevent delays in the evaluation process, all submitted 
figures should be clear in resolution and large in size (minimum 
dimensions: 100 × 100 mm). Figure legends should be listed at 
the end of the main document.

All acronyms and abbreviations used in the manuscript should 
be defined at first use, both in the abstract and in the main text. 
The abbreviation should be provided in parentheses following 
the definition.

When a drug, product, hardware, or software program is 
mentioned within the main text, product information, including 
the name of the product, the producer of the product, and city 
and the country of the company (including the state if in USA), 
should be provided in parentheses in the following format: 
“Discovery St PET/CT scanner (General Electric, Milwaukee, WI, 
USA)”

All references, tables, and figures should be referred to within 
the main text, and they should be numbered consecutively in 
the order they are referred to within the main text.

Limitations, drawbacks, and the shortcomings of original 
articles should be mentioned in the Discussion section before 
the conclusion paragraph.

Type of   Abstract Reference 
manuscript Page  word limit  limit

Original Article ≤20 250 40

Review Article ≤25 250 60

Short Communication ≤5 250 20

Table 1. Limitations for each manuscript type
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References
While citing publications, preference should be given to the 
latest, most up-to-date publications. If an ahead-of-print 
publication is cited, the DOI number should be provided. 
Authors are responsible for the accuracy of references. List 
references in alphabetical order. Each listed reference should 
be cited in text, and each text citation should be listed in the 
References section. The reference styles for different types of 
publications are presented in the following examples.

Reference Style and Format

Aquatic Sciences and Engineering complies with APA (American 
Psychological Association) style 6th Edition for referencing and 
quoting. For more information:

- American Psychological Association. (2010). Publication 
manual of the American Psychological Association (6th ed.). 
Washington, DC: APA.

- http://www.apastyle.org

Accuracy of citation is the author’s responsibility. All references 
should be cited in text. Reference list must be in alphabetical 
order. Type references in the style shown below.

Citations in the Text

Citations must be indicated with the author surname and 
publication year within the parenthesis.

If more than one citation is made within the same paranthesis, 
separate them with (;).

Samples:

More than one citation;
(Esin et al., 2002; Karasar, 1995)
Citation with one author;
(Akyolcu, 2007)
Citation with two authors;
(Sayıner & Demirci, 2007)
Citation with three, four, five authors;
First citation in the text: (Ailen, Ciambrune, & Welch, 2000) 
Subsequent citations in the text: (Ailen et al., 2000)
Citations with more than six authors;
(Çavdar et al., 2003)

Major Citations for a Reference List

Note: All second and third lines in the APA Bibliography should 
be indented.

• A book in print: Baxter, C. (1997). Race equality in health 
care and education. Philadelphia: Ballière Tindall. ISBN 
4546465465

• A book chapter, print version: Haybron, D. M. (2008). 
Philosophy and the science of subjective well-being. In M. 
Eid & R. J. Larsen (Eds.), The science of subjective well-being 
(pp. 17-43). New York, NY: Guilford Press. ISBN 4546469999

• An eBook: Millbower, L. (2003). Show biz training: Fun and 
effective business training techniques from the worlds 
of stage, screen, and song. Retrieved from http://www.
amacombooks.org/ (accessed 10.10.15)

• An article in a print journal: Carter, S. & Dunbar-Odom, 
D. (2009). The converging literacies center: An integrated 
model for writing programs. Kairos: A Journal of Rhetoric, 
Technology, and Pedagogy, 14(1), 38-48.

• An article with DOI: Gaudio, J. L. & Snowdon, C. T. (2008). 
Spatial cues more salient than color cues in cotton-top 
tamarins (saguinus oedipus) reversal learning. Journal of 
Comparative Psychology, https://doi.org/10.1037/0735-
7036.122.4.441 

• Websites - professional or personal sites: The World 
Famous Hot Dog Site. (1999, July 7). Retrieved January 5, 
2008, from http://www.xroads.com/~tcs/hotdog/hotdog.
html   (accessed 10.10.15)

• Websites - online government publications: U.S. 
Department of Justice. (2006, September 10). Trends in 
violent victimization by age, 1973-2005. Retrieved from 
http://www.ojp.usdoj.gov/bjs/glance/vage.htm  (accessed 
10.10.15)

• Photograph (from book, magazine or webpage): Close, C. 
(2002). Ronald. [photograph]. Museum of Modern Art, New 
York, NY. Retrieved from http://www.moma.org/collection/
object.php?object_id=108890 (accessed 10.10.15)

• Artwork - from library database: Clark, L. (c.a. 1960's). 
Man with Baby. [photograph]. George Eastman House, 
Rochester, NY. Retrieved from ARTstor

• Artwork - from website: Close, C. (2002). Ronald. 
[photograph]. Museum of Modern Art, New York. Retrieved 
from http://www.moma.org/collection/browse_results.
php?object_id=108890  (accessed 10.10.15)

REVISIONS
When submitting a revised version of a paper, the author 
must submit a detailed “Response to the reviewers” that 
states point by point how each issue raised by the reviewers 
has been covered and where it can be found (each reviewer’s 
comment, followed by the author’s reply and line numbers 
where the changes have been made) as well as an annotated 
copy of the main document. Revised manuscripts must be 
submitted within 30 days from the date of the decision letter. 
If the revised version of the manuscript is not submitted within 
the allocated time, the revision option may be canceled. If the 
submitting author(s) believe that additional time is required, 
they should request this extension before the initial 30-day 
period is over.
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Accepted manuscripts are copy-edited for grammar, 
punctuation, and format. Once the publication process 
of a manuscript is completed, it is published online on the 
journal’s webpage as an ahead-of-print publication before 
it is included in its scheduled issue. A PDF proof of the 
accepted manuscript is sent to the corresponding author and 
their publication approval is requested within 2 days of their 
receipt of the proof.
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