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ABSTRACT 
Salinity and temperature are known to be important factors driving species richness and species composition in inland waters, 

but their effect and interaction are still not completely clear. In this paper we examine their interaction on species richness and 
species composition of planktonic rotifers in Turkey, controlling for other confounding effects. Eighty-four species of Rotifera 
belonging to 32 genera were recorded from eight sampling sites in Develi Plain (Middle Anatolia, Kayseri, Turkey), collecting 
repeated samples in different seasons (April, July, October and December 2007), and measuring water parameters (electrical 
conductivity, pH and temperature). Generalised Linear Models and Mixed Effect Models were used to disentangle the effect of the 
environmental parameters on species richness and composition. Temperature positively affected species richness as expected from 
previous studies. Whereas this effect was clear in the freshwater habitats (less than 1000 µS cm-1), it was not observed at all at 
higher salinities. Surprisingly, species richness significantly increased with salinity in subsaline waters between 1000 and 6000 µS 
cm-1. Species composition varied among sampling sites (accounting for 36.2% of total variation), but no other factors were found to 
be involved. 
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1. INTRODUCTION 

In both saline and freshwater continental zooplank-
ton, species richness is affected by environmental 
parameters, mainly temperature and salinity (Williams 
1998). A positive correlation between temperature and 
species richness in freshwater has been described for 
aquatic invertebrates in general (Friberg et al. 2001), 
and for zooplankton in particular (Hessen et al. 2007; 
Kaya & Altındağ 2007). Salinity is another important 
factor affecting species richness in continental water 
bodies (Lancaster & Scudder 1987; Williams et al. 
1990; Derry et al. 2003), with inland saline systems 
hosting less species than freshwater bodies (Hart et al. 
1998; Schallenberg et al. 2003; Toumi et al. 2005; Shiel 
et al. 2006). Salinity of inland waters may increase due 
to evaporation; thus, a positive correlation between 
salinity and temperature should be expected. Such posi-
tive correlation is not coherent with the opposite effects 
of these variables on species richness and more studies 
addressing this interaction are needed. 

Number of species and species composition of zoo-
plankton are known to be affected not only by tem-
perature and salinity but also by other parameters, such 
as habitat type (Muirhead et al. 2006), trophic state and 
water turbidity (Duggan et al. 2002), and total phospho-
rus (Jeppesen et al. 2000). Other unmeasured variables 

differing between sampling site may affect species 
composition as well, and for zooplankton species 
assemblages such local effect is well known (Cottenie et 
al. 2001; De Bie et al. 2008; Dodson et al. 2009). 

The aim of this study is to examine the effect of 
temperature and salinity on species richness and compo-
sition of rotifer communities in inland fresh and saline 
waters in a biogeographically uniform area. Rotifers 
were used as a test case because they are globally 
diverse, with more than 2000 species known to date 
(Segers 2007); they can be extremely rich locally, with 
over 100 species recorded from one single water body 
(Segers & Dumont 1995), and they occur in fresh and 
saline water, with few species able to tolerate changes in 
salinity (Fontaneto et al. 2006, 2008; Segers 2007). 
Rotifer species richness is already known to conform to 
the general trend with species richness negatively 
related to salinity (Walsh et al. 2008), and positively 
related to temperature (Matsubara 1993; Castro et al. 
2005), but such relationships have never been analyzed 
together in detail for rotifers, and controlling for other 
confounding effects. 

2. MATERIALS AND METHODS 
2.1. Sample collection 

The study was carried out in eight water bodies in 
Develi Plain (Middle Anatolia, Kayseri, Turkey, Fig. 1, 
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Tab. 1), collecting repeated samples in different seasons 
(April, July, October and December 2007). Water 
bodies were from 1 to 48 km far away from each other. 
For each water body four different samples were col-
lected, 50 m apart one from the other, along a linear 
transect of 150 m. Samples were obtained with a 
plankton net 55 μm mesh size (Wallace et al. 2006), 
collecting horizontal hauls of approximately 5 m, in 
areas with depth between 0.4 and 1.5 m, at least 5 m 
from the bank. Samples from each water body were 
merged and poured in a single 500 mL bottle and pre-
served in 4% formaldehyde solution. 

All sampled localities were stagnant waters; six of 
them were true ponds and lakes (Ağcaşar Dam Lake, 
Soysallı Pond, Çayırözü Pond, Lake Söbe, Lake Camız 
and Sultan Marshes centre); for the two lotic systems 
(Zamantı River and Homurlu Stream), samples were 
taken from stagnant parts of the water bodies. 

2.2. Environmental variables 

We measured three variables, temperature, pH and 
electrical conductivity. Parameters were measured in the 
same areas where samples were collected, at about half 
of the depth of the water column. 

Electrical conductivity was measured in µS cm-1 and 
used as a proxy of salinity. Following the system by 
Hammer et al. (1983), we considered water bodies as 
freshwater (FW, with electrical conductivity lower than 
1000 µS cm-1, i.e. 0-0.5 g L-1 of total dissolved salts, 
TDS), subsaline (SS, electrical conductivity 1000 to 

6000 µS cm-1, i.e. 0.5-3 g L-1 TDS), hyposaline (HS, 
electrical conductivity 6000 to 40,000 µS cm-1, i.e. 3-20 
g L-1 TDS); none of the salinity values we observed in 
the field exceeded the latter class. 

2.3. Species identification 

We used a Leica DMLS microscope (40 to 1000×) 
for identification and drawing of the species. Taxo-
nomic features of rotifer jaws (trophi) were observed 
after dissolving the soft body parts in diluted NaOCl 
(Segers 2004). Scanning electron microscopy (SEM) 
preparations were obtained following the procedure by 
De Smet (1998). SEM observation was performed using 
a JEOL JSM-60 60 LV on material sputter-coated with 
a Polaron SC 502. 

2.4. Species richness 

We calculated species richness as the total number 
of species found in each season for each water body. 

First, we tested the hypothesis that species richness 
in freshwater (FW) is higher than in saline waters (SS + 
HS). We used a Generalised Linear Model (GLM), 
assuming a quasi-poisson distribution because of over-
dispersion of data. Then, to disentangle the effects of 
the measured environmental variables on species 
richness, we performed a Linear Mixed Effect Model 
(LMEM) for Repeated Measures, including sampling 
site as a random effect. This was performed with the R 
2.5.1 (R Development Core Team 2007) function lme 
from the package nlme (http://cran.r-project.org/web/ 

Fig. 1. Map of sampling localities. 1. Zamantı River, 2. Homurlu Stream, 3. Ağcaşar Dam Lake, 4. Soysallı Pond, 5. Çayırözü Pond,
6. Lake Söbe, 7. Lake Camız, 8. Sultan Marshes. 
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packages/nlme/index.html), using square root trans-
formation for the response variable. Model simplifica-
tion was performed by model comparison maximizing 
the log-likelihood; we started with the most complex 
model, including all terms and interactions, and deleted 
the least significant interactions and terms one by one as 
far as a non-significant reduction in explanatory power 
was retained. 

2.5. Species composition 
We built a matrix of presence/absence of rotifer spe-

cies for each of the 32 collections (four seasons for eight 
sampling sites), and we obtained a matrix of Jaccard 
indexes for all the pairwise comparison. We tested how 
differences in species composition (= Jaccard indexes) 
were affected by season, sampling site and environ-
mental variables with an analysis of variance partition-
ing the total variance in the distance matrix, with the 
adonis algorithm in R package vegan (http://cc.oulu.fi/~ 
jarioksa/softhelp/vegan.html). The current version of the 
package does not allow controlling for random effects 
of repeated measures; thus, we included all variables, 

environmental variables, season of sampling and 
sampling site as fixed effects, and without testing for 
their interactions.  

Distance between water bodies may affect species 
composition of rotifers. This hypothesis was investi-
gated with a Mantel test between a matrix of Jaccard 
distances between overall species composition for each 
sampling site (merging data from all seasons), and a 
matrix of geographic distances between sampling sites. 
The test was one tailed since only a positive correlation 
is expected comparing geographical distances with spe-
cies composition. Significance of the Pearson correla-
tion coefficient was assessed in a randomization test 
with 1000 permutations. Geographic distances were cal-
culated as the orthodromic distances (i.e., the minimum 
path on the Earth's surface) between the ponds 
(Imboden & Imboden 1972). 

3. RESULTS 

Eighty-four species of Rotifera belonging to 32 
genera were recorded (Tab. 2).  

Tab. 1. Sampling localities and water parameters. EC is Electrical Conductivity; values of EC are labeled in
three salinity categories according to Hammer et al. (1983): FW, freshwater; SS, subsaline; HS, hyposaline. WT 
is Water Temperature. SR is Species Richness. Alt is Altitude. 

ID Water Body pH EC (µS cm-1) WT (ºC) SR Alt (m) Coordinates 

1 Zamanti River     1297 38°13'12.07"N; 35°47'02.89"E 
1.A April 7.45 480FW 11.7 8   
1.J July 7.59 376FW 19.7 26   
1.O October 7.37 508FW 13.0 14   
1.D December 7.90 489FW 5.8 3   
2 Homurlu Stream     1311 38°12'31.22"N 35°47'11.04"E 

2.A April 8.85 190FW 14.3 14   
2.J July 7.77 296FW 19.1 9   
2.O October 8.44 289FW 14.6 8   
2.D December 9.36 223FW 3.6 7   
3 Ağcaşar Dam Lake     1109 38°10'42.01"N; 35°23'33.05"E 

3.A April 8.90 2700SS 12.0 6   
3.J July 8.49 2540SS 25.8 9   
3.O October 8.87 376FW 16.2 13   
3.D December 8.76 375FW 3.8 2   
4 Soysalli Pond     1079 38°23'18.09"N; 35°21'43.73"E 

4.A April 6.78 190FW 11.9 14   
4.J July 6.87 129FW 13.8 12   
4.O October 7.10 130FW 13.5 9   
4.D December 6.60 126FW 8.8 1   
5 Çayırözü Pond     1074 38°24'50.24"N; 35°17'52.24"E 

5.A April 8.66 2430SS 15.0 9   
5.J July 9.08 3040SS 27.6 12   
5.O October 9.33 546FW 18.7 18   
5.D December 9.30 761FW 5.2 1   
6 Lake Söbe     1080 38°19'44.75"N; 35°17'20.00"E 

6.A April 7.78 880FW 14.7 8   
6.J July 9.50 6780HS 27.6 13   
6.O October 9.83 472FW 17.1 20   
6.D December 9.37 732FW 5.2 4   
7 Lake Camiz     1076 38°19'16.77"N;35°19'27.71"E 

7.A April 8.53 3520SS 12.4 16   
7.J July 8.84 8780HS 28.1 3   
7.O October 9.28 1304SS 17.7 3   
7.D December 9.12 1927SS 5.2 5   
8 Sultan Marshes     1075 38°16'20.60"N; 35°14'32.57"E 

8.A April 8.75 3270SS 14.2 10   
8.J July 8.48 8600HS 30.4 1   
8.O October 9.13 1293SS 17.6 3   
8.D December 9.05 1679SS 5.2 5   
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Tab. 2. Presence (x) or absence (blank) of rotifer species for localities and months of collection (A, April; J, July; O,
October; D, December). 
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Specıes A J O D A J O D A J O D A J O D A J O D A J O D  A J O D  A J O D

Anuraeopsis fissa Perty, 1850                       x            
Asplanchna priodonta Gosse, 1850         x  x                        
Brachionus angularis Gosse, 1851          x x                        
B. calyciflorus Pallas, 1766                               x    
B. plicatilis Müller, 1786           x               x  x x    x x
B. quadridentatus Hermann, 1783           x        x   x             
B. urceolaris Müller, 1773                       x            
Cephalodella catellina (Müller, 1786) x   x         x      x  x x x x       x    
C. delicata Wulfert, 1937     x                              
C.cf. forceps Donner, 1950             x                      
C. forficula (Ehrenberg, 1830)                     x     x         
C. gibba (Ehrenberg, 1830)     x   x   x  x    x  x   x x   x         
C. misgurnus Wulfert, 1937     x                              
C. stenroosi Wulfert, 1937              x    x             x    
C. sterea (Gosse, 1887)             x                      
C. ventripes (Dixon-Nuttall, 1901) x x x  x x x x     x        x   x           
Colurella adriatica Ehrenberg, 1831     x x  x     x  x  x    x     x     x   x
C. colurus (Ehrenberg, 1830)                          x     x    
C. obtusa (Gosse, 1886)  x x  x  x       x    x                 
C. uncinata (Müller, 1773) x x x  x x x                x            
Dicranophoroides caudatus (Ehrenberg, 1834)  x                                 
Dicranophorus grandis (Ehrenberg, 1832)          x                         
Dipleuchlanis propatula (Gosse, 1886)             x                      
Encentrum limicola Otto, 1936                          x     x    
E. mustela (Milne, 1885)    x x                              
E. uncinatum (Milne, 1886)                  x                 
Eosphora ehrenbergi Weber, 1918                           x        
Euchlanis dilatata Ehrenberg, 1832        x       x    x   x             
E. incisa Carlin, 1939  x x  x                              
Filinia terminalis (Plate, 1886)         x  x                        
Hexarthra fennica (Levander, 1892)          x                 x x x   x x x
Itura intermedia Wulfert, 1935     x  x       x    x x  x  x   x         
Keratella cochlearis (Gosse, 1851)      x   x x x x                       
K. quadrata (Müller, 1786)                          x     x    
K. tecta (Gosse, 1851)          x x                        
K. tropica (Apstein, 1907)  x         x                        
Lecane bulla (Gosse, 1851)   x    x       x    x x    x            
L. closterocerca (Schmarda, 1859)  x x x  x x      x x x   x x  x x x x           
L. flexilis (Gosse, 1886)             x                      
L. furcata (Murray, 1913)                   x    x            
L. hamata (Stokes, 1896)  x x                   x             
L. ludwigii (Eckstein, 1883)                          x         
L. luna (Müller, 1776)  x x                x    x   x         
L. lunaris (Ehrenberg, 1832)  x    x x                            
L. nana (Murray, 1913)                   x   x x            
L. papuana (Murray, 1913)                   x    x            
L. paradoxa (Steinecke, 1916)                          x         
L. pyriformis (Daday, 1905)                   x                
L. quadridentata (Ehrenberg, 1830)              x         x            
L. cf. tenuiseta Harring, 1914              x    x                 
Lepadella biloba Hauer, 1958     x                              
L. ovalis (Müller, 1786)  x           x    x                  
L. patella (Müller, 1773)   x  x x       x x x   x    x x            
L. quadricarinata (Stenroos, 1898)  x      x     x  x  x  x  x  x            
L. rhomboides (Gosse, 1886)  x                    x             
L. triptera (Ehrenberg, 1832)   x                                
Lophocharis salpina (Ehrenberg, 1834)                       x        x    
Monommata dentata Wulfert, 1940  x x                                
Mytilina mucronata (Müller, 1773)             x  x                    
M. ventralis (Ehrenberg, 1830)   x            x x   x    x             
M. bisulcata (Lucks, 1912)  x                                 
Notholca acuminata (Ehrenberg, 1832) x    x  x          x       x  x   x      
N. squamula (Müller, 1786) x       x                           
Paradicranophorus sordidus Donner, 1968                    x               
Platyias quadricornis (Ehrenberg, 1832)  x x                                
Pleurotrocha petromyzon (Ehrenberg, 1830) x    x x  x         x  x   x             
Polyarthra dolichoptera Idelson, 1925         x  x x     x         x     x   x

                     (continued)      
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Of these, the majority (14 species, 16.6%) belonged 
to the genus Lecane, followed by Cephalodella (9 
species, 10.7%), Lepadella (6 species, 7.1%), Brachionus 
(5 species, 5.9%) and Trichocerca (5 species, 5.9%). 
Twenty-two of these species were observed only in one 
sample during the study. 

3.1. Species richness 

Overall species richness (Tab. 1, Fig. 2) was similar 
from April to October: 45 species were recorded in 

April, 50 in July, and 52 in October. On the other hand, 
species richness was very low in December, with only 
19 species. Species richness did not differ significantly 
between freshwater (FW: range = 1-26, median = 9) and 
saline water habitats (SS + HS: range = 1-16, median = 
6) (GLM: p = 0.205). The highest species richness was 
reached in the freshwater Zamanti River in July; the 
other two permanently freshwater bodies (Homurlu 
Stream and Soysalli Pond) had richness decreasing from 
April to December; the saline systems had their maxi-
mum in October (Çayirözü Pond, Lake Söbe, and 

Tab. 2. Continuation. 
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Specıes A J O D A J O D A J O D A J O D A J O D A J O D  A J O D  A J O D

Pompholyx sulcata Hudson, 1885         x x x                        
Proales fallaciosa Wulfert, 1937             x                      
P. similis de Beauchamp, 1907                           x        
Rotaria neptunia (Ehrenberg, 1830)  x        x    x    x x   x x            
Scaridium longicaudum (Müller, 1786)  x                                 
Squatinella rostrum (Schmarda, 1846)  x x                  x              
Synchaeta oblonga Ehrenberg, 1832 x        x  x      x         x  x x  x  x x
S. pectinata Ehrenberg, 1832           x      x         x   x      
Testudinella emarginula (Stenroos, 1898)  x                                 
T. mucronata (Gosse, 1886)  x        x                         
T. patina (Hermann, 1783)  x x           x    x                 
Trichocerca longiseta Schrank, 1802  x             x x                   
T. porcellus (Gosse, 1851)              x    x x   x             
T. pusilla (Jennings, 1903)          x                         
T. rattus (Müller, 1776)  x                 x    x            
T. obtusidens (Olofsson, 1918)                   x    x            
Trichotria pocillum (Müller, 1776) x x    x         x        x   x         

 

 

Fig. 2. Species richness of rotifers in the eight sampled water bodies in 4 different seasons. Strictly freshwater bodies are marked by
thick lines and filled symbols, the other water bodies changed in their salinity during the seasons (see Tab. 1). 
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Ağcaşar Dam Lake) or in April (Lake Camiz and Sultan 
Marshes), (Fig. 2). 

Due to possible confounding effects of other 
unmeasured environmental variables and of sampling 
sites, we tested the effect of measured environmental 
variables on species richness including sampling site as 
a random effect. The final model retained Temperature 
(T) and its interaction with Electrical Conductivity (EC) 
as significant (Tab. 3). 

 
Tab. 3. Final model (Linear Mixed Effect Model for 
Repeated Measures), after simplification, explaining 
the effect of measured environmental variables (logL 
= -37.68; AIC = 87.36). 

 d.f. t-value P 

(Intercept) 21 2.27 0.0337 
EC 21 1.30 0.2063 
T 21 4.29 0.0003 
EC:T 21 -2.42 0.0246 

 
Finally, to determine the effect of such interactions, 

we divided our results into three groups, according to 
salinity class: freshwater (FW), subsaline water (SS) 
and hyposaline water (HS) (Fig. 3). Performing the 
analyses separately for each salinity class, the final 
models retained temperature as the only significant 
factor affecting species richness in freshwater (LMEM: 
t = 5.56, p = 0.0001, sqrt(richness) = 0.851 + 0.174T), 
and electrical conductivity as the only significant factor 
in subsaline water (LMEM: t = 7.50, p = 0.0007, 
sqrt(richness) = 0.615 + 0.0009EC). No analyses could 
be performed for hyposaline water, as only three data-
points were available; nevertheless, the two samples 
with the highest EC, above 8000 µS cm-1, had the low-
est species richness (Fig. 3). 

3.2. Species composition 

Most of the variability in species composition for 
each sample was due to random effects (43%), and the 
only significant factor was sampling site, which 
accounted for 36% of the variability. Season of sam-
pling was not significant, and differences in species 
composition related to environmental variables were 
negligible, always lower than 4% (Tab. 4). Thus, sam-
ples from the same water body are more similar in spe-
cies composition to each other than to other samples, 
independently of the seasonal environmental changes. 

Differences in the overall species composition for 
each water body were not related to geographic dis-
tances between samples (Mantel test: R = 0.081, p = 
0.25). 

 
Tab. 4. Results from the analysis of variance partitioning 
the total variance in the distance matrix of species 
composition. 

 d.f. F.Model R2 P 

water body 7 2.15 0.364 <0.001 
season 3 1.72 0.123 NS 
T 1 1.36 0.032 NS 
EC 1 0.88 0.021 NS 
pH 1 1.16 0.027 NS 
residuals 17  0.432  

4. DISCUSSION 

Temperature seems to be the main factor affecting 
species composition and richness of rotifers in fresh-
waters, while changes in salinity seem to over-ride this 
effect in the saline waters under study. Species compo-
sition is influenced mostly by sampling site and much 
less by season of sampling. 

 

Fig. 3. Species richness in relation to electrical conductivity for each water body at the different sampling seasons. FW, freshwater; 
SS, subsaline, HS, hyposaline water. 
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4.1. Species richness and salinity 

A general negative relationship was previously 
described between species richness and salinity 
(Hammer 1986; Lancaster & Scudder 1987; Williams et 
al. 1990): significantly negative relationship in salinity 
ranges lower than 20,000 µS cm-1, and negative but 
non-significantly for salinity higher than 20,000 µS 
cm-1. Previous studies on rotifers in continental saltwa-
ter habitats confirmed such a relationship: many rotifers 
do not tolerate conductivities higher than 400 µS cm-1 
(Kling et al. 1992), and Swadling et al. (2000) found 
significantly lower species richness between 700 µS 
cm-1 and 1500 µS cm-1 than at conductivities below 700 
µS cm-1. Species richness was also found to decrease 
with increasing salinity from 2800 to 50000 µS cm-1 
(Egborge 1994). Planktonic rotifers in Turkish conti-
nental waters do not seem to conform to such general 
trends: (1) species richness of rotifers did not differ 
between fresh and subsaline waters, (2) after controlling 
for the effect of sampling site, no effect of salinity was 
present below 1000 µS cm-1, but an abrupt drop in spe-
cies richness was present at the threshold between 
freshwater and subsaline waters; (3) unexpectedly, a 
significant positive relationship between species rich-
ness and salinity was present in subsaline waters (ranges 
between 1000 and 6000 µS cm-1) (Fig. 3). Thus, two 
thresholds were evident in the relationship between 
salinity and species richness, and they are perfectly 
overlapping with the thresholds proposed by Hammer et 
al. (1983) to divide salinity ranges for aquatic biota. Our 
study confirms the biological validity of such classifi-
cation scheme for planktonic rotifers.  

Thus, the relationship between species richness of 
planktonic rotifers and salinity may not be unequivocal 
as previously suggested. Nevertheless, we need to con-
sider two caveats. First, the results may be limited to the 
peculiarities of inland Turkish waters, not supporting 
many typically saline rotifers. Actually, not many typi-
cally saline species were found; for example, Synchaeta 
and Notholca were each represented by 2 species only, 
while these genera are known to be generally more 
diverse in the plankton of saline systems (Fontaneto et 
al. 2006). Second, the results may be due to sampling 
artifacts and limited number of sampling sites, even if 
we tried to minimize these biases during the field sam-
pling, collecting repeated samples from each locality 
and each season, and accounting for potential con-
founding effects in the analyses. Another problem could 
be due to the use of a plankton net 55 μm pore sized, 
which is known to underestimate rotifer richness (Chick 
et al. 2010); nevertheless, there is no rationale to sug-
gest differential sampling bias with different salinities. 

4.2. Species richness and temperature 

Parameters other than salinity may significantly 
affect species richness in inland waters (Williams 1998). 
A positive correlation between species richness and 

temperature is known (Matsubara 1993; Friberg et al. 
2001; Castro et al. 2005; Hessen et al. 2007). In our 
study, species richness was positively affected by tem-
perature only in proper freshwater. Thus, temperature 
seems to operate in two opposite directions: it is posi-
tively associated with species richness, as well as it 
positively affects salinity, as higher temperatures pro-
mote evaporation in inland water bodies, concentrating 
salts. Nevertheless, our results regarding temperature 
effects may be biased by the December samples, colder 
and with a lower number of species in all sites. 

4.3. Species composition 

Species composition is highly affected by sampling 
site for continental zooplankton (Shaw & Kelso 1992; 
Walsh et al. 2007). Samples within the same water body 
generally tend to be more similar to each other than 
samples between water bodies. Our results are consis-
tent with this spatial pattern: sampling site is the only 
significant variable explaining differences in species 
composition, accounting for 36% of the variability. 
Other confounding effects associated with water body 
were not measured in the analysis. Moreover, such 
strong influence of sampling site on species composi-
tion may mask the effect of environmental variables as 
salinity and temperature: our sampling strategy included 
eight water bodies only, which is a large enough sample 
size to analyze species richness, but to disentangle envi-
ronmental effects on species composition, a much 
higher number of water bodies is needed. 
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