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In this study, different populations of a copepod species, Mesocyclops leuckarti,
were compared with their body size. Samples were taken from Asi River,
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male populations with 23.97 %. Abdomen (ABD) measurement was the most
discriminative measure among female populations with 30.86 %. Based on the
MANOVA, the differentiation in body size among the female populations was very
significant (p<0.001), contrary to male populations (p>0.05).The Minimal
Spanning Tree (MST) analysis showed that the specimen living in the pond and
lake systems were closer than river systems in terms of body size diversification
especially for female ones of copepods.
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Mesocyclops leuckarti (Claus, 1857) nin Morfolojik Cesitliligi

Oz: Bu calismada, bir kopepod tiirii olan Mesocyclops leuckarti nin viicut biiyiikliigii farkli popiilasyonlari arasinda karsilastirilda.
Ornekler Tiirkiye nin Giiney Dogusunda yer alan Asi Nehri, Mehmetli Baraj Gélii, Yenisehir Gélii ve Tahta Képrii Baraj Golii'nden
alindi. Popiilasyonlari i¢in genel eseysel dimorfizim 1,56 ile 1,62 arasinda degisti. Lokasyonlara gore, popiilasyonlar i¢i viicut
biiyiikliigindeki degisim % 3,85 ile % 5,05 arasinda degismistir. Her bir su kiitlesinde erkeklerin popiilasyonlar i¢i degisimleri
digilere gore daha fazla idi. Ayn1 model erkek popiilasyonlar1 (% 8,46) arasinda ve disi popiilasyonlar1 (% 8,04) arasinda da
gozlemlenmistir. Diskriminant analizi (DFA) ve SIMPER (Benzerlik Yiizdesi) yontemleri, Cephalozom Uzunluk (CL) 6l¢iimiiniin,
erkek popiilasyonlari arasinda % 23,97 ile ayrigmaya yol agan en belirgin 6l¢iim oldugunu ortaya koydu. Abdomen (ABD) 6l¢iimii
disi popiilasyonlar i¢inde % 30,86 ile en fazla ayrismaya yol agan 6l¢iim idi. MANOVA' ya gore, disi popiilasyonlari arasinda viicut
biiytikliigiindeki farklilagsma, erkek popiilasyonlarin aksine (p>0,05) ¢cok anlamliydi (p <0,001). Minimal Yayilma Agaci (MST)
analizi, viicut biiyikliigii farklilasmasi agisindan 6zellikle kopepod' larmn disileri i¢in, golet ve gol sistemlerinde yagayan bireylerin
nehir sistemlerinde yasayan bireylere gore birbirlerine daha yakin oldugunu gdstermistir.

Anahtar kelimeler: Copepoda, Mesocyclops leuckarti, viicut biiytikliigi, degiskenlik, eseysel dimorfizim
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Introduction dynamics of species, including on body size, may

Animal species distributed over wide geographic
areas are usually split into subspecies. According to
current theory, geographic variation and isolation are
important factors in the process of speciation
(Elgmork and Halvorsen 1998). Therefore, expecting
the influence of geographic isolation on any

reasonable. There is growing recognition that both
inter-specific and intra-specific variations can have
significant effects on population, community, and
ecosystem dynamics. Morphological differences are
likely a key component of this ecologically important
variation (Hausch et al. 2013). As a fundamental
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morphological parameter, body size largely
determines species' functional and environmental
characteristics, growth, life duration, population
density, and species' place in food webs (Anufriieva
and Shadrin 2014).

The Cyclopoida is the most species—rich group
among copepod lineages and comprises, the largest
group within the subclass Copepoda. Members of the
copepods are important components of pelagic
ecosystems. Several cyclopoid copepod species
among the genus Mesocyclops have invaded
different places of the world, each showing distinct
distributional patterns (Reid and Saunders 1986; Reid
and Pinto-Coelho 1994; Hribar and Reid 2008;
Suarez-Morales et al. 2011).

Morphometric variability of some copepod
species was studied in different water bodies in the
world (Hausch et al. 2013; Anufriieva and Shadrin
2014; Anufriieva and Shadrin 2015) and the size of
copepods is affected by a number of environmental
factors and varies widely (Anufriieva and Shadrin
2015). However, little effort has been made, for
copepods or any other taxonomic groups, to quantify
morphological variation among populations relative
to that among species. It was expressed as
unexpected that both inter-specific and intra-specific
diversity has important effects on species coexistence
and ecosystem dynamics. While intra-specific
diversity is maintained both within and between
populations, comparisons of inter to intra-specific
diversity appear to have focused exclusively on
comparing diversity between species to that within
local populations (Hausch et al. 2013).

The aim of our study, is to determine both inter-
population and intra-population diversity on body
size, as an indicator of morphological differentiation,
of M. leucarti from the different water bodies,
locating in the Southeast Region of Turkey. We
analyzed both variability by partition the
morphological variation into components by sexes
and populations.

Materials and Methods

Sampling

Zooplankton samples were taken from four
different localities in Turkey. M. leuckarti were
collected from Tahta K&prii Dam Lake (36°5222.19"
K, 36°4120.31" D, for 12 months), Mehmetli Dam
Lake (37°3031.79' K, 36°0109.37 D, on the 7th of
October 2009, 16th of July 2010, and 13th of April
2010), Yenisehir Lake (36°1412.17" K, 36°3408.38"
D, forl2 months in 2003 and 2004) and Asi River
(36°1300.54" K, 36°09 44.42" D, for 12 months in
2005 and 2006) with horizontal and vertical draws by
using 60 wm mesh size plankton net. Samples were
replaced into a glass jar and fixed with 4%

formaldehyde. Then, the selected adult M. leuckarti
specimens were put in ethanol due to health concerns
of formaldehyde. The copepod specimen
examination, counting, and measurements were done
by using an Olympus CH40 microscope and a
micrometric ocular. The taxonomic literature were
used to identify the zooplankton specimen
(Scourfield and Harding 1966); Dussart 1969; Kiefer
and Fryer 1978). Temperature (°C) and dissolved
oxygen concentration (DO, mgL™) were measured in
the field with a thermometer and a YSI 52 model
oxygen meter, respectively.

Morphological measurement

Copepod body length was measured under the
binocular microscope to the nearest 0.01 mm at a
magnification of 10x and 40x. It was taken from the
tip of the prosome to the end of the caudal rami,
including the extremely long furcal setae. Some
individuals were slightly bent due to fixation.
Therefore, each specimen was placed laterally
between 2 movable cover slips in a small droplet of
lactophenol, which softened the exoskeleton
(Bottger-Schnack 1989). By carefully moving the
cover slips together, the specimens were
straightened, and their total length could be
measured. On the other hand, the width and length of
each thorax segment were measured at its widest
point.

Table 1. Measured distances (measurements) on the body
with their corresponding abbreviations.

Measured Distance (measurement)

Abbreviation

Cephalozom Length CL

Cephalozom-Cross cC

Cephalozom- Width Cw
Thorax-1- Width TW1
Thorax-1- Length TL1
Thorax-2- Width TW2
Thorax-2- Length TL2
Thorax-3- Width TW3
Thorax-3- Length TL3
Thorax-4- Width TWA4
Thorax-4- Length TL4
Abdomen ABD
Furca- Width FW
Furca- Length FL

Total Length TL

Table 2. The codes of populations with their number of
samples (n)

Populations Codes N
Asi Female ASI-FM 19
Asi Male ASI-ML 10
Tahta Koprii Female TAHTA-FM 20
Tahta Koprii Male TAHTA-ML 10
Mehmetli Female MEH-FM 20
Mehmetli Male MEH-ML 10
Yenisehir Female YENI-FM 20
Yenisehir Male YENI-ML 10
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Figure 1. Measurement applications on the body of
copepod

Data Analysis

In this study, two species have been studied in
four water systems, so 8 populations have been
formed. Before starting the main data analysis, every
measurement was checked for outliers and missing
values by simply plotting the data as xy pairs.

Inter and intra-population diversity were assessed
in terms of coefficient of variation (CV, %),
discriminate function analysis (DFA), SIMPER
(Similarity Percentage), MANOVA (Multivariate
Analysis of Variance) and, the Minimal Spanning
Tree (MST) analysis.

Variability in each measured distances or
measurements was qualified by the coefficient of
variation (CV, %). Then, to find an overall variability
value for any population, mean CV value calculated
as fallowing;

2 CV;

CVoverau =

Where, CVi: is the CV value of the i'th
measurement and n: is the number of measurements.

The best model for the standardization of the
morphometric data was the regression of Elliott et al.
(1995). This model removes the size component from
the shape measurements (allometry). Due to sexual
dimorphism, standardization was applied for both
sexes separately. The model is defined by the
following equation:

Vs = M [Ls]b
s=Mo Lo

Where, Ms = standardized measurement,
Mo = measured character length (mm), Ls = overall
(arithmetic) mean standard length (mm) for all
individuals from all populations of each sex,
Lo = standard length (mm) of specimen, and “b” was
estimated for each character from the observed data
using the non-linear equation,

M=alP

The standardized morphometric values of the
populations were analyzed within each sex and
among sexes and compared by means of discriminate
function analysis (DFA). This multivariate analysis
allowed us to determine which combinations of
variables (distances) discriminated best among
populations and detected which populations were the
most different (Ruiz-Campos et al. 2003).

Along with the DFA, SIMPER (Similarity
Percentage) was wused for assessing which
measurements are primarily responsible for an
observed difference between groups of samples or
populations (Clarke 1993).

MANOVA (Multivariate Analysis of Variance)
was used to test the overall differences among the
populations without separating sexes.

Generally, the level of sexual dimorphism is
evaluated by the ratio of female to male length
(Anufriieva and Shadrin 2014). In this study, as in
case for CV, an overall sexual dimorphism value
for each population have been calculated. To
compare the rates of sexual dimorphism among the
water systems one-way PERMANOVA analysis was
used.

The Minimal Spanning Tree (MST) analysis finds
the shortest possible set of lines connecting all points
(Dussert et al. 1987). Therefore, it was used to detect
link or links among the populations. All calculations
and statistical analysis were conducted using MS
Excel and PAST software (Paleontological statistics,
Version 3.20) (Hammer et al. 2001).
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Results
Some properties of studied locations
Temperature range mean dissolved oxygen level,
fish presence, kind of environment, altitude, surface
area, and the maximum depth of the studied areas
were given into MTS analysis graph (Figure 4).

Inter and
(diversity)

Some descriptive statistics of measured distances
on the body of M. leuckarti specimen from the 8
populations were given in Table 3 and Table 4. Based
on the these values, the overall variability within
(intra-population diversity) ASI-ML(Asi-male), ASI-
FM (Asi-female), MEH-ML (Mehmetli-male), MEH-
FM (Mehmetli-female), TAHTA-ML (Tahta Koprii-
male), TAHTA-FM (Tahta Koprii-female), YENI-ML

Intra-population  variability

(Yenisehir-male) and YENI-FM (Yenisehir-female)
populations were calculated as 4.16 %, 3.85 %, 5.08
%, 4.34 %, 4.56 %, 3.65 %, 5.14 % and 4.70 %,
respectively. Considering sexes, intra-population
variability was bigger in male than that of
female populations in each water body. Also,
inter-population diversity among male populations
was (8.46 %) bigger than inter-population variability
(diversity) among female populations (8.04 %). In
inter-population diversity among male populations,
the Furca Width-FW (12.44 %), Abdomen-ABD
(11.98 %) and Thorax4 Width-TL4 (10.05 %)
measurements were having three the biggest
coefficient of variation (CV), whereas for female
populations they were Thorax Width-TL4 (11.66 %),
Thorax2 Length-TL2 (10.36 %) and Thorax3
Length-TL3 (9.40 %) (Table 3 and Table 4).

Table 3. Some descriptive statistics of measured distances on the body of M. leuckarti specimen and Sexual Dimorphism

rate by populations and locations.

ASI-ML ASI-FM MEH-ML MEH-FM TAHTA-ML TAHTA-FM  YENI-ML  YENI-FM

n:10 n:19 n:10 n:20 n:10 n:20 n:10 n:20

Mean 57.50 87.89 57.75 90.95 50.30 83.10 53.30 82.45

TL Sd 1.18 3.86 1.96 1.73 1.16 2.40 1.95 2.39

Mean 38.40 61.08 41.40 63.75 37.40 60.08 35.45 56.05

CL Sd 1.07 2.32 117 1.37 0.74 2.07 1.38 1.96

Mean 41.50 66.79 43.20 66.65 38.40 61.85 37.90 59.00

cC Sd 0.71 1.99 1.62 1.53 0.66 1.46 0.74 181

Mean 32.10 59.47 33.15 57.95 28.60 52.40 28.60 49.28

CwW Sd 0.74 1.98 181 1.00 0.70 1.50 1.35 1.27

Mean 30.60 54.05 30.45 52.20 26.55 47.08 27.10 45.28

TW1 Sd 0.84 2.09 0.50 1.40 0.60 1.26 1.10 1.59

Mean 11.30 18.24 10.35 17.28 9.60 16.13 10.00 14.73

TL1 Sd 0.59 0.73 0.75 0.82 0.61 0.76 0.00 1.06

Mean 25.55 43.97 25.05 41.55 21.85 38.08 22.40 35.50

TW2 Sd 0.60 1.01 1.38 0.99 0.75 0.83 1.35 1.39

Mean 10.55 16.11 8.80 15.28 9.60 14.23 9.25 12.70

TL2 Sd 0.37 0.83 0.79 0.97 0.84 0.77 0.42 0.70

Mean 20.80 35.05 20.00 31.85 17.65 29.95 18.00 28.85

TW3 Sd 0.42 0.83 1.05 0.88 0.63 0.72 0.82 1.17

Mean 8.20 12.95 7.90 11.45 8.10 11.55 6.90 10.78

TL3 Sd 0.63 0.96 0.74 0.89 0.74 0.51 0.52 0.70

Mean 12.95 21.95 12.20 19.93 11.40 18.83 11.65 18.25

TW4 Sd 0.37 0.60 0.42 0.73 0.39 0.61 0.47 0.70

Mean 4.90 6.84 5.05 5.90 4.60 5.80 4.55 6.08

TL4 Sd 0.57 0.55 0.44 0.72 0.39 0.52 0.37 0.59

Mean 35.20 58.50 38.85 48.80 29.15 48.98 31.85 50.58

ABD Sd 1.62 2.74 1.62 1.68 1.78 2.54 1.94 2.74

Mean 2.95 4.00 3.00 4.30 2.55 4.00 2.30 3.90

FW Sd 0.16 0.00 0.00 0.30 0.16 0.00 0.26 0.21

Mean 8.35 13.76 7.30 11.55 7.05 12.00 7.45 11.68

FL Sd 0.47 0.39 0.48 0.48 0.16 0.49 0.50 0.44
Sexual Dimorphism 161 1.62 1.56
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Table 4. Variation Coefficients (CV, %) of measurements by locations and sexes.

ASI-ML  ASI-FM  MEH-ML MEH-FM TAHTA-ML TAHTA-FM YENI-ML YENIi-FM FM-CV ML-CV

TL 2.05 4.39 3.40 1.90 231 2.89 3.65 2.90 5.13 6.40
CL 2.80 3.80 2.84 2.15 197 3.44 3.90 3.50 5.63 6.36
ccC 1.70 2.98 3.75 2.30 171 2.36 1.95 3.06 5.86 6.02
CwW 2.30 3.33 5.46 1.72 244 2.86 4,72 2.58 8.02 7.81
TW1 2.76 3.87 1.63 2.68 2.25 2.68 4.06 3.50 7.93 7.09
TL1 5.19 4.02 7.22 474 6.40 471 0.00 7.18 9.40 8.12
TW2 2.34 2.29 5.52 2.37 3.42 2.18 6.03 3.90 8.59 8.14
TL2 3.50 5.13 8.96 6.33 8.78 5.41 4,59 5.48 10.36 9.40
TW3 2.03 2.37 5.27 2.75 3.55 242 454 4.06 8.01 8.00
TL3 7.71 7.38 9.34 7.75 9.11 4.42 7.48 6.47 9.40 10.60
TW4 2.85 2.73 3.46 3.67 3.46 3.26 4.07 3.82 7.86 6.00
TL4 11.58 8.10 8.67 12.17 8.57 9.02 8.11 9.73 11.66 10.05
ABD 4.60 4.69 4,16 3.45 6.11 5.19 6.10 5.42 8.98 11.98
FW 5.36 0.00 0.00 6.96 6.20 0.00 11.23 5.26 5.79 12.44
FL 5.68 2.81 6.62 4.19 2.24 4.06 6.67 3.75 8.09 8.55
Overall CV 416 3.85 5.08 4.34 4.56 3.65 5.14 4,70 8.04 8.46
6.0
4,54
3.0
i-ML
1.5
™~ SI-ML
=
<< T T
HTA-
-20 EH-ML -5 15 20
-1.57
3.0
-4.54
=
Axis 1

Figure 2. DFA results for M. leucarti populations.

Based on the DFA analysis, two main groups, one
was located on the left X-axe (male) and other was
located on right X-axe (female) of DFA graph, were
clearly observed. In DFA the first two functions
(axes) were accounted for 98.49 % variance
(Figure 2).

The number of the re-assigned specimen based on
Jackknife estimation procedure (group assignment)
were shown into a confusion matrix (Table 5). In that
matrix, specimens were reorganized by leave one out
cross validation. For example, 14 out of 20 specimens
belong to MEH-FM were remained or re-assigned
(RS) by Jackknife estimation procedure again into the
MEH-FM populations. So, the ratio of RS (n: 14) to
sampled number (T, n: 20) for MEH-FM was 70 %
(14*100/20). By the same approach, the ratio of RS

to T for the populations were (%); ASI-FM: 100,
MEH-FM: 70, TAHTA-FM: 70, YENI-FM: 85, ASI-
ML: 90, MEH-ML: 80, TAHTA-ML: 40, YENI-ML:
60.

MANOVA analysis showed that there are no
significant differences (p>0.01) among the male
populations; whereas, there is statistical significance
(p<0.01) among the female populations with
changing p-values (Table 6). In accordance with the
DFA and the Jackknife procedure the ASI-FM was
found as the most different populations among others
(Figure 2, Table 5).

The contribution of measurements to
discriminate for all populations, among female
populations and among male populations were given
in Figure 3. Based on SIMPER analysis the most
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distinctive measurements contribute the diversity for
all populations were CW (19.32 %), CC (17.92 %),
CL (16.13 %); for female populations; ABD (31.95

%), CW (12.25 %), TW1 (12.10 %), CC (9.87 %) and
for male populations; CL- (23.97 %), ABD (17.75 %),
CC (14.45 %), CW (11.61 %) and so on (Figure 3).

Table 5. The confusion matrix for M. leucarti populations based on the Jackknife estimation procedure.

Populations ASI- ME- TAHTA- YENI- ASl- MEH- TAHTA- YENI- Total
FM FM FM FM ML ML ML ML (T)
ASI-FM 19 19
MEH-FM 14 6 20
TAHTA-FM 3 14 3 20
YENI-FM 1 2 17 20
ASI-ML 9 1 10
MEH-ML 8 2 10
TAHTA-ML 3 3 4 10
YENI-ML 2 2 6 10
Remained 19 14 14 17 9 8 4 6 119
specimen (n)-RS*
Re-assignment (n) 19 18 22 20 14 11 9 6 119
Ratio of RS to T** 100 70 70 85 90 80 40 60

(%)

* RS refers to number of specimens that remained after DFA and then Jackknifed assignment for each population. For
example, 14 out of 20 specimens belong to MEH-FM were remained or re- assigned by Jackknife estimation procedure
again into the MEH-FM population.
**Ratio of RS to T refers to ratio of RS to the number of total specimen (T) before DFA and Jackknife procedure for every

populations.

Table 6. MANOVA analysis for all populations

Populations with P values*

ASI-FM  MEH-FM TAHTA-FM YENI-FM ASI-ML MEH-ML TAHTA-ML ﬁm'
ASI-FM 0.000 0.000 0.000 0.000  0.000 0.000 0.000
MEH-FM 000 0.001 0.000 0.000 0.000 0.000 0.000
TAHTA-FM 0000  0.001 0.000 0.000  0.000 0.000 0.000
YENI-FM (000 0.000 0.000 0.000  0.000 0.000 0.000
ASI-ML 0.000  0.000 0.000 0.000 0.193 0.715 0.443
MEH-ML 0000  0.000 0.000 0.000 0.193 0.844 0.263
TAHTA-ML 0000  0.000 0.000 0.000 0715  0.844 0.428
YENI-ML (000 0.000 0.000 0.000 0.443 0.263 0.428

* p<0.05 indicates a significant difference, p>0.05 indicates non-significant difference among the populations.

Contribution, %
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Figure 3. The contribution of measurements to discriminate for all populations, among female populations, and among

male populations.
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Figure 4. MST analysis graph with some properties of studied locations.

The Minimal Spanning Tree (MST) analysis for
females showed that in general ASI-FM population
links with YENI-FM, MEH-FM links with TAHTA-
FM populations, YENI-FM links with MEH-FM and
TAHTA-FM (Figure 4). To understand the factors
effecting on the diversity of body size the MST graph
was combined with some properties of four water
systems. Since there were no statistical differences
among the male populations, the MST analysis was
not conducted for male populations.

Sexual dimorphism in body size

In all water systems, male copepods were smaller
than females in overall size. The mean rate of sexual
dimorphism for the populations of ASI, MEH,
TAHTA, and YENI were 1.61, 1.55, 1.62 and 1.56,
respectively (Table 3), and there was no significant
difference among them (One-way PERMANOVA:
F=1.03, p=0.3932).

Discussion

There were both intra-specific and inter-specific
variations in the measured distances of the different
populations for each sex of M. leuckarti. At intra-
population level, these measurements were also
having different variable patterns for all populations.
But, the overall variations in all male populations
were bigger than that of the female populations for
each water systems (Table 4). Interestingly, the three
consecutive measurements namely TL4, ABD, and
FW had the highest CV values among male
populations, and other three consecutive
measurements having the highest CV values among
male populations were TL2, TL3, and TL4.

It was found that there is inconstant variability on
body size in all populations. In addition, DFA
analysis (Figure 2) shows explicitly two different
groups, namely female and male populations, most
probably due to sexual dimorphism, which is
discussed later in detail, observed in copepod species.

The inter-population variability was assessed
with DFA, MANOVA and MST analyses. From those
analyses, there is a phenomena which there was no
significant differences among the male populations in
terms of morphological diversification. Although
DFA and Jackknife estimation procedures showed
that there was specimen assignment tendency with
changing numbers among the female populations,
except ASI-FM, all female populations were
statistically different from each other. In all analyses,
it was clearly seen that ASI-FM population was very
different from other female populations as well
(p<0.0000).

In that study, the question has been emerged that
why only significance differences were observed
among female populations In order to evaluate the
morphological difference between populations, some
properties of water systems were examined. These
properties were temperature range and mean

dissolved oxygen, fish presence, kind of
environment, altitude, surface area and maximum
depth (Figure 4).

Anufriieva and Shadrin (2014), explained the
constant linear dimensions and the level of their
variation in A. salinus populations as to a certain
extent they depended on temperature, salinity, and
density of population. Their results lead to the
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general conclusion that the impacts of factors on
linear morphological characteristics and their
variability can manifest itself in different ways at
intra-population and inter-population levels. They
also stated that in copepods, variability can increase
when animals are near limit values of factors, such as
temperature, salinity or increased population density,
but, inter-population differences of A. salinus cannot
be explained by only studied factors, and it is
assumed that there are some overlooked factors as
well as differences in the genetic architecture of
populations.

Fifty-two  freshwater planktonic  copepod
populations, Cyclops scutifer G.O. Sars, from Eurasia
and North America, were studied to detect variations
in morphology by means of morphometric analysis.
It was revealed that many morphological relations
were correlated with environmental factors such as
depth, temperature, and trophic condition. Therefore,
it was suggested that variations in body proportions
were related to environmental factors rather than
geographic distance (Elgmork and Halvorsen 1998).

Hausch et al. (2013), stressed that a wide variety
of environmental gradients, including nutrient levels,
temperature conditions, and predation pressure are
likely to influence on the relationships between
copepod body size and lake size and location. They
also expressed that from studies of copepod body size
along altitudinal and latitudinal gradient it is apparent
that copepods are generally smaller at higher
temperatures.

It was found that zooplankton body size
decreases with temperature, increasing with latitude,
elevation, and lake depth and decreases with visual
predation threat, which is also expected to decrease
with lake depth due to the presence of piscivores and
a larger deep-water refuge (Hausch et al. 2013).

In most Calanoida species, other than very few
exceptions, females are always bigger than males.
The smaller size of calanoid males is generally
attributed to their shorter developmental span of
copepodite stage, which enables males to fertilize
females as soon as molting. In zooplankton, the
smaller size and the reduced feeding activity of males
could maximize female fecundity by decreasing
intra-specific competition for food. In unpredictable
environments where generalism is favored, the
sexual size-dimorphism may represent a way to
widen the ecological niche of the species (Anufriieva
and Shadrin 2014).

Gilbert and Williamson (1983) emphasized that
copepods inhabit a remarkable diversity of habitats
that range from small temporary pools to the abyssal
depths of the ocean. The wide range of environmental
conditions undoubtedly contributes to the variability
in the taxon's patterns of sexual dimorphism. There

are several possible adaptive advantages of having
larger females than males. Perhaps the most obvious
one is that females have a greater investment in
offspring, both in terms of biomass contributed and,
in those species that carry their eggs, of energy used
to carry them.

The mean manifestation level of sexual
dimorphism (mean + SD, range: min-max) observed
in family cyclopoida, considering 16 generas and 86
species, was 1.48 + 0.367 (range: 0.72-3.36), and the
difference in sexual dimorphism levels was explained
as a function of variation in the environmental
temperature or food conditions under which the
distinct generations of multi-voltine populations
develop (Gilbert and Williamson 1983).

For a copepod species, Arctodiaptomus salinus
(Daday, 1885), populations in the Crimean water
bodies, the average index of sexual dimorphism
wasl.11 (1.00-1.3, CV=7.51), whereas, those of
“small” and “large” sized populations were 1.10 and
1.13, respectively. Data obtained from different
periods of a single lake (Lake Yanyshskoye) showed
that this index could vary widely within a population.
Sexual dimorphism of A. salinus manifests not only
in linear dimensions and proportions of the body but
also in variability level and reactions to the
fluctuations of environmental conditions (Anufriieva
and Shadrin 2015).

Considering temperature, latitude and lake depth
regarding the mean body size of female populations,
our findings were not compatible with previous
studies (Table 3 and Figure 4). Capture success by
planktivorous fish depends largely on prey visibility
and the ability of the prey to escape. Body
transparency  of  copepods  decreases their
susceptibility to visual predators, but this trait has
only limited significance because many vital
processes interfere with it. For example, the gut of a
feeding copepod is usually distinctly colored, oocytes
developing in the gonads of females are clearly
visible and are often dark-colored, reserve lipids are
often pigmented, and movements of feeding
appendages make copepods more conspicuous
(Pasternak et al. 2006). So, it was expected to
interactions of some environmental factors on body
size variations, but the reason of why there were only
significant variations between body sizes of female
populations may be due to interaction of sexual
dimorphism, physiology of female copepod and fish
predations. Fish predation on copepod is affected by
fish species, fish population density and the structure
of age classes. In this manner, it would be reasonable
to expect the fishing could be a latent factor effecting
variations on body size of copepods.

In conclusion, both intra- and inter-specific
variability on body size were observed in the
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populations of M. leuckarti. Intra-population
diversity was bigger in male than that of female
populations in each water body. Also, inter-
population diversity among male populations was
bigger than inter-population diversity among female
populations. There was statistically significance
among the female populations; whereas, no
significant differences were detected among the male
populations. The variability observed most probably
due to the combination of environmental factors,
sexual dimorphism, physiology of female copepod,
fish predation and the characteristics of water
systems.

As other copepod species, in general, sexual
dimorphism was observed in all water body. It was
clear evidence that the specimen living in the pond
and lake systems were closer than river systems in
terms of body size especially for female ones of
copepods. Also, regarding the significant variations
between female populations, it would be reasonable
to expect the fishing could be a latent factor effecting
variations on body size of copepods.
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