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Abstract

A 12-landmark morphometric truss network system and 12 meristic characters were used to investigate the hypothesis
differentiation of Alburnoides eichwaldii populations in upstream and downstream of the Shahid-Rajaei dam on the Tajan
River, one of the most important habitats for the species in the southern Caspian Sea region. Analysis of variance showed
significant differences between the two groups of 16 out of 67standardized measurement in truss and 5 out of 16meristic.
Discriminant function analysis, proportion of individuals was correctly classified into their original groups as 79% and 78.0%
for truss and meristic, respectively. The spirlin populations occupied different areas on canonical variates analysis scatter plot.
Cluster analysis based on Euclidean distances among groups of centroids using UPGMA did not separate the two populations.
Principal Component analysis separated the groups into distinct populations; though there was moderate overlap between two
localities. The results of this survey demonstrated that Shahid-Rajace dam could effectively create two morphologically
different populations upstream and downstream of the dam. Also, this differentiation showed higher in morphometric
measurements than meristic traits.
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i of “economic value”, our knowledge about this species
1. Introduction remains rather poor in compare with many relative species.

Alburnoides eichwaldii is a small body cyprinid that inhabits ~ On TajanRiverhas been constructed theShahid-Rajaei dam
mainly shallower areas with currents in sub alpine streams,  around 1995 with nofish way (Anvarifar et al., 2011) that is
where it forms small shoals. It prefers hard stony substrate ~ as major dam according to McAllister et al. (2001)
and requires We]l_oxygenated and clear water (Penaz’ 1995) classification. As a result of such construction, the river was
As a rheophﬂous species 11Vlng in the gray]ing and barbel effectively fragmented into two parts since the Shahid—Rajaee
zone, it is sensitive to the changes in the structural diversity =~ dam was built on it (Anvarifar et al., 2013). There have been
of rivers (Breitenstein and Kirchhofer, 2000). This species in ~ many environmental impact reports where the construction of
Tajan River in company with Capoeta capoeta gracilis are @ dam can lead to dramatic changes in the environment and
dominant in the southern Caspian Sea basin (Coad, 2008).  particularly can affect the diversity of fish communities (e.g.
Kiabi et al. (1999) examining Iranian material, considers the =~ Adams, 2000; Craig, 2001, AnvariFar et al, 2011). It has
spirlin to be of least concern in the southern Caspian Sea  been suggested that fragmentation of the river ecosystem
basin according to IUCN criteria.Since Caspian spirlin is not  alters migration patterns among fish populations (Horvath &
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Municio 1998; Jager et al., 2001), producing ‘genetic stocks’
that is reproductively isolated units and is genetically
different from other stocks (Carvalho and Hauser, 1994).
Previously, AnvariFar et al. (2011) reported that the Shahid-
Rajaece dam on Tajan River has probably limited the
downstream dispersal of Capoeta capoeta gracilis, and
eliminated the upstream migration altogether leading to the
formation of two morphologically different populations.

The study of morphological characters,
morphometric or meristic, with the aim of defining or
characterizing fish stock units, sometimes has been a strong
interest in ichthyology (Tudela, 1999). In study of
morphological traits, Truss network system (Strauss and
Bookstein, 1982) covers the entire fish in a uniform network,
and theoretically, it increases the likelihood of extracting
morphometric differences between specimens (Turan, 1999;
Kocovsky, 2009). There is evidence that the Truss method is
much more powerful in describing morphological variation
between closely related fish stocks (Jaferian et al., 2010;
Cardin and Friedland, 1999).

whether

Morphological studies carried out on Caspian Sea fishes
show that many species possess speciation and population
formation microprocess running, as Caspian and black sea
species (Gholiev, 1997). There are several reports on
southern Caspian Sea fishes including Samaee et al. 2006 and
2009; Rahmani and Abdoli 2008; Akbarzadeh et al. 2009;
AnvariFar et al., 2011 and 2013 which indicate the existence
of morphological variability in different parts of the Caspian
Sea basin.However, the variability of this species and its
spatial distribution has not been determined in this region and
other parts of the world. On the other hand,molecular
researches on Caspian species show that the Caspian spirlin
existing in south Caspian Sea basin of Iran was different
from other species of spirlin (Seifali et al., 2012).

Considering the above-mentioned facts, the present study
was purpose to 1) investigate the impact of dam construction
on the Tajan River, one of the most important habitats for
Caspian spirlin in southern basin of the Caspian Sea, on
possible differences between up- and downstream groups of
Caspian spirlin using analysis of morphometric characters
and meristic counts, 2) identify the best set of characters to
establish the separation of the eventual groups.

2. Materialsand Methods
2.1. Sampling

A total of 100 individuals were collected by electrofishing
from May to June 2011, from two sampling sites, including
upstream  (36°11' N, 53°19' E; 50 individuals) and
downstream (36°16' N, 53°12" E; 50 individuals) of the

Shahid-Rajace dam (Fig. 1). The sampled fish were
preserved in 10% formaldehyde solution and transported to
the Department of Fisheriesof University of Guilan for
further morphological analyses. This subset was used for
analysis of variance (ANOVA) test of sexual dimorphism of
Caspian spirlin. Ten to fifteen scales were removed from the
left side of the body between the lateral line and dorsal fin
and mounted under binocular microscope for age
determination (Ambrose, 1989).

2.2. Laboratory Work
2.2.1. Truss Network System

A total of 67 distances between 12 landmarks were surveyed
using truss network system according to Bookstein (1991)
and Strauss and Bookstein (1982) with minor modification
for this species (Fig. 2). Measurements of specimens were
made by collecting X-Y coordinate data for relevant
morphological features, and followed the three-step process
as described below (Turan, 1999).Fishes were placed on a
white board with dorsal and anal fins erected by pinning. The
right body profile of each fish was photographed in 300-dpi,
32-bit color digital camera (IXY Digital 920 IS, Conan,
Japan). Images were saved in jpg format and analyzed with
TPSdig (Ver. 2.04; Rohlf, 2005) to coordinates of 12
landmarks. A box truss connecting these landmarks was
generated for each fish to represent the basic shape of the fish
(Cardin and Friedland, 1999). All measurements are
transferred to a spreadsheet file in Excel 2007, and X-Y
coordinate data were transformed into linear distances (using
the Pythagorean Theorem) for subsequent analysis (Turan,
1999; AnvariFar, et al., 2011). Following image capture, fish
sex was identified by dissecting dissection of the specimen
and macroscopic examination of the gonads.

2.2.2. Meristic Counts

A number of 16 meristic variables based on Holcik et al.
(1989), were count in each specimen by direct observation.
Abbreviations used for meristic characteristics are: DI,
Dorsal fin spines; D2, Dorsal fin branched rays; Al, Anal fin
spines; A2, Anal fin branched rays; P1, Pectoral fin spines;
P2, Pectoral fin branched rays; Pell, Pelvic fin spines; Pel2,
Pelvic fin branched rays; LI, Lateral line scales; Squ.Sup,
Scales above lateral line; Squ.Inf, Scales below lateral line;
CP, Caudal peduncle scales; Ac, Around Caudal peduncle
scales; Grl, Outer gill rakers; Gr2, Inner gill rakers;Vn,
Vertebrate number. To avoid human error all morphological
measurement were performed by the same investigator.

2.3. Data Analysis

Morphometric characters describe aspects of body shape. In
contrast to meristic characters, they are continuous variables
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and depend on body size. Thus, a key step in measuring
morphometric characters is disentangling shape from size
(Rohlf and Bookstein, 1987).To eliminate any size effect in
the data set of truss network system, an allometric method
(Elliott et al. 1995) was used to remove size-dependent
variation in morphometric characters:Mad,»:M(Ls/Lg)[’; where
M is original measurement, M,; is the size adjusted
measurement, L, is the standard length of the fish, Ls the
overall mean of standard length for all fish from all samples
in each analysis, and » was estimated for each character from
the observed data as the slope of the regression of /og M on
log L using all fish in any group. The results derived from
the allometric method were confirmed by testing significance
of the correlation between transformed variables and
standard length.

Analysis of Variance (ANOVA) was performed for each
morphometric character to evaluate the significanceof
difference between the two locations (Zar, 1984) and the
morphometric characters which showed highly significant
difference (P<0.01) only were used to achieve the
recommended ratio of organisms number (N) measured to the
parameters (P) included in the analysis to be at least 3-3.5
(Johnson, 1981; Kocovsky et al.,, 2009) for obtaining the
stable outcome from multivariate analyses. In the present
study linear discriminant function analyses (DFA), principal
component analysis (PCA), canonical variates analysis (CVA)
and cluster analysis (CA) were employed to discriminate the
two populations. In meristic, only variables used for
multivariate analysis that were polymorph and variables were
monomorphic (without variance) discarded (in meristic
analyses only polymorph variables were used for multivariate
analyses and mesomorph variables were discarded). The
resultant discriminant function was used to calculate the
percentage of correctly classified (PCC) fish. A cross-
validation using the DFA was done to estimate the expected
actual error rates of the classification functions. As a
complement to DFA, variables in truss variables and meristic
traits between the individuals of two stations were inferred to
cluster analysis (AnvariFar et al, 2011) by adopting the
Euclidean distance as a measure of dissimilarity and the
UPGMA (unweighted pair group method with arithmetical
average) method as the clustering algorithm. Statistical
analyses for morphological data were performed using the
SPSSversion 16 software package (Quinn and Keough, 2002),
Numerical Taxonomy and Multivariate Analysis System
(NTSYS-pc) and Excel (Microsoft office, 2007).

3. Results

Age of Caspian spirlin specimens in upstream varied from
0-3" year and in downstream from 0°-2" year (Table 1).

Minimum, maximum, mean and standard deviation (S.D.) of
length and weight were defined for male and female
specimens upstream and downstream of the dam separately
(Table 2).

There was no significant correlation between any of the
transformed measured morphometric variables and standard
length. (P>0.05) indicating that the size effect was accounted
for Caspian spirlin specimens showed differences (P<0.01)
upstream and downstreaminll out of 67 standardized
measurement (Table 3) and these characters that were
significantly varied between 2 stations, did not shown
significantly differences between sexes (p>0.05), were used
in DFA, PCA, CVA and CA; hence, the data for both sexes
were pooled for all subsequent analyses. Since in case of
meristic counts Dorsal fin spines, Pectoral fin spinesand
Pelvic fin spinestraits were monomorph, and Scales below
lateral linewas meaningless therefore these traits were not
used in subsequent analyses.

In PCA the characteristics with an eigenvalue of 1 were
included and the rest were discarded.PCA of 11 traits in truss
network systemand 12 traits in meristic showed that PC1
accounts for 35.78% and 18.91% of the variation and PC 2
for 18.96 and 13.34%, respectively (Table 4) and the most
significant loadings on PC1 were 8-11, 9-10, Lateral line
scales, around Caudal peduncle scalesand on PC2 2-8, 7-11,
8-9, Dorsal fin branched. Visual examination of plotted PC I
and PC II scores for each sample (Fig. 3) revealed that two
groupsof Caspian spirlin were distinct from each other in the
regions, though there were slight overlap between two
locations. The differentiation in truss network system was
better than meristic counts.

For the DFA, the averages of PCC were 79% and 78% for
truss and meristic traits, respectively. The Wilks' Lambda
tests revealed differences among the two populations as their
morphometric measurements were compared by discriminant
analysis. In this test, one function were high significant in
both system (P<0.01) and Lambda values were 0.323 and
0.458 for truss network system and meristic traits,
respectively. Correlations between the measured traits and
the discriminant functions in morphometric measurements
and meristic counts for Caspian spirlinare presented in Table
5. In truss network system high classification success rates
were obtained for the upstream (80%) and downstream (78%)
stocks indicates correct classification of individuals into their
original populations with respect to morphometric characters.
The measurements used in this analysisincluded 2-4, 2-5, 2-8,
2-12 and 8-9. In meristic counts classification success rates
were obtained 74% and 82% for the upstream and
downstream stocks, respectively, that indicates correct
classification of individuals into their original populations.
Also, the measurements used in this analysis included anal
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fin branched,pelvic fin branched, around caudal peduncle
scales and anterior gill rakerIn both morphometric and
meristic characters the cross-validation testing procedure was
the same as PCC results. Percentage of specimens classified
in each group and after cross validation for truss network
system and meristic data shown in table 6.

CVA confirmed significant differencesbetween populations
(A de Wilks= 0.42; P= 0). The scores of the two canonical
variables for each population are shown in Fig.4. The CVA
scatterplot showed the populations occupy different areas on
the graph in both morphometric and meristic counts.

The dendrogram derived from cluster analysis of Euclidean

31

distances between groups of centroids showed that the
populations of Caspian spirlinfrom upstream and
downstreamcould not separate into two populations; however
differentiation in meristic higher than
morphometric measurements (Fig. 5).

counts was

Table 1. Age composition of Caspian spirlin in upstream and downstream of
Shahid Rajaee dam on Tajan River

Age 0 1" 2" 3+
Upstream 12 17 19 2
Downstream 19 25 6 -

Table 2. Descriptive data of Caspian spirlinin upstream and downstream of Shahid Rajace dam on Tajan River

Smaple Sex N Min-Max(length) Mean= S.D.(length) Min-Max(weight)  Mean= S.D.(weight)

Male 21 35.47-74.65 60.4914+11.1390 0.94-11.04 5.7130+-2.8032
Upstream

Female 29 33.74-83.01 59.4231+14.8860 0.79-15.58 6.2978+4.0118

Male 22 32.86-85.20 55.9152+15.5379 1.04-10.55 4.3052+2.1487
Downstream

Female 28 35.87-66.64 54.392749.1551 0.73-15.77 5.235344.3802

Table 3. The results of ANOVA between stations for truss network system and meristic traits in Caspian spirlin samples on Tajan River

Traits Fvalue Pvalue Traits Fvalue Pvalue Traits Fvalue Pvalue Traits Fvalue Pvalue
1-2 3.59 0.06 3-4 1.69 0.20 5-10 1.52 0.22 10-11 2.86 0.09
1-3 0.19 0.66 3-5 1.97 0.16 5-11 0.71 0.40 10-12 0.95 0.33
1-4 1.40 0.24 3-6 0.00 0.98 5-12 233 0.13 11-12 0.51 0.48
1-5 6.59 0.01 3-7 221 0.14 6-7 5.17 0.03 D1 - -
1-6 0.76 0.39 3-8 1.50 0.22 6-8 1.67 0.20 D2 0.15 0.70
1-7 2.74 0.10 3-9 0.00 0.96 6-9 0.10 0.75 Al 0.05 0.82
1-8 3.43 0.07 3-10 0.52 0.47 6-10 0.11 0.74 A2 17.64 0.00
1-9 0.43 0.51 3-11 0.50 0.48 6-11 1.35 0.25 P1 - -
1-10 0.49 0.49 3-12 1.21 0.27 6-12 0.29 0.59 P2 0.07 0.80
1-11 8.90 0.00 4-5 4.29 0.04 7-8 0.37 0.54 Pell - -
1-12 1.55 0.22 4-6 0.58 0.45 7-9 3.99 0.05 Pel2 0.15 0.70
2-3 28.61 0.00 4-7 5.20 0.02 7-10 9.83 0.00 L1 9.98 0.00
2-4 20.79 0.00 4-8 3.65 0.06 7-11 3.09 0.08 Squ.sup 14.12 0.00
2-5 2.25 0.14 4-9 0.53 0.47 7-12 11.52 0.00 Squ.inf 0.00 1.00
2-6 0.34 0.56 4-10 0.22 0.64 8-9 3.37 0.07 Cp 2.66 0.11
2-7 9.83 0.00 4-11 2.82 0.10 8-10 7.52 0.01 Ac 3.13 0.08
2-8 8.92 0.00 4-12 0.10 0.75 8-11 1.92 0.17 Grl 2.53 0.12
2-9 1.66 0.20 5-6 0.66 0.42 8-12 7.85 0.01 Gr2 6.30 0.01
2-10 0.43 0.50 5-7 0.57 0.45 9-10 0.38 0.54 Vn 10.87 0.00
2-11 7.58 0.01 5-8 0.08 0.78 9-11 0.39 0.53
2-12 0.45 0.50 5-9 0.03 0.86 9-12 0.56 0.46

Table 4. Eigenvalues, percentage of variance and percentage of cumulative variance for the four and five principal components in case of truss network system
and meristic counts respectively for Caspian spirlin samples from the Tajan River.

Truss Network system Meristic
Factor Eigenyv. Per. of v. Per. Cu. v. Eigenv. Per. of v. Per. Cu. v.
PC1 4.355 39.408 39.408 2.27 18.91 18.91
PC2 2.085 18.953 58.361 1.60 13.35 32.26
PC3 1.316 11.963 70.324 1.38 11.47 43.73
PC 4 1.118 10.159 80.484 1.13 9.39 53.12
PC5 - - - 1.05 8.77 61.89
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Table 5. Correlations between the measured morphometric variables and the discriminant functions in truss network system and meristic counts for Caspian

spirlin

Traits in Truss DF Traits in Truss DF Traits in Meristic DF Traits in Meristic DF

1-6 0.202 2-12 0.256 D2 0.026 Squ.sup -0.49
2-3 0.487 7-11 0.205 Al -0.038 Cp 0.019
2-4 0.497 8-9 -0.315 A2 0.548 Ac 0.004
2-5 0.423 8-11 0.028 P2 0.023 Grl 0.136
2-8 0.291 9-10 -0.146 Pel2 -0.061 Gr2 0.328
2-9 0.234 - - L1 0.156 Vn 0.430

Table 6. Percentage of specimens classified in each group and after cross validation for truss network system and meristic data.

Station Truss Network system Meristic
Up. Down. Total Up. Down. Total
Orginal Count Upstream 41 9 50 40 10 50
Downstream 10 40 50 9 41 50
% Upstream 82.0 18.0 100 80 20 100
Downstream 20.0 80.0 100 18 82 100
C. Validated Count Upstream 40 10 50 37 13 50
Downstream 11 39 50 9 41 50
% Upstream 80.0 20.0 100 74 26 100
Downstream 22.0 78.0 100 18 82 100

Caspian sea

Shahid-Rajaei dam

Fig. 1. Location of sampling sites Upstream and Downstream on of Tajan River southern Caspian Sea- Mazandaran coasts.
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Fig. 2. Image of a Caspian spirlin depicting 12 landmarks and associated box truss used to infer morphological differences among populations. 1: Tip of snout;
2: Forehead (end of frontal bone); 3: Dorsal origin of pectoral fin; 4: Origin of isthmus; 5: Origin of dorsal fin; 6: Termination of dorsal fin; 7: Origin of pelvic
fin; 8: Origin of anal fin; 9: Termination of anal fin 10: Dorsal side of caudal peduncle, at the nadir; 11: Ventral side of caudal peduncle, at the nadir; 12: End
of lateral line (Adapted from truss box, after Strauss and Bookstein, 1982 and Bookstein, 1991).
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Fig. 5. Dendrogram derived from cluster analyses of 25 traits in truss network system and 12 meristic traits in on the basis of Euclidean distance for Caspian
spirlin in upstream and downstream of the Shahid-Rajaei dam on the Tajan River.

4. Discussion

This study focused on identifying the differences
betweenCaspian spirlinpopulations inhabiting upstream and
downstream of Shahid-Rajaece dam on the basis of
morphological polymorphisms.The investigation was not

looking for the differentiation mechanisms (environmental
parameters or genetics). In Azerbaijan, maturity of Caspian
spirlin is attained at 1-2 years and life span is 3 years (Coad,
2008). Hence, since establishing the Shahid-Rajace dam, at
least generated 7 generation of this fish in Tajan River. The
analysis of variance revealed significant phenotypic variation
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between populations (16 out of 67 morphometric characters).
The result of the multivariate analysis 11 truss variables
showed differences between upstream and downstream of
Shahid-Rajaee dam on Tajan River. These negative effects on
fish species may end in an ecological trap for migratory
fishes that ascend the fish passages, as populations will not
succeed upstream (Pelicice and Agostinho, 2008; Anvarifar et
al., 2013). Unweightpair group using arithmetical average
(UPGMA) drawing based on Euclidian Distance coefficient
for morphometric and meristic characters revealed that
although Caspian spirlinpopulations overlap in two stations
however population somewhat differentiated (Fig. 5).

The detected high morphometric and meristic differentiation
may indicate reproductive isolation between upstream and
downstream samples. The of morphological
differences between populations are often quite difficult to
explain (Cadrin 2000; Poulet et al. 2004). As morphology is
especially dependent on environmental conditions during
early life history stages (Lindsey 1988), phenotypic
differentiation may indicate that the majority of fish spend
their entire lives in separate locations (Turan et al. 2006). It
has been suggested that the morphological characteristics of
fish are determined by an interaction between genetic and
environmental factors (Swain & Foote 1999; Poulet et al.
2004; Salini et al. 2004; Pinheiro et al. 2005). The
phenotypic variability may not necessarily reflect population
differentiation at the molecular level (Thssen et al. 1981,
Tudela 1999). When a species has a more or less continuous
distribution across a range, the balance between gene flow
and the forces responsible for population differentiation, such
as genetic drift or differential selection, may result in clines,
whereby genetic differentiation increases with geographic
distance (Borsa et al. 1997; Pinheiro et al. 2005). AnvariFar
et al. (2011) did same study in this river on another species.
They used from truss and stated different environment
condition and decrease of gene flow caused created two
distinct populations of Capoetacapoeta gracilis.

The influences of environmental parameters on
morphometric characters are well discussed (e.g. Swain, &
Foote 1999; Smith 1966; Turan 2000). Cardin and Friedland
(1999) and Poulet et al. (2005) stated geographical isolation
can result in the development of different morphological
features between fish populations because the interactive
effects of environment, selection, and genetics on individual
ontogenies produce morphometric differences with in a
species. Smith (1966), Lindsey (1988) and Turan (2000)
stated morphological variation between fish populations is
influenced by a mixture of environmental factors that include
but are not limited to temperature, salinity, radiation,
dissolved oxygen, water depth and current flow. Salles and
Freitas (2006) stated morphometric discrimination between

causes

the two stocks of Caribbean red snapper, Lutjanus purpureus
Poey, 1867, in northern Brazil is probably a result of the
feeding/reproductive strategies adopted in each of their
respective subareas. Samaee et al. (2006) stated different
environmental and habitat conditions, such as temperature,
turbidity, food availability, and water depth and flow in
different river are caused differentiation in Capoeta sp.
population. Hence effects of some environmental factors
such as temperature, salinity, food availability and migration
distance can potentially determine morphometric segregation
of fish (Smith 1966; Lindsey 1988; Turan 2000; Turan et al.
2004, Turan et al. 2006). In this study geographical
separation by dam, high inbreeding and different
environmental factors probably created morphologically
different populations of Alburnoides eichwaldii, because of
their limited dispersal and migration.

It is well known that morphological characteristics can show
high plasticity in response to differences in environmental
conditions (Swain et al. 1991). Phenotypic plasticity of fish
allows them to respond adaptively to environmental change
by modification in their physiology and behavior which leads
to changes in their morphology, reproduction or survival that
mitigate the effects of environmental variation (Meyer, 1987;
Turan, 1999).The environmental characteristics prevailing
during the early development stages, when individuals are
more phenotypically influenced by the environment, are of
particular importance (Tudela 1999; Pinheiro et al. 2005)
especially in case of meristic characters (Weisel 1955;
Lindsey 1988). In this reason meristic traits show less
differentiation via morphometrics. Thssen et al. (1981) and
Turan (1999) stated the predictive abilities of morphometric
and meristic characters differ statistically and are likely to be
lower for the meristic characters thus, morphometric data
should be analyzed separately from meristic data in
multivariate analyses. It has seems isolation by distance to be
the mechanism responsible for population differentiation of
Caspian spirlin. Morphometric and meristic characters are
only partially genetically determined and are strongly
influenced by environmental conditions (e.g. Thssen et al.,
1981; Lindsey, 1988).

Body shape in fishes is generally thought to reflect
adaptation to their ecological niches (Swain et al., 2005).
Poulet et al. (2004) used morphometric and meristic features
and they found that the truss network method was more
efficient than meristics in discriminating between the
subpopulations.Unlike meristic characters, which are fixed
early in life, morphometric characters may be labile to
environmental influences throughout life (Wainwright et al.,
1992).Meristic characters are influences by a wide variety of
environmental factors including salinity, light, and dissolved
oxygen (Lindsey, 1988).
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In conclusion, with regard to our morphological results, it
could be said that the most important reason for the presence
of two distinct populations of Caspian spirlin in downstream
and upstream of Tajan River would be the Shahid-Rajaee
dam, which was constructed on the river. To determine the
contribution of genetics in differences in morphological
findings, further investigation is necessary using DNA
techniques. It is suggested to use molecular markers with

high polymorphism,

such as microsatellite to detect

population differentiation.
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