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Abstract

A 13-landmark morphometric truss network system wsead for 135 specimens to
investigate the hypothesis differentiation of goldeey mullet along the southeastern
Caspian Sea. Univariate analysis of variance shaigrdficant differences among
the means of the three groups for 35 standardizeghmmetric measurements out of
78 characters studied. In linear discriminant fimrctanalysis (DFA), the overall
assignment of individuals into their original greupias 66.7%. The proportions of
individuals correctly classified into their origingroups were 62.5%, 59.1%, 76.5%
in Neka, Behshahr and Galogah populations, resedetiThe Principal Component
Analysis (PCA) showed that the specimens groupedZrareas with high degree of
overlap. Clustering analysis based on Euclideamregdistances among the studied
groups of centroids using an UPGMA resulted segi@mgaf the three populations
into two distinct clusters. These results could dbenterest for management and
conservation programs of this species in the Caspiés.

Keywords: Golden grey mullet, Truss network system, soutteen Caspian Sea

Introduction

During the years 1930-1934, about thre80% L. saliens and 70%L. aurata (Fazli
millions juveniles of Black Sea grey mulletand Ghaninezhad, 2004).

were successfully introduced from the Black  The golden grey mullet.iza aurata is
Sea into the Caspian Sea (Zablotski, 1966an euryhaline (1-38 ppt), eurythermic (3-
That including grey mullet Mugil 35°C) (Amini, 1989) and pelagic coastal
cephalus), leaping grey mullet Lijza marine species which usually lives in
saliens), and golden mulletl( aurata) but inshore waters, entering lagoons and
only the two last species have successfullgstuaries. It rarely enters freshwater and
acclimated, adapted and propagated in tharefers a muddy bottom (Jardas, 1996) and
Caspian Sea. These species are currently feled on periphyton, detritus and small
high economic importance (Fazli andinvertebrates (Fazlet al., 2008). Golden
Ghaninejad, 2004; Nematzadethal ., 2013) grey mullet in the Caspian Sea spend spring
as in industrial capturing of Mugilidaein the north and autumn in the south
family ration of each species that including (Probatov and Tereshchenko, 1951). This
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species is a target of a commercial fisherpetwork system (Strauss and Bookstein,
and appeared in the catches which by th#982) is a landmark based on geometric
middle of the 1950s reached up to 3000 tonmorphometrics, which poses no restriction
for the USSR and Iran (Fasi al., 2008). on the directions of variation and

Because of their economic importancelocalization of shape changes, and is much
Golden grey mullet has been broadheffective in capturing information about the
studied, in terms of Dbiological shape of an organism (Cavalcasti al.,
characteristics (Fazli, 1998), age and growti999). It covers the entire fish in a uniform
(Andaloro, 1983; lllkyaz et al., 2006; network, and theoretically, it increases the
Mehanna, 2006; Fazit al., 2008; Kraljevé  likelihood of extracting morphometric
et al., 2011), reproduction (Hotost al., differences between specimens (Cardin and
2000), systematic status (Turag al., Friedland, 1999; Turan, 1999; Akbarzadeh
2011), distribution and migration (kkovic et al., 2009; Kocovsky et al., 2009;
et al., 2010), genetic diversity (Ghodst Mousavi-Sabet and AnvariFar, 2013).
al., 2011) and phylogenetic relationships  Despite  the  biodiversity = and
(Turanet al., 2005). However, information commercial importance of golden grey
on population differentiation of adult mullet as one of the major commercial and
specimens in the Southeastern Caspian Sedroduced species in the Caspian Sea,
is still rather limited. In addition, it is unfortunately there is no any study available
important to understand that this uniton population differentiation of this species
population had morphological differenti-in the southern coast of the Caspian Sea.
ation. Considering the above mentioned facts, the

Morphometric population differenti- present study was aimed to obtain
ation is important from various viewpointsinformation about morphometric variation
including evolution, ecology, behaviour,and differentiation oL. aurata in southern
conservation, water resource managemenpbasts of the Caspian Sea runs to be
and stock assessment (AnvariFer al., employed in the future enhancement
2011; 2013). Suitable and successfubrograms to maintain this valuable species
management of aquatic organisms stock wiih the Sea.
be gained by study of genetic stocks of
endemic species and identification of _ Caspian Sea .
populations (Coad, 1980). The study offESewE RSN
morphological characters with the aim of
defining or characterizing fish stock units
has for some time been a strong interest i
ichthyology (Tudela, 1999).

In morphological studies, conventional
and Truss network system are normallys =& i
used to describe morphological Variationire Loction of sampllns including Neka
between different populations of a speciess ' ;

3 : ehshahr and Galogah in the southeastern Caspian
The study of morphometrics using truss  Sea.

..Googl ‘
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Materials and methods if any, between males and females of golden
Sampling grey mullet.
A total of 135 adult individuals of golden
grey mullet were collected from threef g
sampling sites, during March-April period <&\ "
of 2012 that comprising 40 individuals from
Neka (36°49N, 53°9E), 44 individuals
from Behshahr (36°8R, 53°27E) and 51 & e

Figure 2. Digital image of a golden grey mullet

individuals ~ from  Galogah ~ (36°34, . depicting the thirteen landmarks and associated box
53°48E), along the southeastern Caspiakuss used to infer morphological differences among
Sea (Fig. 1). The specimens captured byopulations. 1. Tip of snout 2. Center of eye 3.
beach seine. Forehead (end of frontal bone) 4. End of opercuum
Dorsal origin of pectoral fin 6. Origin of first dsal
fin 7. Origin of pelvic fin 8. Origin of second dxal
Laboratory work fin 9. Origin of anal fin 10. Termination of andhf
A total of 78 distance measurementsi. Dorsal side of caudal peduncle, at the nadir 12

between 13 landmarks were surveyed usinggntral side of caudal peduncle, at the nadir 181 E
truss network system (Strauss an@' lateral line. (Strauss and Bookstein, 1982;
Bookstein, 1982; Bookstein, 1991) with>Cokstein: 1999
minor modjification for this species (Fig. 2).Data analysis

Fishes were placed on a white board WIﬂ%ize dependent variation was corrected by

dorsal and anal fins erected by pinning. Th : .
eft_body profile of each fish was foabing an alometic method as suggested

photographed in 300-dpi, 32-bit coIorM g =M (Ls/Lo)°
. . - aJ -
digital camera (Sony Cybershot DSC-F505, Where, M is original measurement,

sSony, Japan). Images were saved in Jp%adj is the size adjusted measuremetis

format and analyzed with TPSdig (Ver. .
| . the standard length of the fidbs the overall
2.04; Rohlf, 2005) to coordinates of 13mean of standard length for all fish from all

connodting these ndmaiks was genorarSgMPIes in each anabsis, and b was
9 9 timated for each character from the

for each fish to represent the basic shape § :
. ; . served data as the slope of the regression
the fish (Cardin and Friedland, 1999). All 2 "HE5 B0 F 5 0 ‘,f" o from %Om

rsn?zsag;irggp t?”e V\E(é;iel trggffocirregn d t(;(_YFhe groups. The results derived from the
P ’ allometric method were confirmed by

coordinate data was transformed into "neatresting significance of the correlation

distances by computer (using th ,
Pythagorean Theorem) for subsequer]eit\g'\;ﬁe(r.:.ttjrrzzs?gggd variables and standard
analysis (Turan, 1999). Univariate  Analysis of Variance

dissgtt:é tt:(iadepnr':i?;[/ot%reagg’og]tﬁeffg]ecvivrﬁZﬁANOVA) was performed for each
by macroscopic examination of the gona dSmorphometrlc character to evaluate the

: Statistical ~ significance  of  individual
Gender was used as the class variable Morphometric characters among the three
ANOVA to test for the significant P 9

differences in the morphometric characterd"0P® (zar, 1984). The morphometric
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characters which showed significantcorrelation between transformed
variation (P<0.05) only were used formorphometric variables and standard length
obtaining the stable outcome fromwas non-significant (p>0.05) that confirmed
multivariate analysis. In the present studgize or allometric signature on the basic
linear discriminant function analysesmorphological data was accounted.
(DFA), principal component analysis (PCA)Differences (P<0.05) among the three
and cluster analysis (CA) were employed tpopulations of golden grey mullet in the
discriminate the three studied populations. Neka, Behshahr and Galogah stations in the
Principal component analysis helps insouthern Caspian Sea were observed for 35
morphometric data reduction (Veassyal., out of 78 morphometric characters (Tab. 2)
2001), in decreasing the redundancy amorgnd these variables were used further for
the variables (Samaeest al., 2006; multivariate analysis (PCA, DFA and CA).
AnvariFar et al., 2011) and to extract a The @ ANOVA for differences in
number of independent variables fommorphometric characters between female
population differentiation. The Wilks’ and male of golden grey mullet did not
lambda was used to compare the differenadiffer significantly (p<0.05); hence, the data
between all groups. The DFA was used téor both sexes were pooled for all
calculate the percentage of correcthsubsequent analyses.
classified (PCC) fish. A cross-validation In order to determine which
using PCC was done to estimate thenorphometric measurement (MM) most
expected actual error rates of theeffectively differentiates populations, the
classification functions. As a complement tacontributions of variables to principal
discriminant analysis, morphometriccomponents (PC) were examined. To
distances among the individuals of the threexamine the suitability of the data for
groups were inferred to cluster analysigrincipal component analysis, Bartlett’s
(Veasey et al., 2001) by adopting the Test of sphericity and Kaiser-Meyer-Olkin
Euclidean square distance as a measure @MO) measure were performed. In this
dissimilarity and the UPGMA (Unweighed study, the value of KMO for overall matrix
Pair Group Method with Arithmetical was 0.569. The Bartlett's Test of Sphericity
average) method as the clustering algorithmwas  significant ~ (R0.01).  Principal
(Sneath and Sokal, 1973). component analysis of 35 MMs extracted
Statistical analyses for morphometriceight factors with eigenvalues >1,
data were performed using the SR8&ion explaining 89.63% of the variance (Tab. 3).
16 software package, Numerical Taxonomyrhe first principal component (PC1)
and Multivariate Analysis System (NTSYS-accounted for 27.88%, the second principal
pc) (Rohlf, 1990) and Excel (Microsoft component (PC2) for 23.11% and the third

office, 2010). principal component (PC3) for 13.69%
(Tab. 3). The most significant loadings on
Results PC1 were 1-8, 2-8, 3-8, 4-8, 5-8, 6-8, 8-11,

Descriptive data for the range (Minimum-8-12, 8-13, on PC2 were 1-2, 1-5, 2-3, 2-5,
Maximum), mean, standard deviation (SDP-13, 4-13, 5-13, and on PC3 were 1-7, 2-7,
of length and weight in case of sampled®-7, 4-7, 5-7, 6-7. Visual examination of
specimens are shown in table 1. Thelots of PC2 and PC3 scores revealed that
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Table 1.Length (mm) and weight (gr) of golden grey mulleimh sampling sites.

. Min-Max Meant S.D Min-Max Meant S.D

Station Sex N (engthy  (length) (weight)  (weight)

o Male 51 230-355  288.67120.50 151305 248.97%59.05
Female 19 250-420  296.3539.14 144760  283.16+050.6

A Male 8 580-440 34194104 195980  468.5:193.13
Female 26 230-460  333.9+54.09 114-1250  403.71+203.6

Galogah Male >3 230450 2828115758 122842 2502317412
Female 28 230-450 291456333  89-842 264.75+178.98

Table 2. ANOVA of morphometric characters of golden greyllettsamples.

MM FV PV MM FV PV MM FV PV

1-2 3.19 0.04 3-7 9.77 0.00 6-9 0.49 0.62
1-3 241 0.09 3-8 4.96 0.01 6-10 1.45 0.24
1-4 2.40 0.09 3-9 0.05 0.95 6-11 0.31 0.74
1-5 3.58 0.03 3-10 1.76 0.18 6-12 0.65 0.52
1-6 1.43 0.24 3-11 0.79 0.46 6-13 1.53 0.22
1-7 16.30 0.00 3-12 0.07 0.94 7-8 0.70 0.50
1-8 8.39 0.00 3-13 231 0.10 7-9 4.15 0.02
1-9 0.83 0.44 4-5 2.76 0.07 7-10 0.59 0.56
1-10 3.79 0.03 4-6 0.88 0.42 7-11 6.51 0.00
1-11 6.95 0.00 4-7 9.90 0.00 7-12 6.42 0.00
1-12 4.82 0.01 4-8 4.02 0.02 7-13 14.42 0.00
1-13 16.11 0.00 4-9 0.20 0.82 8-9 1.53 0.22
2-3 3.66 0.03 4-10 0.57 0.57 8-10 0.15 0.86
2-4 1.76 0.18 4-11 0.16 0.85 8-11 4.59 0.01
2-5 511 0.01 4-12 0.84 0.44 8-12 4.24 0.02
2-6 1.50 0.23 4-13 3.90 0.02 8-13 7.64 0.00
2-7 17.25 0.00 5-6 6.12 0.00 9-10 0.49 0.61
2-8 6.29 0.00 5-7 10.43 0.00 9-11 1.01 0.37
2-9 0.21 0.81 5-8 3.54 0.03 9-12 1.40 0.25
2-10 1.60 0.21 5-9 0.54 0.59 9-13 2.09 0.13
2-11 1.12 0.33 5-10 1.01 0.37 10-11 2.58 0.08
2-12 0.58 0.56 5-11 1.69 0.19 10-12 2.55 0.08
2-13 3.49 0.03 5-12 0.45 0.64 10-13 7.19 0.00
3-4 1.95 0.15 5-13 4.74 0.01 11-12 0.39 0.68
3-5 0.70 0.50 6-7 16.54 0.00 11-13 8.46 0.00
3-6 9.70 0.00 6-8 5.26 0.01 12-13 6.46 0.00

MM = Morphometric measurement, FV = F value, PV waRie

Table 3.Eigenvalues, % of variance and % of cumulativéavee for thirteen principal components for
different sexes of golden grey mullet specimens.

Factor Eigen value: % of variance % of Cum. var.
PC1 9.76 27.88 27.88
PC2 8.09 23.11 50.99
PC3 4.79 13.69 64.67
PC4 3.09 8.83 73.51
PC5 2.10 5.99 79.50
PC6 1.34 3.83 83.33
PC7 1.20 3.43 86.76
PC8 1.00 2.86 89.63
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the 135 fish specimens grouped into 2 areas Clustering analysis based on Euclidean
(Behshahr and Galogah) with low degree ofquare distances among the groups of
overlap among the populations (Fig. 3)centroids using an UPGMA populations
However, Neka specimens showed highvere clustered into two distinct clads Neka
degree of overlap with two otherand Behshahr in one group and the second
populations. In this analysis the characterelad include Galogah populations (Fig. 5),
ristics with an eigenvalues exceeding 1 weralthough they are far apart geographically.
included and others were discarded. It is
worth mentioning out here that factorDiscussion
loading greater than 0.70 are consideredihe aim of the present study was to
significant, 0.40 are considered mordnvestigate variability and differentiation of
important and 0.50 or greater are consideradorphometric characters among golden
very significant (Nimalathasan, 2009). Forgrey mullet populations using truss network
parsimony, in this study only those factorsystem. In this study for the first time, the
with loadings above 0.7 were consideredesults revealed that there are at least two
significant. distinct populations of golden grey mullet in
The Wilks’ lambda tests of the southeastern Caspian Sea. The analysis
discriminant analysis indicated significantof variance revealed significant phenotypic
differences in morphometric characters ofariation among the three populations (35
the three populations. In this test, twoout of 78 morphometric characters).
functions were highly significant §0.01) Discriminant Function Analysis could be a
(Tab. 4). The linear discriminant analysis inuseful method to distinguish different stocks
male gave an average PCC was 66.7%f a same species (Karakousisal., 1991).
Medium classification success rates werén the present study, individuals were
obtained for Neka (62.50%), Behshahrcorrectly classified into three respective
(59.09%) and Galogah (76.47%) thafgroups by DFA (Fig. 4) indicating a high
indicated a high correct classification ofdifferentiation among the populations of
specimens into their original populationsgolden grey mullet in the studied areas and
(Tab. 5). In both of male and female thehis segregation shown in coordinate Plot
cross-validation testing procedure wereaccording to the first two discriminant
exactly the same as PCC results. Figure #inctions. This segregation was partly
indicates the coordinates of threeconfirmed by PCA, where the graphs of
populations in the two first axes of DFA. InPC1 and PC2 scores for each sample (Fig.
this analysis there was a high degree @) revealed that the populations were clearly
separation among golden grey mulledistinct from each other. CA resulted there
specimens in the southern Caspian Sea. is two distinct populations of golden grey
order to illustrate which morphometricmullet in the southeastern Caspian Sea.
characters are playing role to differentiatéAccording to our results, the most important
species contribution of each variable to theneasures to take into account for
canonical functions were examined, andliscrimination purposes by populations
high contribution from measurements 1-13were the 1-13, 2-5, 2-7, 2-9 and 8-13 that
11-13, 12-13, 2-5, 2-7, 7-9, 8-13 werethese characters were common between
observed (Tab. 6). measurements that used in DFA and PCA.
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Figure 3.Plot of the factor scores for PC1 and PC2 of all$4d golden grey mullet populations.

Table 4.Wilks' lambda test for verifying difference amorgete populations of golden grey mullet populations
when morphological measurements are separately amahuising discriminant Function analysis.

Test of Function:s Wilks' Lambda Chi-square Df sig
1 through 2 0.37 128.75 14 0.00
2 0.78 32.03 6 0.00

Table 5.Percentage of specimens classified in each gmdpfier cross validation for morphometric data of
golden grey mullet populations.

Predicted group membershij

Locality Neka Behshahi Galogal Total

Neka 29 8 3 40

Count Behshahr 13 28 3 44

Original Galogah 4 6 41 51
Neka 72.50 20.00 7.50 100.0
% Behshahr 29.55 63.64 6.82 100.0
Galogah 7.84 11.76 80.39 100.0

Neka 25 11 4 40

Count Behshahr 14 26 4 44

Cross- Galogah 4 8 39 51
validate® Neka 62.50 27.50 10.00 100.0
% Behshahr 31.82 59.09 9.09 100.0
Galogah 7.84 15.69 76.47 100.0

Cross validation is done only for those casesdretialysis. In cross validation, each case isifiEsdy the
functions derived from all cases other than thaeca
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Canonical Discriminant Functions

station

® teka
A Behshahr
B Galogah

. Group Centroid

Function 2
7

T T T T T
-4 3 0 2 4

Function 1
Figure 4.Coordinate plot of golden grey mullet specimensating to the first two discriminant functions
from morphometric data analysis.

This study reveals that geographicatapoeta gracilis and stated dams obstruct
separation by distance and high inbreedinmigration of fishes especially that of the
probably created morphologically differentmigratory species resulting in an ecological
populations of golden grey mullet, becausé&ap for migratory fishes that ascend the fish
of their limited dispersal and migration. passages. Abdolhagt al. (2012) showed
Discrimination between regions can behe high inbreeding happened in Mahisefid
explained by the life history of the mullet, Rutilus kutum population, which is another
as they migrate to the ocean to spaweconomic species in the Caspian Sea, can
(Ibéfiez and Gutiérrez-Benitez, 2004) thaliead to low genetic variability in four
migrate to ocean is impossible in thepopulations of Mahisefid in southern shores
Caspian Sea. Gonzalez-Casttaal. (2012) of the Caspian Sea. Ghoddi al. (2011)
explained non-contact populationsinvestigated the level of genetic variation of
Mugilidae species, reflected broad shapkiza aurata in the southern Caspian Sea
differentiation. Holcik (1999) stated thatusing microsatellite marker and they results
dramatic declines in migratory species suckhowed compulsory inbreeding of golden
as lampreys, sturgeons, salmons angrey mullet lead to no conspicuous genetic
clupeids were well known in Europeanvariations and accordingly a relatively high
which requires attention. AnvariFa al. level of gene flow was found among
(2011) had studied dam effects orpopulations. Also, they stated in result of
morphometric differentiation ofCapoeta irregular capturing, short time after
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Table 6. Morphometric variables for the canonicalphenetic relationships in six southern
functions. Variables ordered by size of correlationAdriatiC mullet species and declared they

within the functions*, indicate largest correlation | | ted f th th
between each variable and any discriminant function were clearly separate rom e other

Function species. Turaret al. (2011) investigated
Morphometric ; ; ;

dr 1 dr2 systematic relationships among four genera
1-2 -0.025 0.224* and nine species of the Mugilidae family
15 -0.018 0.447* living in the Mediterranean Sea and stated
1-7 -0.438* 0.33 :
18 0314 0,366+ all species exceptL. chelon and L.
1-10 0.078 0.098* oedalechilus detected appreciable degree of
1-11 -0.315 0.051 morphologic differentiation.
1-12 -0.199 0.247* The causes of morphological
%‘f 0640475; 8-322* differences between populations are often
e 0.02 0,522+ quite difficult to explain (Pouletet al.,
2.7 -0 460* 0.298 2004). It has been suggested that the
2-8a -0.294 0.314* morphological characteristics of fish are
2-13 0.037 0.201* determined by genetic, environment and the
36 -0.025 0.281 interaction between them (Swain and Foote,
37 -0.404* 0.107 _ A
38 -0.260* 0.187 1999; Pouletet al., 2004; Pinheircet al.,
47 -0.316* 0.115 2005). The environmental factors prevailing
4-8 -0.229* 0.181 during the early development stages, when
123 %009171 (‘)0-13(')%2* individual's phenotype is more amenable to
57 .0.387+ 0.097 gnvwonmental _mflgence is of particular
5.8 -0.264* 0.175 importance (Pinheirog al., 2005). The
513 0.036 -0.406* influences of environmental parameters on
6-7 0.3777 0.187 morphometric characters are well discussed
g’_g :g'ggg %'2272* by several authors in the course of fish
7.11 0.216 -0.250* population segregation (Swain and Foote,
7-12 0.254* -0.148 1999).
7-13 0.369* -0.277 These morphological differences may
g'ﬂ 8-%8% 82%: be solely related to body shape variation and
813 0.972 -0.344* not to size effects which were successfully
1013 0.125 -0.138* accounted for by allometric transformation.
11-13 0.339* 0.007 On the other hand, size related traits play a
1213 0.24 -0.344* predominant role in morphometric analysis

and the results may be erroneous if not
introducing to the Caspian Sea, closeddjusted for statistical analyses of data
environment and no connection with oceaTzeng, 2004). In the present study, the size
waters can lead to decrease of genetigffect had been removed successfully by
variation and increase gen flow amongllometric transformation, and the
populations. Also, several studies havgijgnificant differences among the
questioned the systematic status family opopulations were due to the body shape

the Mugilidae. Antovic and Simonovic variation when it tested by ANOVA and
(2006) surveyed interspecific variability andmultivariate analysis.
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of the visceral and dermal skeletoRussan
Journal of Marine Biology 32: 250-254.

variFar, H., H. Farahmand, D.M. Silva, R.P.

A Bastos and H. AnvariFar 2013. Fourteen years
after the Shahid-Rajaei dam construction: an
evaluation of the morphometric and genetic
differentiation  between isolated up- and

In conclusion, the present study
suggests that there are two independe%
populations in the southeastern Caspian Se
that could be of interest for commercial
exploitation, management and conservation
programs of this species in the sea. A ;
detaied study involving the molecular  SoUTSIear, popuialons oCapese Copeia
genetics and environmental aspects mMay Taan River (Iran). Genetic and Mulecular
further confirm the present findings  Research 12: 3465-3478.
unambiguously. However, in order to haveAnvariFar, H., A. Khyabani, H. Farahmand, S.
better conservational policy and restocking Yaandoust, H. AnvariFar and S. Jahageerdar

. 2011. Detection of morphometric differentiation
programs, _fu_rther studies are recommended between isolated up- and downstream populations
on determining other possible populations

of Siah Mahi Capoeta capoeta gracilis) (Pisces:
of this species in other regions of the Cyprinidae) in the Tajan River (Iran).
Caspian Sea.

Hydrobiologia 673: 41-52.
Bookstein, F.L. 1991. Morphometric Tools for

Landmark Data. Cambridge University Press,
Acknowledgements Cambridge, UK. 435p.

We would like to express our sincere thankgardin, S.X. and K.D. Friedland 1999. The utilitf/ o

to Morteza ZareAshrafi for his helps in
specimen’s collection.

References

Abdolhay, H.A., S.K. Daud, S. Rezvani, M.

image processing techniques for morphometric
analysis and stock identificationFisheries
Research 43: 129-139.

Cavalcanti, M.J., L.R. Monteiro and P.R.D. Lopes

1999. Landmark based morphometric analysis in
selected species of Serranid fishes (Perciformes:

Pourkazemi, S.S. Siraj, F. Laloei, A. Javanmard Teleostei)Zoological Studies 38: 287-294.
and H. Hosseinzadeh Sahafi 2012. PopulatioCoad, B.W. 1980. Environmental change and its

genetic structure of Mahi SefidR(tilus frigi

kutum) in south of the Caspian Sea: Implications

for fishery managementlranian Journal of
Animal Biosystematics 8: 15-26.

Akbarzadeh, A., H. Farahmand, A.A. Shabani, M.

Karami, M. Kaboli, K. Abbasi and G.R. Rafiee
2009. Morphological variation of the pikeperch

impact on the freshwater fishes of Ir&ol ogical
Conservation 19: 51-80.

Elliott, N.G., K. Haskard and J.A. Koslow 1995.

Morphometric analysis of orange roughly
(Hoplostethus atianticus) off the continental slope
of Southern AustraliaJournal of Fish Biology 46:
202-220.

Sander lucioperca (L.) in the southern Caspian Fazli H. 1998. Some biological characteristicd izf

Sea, using a truss systedournal of Applied
Ichthyology 25: 576-582.

aurata in the southern coasts of the Caspian Sea.
Iranian Journal of Fisheries Sciences 10: 41-56.

Amini, F. 1989. Biology of mullet species and their Fazli, H. and D. Ghaninejad 2004. A study on catch
adaptation to freshwater. The national conference and some biological aspects of mullets in the
on fisheries resource management of the Caspian southern basin of the Caspian Seaanian

Sea, Babolsar. pp. 73-79.

Andaloro, F. 1983. Contribution on the knowledge of
the age and growth of the Marsala Lagoon goldefazli,

grey mullet, L. aurata (Risso, 1810). Rapports
Commission Internationale Mer Mediterranean
28: 81-82.

Antovic, |I. and P. Simonovic 2006. Phenetic

Journal of Fisheries Sciences 13(3): 97-116. (in
Farsi).

H., D. Ghaninejad, A.A. Janbaz and R.
Daryanabard 2008. Population ecology parameters
and biomass of golden grey mullétiZa aurata)

in Iranian waters of the Caspian Sé&asheries
Research 93: 222-228.

relationships of six species of mullets (Mugilidae) Ghodsi, Z., A. Shabani and B. Shabanpour 2011.
from the south Adriatic, as inferred from the study  Genetic diversity of.iza aurata (Risso, 1810) in

135



S. Kohestan-Eskandari, H. Anvarifard H. Mousavi-Sab&Our Nature (2013), 11(2): 126-137

the coastal regions of Golstan province, usingMic¢kovi¢, B., M. Nikéevic, A. Hegedi§, S. Regner, Z.

microsatellite marker.  Taxonomy and Gaii¢ and J. Krpotetkovi 2010. Mullet fry
Biosystematics 6: 35-46. (mugilidae) in coastal waters of Montenegro, their
Gonzélez-Castro, M., A.L. Ibafiez, S. Heras, M.I. spatial distribution and migration phenology.

Roldan and M.B. Cousseau 2012. Assessment of Archives Biological Science, Belgrade 62: 107-
lineal versus landmark-based morphometry for 114.

discriminating species of Mugilidae Mousavi-Sabet, H. and H. AnvariFar 2013.
(Actinopterygii). Zoological Studies 51(8): 1515- Landmark-based morphometric variation between
1528. Cobitis keyvani and Cobitis faridpaki (Pisces:

Holcik, J. 1999. The impact of stream regulations Cobitidae), with new habitat fo€. faridpaki in
upon the fish fauna and measures to prevent it In the southern Caspian Sea basinlia Zoologica
Workshop on Mediterranean Stream Fish Ecology 62(3): 167-175.
and Conservation (Eds. M.T. Stomboudi, M. Nematzadeh, M., S. Rezvani, M.K. Khalesi, F. Laloei
Kottelat and R. Barbieri). Rhodes, Hellas, 1-3 and A. Fahim 2013. A phylogeny analysis on six

November 1999. Abstract, pp. 13. mullet species (Teleosti: Mugillidae) using PCR-
Hotos, G.N., D. Avramidou and |. Ondrias 2000. sequencing methodranian Journal of Fisheries

Reproduction biology ofLiza aurata (Risso, Sciences 12(3): 669-679.

1810), (Pisces Mugilidae) in the lagoon of KlisovaNimalathasan, B. 2009. Determinants of key

(Messolonghi, W. Greecedfisheries Research 47: performance indicators (kpis) of private sector

57-67. banks in Srilanka: an application of exploratory

Ibafiez, A.L. and O. Gutiérrez-Benitez 2004. Climate factor analysis. The annals of the Stefan cel Mare
variables and spawning migrations of the striped University of SuceavaFascicle of the faculty of
mullet and white mullet in the northwestern area  economics and public administration 9: 9-17.
of the Gulf of MexicoJournal of Fish Biology 65:  Pinheiro, A., C.M. Teixeira, A.L. Rego, J.F. Margue
822-831. and H.N. Cabral 2005. Genetic and morphological

llkyaz, AK., K. Firat, S. Saka and H.T. Kinacigil variation ofSolea lascaris (Risso, 1810) along the
2006. Age, Growth, and Sex Ratio of Golden Portuguese coaftisheries Research 73: 67-78.
Grey Mullet, Liza aurata (Risso, 1810) in Homa Poulet, N., P. Berrebi, A.J. Crivelli, S. Lek and C

Lagoon (Uzmir Bay, Aegean Sea)lurkish Argillier 2004. Genetic and morphometric
Journal Zoology 30: 279-284. variations in the pikeperctsdnder lucioperca L.)

Jardas, 1. 1996. Jadranska ihtiofauna (Adriatic of a fragmented deltéArchiv fuer Hydrobiologie
ichthyofauna). Skolska knjiga, Zagreb. 536p. 159: 531-554.

Karakousis, Y., C. Triantaphyllidis and P.S.Probatov, S.N. and K.K. Tereshchenko 193he
Economidis 1991. Morphological variability Cagpian S mullels and its fisheries.

among seven populations of brown trdsd/mon Pishchepromizdat, Moscow. 115p.
trutta L., in GreeceJournal of Fish Biology 38:  Rohlf, F.J. 1990. Numerical Taxonomy: a
807-817. Multivariate Analysis System. New York: Exeter

Kocovsky, P.M., J.V. Adams and C.R. Bronte 2009. Software.
The effect of sample size on the stability ofRohif, F.J. 2005. TPS Dig, version 2.04. State
principal component analysis of truss-based fish University of New York, Department of Ecology

morphometrics. Transactions of the American and Evolution, Stony Brook.

Fisheries Society 138: 487-496. Samaee, S.M., B. Mojazi-Amiri and S.M. Hosseini-
Kraljevic, M., J. Duti¢, A. Pallaoro and S. Méti Mazinani 2006. Comparison @fapoeta capoeta

Skoko 2011. Age and growth determination of the  gracilis (Cyprinidae, Teleostei) populations in the

golden grey mulletlLiza aurata (Risso, 1810) south Caspian Sea River basin, using

from the Adriatic Sea by using scale readings and morphometric ratios and genetic markerslia

length frequency analysisicta Adriatica 52(2): Zoologica 55: 323-335.

223-234. Sneath, P.HA. and R.R. Sokal 197Rumerical

Mehanna, S.F. 2006. Fisheries management of the Taxonomy. San Francisco: W. H. Freeman.
thinlip grey mulletLiza ramada and golden grey Strauss, R.E. and F.L. Bookstein 1982. The truss:

mullet Liza aurata from Lake Bardawil, Egypt. body form reconstruction in morphometrics.
Egypt Journal of Aquatic Biology and Fisheries Systematic Zoology 31: 113-135.
10: 33-53.

136



S. Kohestan-Eskandari, H. Anvarifard H. Mousavi-Sab&Our Nature (2013), 11(2): 126-137

Swain, D.P. and C.J. Foote 1999. Stocks and Turkish Journal of Fisheriesand Aquatic Sciences
chameleons: The use of phenotypic variation in  11:315-321.
stock identification.Fisheries Research 43: 113-  Tzeng, T.D. 2004. Morphological variation between

128. populations of spotted MackerelScomber
Tudela, S. 1999. Morphological variabilty in a  australasicus of Taiwan. Fisheries Research 68:

Mediterranean, genetically homogeneous  45-55.

population of the European Anchovigngraulis Veasey, E.A., E.A. Schammass, R. Vencovsky, P.S.

encrasicolus. Fisheries Research 42: 229-243. Martins and G. Bandel 2001. Germplasm

Turan, C. 1999. A note on the examination of characterization ofieshania accessions based on
morphometric  differentiation  among fish multivariate analyses.Genetic Resources and
populations: the truss systeifurkish Journal of Crop Evolution 48: 79-90.

Zoology 23: 259-263. Zablotski, V.I. 1966. Changes in the parasite fauna
Turan, C., M. Caliskan and H. Kucuktas 2005. mullet in connection with its acclimatization ireth
Phylogenetic relationships of nine mullet species Caspian Sea. In &limatization of animals in the
(Mugilidae) in the Mediterranean Sea. USSR (Ed. A.l. Yanushevich), Israel Program for
Hydrobiologia 532: 45-51. Scientific Translation, IPST. Cat.,, vol. 1218.

Turan, C., M. Girlek, D. Ergiden, D. eoglu and Jerusalem, pp. 238-239.

B. Oztiirk 2011. Systematic Status of Nine MulletZar, J.H. 1984Biostatistical analysis. Prentice Hall,
Species (Mugilidae) in the Mediterranean Sea. Englewood Cliffs, N.J.

137



