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Stock differentiation studies of silverbelly from four 
localities in the northea,stern Mediterranean has been car ried 
out mor,phometrically applying the Generalized Distance of 
Mahalanobis and shown that s.Hverbei'lies of Mers,in Bay 
consisted of four different stocks. 

INTRODUCTION 

L. klunzingeri is one of the most common Indo-Pacific demersal species 
in the northeastern Med: terranean. The meain catch of this species d·.1ring 
the ye:irs 1980-1982 perfod CO!IlStituted 10.20/o i:n number of the individuals 
in Goksu, 9.80/o in T iirtar, 3.00/o i n Seyhan and 3.00/o in Tuzla (Bi ,n gel , 1987) . 
However, because of its small size, (50-70 mm) these fish have to Jate no 
commercial importance in Tur:key although it might have some economic 
potential in future (Bi n g e 1, 1981). 

These fish have ,ripe g,onads during the summer (Ben - Tu vi a 1966). 
The eggs are pelagic and the spawning occurs from the beginning of April 
until the end of May (A :ks i r a y , 1954). However, from the lengt h frequency 
curve fitting data given by Bi n g e 1 (1987) , one may oonclude that these f-ish 
spawn eventually i,n two main p eriods ; in April-May and Aug,ust-September. 

Silverbelly have come from the Red Sea along the Gulf of Suez to the 
eastenn basin of the Mediterranean in 1898 (Ste ind a ch n e r, 1898). How e 
ver, their :fust deteclion m. Iskender:un Bay was made by Era z ii (1943). Th:is 
species has adapted to :the n:ew hailliitaits and spreaded oonsiiJde:ra1bly. Leiognathus 
klunzingeri i.:n the Mediterranean are distributed in the eastern part, from 
Port Said to Mersin Bay aind Aegean Sea (Ben-Tu vi a, 1966). In fact, one 
speoimen was collected from the neighbourhood of Lampedusa, which is near 
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the eastern coast of Tunisia. These a:daptations to the new oceanographic 
environment may cause the changes in their mor:phometric characters as was 
also pointed out by Ko s s w i g (1974). The aim of this study is to define the 
stock compositio,n of Leiognathus klunzingeri in the northern Cilician Basin 
(i\/Iersin Bay). 

Popula.tion dynamtics of the 1ocal populations of each waiter product shows 
great diversity (R i ck e r, 1975). Therefore, the stocks studied, must be 
differentiated and the unity of the stock or stocks should be stated. In fact, 
the Jdentification and delimitation of unit stocks are necessary for the asses
sment of the exploited fish stocks. 

MATERIAL AND METHODS 

Samiple collections were do,ne from the Bay of Mersin, which is located 
in the northerin Mediterranean. Four sampling stations weTe located along 
the coast between the Karatas Cape in the east and Goksu BJi,vie.r de1lta in the 
\.vest (Fig. 1). Seyha.n, Tirtar and Goksu stations were directly influenced by 
the rivers of (Tarsus and Seyban), Lamas and Goksu respectđ.v'ely. 

Materials in present study were sampled with two different trnwler boats 
of similar characteristics. Samples were collected by deep trawl net, with a 
cod-end mesh size .of 28 mm streched, towed approximately 1.5 to 4.5 km. 

Stations (Fig. 1) were visited for the first time on March 19, 1985 and 
continued at approximately 9 months until December 20, 1985. Collections 
were đone randomly. The trawled fdsh were sorted by species, kansfeI"red 
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Fig. 1. Sampling locations in the Mersin Bay TUZLA,I _ I: SEYHAN, 

~: TIRTAR, I -I: GOKSU) 
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illlto the plastic containers of 5 lirtres and preserved lin 100/o formalin solutton 
(H e a 1 e y, 1978; H e s t h age n, 1977; Ma 1i s, 1972) ummediately after sepa
ration of the catch. 

The defa.nition of 11 morp_hometr:c measurements of individua} fish were 
shown in Fig. 2. Monphometrics and sex of a total of 1772 fish were deter
mined and 1542 specimens were used for the discrimination. For the elimina
tion of the differences in percentage ratios of males and females Oi!l the results 
of Discriminant Analyses, at d~.fferent stailions, the percentage of males a!lld 
females was equa1ized. 

Leiognathus klunzitngeri reaches the sexual maturity at rather small size 
(50 mm), since its maximum length is 120 mm (Bi n g e 1, 1987). It is difficult 
to discriminate thls species on theil' sex due to its small size. Hence the incor
rect determination of sex of L. klunzingeri would possi:bly influence the 
results. Because of h:igher probability of wrong sex discrimination of smaller 
indiviiduals, it was decided to analyse larger individuals. 

In order to select perfectly matured inclividuals, time series of the lengU1 
frequency distribut ion given in Bi n g e 1 (1987) was examined. I1nd:viduals 
between 50 and 60 mm in length were considered as rthe filrst se:imally mature 
group using Petersen Method, H o 1 d e n & R a i t t (1974). To avoid further 
errors, DJscniminant .A!Ila:lyses were made for 60 mm ,and longer ii!ndividuals. 
rotal length vanges of the ,samples and number of sampled individuals coiJ.-
1 ected from four locatiions 1are given im. Table 1. 

Table 1. Minimum, maximum total length ranges and number ođ' specimens at four 
sampling stations 

STATIONS 
Whole data TUZLA SEYHAN TIRTAR GOKSU 

min max min max min max min max 

ROW DATA 
Total length (mm) 28 96 26 115 41 86 32 98 
• of specimens 498 498 278 498 

EQUALIZED DATA 
Total length (mm) 60 96 60 91 60 86 60 94 
• of specimens 219 194 131 227 

During washing of each fish in the labma.tory, umder cold running top 
water, the body of each specirrnen wa,s turned in a tail-to-head diirecbion and 
the washing 01peration was done with weakly fJowin.g water. Sub-sampling 
was performed u sing the method described by H o 1 d e n & R a i t t (1974). 
DurJng the length m easurement, each indiv:dual was laid on its right side, 
the jaws being closed and the length was measured b y means of a clipper 
as a straight line. The distance between the tips of the c1i,pper was read off in 
rnillimetric scale. The weighing was done on an electronic balance (accuracy 
0.01 gr) . 

According to B 1 a c kit h and R e y me nt (1971), the weight unit can 
be used for the standardization of the row data. iit is well lmown that the 
weight is a power of the length (R i c k e r, 1975). Based on this idea, the 
weight u.nit was used in present study, for the standardization of the row 
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data. In order to prevent any bias 1n total weight measurements due to food 
factor and different maturation stage, the weight after cleaning was used 
for standardization. The fish was laid straight on a millimetric paper. Much 
care was paid to fit the axis, which passes through maxillary symphasis (U) 
to the membrnneous edge of caudal fin at for1k (F) to the straight 11ne drawn 
in a horizonta! plane on the millimetric paper (Fig. 2). For dissection through 
gi11-cover notch at an angle of 90° between the above described axis and the 
gill-cover notch was arranged and dissection was made by one stroke. 

i--------SL------------...,5. 

i----------FL-----------_, 
F 

~L-----------TL------------'N 

Fig. 2. Measured morphometric characteristics of L. 
klunzingeri 
TL = Total length, SL = Standard length, 
DBL = Dorsal b9dy length, UHL = Upper head 
length, PPL = Pre-Pectoral length, POL = Pre
-Orbital length, OD = Orbital d~ameter, POD = 
Post-Orbital distance, FL = Fork length, PDL = 
Pre-Anterior dorsal length, PAL = Pre-Anal 
length 
[Figure is redrawn from (Torto nese 1975)] 

The Generalized Distance of Mahalanobts (Mah a 1 a no bi s et al., (1949) 
cited in Web e r, 1972) was used in the present study for the numerical discri
mination of the stocks of silverbelly: 

D2 = (bJ di + b2 d2 + b3 d3 + . . ....... + bm dm)/m 

Where: 
Dl: Generalized Mahalanabis Distance 
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b 1 : discriminant functions of the (i)'th measurement 
d1 : mean difference of the (i)'th measurement 
m: number of measured characters 
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Clustering technique of Davi s (1973) was combined with Generalized 
Distance of Mahalanobis to obtain quahtative relationshi,p between stooks. 
Si,gn,ificant testing of S ne at h & S oka 1 ('1973) was used to o:bserve the 
presence or absence ,of si:gnificancy between the groups for the calculated 
D1 values. 

RESULTS AND DISCUSSION 

Mahalanobis Distance values and caloulated s.ignificant testing results a,re 
shown in four different local areas in Table 2. 

Table 2. Generalized Mahalanobis Distances (D2) of L. klunzingeri longer than 
60 mm, above the diagonal. Results of the significant testing were shown 
below the diagonal; (•) significant 

STATION TUZLA SEYHAN TIRTAR GOKSU 
n2 n2 n2 n2 

TUZLA 0.473 0.475 0.608 
SEYHAN * 0.757 0.857 
TIRTAR • • 0.429 
GOKSU • * • 

As can be seen from the Table 2 the two least Generalized Distances were 
fou:nd for Tirtar-Goksu (0 .429) aind for Tuzla-Seyhan (0.473) . The mean of the 
oombinatio!IlS, formed by the members of this pair of .gml.llps, is 1.5 times 
(0 .674) larger than any of two groups. Maximum Generali-zeci Distamce value 
was found to be 0.857 for Seyhan-Goiksu. The F vaJues calculated for Silver
beHies larger tha,n 60 mm ustng the methods desoribed by Da v j s (1973), 
Ove r a 11 & K 1 e t t (1972) and S ne at h & S oka 1 (1973) at 50/o error 
possibility were 3.22, 2.15, 3.28, 3.66, 7.08, 2.12 for Tuzla-Seyhan, Tuzla-Tirtar, 
Tuzla- Goksu, Seyhan-Tirtar, Seyhan-Goksu, and Tirta,r-Goksu irespectivel;v. 
These calculated F values were much higher than the F values read from the 
table of 1.83, 1.83, 1.82, 1.83, 1.82 and 1.82 11espectively. Therefore the hyipot
hesis, that »there is no difference between the groups« was rejected an.d 
concluded that four different stocks of silvoobe11ies (Tuzla, Seyhan, Tirtar 
and Goksu) inhabit the Bay of Mersin. 

L. lclunzingeri mov:e towards the estuarties even into the mouth of 
rivers to lay their eggs (A ks i r a y, 1954). Possible niches for the 
newly hatched larvae can be either the shallow estuaries or the mouth of 
rivers. Tarsus a1nd Seyha!Il rivers f-low iinto the northeastern part of the Mersin 
Bay, whereas Lamas and Goiksu r:ivers to southwestern iparts (Fig. 1). The 
mouths of Seyhan and Tarsus rivers may be the habitats for Tuzla aind Seyhan 
stocks and the mouths of Lamas and Goksu rivers for the Tfrtar and Goiksu 
stocks, res,pectively. 

Results of the cluster analysis (Fig. 3) sup.por-t also the existence of four 
different stocks mentioned above. However, the dissimi-larity (D2 value) bet-
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ween the sam.ples of Seyhan and Tuzla was higher (0.47) than the sarnples of 
Tirtar and Goksu (0.43). As can be seen from the Fig. 3, Tuzla-Seyhan stocks 
and Tirtar-Goksu stocks differ fr-om each other with a Generalized Distance 
value of 0.7. 
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Fig. 3. Dendogram of Generalized Distance matrix of L. 
lclunzingeri 

Individuals of Tirtar and Goiksu stocks show much more similarity among 
themselves than Tuzla and Seyhan stock do. Here, Deli Cape seems to be a 
banier Jn the genetic exchange between the individuals of Tuzla a:nd Seyhan 
stocks. This situation would ;;result i.n less similarity between the individuals 
of Tuzla and Seyhan stocks than Tirtar and Goksiu stocks. 

CONCLUSTON 

The stock oompositioo of the Leiognathus klunzingeri, collected from the 
northeastern Mec1iterranean (Mersin Bay) was studied statistically employing 
the Generalized Distance of Mahalonobis. 

Four different stocks of the L. klunzinge1·i were distinguished, i. e., Tuzla, 
Seyha,n, Tirtar and Goksu stocks. This characteristic has been explained by 
utilizing the numerical compositions of the genera1ized distances (Table 2) 
for related stations. 

Results of the Cluster analysis also suppo;;rted the existence ,of four diffe
rent stocks. The individuals of Tirtar and Goksu stocks show more simJlarity 
than individuals of Tuzla and Seyhan stocks (Fig. 3). 
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KRATKI SADRZAJ 

Diferencijacija stocka Leiognathus klunzingeri sa ,četiri lokaliteta sjevero
istočnog Mediterana izučavana je na osnovu morfometrije. Primijenjena je 
Mahalanobis-ova funkcija diskriminacije i ustanovljeno da postoje četki raz•U
čita st.oka Leiognathus klunzingeri Steindachiner u zaljevu Mersin. 


