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Abstract Morphometric and meristic analyses of chub

mackerel Scomber japonicus were used to discriminate

stocks throughout the Black, Marmara, Aegean, and north-

eastern Mediterranean Seas. Morphometric and meristic

analyses showed a similar pattern of differentiation between

S. japonicus stocks and revealed a clear discreteness of two

groups, northeastern Mediterranean (Antalya Bay–Iskende-

run Bay) and the northern group, including the Aegean,

Marmara, and Black Seas. Univariate analysis of variance

showed significant differences between means of the sam-

ples for most morphometric and meristic descriptors. The

contribution of each variable in distinguishing between the

stocks for the first discriminant function revealed high con-

tribution from head size measurements for morphometrics,

and first and second dorsal fin rays for meristics. Plotting all

specimens on the first two discriminant functions accounted

for 76% of total variance for morphometric and 69% of total

variance for meristic analyses, and both plots resulted in two

main groupings. The overall random assignment of indi-

viduals to their original group was higher in morphometric

than in meristic analysis.

Keywords Meristics � Morphometrics �
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Introduction

Chub mackerel, Scomber japonicus Houttuyn, 1782 is a

broadly exploited pelagic fish species and has a cosmo-

politan distribution along warm and temperate waters of

the Atlantic, Indian, Pacific Oceans, and in the Mediter-

ranean Sea and the southern part of the Black Sea [1].

Chub mackerel S. japonicus is commonly found in

Turkish Seas and distinguished from Scomber scombrus

by bigger eye diameter, absence of swim bladder, and no

spots on the abdomen. As a consequence of its broad

distribution and the existence of oceanographical barriers,

the species may be composed of multiple disjunct stocks.

There have been a number of stock structure analyses of

chub mackerel species delineated in Atlantic and Pacific

waters which report phenotypic and genetic differences

between stocks [2–6]. This species is one of the most

important commercial fishing species in the Mediterra-

nean Sea. Nevertheless, there is limited information

available on the biology, migration, and distribution of

chub mackerel in the waters of Turkey. Large purse seiner

is the main fishing gear for chub mackerels in offshore

waters of Turkey. This species was caught at very high

level during the 1980s. However, this decreased very

dramatically after 1995 [7]. Total landing amount of this

species in the northeastern Mediterranean, Aegean, Mar-

mara, and Black Seas was 9,000 tonnes in 2000 and

1,480 tonnes in 2003 [8, 9]. Landing amount is always

highest in the Aegean Sea (approximately 50% of total

catch).

For rational and effective fishery management of

resources it is necessary and important to know the stock

structure of an explored species, as each stock must be

managed separately to optimize their yield [10]. Poor

understanding of fish and fishery management can lead to
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dramatic changes in the biological attributes and produc-

tivity of a species [11–13].

Morphometrics and meristics are the two types of

morphologic characteristics that have been most frequently

employed to delineate stocks of fish. Morphometrics are

continuous characteristics describing aspects of body

shape. Meristic characteristics are the number of discrete,

serially repeated, countable structures that are fixed in

embryos or larvae. Variation in such characteristics was

assumed to be entirely genetic in early studies [14–16], but

is now known to have both environmental and genetic

components [17–19]. Therefore, stocks having the same

morphometric and meristic characteristics are often

assumed to constitute a single stock. Morphometric and

meristic variation between stocks can provide a basis for

stock structure, and may be more applicable for studying

short-term, environmentally induced variation, perhaps

more applicable for fisheries management in comparison

with genetic markers [20].

There is currently no knowledge of S. japonicus stock

structure among fishing areas of Turkish territorial waters.

Therefore, this study aims to investigate stock structure of

S. japonicus based on morphometric characteristics using

truss network system and meristic characteristics through-

out the Black, Marmara, Aegean, and northeastern

Mediterranean Seas.

Materials and methods

Sample collection

Chub mackerel were collected from the northeastern Medi-

terranean, Aegean, Marmara, and Black Seas (Fig. 1). All

samples were collected from commercial vessels, and sam-

pling details are given in Table 1. Samples were frozen soon

after collection and defrosted for digital image analysis,

which took place about 2 months later to ensure that all fish

were analyzed following a similar period of freezing. Tax-

onomic identification of the samples were carried out

according to Whitehead et al. [1] and Turan [21], and the

range of observed characteristics of S. japonicus was in

agreement with the description of Whitehead et al. [1] and

Turan [21].

Morphometrics

The truss network system described for fish body morpho-

metrics [22] was used to make a network on fish body; 13

landmarks determining 27 distances were produced and

measured, as illustrated in Fig. 2. Images of fish were

acquired from a fixed distance with a digital camera, and

analyzed using MorFISH [23], an image processing program

specially developed for morphometric measurements and

analysis of fish populations. The user-friendly interface of

the software allows the practitioner to precisely mark and

record the X–Y coordinates of the positions of each landmark

to build the truss network. The MorFISH automates the

measurements of the distances and accumulates them in a

project file for each stock and is capable of carrying out the

statistical analysis for allometric eliminations [24]. Addi-

tional morphometric measurements, such as eye diameter

(ED) and head width (HW) were manually measured. Only

undamaged fish were included in the analyses.

Meristics

Meristic characteristics commonly used to distinguish

Scomber species [21, 25] were analyzed using the number

Fig. 1 Sampling locations

(filled circle) of S. japonicus
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of dorsal fin rays (DFR1, DFR2), ventral fin rays (VFR),

anal fin rays (AFR), pectoral fin rays (PFR), gill rakers

(GR), and caudal fin rays (CFR) under a binocular micro-

scope. Vertebrate numbers (VN) were counted after taking

X-ray films of fish.

Multivariate analyses

One-way analysis of variance (ANOVA) was performed to

assess the statistical significance of each character for

between-stock differentiations. Morphometric and meristic

characteristics were used separately in multivariate analy-

ses since these variables are different both statistically (the

former are continuous while the latter are discrete) and

biologically (the latter are fixed early in development,

while the former are more susceptible to the environment)

[26].

Most of the variability in a set of multivariate characters

is due to size [27]. Thus, shape analysis should be free from

the effect of size to avoid misinterpretation of the results

[28]. No significant correlations were observed between

meristic characteristics and standard length of samples.

However, significant correlations were observed between

size and morphometric characteristics between the sam-

ples. Therefore, transformation of absolute measurements

to size-independent shape variables was the first step of the

analyses. In order to eliminate any variation resulting from

allometric growth, all morphometric measurements were

standardized according to Elliott et al. [24].

Madj ¼ M Ls=Loð Þb;

where M is the original morphometric measurement, Madj

is the size-adjusted measurement, Lo is the standard

length of fish, and Ls is the overall mean of standard

length for all fish from all samples for each variable. The

parameter b was estimated for each character from the

observed data as the slope of the regression of log M on

log Lo, using all specimens. Correlation coefficients

between transformed variables and standard length were

calculated to check if the data transformation was effec-

tive in removing the effect of size from the data. The

standardized truss measurements showed no significant

correlation with standard length. Therefore, the size effect

had been successfully removed with the allometric

transformation.

Classification functions were derived from stepwise dis-

criminant function analysis (DFA) to assign individual

specimens to putative stocks. Centroids with 95% confidence

ellipses derived from the DFA were used to show segregation

between the stocks. The classification success rate was

evaluated based on percentage of individuals correctly

assigned into original sample. All statistical analyses were

performed using SPSSv12 and SYSTAT v10.

Results

Morphometrics

There was no significant correlation (P [ 0.05) between

standardized truss measurements and standard length,

Table 1 Sampling details of S. japonicus used in this study

Sampling site Abbreviation Sample size Date of capture Sampling method RSL MSL ± SD

N. Mediterranean (Antalya Bay) NMS1 33 Feb. 14, 2007 Purse seiner 142–216 164.33 (8.24)

N. Mediterranean (Iskenderun Bay) NMS2 35 Feb. 08, 2007 Trawler 154–202 165.06 (11.03)

Aegean Sea AS 41 Jan 17, 2007 Purse seiner 136–235 166.76 (10.73)

Marmara Sea MS 35 Feb. 02, 2007 Purse seiner 151–237 173.11 (11.42)

Western Black Sea (Sile) BS1 33 Feb. 18, 2007 Purse seiner 144–225 165.18 (4.16)

Middle Black Sea (Sinop) BS2 30 Feb. 24, 2007 Purse seiner 146–248 176.63 (12.23)

Eastern Black Sea (Trabzon) BS3 36 Feb. 26, 2007 Purse seiner 143–251 174.44 (3.89)

Standard deviation of MSL is given in brackets

RSL Range of standard length (mm); MSL Mean standard length

Fig. 2 Locations of the 13 landmarks for constructing the truss

network on fish (filled circle) and morphometric lengths between dots.

Landmarks refer to: (1) anterior tip of snout at upper jaw, (2) most

posterior aspect of neurocranium (beginning of scaled nape), (3)

origin of dorsal fin, (4) insertion of dorsal fin, (5) origin of second

dorsal fin, (6) insertion of second dorsal fin, (7) anterior attachment of

dorsal membrane from caudal fin, (8) posterior end of vertebrae

column, (9) anterior attachment of ventral membrane from caudal fin,

(10) insertion of anal fin, (11) origin of anal fin, (12) insertion of

pelvic fin, and (13) posteriormost point of maxillary
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indicating that the size effect was successfully removed

with the allometric transformation. Univariate analysis of

variance (ANOVA) revealed significant differences

(P \ 0.001) between means of the seven samples for 26

out of 30 standardized morphometric measurements (only

7_9, 10_9, 6_9, and 7_10 were not significantly different,

P [ 0.05).

Plotting all specimens on the first two discriminant

functions accounted for 76% of total variance and resulted

in two main groups: the first group included samples from

the northeastern Mediterranean (NMS1 and NMS2); the

second group included the sample from the waters of the

Aegean, Marmara, and Black Seas (Fig. 3). The overall

random assignment of individuals into their original sam-

ple was low (51%) (Table 2). The proportion of correctly

classified individuals into their original samples revealed

high intermingling between the Aegean (43%), Marmara

(42%), and Black Sea (39–45%) samples.

The primary morphometric descriptors that dominantly

contributed to first DF were from the measurements on the

head, 2_12, HW, and 2_13 (Table 3). The DF2 was dom-

inated by the variables 13_12, 1_13, and 4_5.

Meristics

Univariate analysis of variance (ANOVA) revealed sig-

nificant differences between means of the seven samples

for three out of seven standardized morphometric mea-

surements (only GR, VN, and CFR were not significantly

different, P [ 0.05).

In discriminant function analysis, six discriminant

functions (DFs) were produced, and the first canonical

function accounted for the largest amount of between-stock

variability (46%), the second and third accounted for 23%

and 12%, respectively. Plotting DF1 and DF2 explained

69% of the between stock variation and revealed stock

differentiation (Fig. 4). The 95% confidence ellipses of the

two northeastern Mediterranean samples (NMS1 and

NMS2) overlapped and were clearly distinct from other

samples (0% of individuals were classified into these two

samples). The other samples from the waters of the

Aegean, Marmara, and Black Seas overlapped each other

and formed a stock. The overall random assignment of

individuals into their original sample was low (47%)

(Table 2). The proportion of correctly classified individuals

into their original sample was highest in the Iskenderun

Bay sample (55%) and lowest in the Sile (39%) sample.

The characteristics of primary importance in distin-

guishing between the stocks for the first and second

discriminant functions were DFR1, DFR2 and PFR, GR,

respectively (Table 3).

Discussion

The morphologic data reveal the clear existence of two

groups, northeastern Mediterranean (Antalya Bay–Isk-

enderun Bay) and northern group, including the Aegean,

Marmara, and Black Seas. Both morphometric and meristic

methods indicated that chub mackerels from the

Fig. 3 Plot of first two discriminant functions and 95% confidence

ellipses of DFA scores for morphometric analysis

Table 2 Percentage of individuals reallocated in each sample in the

validation of the discriminant function analyses for morphometric and

meristic data

Sample NMS1 NMS2 AS MS BS1 BS2 BS3

Morphometric

NMS1 70 30 0 0 0 0 0

NMS2 28 72 0 0 0 0 0

AS 0 0 43 15 12 7 23

MS 0 0 25 42 6 6 21

BS1 0 0 19 18 39 9 15

BS2 0 0 9 12 13 43 23

BS3 0 0 21 17 6 11 45

Meristic

NMS1 59 41 0 0 0 0 0

NMS2 38 62 0 0 0 0 0

AS 0 0 41 22 10 12 15

MS 0 0 29 42 3 6 20

BS1 0 0 15 21 39 10 15

BS2 0 0 20 23 3 40 14

BS3 0 0 8 16 9 24 43
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northeastern Mediterranean (Antalya Bay–Iskenderun Bay)

had a morphotype distinct from the remaining areas. Dis-

crimination of the two morphotypes was confirmed

statistically by the significant difference between popula-

tion centroids and by the percentage of reallocation.

In the first discriminant function, morphometric char-

acters on the head played an important role in

differentiation between the samples examined. The north-

eastern Mediterranean chub mackerels had a larger head

and smaller mouth size than the chub mackerels from the

Table 3 Contribution of morphometric and meristic variables to the canonical functions

Characters Function

DF1 DF2 DF3 DF4 DF5 DF6

Morphometrics

2_12 0.216* 0.108 -0.074 0.085 -0.162 0.090

HW 0.207* -0.048 -0.030 0.081 -0.140 0.127

2_13 0.155* 0.029 0.044 -0.061 0.017 0.181

13_12 0.005 0.278* 0.148 -0.270 -0.091 0.149

1_13 -0.004 -0.172* 0.322* -0.145 -0.167 0.091

4_5 0.096 0.118* 0.284* -0.070 -0.084 -0.043

12_11 0.113 -0.092 0.241* 0.150 -0.214 0.103

7_8 0.030 0.106 0.213* 0.013 -0.065 0.045

6_11 0.107 0.041 0.155* -0.003 -0.085 0.024

3_12 0.079 0.213 0.045 -0.286* 0.150 0.209

4_11 0.116 -0.059 0.009 -0.242* -0.191 -0.110

6_10 0.035 0.143 0.077 -0.186* -0.037 0.140

ED 0.023 -0.013 0.028 -0.179* -0.121 0.083

11_10 0.075 0.058 0.065 -0.177* -0.053 0.001

5_11 0.090 0.115 0.167 -0.068 -0.301* 0.046

V.U 0.174 -0.146 -0.172 -0.012 -0.269* 0.238

2_3 -0.068 0.014 -0.050 -0.025 -0.117* 0.095

7_10 0.018 0.186 0.249 0.162 -0.047 0.476*

1_12 0.043 0.007 -0.030 0.006 -0.136 0.463*

10_9 0.009 0.421 0.125 0.029 -0.163 0.456*

6_9 -0.010 0.043 0.129 -0.088 0.018 0.378*

6_7 -0.008 -0.061 0.036 0.193 -0.043 0.339*

7_9 -0.020 0.186 0.225 -0.050 0.153 0.319*

4_12 0.033 0.240 0.181 -0.039 0.203 0.316*

1_2 0.134 0.313 0.136 -0.158 -0.131 0.314*

3_11 0.072 0.081 -0.007 -0.001 -0.043 0.306*

3_4 -0.020 0.233 0.120 0.123 0.018 0.287*

9_8 0.227 0.225 0.070 -0.201 0.063 0.272*

5_6 -0.004 0.025 -0.024 -0.068 -0.146 0.210*

5_10 0.077 -0.099 -0.137 -0.013 -0.142 0.156*

Meristic

DFR2 0.817* 0.276 0.229 -0.105 0.221 0.210

DFR1 -0.588* -0.174 0.247 0.083 0.305 0.247

PFR -0.317 0.738* 0.188 0.304 0.363 0.073

GR 0.049 -0.112 0.662* -0.162 -0.171 0.546

VN 0.089 -0.062 0.025 0.826* -0.452 0.318

AFR 0.197 -0.473 -0.045 0.331 0.672* 0.189

CFR 0.026 -0.149 0.480 0.281 0.051 -0.809*

Variables ordered by absolute size of correlation within function. * Largest absolute correlation between each variable and any discriminant

function

Fish Sci (2009) 75:129–135 133

123



northern group (Aegean, Marmara, and Black Seas), per-

haps attributable to growth responses to the differing

habitats arising from oceanographical and ecological con-

ditions. The greater zooplankton productivity of the

Aegean, Marmara, and Blacks Seas could account for the

adaptive trend towards the development of a larger head

and mouth to enhance feeding activity. These differences

reinforce the results of a recent multivariate study of chub

mackerel morphometry in the southwest Atlantic Ocean

that reported that greater head length but lower mouth

width and interorbital length were the primary character-

istic difference between the stocks [4]. Perrotta et al. [29]

also reported that increase in the length of the body of chub

mackerel correlates with decreasing head size, which is

related to a migration feeding strategy.

Meristic methods also support that chub mackerels from

northeastern Mediterranean are distinct from the remaining

areas. First and second dorsal fin rays in the first discrim-

inant function had highest loadings to differentiate stocks.

Environmental differences which isolate stocks and cause

limited intermingling between the areas may contribute the

detected differentiation; for example, southern Turkish

waters (northeastern Mediterranean) have higher tempera-

ture than northern Turkish waters (Aegean, Marmara, and

Black Seas). Fahy [30] reported temperature effect on the

number of dorsal fin rays developing in Fundulus majalis.

Morphometric studies have proved to provide an insight

into discrimination of marine stocks [15]. However, it is

now commonly accepted that morphological variation has

both environmental and genetic components. Thus,

morphometric differences may reflect genetic differences

between the stocks and/or environmental differences

between localities. Therefore, stock identification based on

morphological characters must be confirmed by genetic

evidence to verify that the phenotypic differences reflect

some degree of reproductive isolation rather than simply

environmental differences. On the other hand, stock dis-

crimination by morphologic markers might be appropriate

for fisheries management even if this phenotypic diver-

gence is not reflected by genetic differentiation [31, 32].

In conclusion, there are two groups of chub mackerel in

the waters off Turkey, northeastern Mediterranean group

and northern group, including the Aegean, Marmara, and

Black Seas. Although environmental factors may govern to

some degree the potential morphological differentiation of

chub mackerel aggregations, the detected pattern of dif-

ferences at least shows that there is some restriction to

intermingling between stocks. Further understanding of

differentiation must await broader samplings throughout

the species range, collections of molecular genetic data

such as microsatellites, and physical tagging programs

designed to measure long-distance movements of chub

mackerel.

Acknowledgments Thanks to Turkish Academy of Sciences

(TUBA) for financial support.

References

1. Whitehead PJP, Bauchot ML, Hureau JC, Nielsen J, Tortonose E

(1984–1986) Fishes of the North-Eastern Adriatic and the Med-

iterranean, Vol. I–III. Unesco, Paris

2. Jamieson A, Smith P (1987) Atlantic mackerel (Scomber scom-
brus L.) stocks and genes: a review. J Cons Int Explor Mer

44:66–72

3. Nesbo CL, Rueness EK, Iversen SA, Skagen DW, Jacobsen KS

(2000) Phylogeopraphy and population history of Atlantic

mackerel (Scomber scombrus L.): a genealogical approach

reveals genetic structuring among the eastern Atlantic stocks.

Proc R Lond B 267:281–292

4. Roldan MI, Perrotta RG, Cortey M, Pla C (2000) Molecular and

morphologic approaches to discrimination of variability patterns

in chub mackerels, Scomber japonicus. J Exp Mar Biol Ecol

253:63–74

5. Tzeng WN (1988) Availability and population structure of

spotted mackerel, Scomber australasicus, in the adjacent waters

of Taiwan. Acta Oceanogr Taiwanica 19:132–145

6. Zardoya R, Castilho R, Grande C, Favre-Krey L, Caetano S,

Marcato S, Krey G, Patarnello T (2004) Differential population

structuring of two closely related fish species, the mackerel

(Scomber scombrus) and the chub mackerel (Scomber japoni-
cus), in the Mediterranean. Sea Mol Ecol 13:1785–1798

7. FAO. Fishstat Plus, GFCM Capture Production, FAO Fisheries

Department, Fisheries Information, Data and Statistics Unit.

Fishstat Plus: Universal Software for Fisheries Statistical Time

Series. Version 2.3.2000. 1970–2005

8. DIE. The State Institute of Statistics. Fishery Statistics, Ankara,

Turkey. www.die.gov.tr/konularr/suurunleri.htm. 2000

Fig. 4 Plot of the first two discriminant functions and 95%

confidence ellipses of DFA scores for meristic analysis

134 Fish Sci (2009) 75:129–135

123

http://www.die.gov.tr/konularr/suurunleri.htm


9. DIE. The State Institute of Statistics. Fishery Statistics, Ankara,

Turkey. www.die.gov.tr/konularr/suurunleri.htm. 2003

10. Grimes CB, Johnson AG, Faber WA (1987) Delineation of king

mackerel (Scomberomorus cavalla) stocks along the US east

coast and in the Gulf of Mexico. In: Kumpf HE, Vaught RN,

Grimes CB, Johnson AG, Nakamura EL (eds), Proceedings of

Stock Identification Workshop 186–187. Technical Memorandum

NMFS-SEFC-199; 223

11. Altukhov YP (1981) The stock concept from the viewpoint of

population genetics. Can J Fish Aquat Sci 38:1523–1538

12. Ricker WE (1981) Changes in the average size and age of pacific

salmon. Can J Fish Aquat Sci 38:1636–1656

13. Smith PJ, Francis R, McVeagh M (1991) Loss of genetic diver-

sity due to fishing pressure. Fish Res 10:309–316

14. Heincke F (1898) Naturgeschichte des herings. Abh. Dtsch.

Seefish II; p 217 (in German)

15. Kinsey ST, Orsoy T, Bert TM, Mahmoudi B (1994) Population

structure of the Spanish sardine Sardinella aurita: natural mor-

phological variation in a genetically homogenous population.

Mar Biol 118:309–317

16. McQuinn IH (1997) Metapopulations and the Atlantic herring.

Rev Fish Biol Fish 7:297–329

17. Robinson BW, Wilson DS (1996) Genetic variation and pheno-

typic plasticity in a tropically polymorphic population of

pumpkinseed sunfish (Lepomis gibbosus). Evol Ecol 10:631–652

18. Foote CJ, Wood CC, Withler RE (1989) Biochemical genetic

comparison of sockeye salmon and kokane, the anadromus and

nonanadromus forms of Oncorhynchus nerka. Can J Fish Aquat

Sci 46:149–158

19. Cabral HN, Marques JF, Rego AL, Catarino AI, Figueiredo J,

Garcia J (2003) Genetic and morphological variation of Synap-
tura lusitanica Capello, 1868, along the Portuguese coast. J Sea

Res 50:167–175

20. Begg GA, Hare JA, Sheehan DD (1999) The role of life history

parameters as indicators of stock structure. Fish Res (Amst)

43:141–163

21. Turan C (2007) Atlas and systematics of marine Bony fishes of

Turkey. Nobel, Adana, Turkey

22. Strauss RE, Bookstein FL (1982) The truss: body form recon-

struction in morphometrics. Syst Zool 31:113–135

23. Turan C, Oral M (2005) A computer package program for mor-

phometric identifications of fish populations: MorFISH. In:

ITAFE’05-International congress on information technologies in

agriculture, Food and Environment, Cukurova University, Adana,

Turkey, October 12–14, pp 143–147

24. Elliott NG, Haskard K, Koslow JA (1995) Morphometric analysis

of orange roughy (Hoplostethus atlanticus) off the continental

slope of southern Australia. J Fish Biol 46:202–220

25. Fischer W, Schneider M, Bauchot ML (1987) Fiches FAO
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