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INTRODUCTION

The importance of length-length and length-weight

relationships in fisheries science has been well docu-

mented (Pauly, 1993; Petrakis & Stergiou, 1995; Bi-

nohlan & Pauly, 2000; Binohlan et al., 2000; Froese &

Pauly, 2000; Froese, 2006). In this paper, we present

length-length and length-weight relationships for 60

species from the N-NW Aegean Sea; for four of these

species (Caranx rhonchus, Gaidropsarus biscayensis,

Monochirus hispidus, and Pomatomus saltatrix) there

is no information from the Mediterranean. Addition-

ally, the length-weight relationships were established

per season and sex, for five and 29 species, respec-

tively.

MATERIALS AND METHODS

Samples were collected from Thermaikos Gulf and

the N-NW Aegean Sea, on a seasonal basis from Ju-

ne 2001 to January 2006, using professional fishing

vessels (purse seiners, trawlers, and small-scale gill

netters). All individuals (preserved in 10% formalin)

were measured for total (TL), fork (FL), and stan-

dard length (SL) to the nearest mm and weighted

(W, wet weight) to the nearest 0.1 g. The following

relationships were established using linear regression

analysis: a) W-TL, b) FL-TL, c) SL-TL, and d) SL-FL.

∞ diagram comparing the values of the parameters a

and b of the length-weight relationship, which can be

used to detect outliers (Froese, 2000, 2006), was con-

structed (Froese, 2000; “Froese diagram”: Lampra-

kis, 2004).

The length-weight relationships were further com-

puted for the most abundant species in the four sea-

sons (all years combined) and the two sexes. The slo-

pes of these regressions were compared by using ana-

lysis of covariance (ANCOVA; Zar, 1999).

RESULTS AND DISCUSSION

Overall, 7132 specimens from 60 fish species were ex-

amined. The number of individuals per species ran-

ged from six to 759 (Tables 1 and 2). The relation-

ships between TL, FL, and SL are presented in Table

1, while the parameters of the length-weight rela-

tionships in Table 2. The values of b of the length-

weight relationships ranged from 1.627 (Cepola ma-
crophthalma) to 3.822 (Engraulis encrasicolus) (for all

species: mean = 3.026 ± 0.05; median = 3.089). For

the majority of species (47 species; 78.3%), b values

ranged between 2.8 and 3.4. Log(a) values were neg-

atively correlated with the corresponding b values,

while outside the ±2 standard deviation (s.d.) limits
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TABLE 2. Estimated parameters of the length-weight relationship (W=aTLb) for 60 species from the N-NW Aegean Sea.

N: sample size; min and max: the minimum and maximum total length (in cm) observed; a and b: parameters of the rela-

tionship; s.e.(b): standard error of the slope b; r2: coefficient of determination

Species
Length characteristics Parameters of the relationship

N min max a b s.e.(b) r2

Alosa fallax 27 15.0 46.8 0.0028 3.3370 0.057 0.99

Anthias anthias 9 12.7 16.6 0.2022 1.8060 0.331 0.81

Apogon imberbis 37 8.0 11.5 0.0187 2.9230 0.288 0.75

Arnoglossus laterna 6, 7 212 4.5 16.9 0.0032 3.3210 0.024 0.99

Belone belone 4 69 27.2 53.5 0.0011 2.9720 0.087 0.95

Blennius ocellaris 3, 6, 7 23 7.0 13.7 0.0094 3.1630 0.090 0.98

Boops boops 1, 2, 6, 7 106 11.2 19.9 0.0081 3.0870 0.045 0.98

Bothus podas 2, 6 22 11.3 17.2 0.0107 3.0340 0.196 0.92

Caranx rhonchus 16 18.0 19.8 0.0099 2.9970 0.412 0.79

Cepola macrophthalma 2, 3, 6, 7 195 13.2 54.9 0.0672 1.6270 0.040 0.89

Chelidonichthys lucernus 2, 6, 7 15 6.0 21.6 0.0061 3.1300 0.048 1.00

Chromis chromis 1, 2, 6 97 8.6 13.3 0.0236 2.8950 0.115 0.87

Citharus linguatula 1, 2, 6 170 3.9 24.3 0.0047 3.1130 0.026 0.99

Conger conger 2, 5, 6, 7 31 34.1 99.8 0.0006 3.2460 0.130 0.96

Coris julis 1, 2, 3, 6, 7 78 11.3 18.2 0.0091 3.0360 0.118 0.90

Diplodus annularis 1, 2, 4, 6, 7 427 6.1 17.5 0.0104 3.1920 0.029 0.97

Diplodus vulgaris 1, 2, 6, 7 50 9.0 16.7 0.0119 3.1250 0.070 0.98

Engraulis encrasicolus 2, 4, 7 759 5.8 14.0 0.0008 3.8220 0.032 0.95

Gaidropsarus biscayensis 65 9.0 15.3 0.0075 2.8460 0.093 0.94

Gaidropsarus mediterraneus 3 15 8.5 14.5 0.0069 2.8670 0.171 0.96

Lesueurigobius suerii 3 141 5.8 9.4 0.0086 2.9280 0.099 0.86

Lophius budegassa 2 45 5.0 38.4 0.0231 2.8760 0.053 0.99

Merlangius merlangus 2, 7 44 14.1 29.1 0.0044 3.1830 0.076 0.98

Merluccius merluccius 2, 6, 7 23 11.7 37.0 0.0033 3.2770 0.006 0.99

Micromesistius poutassou 2, 7 77 9.2 24.0 0.0043 3.1410 0.058 0.98

Monochirus hispidus 24 9.2 12.8 0.0537 2.4570 0.183 0.89

Mullus surmuletus 1, 2, 4, 6 55 9.1 23.1 0.0030 3.4920 0.039 0.99

Oblada melanura 2 56 12.6 22.7 0.0124 3.0220 0.049 0.99

Pagellus acarne 1, 2, 6 63 10.5 19.2 0.0107 3.0510 0.060 0.98

Pagellus bogaraveo 2, 6, 7 72 9.3 23.1 0.0087 3.1670 0.023 1.00

Pagellus erythrinus 1, 2, 6, 7 59 8.4 16.4 0.0144 2.9660 0.063 0.97

Pagrus pagrus 2, 6 10 10.2 15.5 0.0182 2.9800 0.151 0.98

Phycis blennoides 2, 5, 7 30 8.1 37.4 0.0038 3.2270 0.045 0.99

Pomatomus saltatrix 6 13.1 18.5 0.0026 3.4440 0.206 0.99

Sardina pilchardus 1, 2, 4 752 7.6 16.7 0.0053 3.1440 0.039 0.90

Sardinella aurita 1, 2, 4 230 8.4 23.9 0.0059 3.0820 0.026 0.98

Sarpa salpa 2, 4 25 11.7 19.5 0.0275 2.7400 0.148 0.94

Sciaena umbra 11 12.2 16.0 0.0242 2.7080 0.252 0.93

Scomber japonicus 1, 2, 7 371 8.8 26.8 0.0027 3.3770 0.026 0.98

Scomber scombrus 1, 2, 7 204 13.3 27.4 0.0036 3.2330 0.050 0.95

Scorpaena notata 1, 2, 6, 7 43 8.3 17.8 0.0106 3.2500 0.049 0.99

Scorpaena porcus 1, 2, 6, 7 98 8.2 26.4 0.0122 3.1820 0.043 0.98

Scyliorhinus canicula 5, 6, 7 34 24.1 45.1 0.0011 3.3130 0.165 0.93

Serranus cabrilla 1, 2, 6, 7 43 9.5 23.1 0.0144 2.9350 0.051 0.99

Serranus hepatus 2, 3, 6 123 5.7 13.1 0.0093 3.2580 0.052 0.97



four species were found, all being characterized by an

extremely elongate body form (Fig. 1).

Length-weight relationships were estimated sepa-

rately for the five more abundant species and for all

seasons (Table 3). The comparison of the seasonal

slopes b showed that for the combinations of spring

with another season (i.e. spring-summer, spring-au-

tumn, spring-winter) there was no significant differ-

ence (ANCOVA: p>0.05; Table 4) in the majority of

the cases (three out of five combinations). In con-

trast, a difference was observed (ANCOVA: p<0.05;

Table 4) for the comparison autumn-winter in the
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TABLE 2. continued

Species
Length characteristics Parameters of the relationship

N min max a b s.e.(b) r2

Serranus scriba 1, 2, 6 84 10.6 23.6 0.0117 3.0900 0.060 0.97

Sphyraena sphyraena 1, 2 104 21.6 45.1 0.0162 2.5890 0.061 0.95

Spicara maena 1, 2, 6, 7 282 9.0 20.2 0.0068 3.1800 0.040 0.96

Spicara smaris 1, 2, 6, 7 118 7.0 18.5 0.0097 2.9910 0.055 0.96

Spondyliosoma cantharus 1, 2, 6, 7 82 9.7 14.0 0.0224 2.8600 0.058 0.97

Symphodus mediterraneus 1, 2, 6 10 9.8 14.1 0.1209 2.1400 0.194 0.94

Symphodus tinca 1, 2, 6 221 11.1 22.0 0.0239 2.7990 0.038 0.96

Symphurus nigrescens 3 10 6.4 11.9 0.0024 3.4160 0.123 0.99

Torpedo marmorata 3, 5, 6, 7 118 8.8 37.3 0.0579 2.7330 0.038 0.98

Trachinus draco 2, 6, 7 25 15.0 30.5 0.0054 3.0620 0.164 0.94

Trachurus mediterraneus 1, 2, 4, 6, 7 627 7.0 25.8 0.0038 3.2780 0.021 0.97

Trachurus trachurus 1, 2, 6, 7 133 6.3 23.9 0.0062 3.1140 0.054 1.00

Trisopterus minutus 2, 6, 7 174 5.7 24.5 0.0056 3.2460 0.024 0.99

Uranoscopus scaber 2, 6, 7 70 8.7 26.9 0.0135 3.0910 0.050 0.98

Xyrichtys novacula 2 12 12.3 17.1 0.0130 3.0160 0.283 0.92

1 species included in Petrakis & Stergiou (1995); 2 species included in Stergiou & Moutopoulos (2001); 3 species included in

Lamprakis et al. (2003); 4 species included in Koutrakis & Tsikliras (2003); 5 species included in Filiz & Bilge (2004); 6 species

included in Özaydin et al. (2007); 7 species included in Ismen et al. (2007)

1                                        2                                         3                                        4 

-4

-2

-1

0

lo
g(

a)

-3

log(a)= 1.2949-1.1103b,
N= 60,  r2= 0.67,
s.e.(b)= 0.102, p<0.001 

Cepola macrophthalma

Scyliorhinus canicula

Belone belone

Conger conger

b

FIG. 1. “Froese diagram”. Linear regression between the parameters log(a) and b of the length-

weight equation for 60 fish species (¡-¡W Aegean Sea, June 2001-January 2006). Drawings orig-

inate from FishBase (www.fishbase.org; Froese & Pauly, 2007).
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majority of the cases (four out of five combinations).

Additionally, for Sardina pilchardus no difference was

observed (ANCOVA: p>0.05; Table 4) in one out of

the six combinations, whereas a difference was re-

corded only in one out of the six combinations for

Trachurus mediterraneus (ANCOVA: p<0.05; Table

4) (i.e. spring-winter for both species).

Finally, length-weight relationships were sepa-

rately estimated for 29 species for both sexes (Table

5). The slopes b did not differ significantly (ANCOVA:

p>0.05; Table 5) in 20 species, whereas there was a

significant difference (ANCOVA: p<0.05; Table 5)

in the remaining nine species.

Out of the 60 species in which length-weight and

length-length relationships were studied in the pre-

sent study, there is no information on length-weight

relationships in FishBase (www.fishbase.org; Froese &

Pauly, 2007) for five of them (i.e. Anthias anthias,

Gaidropsarus biscayensis, Lesueurigobius suerii, Mo-
nochirus hispidus, and Symphurus nigrescens). Re-

garding length-length relationships, for four species

(Gaidropsarus biscayensis, Gaidropsarus mediterra-
neus, Lesueurigobius suerii, and Torpedo marmorata)

there is no information in FishBase and for 25 species

data are based on various sources of FishBase, such

as photos or other tables (in the fields “Brains”, “Mor-

phomet” and “Speed”, as given in FishBase), the ma-

jority of which is derived from only one individual.

The “Froese diagram” (Fig. 1), is similar to that

by Lamprakis (2004) for some species from the Thra-

cian Sea. Lamprakis (2004) has reported that four

species with elongated body (three of which are in-

cluded in the present study) deviate from the regres-

sion line by more than ±2 s.d.

The seasonal length-weight relationships showed

variations according to the species and season (Ta-

bles 3 and 4). Such variations can be attributed to

both biotic (food availability, maturity stage, and re-

production) and abiotic (water temperature) factors

(Wootton, 1998). The effects of abiotic factors are

not discussed. Yet, with respect to the biotic factors,

differences observed in five species examined did not

correspond to differences in the species’ seasonal

trophic level (Karachle & Stergiou, 2008). Therefore,

the quality of food does not seem to have an impor-

tant impact on the variations of the seasonal length-

weight relationship. Additionally, the importance of

the maturity stage (Karachle, unpublished data) and

reproduction (Froese & Pauly, 2007) was not con-

firmed.

As far as differences between the two sexes are

concerned, these were found only in a small number

of species (Table 5). These species do not share com-

mon characteristics, regarding habitat, morphology,

reproduction (Froese & Pauly, 2007), feeding habits,

trophic level (Karachle & Stergiou, 2008), and func-

tional trophic group (as identified by Stergiou & Kar-

pouzi, 2002). The differences between the two sexes

could possibly be attributed to the following reasons:

a) different length range and length distributions

(Reñones et al., 1995); b) different age/ length-at-ma-

turity ratio (Stergiou, 1991; Vassilopoulou & Papa-

constantinou, 1994) leading to differences in the

amount of energy available for growth; and c) differ-

ences in the reproductive physiology and behavior,

such as in the case of protogynous or protandrous

hermaphrodite species (Mytilineou & Papaconstanti-

nou, 1991).
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