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INTRODUCTION

Length-weight (L-W) relationship is one of the most

widely used methods in fisheries research and its im-

portance has been well documented (Pauly, 1993; Pe-

trakis & Stergiou, 1995; Moutopoulos & Stergiou,

2002; Froese, 2006). Among others, L-W relationships

are used for between-region comparisons of growth

of a specific species (Wootton, 1999; Haniffa et al.,
2006; Tsoumani et al., 2006), as well as for describing

seasonal variation of growth within species (e.g. Hos-

sain et al., 2006; Karakulak et al., 2006; Lalèyè, 2006).

In Greek waters, L-W relationships are adequately

studied for open sea (Stergiou & Moutopoulos, 2001;

Moutopoulos & Stergiou, 2002; Karachle & Stergiou,

2008) and estuarine systems (Koutrakis & Tsikliras,

2003). In contrast, estimates of L-W relationships for

freshwater systems are rather scarce (for review see:

Kleanthidis & Stergiou, 2006).

In this paper we (a) present the L-W relationships

for 17 fish species caught in three Greek lakes, (b) pro-

vide seasonal L-W relationships for the most abun-

dant species in each lake and (c) explore for possible

between-lake differences of the b values of the L-W

relationships calculated for the same species. 

MATERIALS AND METHODS

Fish specimens were collected from two shallow eu-

trophic lakes, Lake Doirani (41Æ 11′ N, 22Æ 45′ E; al-

titude 148 m a.s.l., surface area 28 km2 and maximum

depth 5 m; Temponeras et al., 2000) and Lake Mikri

Prespa (40Æ 45′ N, 21Æ 07′ E; altitude 850 m a.s.l.,

surface area 47.4 km2 and maximum depth 8.4 m;

Holis & Stevenson, 1997), and one deeper eutrophic

lake, Lake Volvi (40Æ 41′ N, 23Æ 25′ E; altitude 37 m

a.s.l., surface area 68.6 km2 and maximum depth 19
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m; Moustaka-Gouni, 1993). All lakes are located in

northern Greece. Sampling took place seasonally in

lakes Volvi and Doirani, for one year (summer 2005-

spring 2006 and spring 2006-winter 2007, respective-

ly), using gill nets with mesh size ranging from 12 to

90 mm (knot to knot). Samples from Lake Mikri Pre-

spa were collected during autumn 2008 by gill nets

with mesh size from 8 to 70 mm (knot to knot). All

individuals (preserved frozen) were measured for to-

tal length (TL, in cm) to the nearest mm and weighted

(W, total wet weight in g) to the nearest 0.01 g. Spe-

cies scientific names are in accordance to the recent

nomenclature (Kottelat & Freyhof, 2007; Froese &

Pauly, 2009).

Length-weight relationships were estimated using

the equation W=aLb, where W is the total wet weight

(g), L is the total length (TL, cm), and a and b are the

equation parameters calculated by the least squares

method. To determine significant differences from

the isometric value of b=3, a t-test was applied (Zar,

1999). Furthermore, for the most abundant species (n

>30 individuals per season), L-W relationships were

separately estimated by season and lake. Analysis of

covariance (ANCOVA; Zar, 1999) was used to test

differences of the b values among seasons and lakes.

RESULTS AND DISCUSSION

Overall, 11797 specimens from 17 fish species, be-

longing to three families (Cyprinidae, Centrarchidae,

Percidae) were examined (Table 1). The most abun-

dant family was Cyprinidae (15 out of 17 species). In

the list of species one hybrid (Alburnus belvica x Ru-
tilus prespensis; Crivelli & Dupont, 1987) from Lake

Mikri Prespa was also included. The number of indi-

viduals per species ranged from 11 (for Cyprinus car-
pio) to 3864 (for A. macedonicus), both from Lake

Doirani (Table 1). The parameters of the estimated

L-W relationships and the corresponding length ran-

ges are also presented in Table 1. The calculated val-

ues of the parameter b ranged from (mean ± SE)

2.117±0.116, for Pseudorasbora parva in Lake Mikri

Prespa, to 3.550±0.104, for Scardinius erythrophthal-
mus in Lake Volvi (for all species global mean±SE:

3.044 ± 0.066; median = 3.113). For the majority of

the species / lake combinations (20 out of 23 cases;

87%) the b values laid within the expected range of

2.5-3.5 (Froese, 2006). For most of the species / lake

combinations (13 out of 23 cases; 56.5%) the b values

were higher than 3 (t-test; p<0.05), for three cases

(13%) the b values were lower than 3 (t-test; p<0.05),

while for the rest of the species / lake combinations

the b values of the L-W relationships did not differ si-

gnificantly (t-test; p>0.05) from 3 (Table 1). 

For five (A. macedonicus, Chondrostoma prespen-
se, Pachychilon macedonicum, Rutilus prespensis, and

Squalius prespensis) out of the 16 studied species (ex-

cluding the hybrid) there is no information on L-W

relationships recorded in FishBase (www.fishbase.org;

Froese & Pauly, 2009) (Table 1). In the 11 remaining

species for the majority of the species / lake combina-

tions the estimated b and the 95% confidence limit

(CL95%) values fell within the range reported in Fish-

base, whereas for three species / lake combinations

(A. belvica /Mikri Prespa, P. parva /Mikri Prespa and

Vimba melanops /Volvi) the b values were lower than

the minimum values recorded in FishBase. Further-

more, for two species / lake combinations (A. brama /

Volvi and S. erythrophthalmus/Volvi) the estimated b
values were higher than the maximum values report-

ed in FishBase (Table 1). Such differences in b values

could be attributed to one or more of the following

factors: (a) differences in the number of specimens

examined, (b) area/season effects and (c) differences

in the observed fish length ranges and the type of

length used (Moutopoulos & Stergiou, 2002; Froese,

2006). Indeed, the lower b value estimated for A. bel-
vica from Lake Mikri Prespa may be attributed to the

smaller sized specimens used in the present study

(6.8-19.7 cm TL) compared to those reported in FishBa-

se (10.2-22.0 cm fork length). The opposite is true for

A. brama and S. erythrophthalmus from Lake Volvi.

For these species the estimated b values were calcu-

lated from samples with larger sized individuals (Ta-

ble 1) when compared to those reported in FishBase

(7-45 cm TL for A. brama and 10.4-23.5 cm TL for S.
erythrophthalmus). In addition, the majority of the L-

W relationships recorded in FishBase for the above

mentioned species are derived from lakes from Cen-

tral European countries and Russia. Among the en-

vironmental parameters that influence the L-W rela-

tionship (Froese, 2006) temperature is considered as

an important factor affecting fish growth (Wootton,

1999), so higher b values should be expected (Froese,

2006) for A. brama and S. erythrophthalmus in Lake

Volvi (a temperate Mediterranean lake). Further-

more, the L-W relationship of a species varies among

localities (Froese, 2006). This area effect on the L-W

relationships is also obvious for P. parva from Lake

Prespa, since b values of 3.010 and 3.081 are recorded

in FishBase from Iran and China water systems. How-

ever, it should also be mentioned that the estimated b
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value for this species was considerably lower than that

recorded in FishBase for the same species from Lake

Mikri Prespa for the periods 1984-85 and 1990-92,

even though the length ranges of the samples used

are almost the same. Some other factors apart from

the above mentioned (e.g. intraspecific trophic inter-

actions due to population increment; Rosecchi et al.,
1993) could explain such differences. 

Δhe comparison of the L-W relationships among

the studied lakes for the species found in more than

one lake and in adequate number of individuals showed

(Table 1) that the slope b did not differ significantly

(ANCOVA: p > 0.05) for Carassius gibelio in lakes

Doirani and Volvi, whereas it was significantly (AN-

COVA: p<0.05) greater in Lake Mikri Prespa. For

this species, b values have been found (Tsoumani et
al., 2006) to be negatively correlated with the trophic

state (based on PO4-P concentrations) of several Greek

lakes, including (among others) the lakes of the pre-

sent study. More specifically, higher b values were es-

timated for Lake Volvi and lower ones for lakes Mi-

kri Prespa and Doirani. In contrast, the b values esti-

mated in the present study seemed to be positively

correlated with the Chl a concentrations measured in

the studied lakes (Vardaka et al., 2005). Thus, for C.
gibelio the highest b value (3.187; Table 1) was esti-

mated in Lake Mikri Prespa, where the highest con-

centrations of Chl a were also measured (Vardaka et
al., 2005). Accordingly, lower values of b were esti-

mated for specimens from lakes Doirani and Volvi,
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TABLE 2. Estimated parameters of the length-weight relationship (W=aLb) for the most abundant fish species caught in

lakes Doirani and Volvi per season (SP, spring; SU, summer; AU, autumn; and WI, winter). n: sample size; min and max: the

minimum and maximum total length (TL, in cm) observed; a and b: parameters of the relationship and their standard errors

(SE(a) and SE(b), respectively); r2: coefficient of determination

Lake Species Season n
TL range L-W relationship

min max a SE(a) b SE(b) r2

A. macedonicus SP 196 10.8 14.7 0.0368 0.289 2.384 0.114 0.692

SU 671 10.3 14.9 0.0288 0.180 2.492 0.072 0.642

AU 2742 10.0 15.8 0.0552 0.095 2.238 0.037 0.571

WI 256 11.9 14.5 0.1938 0.255 1.722 0.100 0.539

C. gibelio SP 77 9.3 30.7 0.0204 0.098 2.912 0.035 0.989

SU 59 8.4 29.8 0.0126 0.126 3.087 0.045 0.988

AU 56 10.1 27.3 0.0111 0.108 3.138 0.039 0.992

WI 13 16.0 25.5 0.0130 0.857 3.099 0.271 0.915

P. macedonicum SP 335 8.9 14.5 0.0063 0.137 3.367 0.055 0.918

SU 54 9.5 15.0 0.0253 0.444 2.826 0.173 0.833

AU 47 9.7 19.1 0.0310 0.491 2.696 0.192 0.810

A. brama SP 49 19.7 44.0 0.0010 0.255 3.585 0.175 0.898

SU 37 20.4 38.3 0.0080 0.398 3.105 0.120 0.949

AU 56 17.5 37.0 0.0025 0.558 3.452 0.163 0.890

WI 65 17.5 29.8 0.0390 0.214 2.574 0.153 0.904

Alburnus sp. Volvi SP 47 10.4 12.4 0.3175 0.641 1.463 0.265 0.390

SU 25 10.9 14.9 0.0734 0.451 2.127 0.180 0.853

AU 34 10.5 14.1 0.0099 0.536 2.909 0.216 0.846

WI 39 10.2 12.7 0.0634 0.543 2.102 0.222 0.699

C. gibelio SP 12 22.6 26.3 0.0256 0.679 2.852 0.212 0.942

SU 50 14.8 28.7 0.0225 0.215 2.935 0.070 0.973

AU 40 21.3 32.3 0.0189 0.268 2.994 0.082 0.971

WI 41 12.9 31.0 0.0121 0.224 3.111 0.068 0.981

P. fluviatilis SP 58 14.5 34.3 0.0058 0.144 3.294 0.046 0.989

SU 70 8.9 24.3 0.0108 0.171 3.094 0.062 0.973

AU 35 12.9 36.0 0.0067 0.348 3.298 0.113 0.962

WI 56 14.5 38.7 0.0023 0.481 3.639 0.165 0.898
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which are characterized by lower Chl a concentra-

tions. Furthermore, significant difference (ANCO-

VA: p<0.05) in the slope b was also observed for Per-
ca fluviatilis between lakes Doirani and Volvi. Such

difference may be attributed to the greater length

range of the specimens caught from Lake Volvi com-

pared to those from Lake Doirani (Table 1). 

Seasonal L-W relationships were estimated for

the five most abundant species in lakes Doirani (A.
macedonicus, C. gibelio, P. macedonicum, P. fluviatilis
and Rutilus rutilus) and Volvi (A. brama, Alburnus sp.

Volvi, C. gibelio, P. fluviatilis and V. melanops). The

comparison of the seasonal estimates of the b values

showed that for three out of the five studied species

in Lake Doirani (A. macedonicus, C. gibelio and P.
macedonicum) and for four out of the five species in

Lake Volvi (A. brama, Alburnus sp. Volvi, C. gibelio
and P. fluviatilis) there were significant differences

(ANCOVA: p < 0.05) among pair season combina-

tions (Table 2). For all these species, except for A.
brama, the comparison of the seasonal slopes be-

tween spring and summer were significantly different

(ANCOVA: p<0.05), indicating differences related

with the beginning of the spawning period (Froese &

Pauly, 2009). Moreover, the differences in the sea-

sonal b values could be attributed to both biotic (food

availability, maturity stage, degree of stomach fullness

and reproduction) and abiotic (physical, chemical, hy-

drological) parameters (Wootton, 1999).

From Table 2 it becomes evident that although

most of the seasonal b values were between 2.5-3.5

(18 out of 27; 70.4%), seven were lower than 2.5

(22.2%) and two were greater than 3.5 (7.4%). It is

maintained that such out of the ‘normal range’ values

are often derived from samples with narrow size ran-

ges (Froese, 2006). This might explain the extremely

low b values in the cases of A. macedonicus in Lake

Doirani and Alburnus sp. Volvi in Lake Volvi, both

estimated during winter and spring (Table 2). How-

ever, for the remaining low b values observed for the

same species during autumn and summer, as well as

for the high b values calculated for A. brama in Lake

Volvi during spring and autumn (Table 2), the size

range does not seem to be the only reason. For these

cases, the seasonal b differences could be attributed

to other factors such as spawning season and sam-

pling artifact (individuals with size larger than the an-

nual mean size for A. brama in Lake Volvi during

spring and autumn), low number of individuals (Al-
burnus sp. Volvi in Lake Volvi during summer).

In conclusion, it could be assumed that the esti-

mated L-W relationships from the two lakes (Doirani

and Volvi) sampled on a seasonal basis approximate

an annual average. However, all three lakes were

sampled with multi-mesh gillnets with size-selective

properties. As a result, no small-sized individuals of

all species were included in our data sets. Hence, the

resulted L-W relationships should be limited to the

observed length ranges (Moutopoulos & Stergiou,

2002) or should be considered cautiously when re-

ferred to small length ranges as in the case of Albur-
nus species. Finally, the results of the present study

represent the first contribution for Lake Doirani and

shall be of great importance in evaluating the relative

condition of fish populations, biology, species and

fisheries management in this lake. 
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