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Summary

Gillnet size selectivity was studied for freshwater fish species,
based on experimental fishing trials carried out with multi-
mesh gillnets in lentic freshwater systems in Northern Gree-
ce. Selectivity estimates were based on a large range of mesh
sizes, i.e. more than 10 different mesh sizes ranging from 8§ to
90 mm bar length. Results showed that the model, in which
both mean and standard deviation of the curve were defined
as a linear function of the mesh size, revealed the best fit.
For seven (i.e. Alburnus sp. Volvi, Aspius aspius, Carassius
gibelio, Lepomis gibbosus, Pachychilon macedonicum, Squalius
prespensis and Vimba melanops) of the 11 studied species and
the hybrid (Alburnus belvica x Rutilus prespensis), gillnet
selectivity parameters were estimated for the first time, con-
tributing to the evaluation of gillnet fisheries’ impacts on fish
species populations and consequently to fisheries manage-
ment and species conservation.

Introduction

Numerous methods for estimating fixed or static gear size
selectivity have been developed. Indirect methods, where
selectivity for different fish size classes and gear sizes are
obtained simultaneously by fitting an overall response sur-
face, are generally acknowledged to be superior (Kirkwood
and Walker, 1986; Wulff, 1986; Erzini and Castro, 1998). In
this context, the SELECT model (Millar, 1992; Millar and
Fryer, 1999) is widely considered to be the state of the art
and is recommended by the ICES. Maximum likelihood esti-
mates of selectivity model parameters can be obtained by
using a specialised software such as GILLNET (CONSTAT,
1998), which implements a generalised extension of the
SELECT model, or by means of statistical packages with
non-linear maximisation capability, such as SAS (SAS Insti-
tute Inc., 1988).

The SELECT model has only recently been used for the esti-
mation of gillnet selectivity of European freshwater species
(Carol and Garcia-Berthou, 2007). In general, although gill net
selectivity has been extensively studied in marine systems (e.g.
Erzini et al., 2003), only a few selectivity studies have been
addressed in lakes and reservoirs, concerning a limited number
of species (Jensen, 1986; Pet et al., 1995; Kurkilahti and Rask,
1996; Booth and Potts, 2006; Psuty-Lipska et al., 2006; Carol
and Garcia-Berthou, 2007; Prchalova et al., 2009).

In Greece, information about gillnet selectivity in fresh-
waters is limited, restricted to Alburnus belvica and Rutilus
prespensis (previously known as Alburnus alburnus and Ruti-
lus rubilio, respectively; Boy and Crivelli, 1988). Moreover,
to the best of our knowledge, apart from Perca fluviatilis
(i.e. Kurkilahti and Rask, 1996; Psuty-Lipska et al., 2006)
and Rutilus rutilus (Carol and Garcia-Berthou, 2007) there
are no previous studies (at the pan European level) of gill-
net selectivity for the rest of the species and the hybrid
(A. belvica x R. prespensis), studied here. In fact, compara-
tive selectivity studies focusing on more than one species
(multi-species fisheries) are still lacking for freshwater sys-
tems.

The knowledge of gillnet selectivity for European freshwa-
ter species is of increasing importance, as this type of fishing
gear is recommended by CEN 2005 (European Standard EN
14 757, 2005) for the monitoring of fish populations in lakes
and reservoirs, imposed by the Water Framework Directive
2000/60/EC.

The present study aims to: (i) estimate the size selectivity
of several fish species caught in three lentic systems, and (ii)
provide information essential to inland fisheries management.
It is worth noting that this is the first attempt to estimate
gillnet selectivity in multi-species Greek freshwater systems.

Materials and methods
Data

Fish samplings were conducted in three lentic, freshwater
systems in Northern Greece: Doirani Lake (41°120"N,
22°45'0"E) and Mikri Prespa Lake (40°45'58"N, 21°6'2"E),
and Kerkini Reservoir (41°12/30"N; 23°8'52"E) (Fig. 1). All
systems are large sized (surface area of Lake Doirani is
28 km?, of Lake Mikri Prespa is 53 km?, while that of Ker-
kini Reservoir ranges seasonally from 45 to 72 km?), shallow
(mean depth: 3-4.1 m) and eutrophic.

Fish were sampled seasonally in Kerkini Reservoir (2007—
2008), in three seasons in Lake Doirani (spring, summer and
autumn, 2006), whereas Lake Mikri Prespa was sampled only
once (autumn, 2008). Multimesh monofilament, uncoloured,
nylon, bottom gill nets were used, with a hanging ratio of 0.5.
For Kerkini Reservoir and Lake Mikri Prespa nets of 10 dif-
ferent mesh sizes (8/0.1, 14/0.12, 16/0.15, 20/0.15, 24/0.17, 30/
0.17, 36/0.2, 45/0.2, 55/0.25, 70/0.25; knot to knot/twine
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Fig. 1. Map showing the studied systems.

diameter in mm) were used, 25 m length and 3 m height, each.
For fish sampling in Lake Doirani the same types of gillnets
were used, differing in mesh sizes (14, 18, 22, 26, 30, 40, 45,
50, 65, 70, 75, 80, 90) and dimensions (panels of 14-30 mm
were 100 m x 2 m length x height; panels of 40-90 mm were
100 m x 2.2-4 m length x height). The order of the mesh
sizes was chosen randomly and a distance of 2.5 m was set
between nets to avoid edge effects.

Nets were set before dusk and hauled after dawn, in order
to ensure a standard soak time of 12 h, in two stations in
Lake Doirani, three stations in Lake Mikri Prespa and four
stations in Kerkini Reservoir, in depths ranging from 3 to
6 m. Catches were separated by mesh size and sorted to spe-
cies level. All specimens were measured for total length (TL)
to the nearest mm.

Data of all stations and sampling periods (in Lake Doirani
and Kerkini Reservoir) were pooled in order to form large
samplings. Datasets of species with small numbers of speci-
mens caught (n < 48) or low representation in most mesh
sizes due to very narrow length ranges were excluded from
further analysis. Length frequency distributions (0.5 cm size
classes) for all species were then estimated per mesh size.
However, the results were restricted to the mesh sizes for
which selectivity curves were estimated (n > 5). The Kol-
mogorov-Smirnov test (K-S) was used to compare the length
frequency distributions and detect statistical differences (Sie-
gel and Castellan, 1988).

Model descriptions

The model implemented in EXCEL for the estimation of
the selectivity parameters was that proposed by Kirkwood
and Walker (1986) and Wulff (1986) and is flexible in that
no assumptions are required regarding the efficiency of dif-
ferent gillnet sizes. Thus, optimal selectivity is not necessar-
ily the same for all mesh sizes. For instance, the height of
the normal selectivity model could also be modelled as a
function of gillnet size (Wulff, 1986) if fishing power is con-
sidered to vary with mesh size. Additionally, this approach,
in which different models are developed, fitted by Maximum
likelihood using EXCEL Solver and compared, is recom-
mended for static gear (such as gillnets) selectivity studies.
The SELECT model of Millar (1992) also has the same
underlying statistical basis and can be considered a special
case of the Kirkwood and Walker (1986) and Wulff (1986)
model.

Maximum likelihood estimates of selectivity parameters
were obtained assuming that the probability of capturing a
fish of size j with a mesh size i follows a Poisson distribution
and that the selectivity curves for different mesh sizes belong
to the same family (e.g. normal, lognormal, or bi-normal
probability distributions) (Table Al). Thus, the parameters
of the selectivity curve, such as the mean of the normal
curve, are a function of gear size (proportional, linear or
other relationships). The following likelihood was maximised
using EXCEL Solver:

>

i

Cyy x In(Sy/ Si/)]

where C;; and Sj; are the catches and the normal curve selec-
tivities for size classes j and mesh sizes i:

li— ’
Sijzexp<%>

Five different models (normal selectivity model) were fitted
to each dataset:

1 Model 1: i = bl x m; (i.e. mean proportional to mesh

size) and o; = b3 (i.e. standard deviation constant),

2 Model 2: y; = bl x m; + b2 (i.e. mean a linear function
of mesh size) and o; = b3 (i.e. standard deviation
constant),

3 Model 3: g = bl x m;; ¢; = b3 x m; (i.e. both the
mean and standard deviation proportional to mesh size),

4 Model 4: i; = bl x m; + b2 (i.e. mean a linear function
of mesh size) and g; = b3 x m; (i.e. standard deviation
proportional to mesh size), and

5 Model 5: gy = bl x m; + b2 and 6; = b3 x m; + b4

(i.e. both the mean and the standard deviation are linear
functions of mesh size).

Each model was fitted and the parameter estimates and
maximum likelihoods were recorded. The model fits were
ranked based on the maximum likelihood and the best model
was used to generate selectivity curves.

Results
Catch composition

A total of 26 species (including one hybrid) were recorded in
all catches (Table 1). More specifically, nine species were
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recorded in Lake Doirani, 11 species (including one hybrid)
in Lake Mikri Prespa and 14 species in Kerkini Reservoir. In
all cases, catches were dominated (in terms of numbers) by
two to three species (Table 1). A total of 34 datasets was
formed for each species/lake combination, 16 of which
(including 11 species and one hybrid) were used to estimate
the selectivity curves. However, 18 of the 34 datasets were
not included in further analysis due to the small total num-
ber of specimens caught or insufficient number of specimens
in more than two mesh sizes (Table 1).

Length-frequency distributions

Length-frequency distributions of the studied species for each
lake are shown in Fig. 2. In Lake Doirani for three of the
four studied species (i.e. Pachychilon macedonicum, P. fluvia-
tilis and R. rutilus) most individuals (>66% of the total
catches) were caught in mesh sizes <18 mm (Table A2), with
the exception of Carassius gibelio, for which most individuals
(70%) were caught in mesh sizes ranging between 18 and
26 mm (Table A2). In Lake Mikri Prespa for three of the
five studied species (i.e. 4. belvica, Lepomis gibbosus and the
hybrid) most individuals (>82% of the total catches) were
caught in mesh sizes 14 and 16 mm (Table A3), with the
exceptions of R. prespensis, for which most individuals
(87%) were caught in mesh sizes ranging between 14 and

Table 1

Relative numerical abundances (%) of species caught in lakes Doira-
ni and Mikri Prespa and Kerkini Reservoir with multimesh gill nets.
Scientific names are according to Kottelat and Freyhof (2007)

Mikri
Species Doirani Prespa Kerkini
Alburnoides prespensis 0.16*
Alburnus belvica 39.65
Alburnus macedonicus 45.40°
Alburnus sp. Volvi 30.35
Aspius aspius 0.40
Barbus strumicae 0.002%
Carassius gibelio 2.37 1.68* 8.21
Chondrostoma prespense 0.96*
Chondrostoma vardarense 0.04*
Cobitis strumicae 0.002%
Cyprinus carpio 0.16" 1.92¢ 0.07*
Hybrid (Alburnus belvica x Rutilus 3.36

prespensis)

Lepomis gibbosus 25.55 1.39
Pachychilon macedonicum 5.38
Perca fluviatilis 26.05 4.06
Pseudorasbora parva 2.96° 1.41°
Rhodeus amarus 1.03°
Rhodeus meridionalis 15.56°
Rutilus prespensis 20.34
Rutilus rutilus 4.74 52.10
Scardinius erythrophthalmus 0.25%
Squalius orpheus 0.02%
Squalius prespensis 3.36
Squalius vardarensis 0.10%
Tinca tinca 0.04%
Vimba melanops 0.91

“Insufficient number of specimens caught.
Small representation in more than two mesh sizes.

20 mm, and Sgqualius prespensis for which most individuals
(82%) were caught in mesh sizes ranging between 20 and
24 mm (Table A3). In Kerkini Reservoir for four of the
seven studied species (i.e. Alburnus sp. Volvi, Aspius aspius,
L. gibbosus and R. rutilus) most individuals (>76%) were
caught in mesh sizes <16 mm (Table A4), with the exceptions
of P. fluviatilis and Vimba melanops, for which most individ-
uals (>75%) were caught in mesh sizes ranging from 14 to
20 mm, and C. gibelio (85%) mainly caught in mesh sizes
ranging from 16 to 24 mm (Table A4).

The mean TL of the captured specimens of all species
gradually increased with the increase in mesh sizes
(Tables A2, A3 and A4). Mesh size paired comparisons of
the length frequency distributions per species/lake combina-
tions showed that most of the distributions (76.15%; 99 of
the 130 combinations) were significantly different (K-S,
P < 0.05). In contrast, the K-S test revealed no significant
differences (K-S, P > 0.05) in 31 cases (Table AS5).

The between-comparisons in Doirani and Kerkini of the
length frequency distributions for R. rutilus caught by
14 mm, C. gibelio caught by 30 mm and P. fluviatilis caught
by 14 and 30 mm, lead to significant differences (K-S test,
P < 0.05). In addition, comparisons of the length frequency
distributions of L. gibbosus in Mikri Prespa and Kerkini
revealed significant differences (K-S test, P < 0.05) only for
mesh sizes of 8§ and 20 mm.

Selectivity curves

Selectivity curves were estimated for mesh sizes: (i) equal to
or smaller than 26 mm in eight species/lake cases, (ii) up to
30 mm for six species/lake cases and (iii) up to 36 and
40 mm for C. gibelio in Lake Doirani and in Kerkini
Reservoir.

The estimated parameters, maximum likelihoods, modal
lengths and standard deviations of the curves of the fitted
models are shown in Tables 2-4. Model 5 showed the best fit
for 14 out of 16 cases. The parameters (i.e. mean and stan-
dard deviation) of the selectivity curves estimated by model 5
were linear functions of the mesh size. For A. belvica
(Table 3) model 2 also gave as equally good a fit as model 5.
However, the selectivity curves for the species were estimated
by model 5 since it gave the best fit in most cases. For
P. macedonicum (Table 2) and R. rutilus in Kerkini Reser-
voir (Table 4) models 3 and 4 gave the best fits, respectively.
For P. macedonicum models 4 and 5 gave unreasonable val-
ues for means and standard deviations. In addition, model 4
did not show reasonable fits for either C. gibelio or L. gibbo-
sus or model 5 for R. rutilus in Kerkini Reservoir. The selec-
tivity curves estimated by the best fitted models are
presented in Fig. 3. Mean modal lengths estimated by the
best fitted models fell within the observed length range in 64
of 71 cases (90.14%) while they were larger in seven of 71
cases (9.86%) (Tables 2-4 and A2-A4).

Discussion

In Greece, gill nets are among the most common fishing gear
used in lakes and reservoirs. In this study we estimated the
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Fig. 2. Length frequency distributions for species caught by multi-mesh gill nets in lakes Doirani, Mikri Prespa and the Kerkini Reservoir.
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Table 2

Selectivity model parameters defining mean and standard deviation (SD) of normal selectivity curves, maximum likelihoods (ML), modal lengths (M;) and spread (SD,,) per mesh size,

for gill net captured species in Lake Doirani. m

mesh size; bl, b2, b3 and b4 = estimated model (M) parameters

SD, SD, SD, SD, SD,

SD,

SD = b3 x m + b4

Mean = bl x m + b2

Mesh size (mm)

40

18

b2 b3 b4 ML 14

bl

Model

Species

1.85
1.89
1.34

10.3

1.570
1.825
0.667
0.730
—0.315 1.915
1.855
1.886
0.954

—5.750
—4.162
—3.320
—0.260

C. gibelio

1.817
1.591
2.561
2.677
2.564
1.572

1.081
1.161
—0.703
1.440
1.435
0.530

3.820
—1.818
7.417
1.148
0.080
0.927

P. fluviatilis
R. rutilus

size selectivity of freshwater fish species from three Greek
lentic systems. For seven of the 11 studied species (i.e. Albur-
nus sp. Volvi, Aspius aspius, C. gibelio, L. gibbosus, P. mace-
donicum, S. prespensis and V. melanops) and one hybrid
(A. belvica x R. prespensis) the gillnet selectivity parameters
were estimated for the first time.

Selectivity estimates were based on a large range of mesh
sizes, i.e. more than 10 different mesh sizes ranging from § to
90 mm bar length, providing the basis of a comprehensive
size selectivity analysis of catch data for different static gear
sizes.

Although a wide range of mesh sizes was used, the number
of fish caught by the larger mesh sizes (>30 mm) was small
(n < 5), preventing the estimation of size selectivity for these
datasets. The small catches obtained with mesh sizes
>30 mm, were indicative of the small size structure of the
fish populations in the studied lakes. As mentioned above,
the length distributions acquired by multimesh gillnets reflect
the most abundant size groups in the study systems. How-
ever, some demographic structures may be underestimated
(mainly age O+ specimens) or overestimated (Mehner and
Schulz, 2002; Prchalova et al., 2009). Therefore, while assess-
ing the fish population structure, either a combination of
fishing gear (Sutela et al., 2008; Erds et al., 2009) or any
available selectivity corrections (Prchalova et al., 2009)
should preferably be used.

Fish are caught by gill nets through more than one mecha-
nisms (i.e. gilling, wedging and/or tangling) (Hamley, 1975).
The combinations of capture mechanisms are reflected in the
shapes of the size distributions. The vast majority of the cap-
tured fish during this study were mainly caught by gilling
and wedging and to a lesser extent by tangling, thus explain-
ing the differences observed in the length frequency distribu-
tions (Fig. 2) between mesh sizes. However, in 31 cases no
such differences were observed since length distributions were
highly overlapping (Fig. 2; Table AS5). For 14 and 16 mm
mesh sizes (nine cases, Table A5) the overlap was expected
due to the small gap (2 mm) between the dimensions of the
two mesh sizes. For gaps up to 4 mm (14 cases) and up to
6 mm (eight cases) (Table AS), the observed overlap could
be attributed to the high proportions of specimens caught by
gilling (larger specimens) and wedging (smaller specimens
that penetrate deeper into the net). Moreover, for C. gibelio,
L. gibbosus and P. fluviatilis, the observed overlap in length
distributions between mesh sizes with a gap of up to 6 mm,
could be attributed to entangling effects (triggered by the
hard projections in their bodies).

For seven in 71 cases the mean modal lengths were larger
than the observed length range (Tables 24 and A2-A4);
those cases concerned datasets with small size samples
(n = 6-40 specimens, with the exception of Alburnus sp.
Volvi caught by mesh size 16 mm in Kerkini Reservoir:
n = 1402 specimens), thus the extracted curves should be
considered with caution.

The modal lengths estimated for P. fluviatilis for mesh
sizes of 24, 26 and 30 mm (Tables 2 and 4) were similar to
those estimated by previous gillnet selectivity studies (i.e.
Kurkilahti and Rask, 1996; Psuty-Lipska et al., 2006). The
modal lengths for the species R. prespensis and A. belvica,
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Fig. 3. Selectivity curves for species caught by multi-mesh gill nets in lakes Doirani and Mikri Prespa and the Kerkini Reservoir.



1024

O. Petriki et al.

for mesh size 14 mm (Table 3), were slightly larger (=1 cm)
than those estimated by Boy and Crivelli (1988). As the esti-
mates provided by the previous authors refer to fork length,
the TL-FL relationships of both species (A. belvica, n = 989:
FL = 0.996 x TL—0.0335, *=0.98 and R. prespensis,
n =508 FL =09964 x TL—0.0307, *=0.993) (D. C.
Bobori, unpubl. data) were used for the sake of coherence.
Furthermore, the modal lengths estimated for R. rutilus for
mesh sizes 14, 18 and 26 mm in Lake Doirani (Table 2) and
for mesh sizes 14, 20 and 24 mm in Kerkini Reservoir
(Table 4), were in accordance to those estimated by similar
mesh sizes for Spanish reservoirs (Carol and Garcia-Berthou,
2007), considering that the bar length used in the present
study equals half of the stretched length (Hubert et al., 2012)
as used by Carol and Garcia-Berthou (2007). Therefore, the
best fitted models were adequate for describing the size selec-
tivity of the studied species.

In Greece, gillnet mesh sizes larger than 20 mm can be
legally used in inland waters by professional fishermen,
except in fisheries targeting: (i) Cyprinus carpio, for which
the minimum legal mesh size is 55 mm; and (i) Alburnus
sp. and Atherina boyeri, for which mesh sizes of 15 and
8 mm respectively, can be used. However, our study
revealed that the modal lengths estimated for P. fluviatilis
(mesh sizes 22 and 26 mm in Lake Doirani and mesh size
20 mm in Kerkini Reservoir) and for C. gibelio (mesh size
22 mm in Lake Doirani and mesh sizes 20 and 24 mm in
Kerkini Reservoir) were all smaller than the minimum
landing sizes stipulated by the National Law (18 and
15 cm total length, respectively) and for the length at first
maturity for P. fluviatilis (16.8 cm) (Froese and Pauly,
2014).

Perca fluviatilis is a native species of commercial impor-
tance and among one of the most abundant piscivorous spe-
cies in Greek lentic systems (Economidis et al., 2000).
However, there is a lack of information concerning the fish
population status for the establishment of monitoring and
management measures with regard to sustainable exploita-
tion of the species. In this framework, a proposed prohibi-
tion for the use of mesh sizes smaller than 26 mm for
commercial fisheries targeting P. fluviatilis should be brought
under discussion in order to minimize the impact of overex-
ploitation of specific perch populations.

On the other hand, C. gibelio has been introduced in
many Greek lentic systems, including the three systems
examined here (Economidis et al., 2000), where it has man-
aged to become successfully established due to its environ-
mental tolerance and reproductive traits and to develop
large populations in most lakes (Leonardos et al., 2008; Per-
dikaris et al., 2012). Thus, mass removal of this species has
already been proposed (Perdikaris et al., 2012) for manage-
ment purposes due to its wide impact on the local fish fauna
(i.e. omnivorous feeding preferences; Bobori et al., 2013). In
recent years, the species catches with gill nets of mesh size
>60 mm has been increased due to the market interest for
exporting to neighbouring countries. This has probably func-
tioned as an ‘involuntary’ biomanipulation measure, attrib-
uting to the control of the species population (Perdikaris
et al., 2012).

The development of methodologies for the determination
of optimal gillnet mesh size in multi-species fisheries, similar
to the one presented herein, is particularly important. Unlike
gear types with logistic type selectivity (e.g. trawls) where
methods have been developed for determination of optimal
mesh size in multi-species fisheries (e.g. Sinoda et al., 1979;
Sainsbury, 1984; Pauly, 1988; Silvestre and Soriano, 1988;
Pauly et al., 1989), there is no well-established approach for
gillnets or other gear with uni-modal size selectivity. In this
context, more information concerning the establishment of
specific regulations on the use of gillnet mesh sizes in Greek
inland fisheries is required and more studies are needed
based on commercial and/or experimental data in accordance
with commercial fishing practices.
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Appendix

Table Al

Selectivity models implemented in EXCEL spread sheets. Parameter numbes to estimate ranges from 2 to 9. Spread sheets can be obtained

from one of the authors, K. Erzini: kerzini@ualg.pt.

File
Spread sheet Selectivity Model Parameters
Normal. XLS
Normal 1 m; = blxmi’ 5= b3
Normal 2 5. —exp| - 0, -n) m;=blxm; + b2, 5;= b3
Normal_3 20} m;=blxm;, s;=b3xm;
Normal 4 2 m.=blxm.tb2, s =b3xm,
- (lv 7#1) i i i i
Normal 5 S, =exp| — < 5 m,=blxm * b2, 5. =b3xm;* b4
20,
Binormal. XLS

m 7b1xm s b3m.

bem s

*b7c

Binormal_1 1i
Binormal 2 mbfblxm +b25]l_7h3 mzl_*bem +b6 521*b7 c
[ -u) -u) - - - -
Binormal 3 —ex;{f(’z é‘,) }—u‘xexp[—(l/z /f,)] my; = blxm S l73xm,m2 b5xm S o b7xml.,c
p= 2

Binormal 4 ! o m.=plxm.tb2,s i h3xm S m, *b5xm +b6,5 5, =bTxm;c

— li i 2% 2% i
Binormal 5 my; :blxml. +b2,s i 7b3xml. +b4;m21. = beml.+b6,s 5= b7xml.+b8;c

Logistic.XLS
Logistic_1 bi:blxm‘.,LSO[:bBXmi
Logisitic_2 1 h[:blxm[+b2,L50i:b3xmi
Logistic_3 S =1 T b, = blxm, L50 = b3xm,* b4
L te T

Logistic_4 bi =bl xm; +b2, LSOI. = b3xml. +b4
Logistic_5 bl.:bl,LSOi:bSXrni
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Table A2
Length range and mean total length of fish captured per mesh size,
Lake Doirani

Table A4
Length range and mean total length of fish captured per mesh size,
Kerkini Reservoir.

Total length (cm)

Total length (cm)

Species/mesh size n Max Min Mean SE Species/mesh size n Max Min Mean SE
C. gibelio Alburnus sp. Volvi
18 mm 26 13.3 9.3 10.65 0.203 8 mm 13544 9.9 6.1 8.08 0.004
22 mm 14 13.1 114 12.09 0.145 14 mm 607 15.6 10.2 11.96 0.030
26 mm 87 233 12.9 15.33 0.210 16 mm 1402 14.7 11.2 12.41 0.100
30 mm 15 25.2 16.1 19.38 0.778  A. aspius
40 mm 39 27.3 19.0 22.78 0.297 14 mm 47 18.2 12.7 15.83 0.173
P. macedonicum 16 mm 99 19.7 13.0 17.30 0.116
14 mm 150 14.4 8.9 11.49 0.079 20 mm 24 20.6 18.3 19.78 0.110
18 mm 162 19.1 9.7 12.59 0.066 30 mm 15 32.0 27.2 29.61 0.348
22 mm 6 14.5 11.9 13.28 0.372  C. gibelio
26 mm 17 15.0 13.2 13.99 0.116 14 mm 155 13.9 7.0 9.21 0.116
P. fluviatilis 16 mm 560 17.9 8.1 10.09 0.044
14 mm 1675 21.9 9.5 11.32 0.030 20 mm 1835 15.5 8.8 11.63 0.019
18 mm 344 222 9.2 13.41 0.061 24 mm 1000 17.9 9.8 13.68 0.040
22 mm 34 19.9 13.2 16.44 0.221 30 mm 379 20.4 13.1 16.63 0.055
26 mm 44 22.6 11.0 18.79 0.258 36 mm 51 28.0 10.4 19.06 0.294
30 mm 11 21.8 19.1 20.66 0.220 L. gibbosus
R. rutilus 8 mm 37 8.4 42 5.23 0.183
14 mm 113 18.2 8.7 11.82 0.184 14 mm 345 10.0 6.5 7.67 0.029
18 mm 128 18.7 12.0 14.88 0.122 16 mm 159 10.4 5.5 8.55 0.049
22 mm 85 19.7 10.6 15.10 0.286 20 mm 66 12.8 7.5 9.87 0.116
26 mm 40 20.0 14.7 18.32 0.181 24 mm 36 13.5 8.7 11.38 0.134
30 mm 16 18.6 12.5 14.03 0.354
R. rutilus
8 mm 19178 9.8 5.1 6.84 0.003
14 mm 3350 15.1 9.1 11.25 0.013
Table A3 16 mm 1503 16.2 9.6 12.35 0.021
Length range and mean total length of fish captured per mesh size, 20 mm 508 17.6 9.8 13.98 0.055
Lake Mikri Prespa 24 mm 101 19.1 10.7 15.60 0.180
P. fluviatilis
Total length (cm) 14 mm 592 17.1 7.5 11.60 0.064
16 mm 456 19.3 6.8 13.00 0.080
Species/mesh size n Max Min Mean SE 20 mm 542 19.1 9.5 15.05 0.061
24 mm 264 20.2 9.0 16.57 0.087
A. belvica 30 mm 50 22.1 11.1 18.55 0.243
& mm 15 8.0 6.8 7.38 0.085 V. melanops
14 mm 629 16.5 11.8 13.47 0.029 14 mm 43 14.7 10.8 12.28 0.120
16 mm 338 19.0 12.4 14.35 0.042 16 mm 14 177 1.8 1381 0.101
Hybrid 20 mm 151 18.8 12.4 15.65 0.089
14 mm 39 15.0 11.3 12.77 0.143 24 mm 47 252 16.0 17.93 0.211
16 mm 36 16.3 12.1 13.88 0.164 30 mm 53309 151 2248 0.362
20 mm 9 17.5 14.6 15.88 0.365
L. gibbosus
8 mm 11 11.2 4.1 5.55 0.696
14 mm 318 9.7 6.6 7.85 0.032
16 mm 203 12.5 7.7 8.56 0.039
20 mm 98 17.6 7.5 10.28 0.124
24 mm 6 12.1 10.8 11.5 0.203
R. prespensis
8 mm 9 8.0 5.7 6.46 0.257
14 mm 215 18.2 8.8 10.92 0.063
16 mm 102 18.7 10.8 12.46 0.120
20 mm 121 18.7 13.0 15.12 0.102
24 mm 56 21.8 14.5 16.95 0.166
S. prespensis
20 mm 38 20.9 15.6 17.49 0.192
24 mm 19 22.0 18.1 20.32 0.279

30 mm 12 29.6 23.2 26.85 0.553
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Table AS
Cases where length-frequency distributions of different mesh sizes
per Species and System revealed no significant differences (K-S,

P > 0.05).
System Species Mesh size (mm) combinations
Lake C. gibelio 18-22
Doirani P. macedonicum  22-26
R. rutilus 14-18, 18-22
Lake Mikri 4. belvica 14-16
Prespa Hybrid 14-16
L. gibbosus 14-16
R. prespensis 14-16, 16-20, 20-24
S. prespensis 20-24
Kerkini A. sp Volvi 14-16
Reservoir A. aspius 14-16
C. gibelio 14-16, 14-20, 16-20, 16-24, 20-24,
24-30
L. gibbosus 8-14, 8-16, 14-16, 16-20
P. fluviatilis 14-16, 14-20, 1620
R. rutilus 14-16, 14-20, 16-20, 16-24

V. melanops 16-20




