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Abstract

This study presents 738 length-weight relationships for 242 species found in Turkish seas. All length-weight relationships 
presented were collected from a total of 33 studies. These studies were all performed in Turkish coastal waters between 1997 and 
2013. For all studies, the median of a value was calculated as 0.014 and the median of b value was calculated as 3.016. 
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Introduction 

Length weight relationship (LWR) studies have an 
important role in estimating population biomass, growth 
rate determination, determining the stock status of fishes 
and in many other subjects (Pauly, 1983; Safran, 1992; 
Petrakis & Stergiou, 1995; Gonçalves et al., 1997; Ster-
giou & Moutopoulos, 2001; Morey et al., 2003; Torcu-
Koç et al., 2006). These also carry a significant impor-
tance for Fishbase (Froese & Pauly, 2014). The number of 
these studies has been steadily increasing and this makes 
the functions of databases like Fishbase more compre-
hensible (Froese et al., 2011). Despite this importance, 
the number of comparative studies on LWR has remained 
quite low. No studies other than Stergiou & Moutopoulos, 
(2001), Froese, (2006), Torcu-Koç et al., (2008), Froese 
et al., (2011) and Froese et al., (2014) have been found 
in literature. Among these studies, Stergiou & Mouto-
poulos, (2001) has gathered the LWR data of fishes in 
Greek waters, and Torcu-Koç et al., (2008) has gathered 
the LWR data of a limited number of lessepsian fishes in 
Turkish waters. Froese, (2006) and Froese et al., (2014) 
had analysed the length-weight relationships of all fishes 
available on the Fishbase website using meta-analysis 
and Bayesian methods. Froese et al., (2011), on the other 
hand, lists the important issues that must be considered 
during the preparation of length-weight relationships for 
publication.

Turkey is a country with four different marine sys-
tems. All four marine systems have different ecological 
characteristics. Even though there had been many LWR 
studies on those four seas, except for Torcu-Koç et al., 
(2008) where LWR of 24 different lessepsian fish spe-

cies were gathered, no wide scale and comparative study 
was discovered. In this study, a total of 738 LWR for 242 
different fish species were examined for Turkish marine 
waters.

Materials and Method

All LWR in this study were gathered from a total of 
33 studies performed between the years 1997-2013 in the 
seas of Turkey (Table 1). The studies were evaluated in 
four main marine regions: Black Sea, Marmara, Aegean 
and Mediterranean. Some of studies presented length and 
weight in units other than in centimeters and grams. Ac-
cording to Froese, (2006) this did not affect b value, but 
the intercept a needed to be converted with the following 
equation: 

a´=a10b (if length was given in mm and weight in g)
Different length measurements types also affect a but 

not b; especially, for the same sample, a increases from 
total- to fork to standard length (Froese, 2006). For this 
reason studies were classified for length type and ana-
lyzed separately. The descriptive statistics of a, b and r2 
values estimated  by LWR were given for all length type 
seperately. Both LWR parameters, a and b, were tested 
at the family level and compared per study area using 
one way variance analysis (ANOVA). In the cases when 
ANOVA results are significant, Duncan multiple com-
parison test was used to determine which group this dif-
ference comes from (Zar, 1999; Gündoğdu, 2014). To 
determine the similarities of families with regards to a 
and b values, hierarchical clustering based on Euclidian 
distance was applied and Ward’s method was used (Gor-
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don, 1999). The b value is 3 or around 3 for the majority 
of fishes (Tesch, 1968). b=3 means the fish demonstrates 
isometric growth, and situations to the contrary are taken 
to be allometric growth (b<3: negative allometry, b>3: 
positive allometry).  For determination of whether b val-
ue is different from 3, student t-test was applied.

Joint LWR equations on the family level for each 
length type were estimated with the help of the median 
values of the a and b parameters of each family. The cor-
relation between a and b parameters was calculated with 
the help of the Pearson correlation multiplier for all spe-
cies together. Froese, (2000) recommend the application 
of a scatter plot between log (a) and b to demonstrate the 
interdependency between a and b parameters. 

A scatter plot between log(a) and b values was drawn 
for most reported species to determine the outlier values 
present in LWR, from, which outliers should be identi-
fied and those relationships must be considered problem-
atic (Stergiou & Moutopoulos, 2001; Froese, 2000). 

All statistical analysis was performed using the IBM 
SPSS v20 and R package software and the level of sig-
nificance was determined as 5%.

Results

The a, b, a´, R2, fishing method, year of sampling, 
Lmin, Lmax location where study conducted and the season 
of sampling of each species , are given in Table 1, 2 and 
3.The highest number of studies were performed in the 
Aegean Sea (n=15) and the lowest number were per-
formed in the Black Sea (n=3) (Table 4). Table 1 shown 
that 236 species were studied with total length, table 2 
shown that 40 species were studied with fork length and 
table 3 shown that 9 species were studied with disc width. 
The highest number of LWR studies were performed 
for Sparidae (13.7%, n=101) and Mullus barbatus (2%, 
n=15). 

Graphs for b values for all length-weight relation-
ships (for each length type separately) are shown in Figu-
re 1 after excluding questionable records.  The median 
values b was calculated as 3.05 for total length, 3.009 for 
fork length and 3.05 for disc width. For all LWR b values 
were not different from 3 (p>0.05).

Three significantly different (p<0.05) groups of spe-
cies were formed as a result of the hierarchical clustering 
analysis based on the median values of a and b param-
eters after excluding questionable records (Fig. 2). 

The LWR equation estimated from all studies was 
determined as,

W=0.009L3.05(n=640,r2=0.99, total length)
W=0.0165L3.009(n=56,r2=0.99, fork length)
W=0.0169L3.05(n=13,r2=0.99, disc width)

Significant (p<0.05; Fig. 3) correlation value were 
calculated for all families as -0.417. Log(a)-b scatter plot 

for all families, it was discovered that the grouping is 
mostly around 3 (Fig. 3). 

Some of species that have more than ten LWR and 
that have outliers are considered. It was determined that 
M. merluccius had two outliers and the others had one 
outlier each (Fig. 4). 

Considering the seasons in which the studies were 
performed, it is noted that 25 studies were performed 
with samples gathered over a period of one year while 
the remaining 8 studies were performed only during a 
specific period of the year (Table 1, 2 and 3).

Discussion

In Turkish waters 512 fish species have been reported 
(Bilecenoğlu et al., 2014). Among these species, Gobi-
idae (43 species), Sparidae (21 species), Blenniidae (20 
species) and Labridae (20 species) families are represent-
ed by the highest numbers of species. However, the num-
bers of species focused on by the studies gathered by this 
study doesn’t match Bilecenoğlu et al., (2014) except for 
Sparidae. The main reason for this is the preference of the 
trawling method of fishing for the studies gathered in this 
study, as this prevents the sampling of the fish species 
living in coastal waters. Considering catching methods of 
studies gathered in this study, most of studies used trawl 
as sampling method (Table 1, 2 and 3). For example, 
most species belonging to the Gobiidae family live in 
coastal waters. Thus, it is not possible for these species 
to be caught by sampling performed using trawl fishing 
methods (Miller, 1986). When the most heavily studied 
species are examined, it can be seen that these species 
match with the ones that are most heavily fished or that 
are most prominent among the fishes caught using the 
trawl fishing methods. In fact, the target species and by-
catch compositions of fisheries in all four seas are paral-
lel to these three species (Özbilgin & Tosunoğlu, 2003; 
Özbilgin et al., 2006; Yazıcı et al., 2006; Atar & Malal, 
2010; Ceylan et al., 2013). 

 b value varies between 1.19 (Cepola macroptalma, 
from Demirel & Dalkara, 2012) and 4.15 (Raja miraletus 
from Filiz & Bilge, 2004) for all species. Also, 95% of 
these values vary between 2.99 and 3.028, which mean 
the median value of 3 accepted for all fish species is a rel-
evant value. The study performed by Froese, (2006) on 
all fishes included in Fishbase demonstrates that a range 
close to this (2.94-3.07) is applicable for 95% of all fish-
es. Indeed, the t-test performed and given above shows 
that when all values are considered, b values aren’t dif-
ferent from 3. This also matches the 2.5-3.5 range given 
by Froese, (2006) and Carlander, (1997) for the b value. 
However, there are also species with exceptional b values 
such as C. macrophtalma and R. miraletus. It is already 
supposed that the families that these two mentioned spe-
cies belong to were placed in different clusters as a result 
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of the clustering analysis performed. As a result, the 
number of factors affecting the differences in b value 
is quite high. The feeding and the habitat of the fishes 
are only two among these many factors. Along with 
this, differences between geographic regions, sample 
size and similar factors may also cause this value to 
change (Tesch, 1968; Wootton, 1990). Indeed, the 
difference shown in Table 4 makes the effect of geo-
graphic region differences on the b parameter clear.

The a parameter indicates the point the logarith-
mic form of the LWR intercepts the axis. Thus the 
a value is directly related to the growth rate of the 
fish (Froese, 2006). In this sense, it can be seen that a 
increases as the b value decreases, thus having an in-
verse relationship (Fig. 3). When all LWR are consid-
ered, it can be seen that 95% of a values fall between 
the range of 0.0123-0.0187. The distribution roughly 
matches the log-normal distribution, but it is strongly 
inclined towards the left hand side. Also, the num-
ber of species with a very low a value is quite high 
(Table 1, 2 and 3). Froese, (2000), Stergiou & Mou-
topoulos, (2001) and Froese, (2006) have stated that 
if there are multiple studies for a species, if a scatter 
plot of log(a) and b values acquired from the stud-
ies on said species, the detection of outliers becomes 
possible. Based on this, four species (A. laterna,  M. 
merluccius, C. linguatula and R. clavata), that have 
six or more studies on them each were examined this 
way (Fig. 4). The circled outliers indicate the prob-
lematic studies for that species. These outliers also 
cause a drop in Froese, (2006) states that a more solid 
regression analysis performed after removing outlier 
observations would be strong enough to explain the 
variance 99%. 

It can be seen in Figure 3 that when a scatter dia-
gram for log(a) and b is drawn most estimates are 
distributed at and around 3. This makes it possible to 
say that most of the species present in Turkish waters 
show an isometric growth. This conclusion is sup-
ported when the four families with the highest distri-
bution stated for Turkey’s fish fauna in Bilecenoğlu 
et al., (2014). Again Fishbase records support this 
statement. 

Another reason for the variance in estimates and 
outlier observations is the seasonal effects. It is not 
possible to sample all size classes of a species in stud-
ies performed at a certain part of the year. According 
to Froese et al., (2011), a good LWR study can be 
possible only by year-long sampling, allowing all size 
classes to be sampled, and making it possible to make 
better estimates. 

As a result, this study offers a collected list of the 
LWR parameters for most species prevalent in Tur-
key’s seas. In addition, it will serve as an effective 
resource in demonstrating the factors that impact both 
parameters in general.
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Fig. 1: Frequency distribution of exponent b based on 709 records for 242 species.

Fig. 2: Similarity dendogram for LWR parameters based on families. The average and medians of a and b values of the clusters 
determined by hierarchical clustering; (the letters above indicate differences and questionable records were excluded) Cluster-
1=0.016a, Cluster-2= 0.007b, Cluster-3=0.071c.
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