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Abstract

Length-weight and length-length, fork (FL), standard (SL) and total (TL) lengths, relationships were derived for brown
trout, Salmo trutta L., inhabiting Kan Stream, Coruh Basin, eastern Turkey. Sampling was done between January—December
of 2001 using electronic fishing gear. The relationships between lengths were all significantly linear (p<0.01), the b value in
the length-weight relationship for males and females did not deviate from 3, and this value was significantly lower than 3 in
the winter (p<0.01), when the temporal changes were taken into account, indicating that only the sampling time affected the
growth pattern of Salmo trutta. Growth was isometric in the spring, summer and fall, but it was negative and allometric in the

winter.
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Introduction

Total (TL) and fork (FL) lengths are usually
utilised in studies of fish growth, whereas standard
length (SL) is mainly used in systematic studies.
When making comparisons between populations, it is
essential to use standard measures for all populations
so that the results will be more reliable. This is why
the length-length relationship of species under various
environmental conditions should be known. Length-
length relationship is also important for comparative
growth studies (Moutopoulos and Stergiou, 2002).
The length-weight relationship is a very useful tool in
fisheries assessment. It is usually easier to measure
length than weight, and weight be predicted later on
using the length-weight relationship. Furthermore,
standing crop biomass can be estimated (Morey et al.,
2003) and seasonal variations in fish growth can be
tracked in this way (Ritcher ef al., 2000).

The length-weight relationship also helps in
predicting the condition, reproductive history, and life
history of fish species (Nikolsky, 1963; Wootton,
1992; Pauly, 1993; Erkoyuncu, 1995; Avsar, 1998),
and in morphological comparison of species and
populations (King, 1996; Gongalves et al., 1997).

The early studies on Salmo trutta inhabiting
Turkish waters were mainly on growth, reproduction
and systematic features (Slastanenko, 1955; Aras,
1974; Kuru, 1975; Yildirim, 1991; Yiiksel, 1997;
Karatag, 1997; Karatas, 1999; Arslan et al., 2000;
Tabak et al., 2001; Arslan, 2003). Although the
estimation of the length-weight relationship was
common in these studies, they presented no evidence
about the length-length relationship.

We sought to investigate whether temporal
changes and sex differences affected the growth of

Salmo  trutta by estimating the length-weight
relationship of this species according to sex and
sampling time. We also sought to determine the
length-length relationship of this species.

Material and Methods

This study was carried out in Kan Stream
(4421" E, 41'12" N), an important tributary of Coruh
River in north-eastern Turkey. It originates on Mount
Ovit, and has an elevation of 1,200-2,600 m above
sea level. The mean width of brook is 3 m, its mean
flow is 3 m’s”, and its temperature varies between 1—
20°C throughout the year. Although brown trout is the
only species of fish regularly found in the brook,
some Cyprinids such as Capoeta tinca and Barbus
plebejus occur, infrequently, in its lower reaches. The
highway of Erzurum-Ispir-Rize runs along the brook
and provides easy access to the brook at any point
along it. Thus, Sa/mo trutta inhabiting this brook are
exploited intensively by amateur fishermen.

Fish samples were collected monthly by means
of ENDRESS ES 650 electric fishing gear (220 V
AC, 12 V DC) between January and December of
2001. Sampled fish were measured to the nearest 1
mm (TL, FL and SL), and weighted to the nearest 1 g.
The relationships between total, fork and standard
lengths were determined according to the linear
regression model. The length-weight relationship,
W=aFL", was transformed into its logarithmic
expression: log=log(a)+b*log(FL). The parameters
a and b were calculated by least-squares regression
for males and females seasonally (spring, summer,
fall and winter). Weight-length relationships’ curves
were compared between both sexes and all four
seasons, and the variation in b values from 3 were
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tested by the #-test for evaluating growth curve.

When the b value in length-weight relationship
was equal to or did not show statistically significant
deviation from 3, the growth was isometric, whereas
the positive or negative allometric growth occurred
when the b value deviated significantly from 3
(Ricker, 1975; Erkoyuncu, 1995).

Results

The results of the relationships between total,
fork and standard lengths were determined by using
the length measures of 511 brown trout samples
(Table 1). All relationships were significantly linear
(p<0.01, r>0.99).

The length—weight relationship was determined
for sexes and seasons separately, and b values varied
between 2.89 and 3.04. These values were calculated
for males, females and overall as 2.96, 2.96 and 2.97,
respectively, and for spring, summer, fall and winter
as 3.01, 3.04, 291 and 2.89 respectively. The
variations in b values from 3 were not statistically
significant and indicated an isometric growth for
males, females, and the overall population when the
seasons’ effects were not taken into account (Table 2).
The variations in b values from 3 were not statistically
significant in the spring, summer, or fall, but were in
the winter (p<0.01), implying that while the growth of
Salmo trutta was negatively allometric during the
winter; it was isometric during the rest of the year.

Discussion

Length-weight (according to sexes and sampling
time) and length-length (overall) relationships of
Salmo trutta inhabiting Kan Stream, Coruh Basin, in
north-eastern Turkey was estimated. The length-
length relationships were found to be significantly

linear in all cases. Moutopoulos and Stergiou (2002)
determined significantly linear relationships among
TL, FL and SL in some fish species in the Aegean
Sea. These significantly linear relationships among
the length parameters showed that certain fish species
exhibited characteristic morphological features.

The b value was used in the length-weight
relationship as the indicator of the growth type of
Salmo trutta, to find out whether there deviation from
isometric growth had occurred between the sexes and
among the sampling times. When the seasonal
variations were considered, the b value reached its
maximum value of 3.04 (r=0.99, N=130) during the
summer (June, July and August) and its minimum
value of 2.89 (1=0.99, N=133) during winter
(December, January and February). The fact that the b
value recorded in the winter was significantly lower
than 3 (p<0.01) indicated a negative allometric
growth during this season.

Length-weight relationships may present spatial
and temporal variations due to water temperature,
food availability and reproductive activities
(Weatherly and Gill, 1987, Wootton, 1992). Trout
cannot take food at temperatures lower than 2°C or
during reproductive season (Celikkale, 1994). Hence,
these fish feed insufficiently and display low b values
during cold seasons. However, adequate feeding and
gonad development increases fish weight and b values
(Nikolsky, 1963; Arslan, 2003).

There have been some studies on the length-
weight relationship of Salmo trutta L. in Turkish
freshwaters and some other localities (Ball and Jones,
1960; Geldiay, 1968; Aras, 1974; Yanar ef al., 1987,
Yildirim, 1991; Yiiksel, 1997; Arslan et al., 2000;
Arslan, 2003), and the b values reported in these
studies are presented in Table 3. The & value in the
length-weight relationship of fish can be used as an
indicator of food intake and growth pattern, and may

Table 1. Length-length relationships of Salmo trutta L. N=sample size

Lengths a b+SE Confidence Limits (95%) r N
TL-FL 0.3363 1.0202+0.003 1.013-1.027 0.99 509
TL-SL 0.4304 1.1178+0.004 0.110-1.125 0.99 509
FL-SL 0.1269 1.092340.004 1.085-1.100 0.99 509

Table 2. Length-weight relationship parameters of Salmo trutta L. according to the sexes and the seasons. N=sample size

Factors N a b+SE r Confidence Limits (95%) ¢ value (difference of b from 3)
Male 239 0.0147 2.96+0.028 0.99 2.903-3.016 -0.49311

Female 250 0.0141 2.96+0.030 0.98 2.888-3.032 -0.35859

Overall 509 0.0141 2.97+0.021 0.99 2.927-3.011 1.4423

Winter 133 0.0160 2.89+0.02 0.99 2.839-2.941 -1.658417

Spring 130 0.0124 3.01+0.03 0.99 2.951-3.075 0.140672

Summer 100 0.0112 3.04+0.05 0.98 2.9228-3.1568 0.222861

Fall 149 0.017 2.91+0.03 0.99 2.8379-2.9859 -0.80948

Significant at: "p<0.05, " p<0.01
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Table 3. b values in the length-weight relationships of Salmo trutta L. from different localities
Study Locality b value
Frost and Smyly, 1952 Lake District, Wales 3.000
Ball and Jones, 1960 Llyn Tegid, Wales 2.920
Geldiay, 1968 Mount Kaz streams, Turkey 1.78-3.54
Aras, 1974 Coruh and Aras Basin, Turkey 2.97-2.78
Yanar et al., 1987 Hodacur Brook, Turkey 2.996
Yildirim, 1991 Barhal Streams, Turkey 3.000
Baltaci, 1996 Sah Lake, Turkey 3.090
Yiiksel, 1997 Teke Brook, Turkey 2.590
Arslan et al,. 2000 Cenker Stream, Turkey 2.897
Cetinkaya, 1999 Catak Brook, Turkey 3.07
Tabak et al., 2001 Eastern Black Sea streams, Turkey 3.035
Arslan, 2003 Anuri and Cenker streams, Turkey 3.037-3.000
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Figure 1. Length-weight relationships according to the sexes and the seasons.
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differ according to such biotic and abiotic factors as
water temperature, food availability and habitat type
(Wootton, 1992; Avsar, 1998).

Consequently, during the winter, when
biological resources were insufficient and certain
abiotic factors like water temperature were
inadequate, Salmo trutta living in the Kan Stream
could not feed sufficiently and demonstrated a
negative allometric growth. In contrast, environmental
conditions did not change the normal isometric
growth of this species during the rest of the year, and
both females and males demonstrated the same
growth type.
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