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Abstract: In this study, the total lengths of the smaller mirror carp, that could not be caught, were estimated with the back-
calculation methods using the scale and otolith lengths of larger fish. For this purpose, 50 fish samples were captured from
Keban Dam Lake during October-November 2017 and October-December 2018. They were 4-9 in ages, 31.2-47.2 cm in total
length and 442.5-1497.8 g in weight. The age of fish and the lengths of each age ring on scale and otolith were determined by
using LAS V4.8 image analysis program attached to Leica SSAPO microscope. The total lengths of fishes were calculated
using Fraser-Lee and Dahl-Lea back-calculation equations for scale and otolith respectively. The mean total lengths calculated
for all age groups from scale radius lengths and otolith lengths were L;:16.1, L»:21.3, L3:27.3, L4:30.5, L5:35.7, Ls:36.7, L7:42.9,
Lg:45.3 ve Lo: 45.9 cmand L3:14.2, L»:17.8, L3:22.8, L4:25.5, Ls:33.1, L6:36.0, L7:41.0, Ls:41.4 ve Lg:44.0 cm respectively. In
all age groups, total lengths of fish calculated from otolith lengths were found lower than total lengths of fish calculated from
scale lengths.
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Geri Hesaplama Yéntemleri Kullamlarak Aynal Sazamm (Cyprinus carpio L., 1758) Daha
Onceki Yaslardaki Toplam Boylarmin Tahmini

Oz: Bu calismada, biiyiik boy aynali sazanlarmn (Cyprinus carpio Linnaeus, 1758) pul ve otolit 5l¢iimlerinden geri hesaplama
yontemleriyle yakalanamayan kiigiik baliklarin toplam boylar1 hesaplandi. Bu amagla, yaslar1 4-9, toplam boylar1 31.2-47.2 cm
ve agirliklar1 442.5-1497.8 g arasinda olan 50 adet balik drnegi (20 adet Ekim-Kasim 2017 ve 30 adet Ekim-Aralik 2018
aylarinda) Keban Baraj Goliinden yakalandi. Baliklarin yasi ile her bir yas halkasina ait pul 15in boylari ve otolit boylart
bilgisayar destekli Leica SSAPO mikroskop yardimiyla LAS V4.8 imaj analiz programi kullanilarak belirlendi. Balik boylari
pul igin Fraser-Lee, otolit i¢in ise Dahl-Lea geri hesaplama yontemleri kullanilarak hesaplandi. Tiim yas gruplari i¢in pul 151n
boylar1 kullanilarak hesaplanan toplam balik boyu ortalama degerleri L1:16,1; L»:21,3; L3:27,3; L4:30,5; Ls:35,7; L6:36,7;
L7:42,9; Lg:45,3 ve Lg: 45,9 cm olarak, otolit boylari kullanilarak hesaplanan toplam balik boyu ortalama degerleri ise L1:14,2;
L,:17,8; L3:22,8; L4:25,5; Ls:33,1; Le:36,0; L7:41,0; Lg:41,4 ve Lg:44,0 cm olarak hesaplandi. Tiim yas gruplarinda otolit
boylarindan hesaplanan toplam balik boylari, pul 1sin1 boylarindan hesaplananlara gére daha diisiik bulundu.

Anahtar Kelimeler: Aynali sazan, Cyprinus carpio, geri hesaplama, balik boyu, pul, otolit
1. Introduction

There are many resources on the determination of age and growth in fish [1-9]. In fishery studies, it is
important to have a sufficient number of fish samples at different sizes for accurate estimation of age and growth.
However, sometimes it is not always possible to catch smaller fishes depending on the fishing method used and
preferring a different habitat by the smaller fishes. Furthermore, fisheries legislation prohibits the capture of
smaller fishes in order to protect the fish stocks. These situations make it difficult to obtain information about the
age and growth of smaller fishes in a population. For this reason, the age and growth of smaller fishes, that cannot
be sampled, are scientifically estimated from the measurements of some bony structures of the larger size
individuals of the same species by using a suitable back-calculation method [10-15]. The critical comparison of
back-calculation methods used for estimation of fish growth have been done [16-20].

Mirror carp is the most common species of the carp family in the inland waters of Turkey. The various aspects
of mirror carp population in Keban Dam Lake were investigated by researchers [21-24]. Some studies have been
done using the back-calculation methods to estimate fish lengths at previous ages on Capoeta trutta [7], Barbus
rajanorum mystaceus [25], Acanthobrama marmid [26] and Luciobarbus mystaceus [27] from Keban Dam Lake
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and on Capoeta umbla from Hazar Lake [28]. However, there is no any research on the estimation of fish lengths
at previous ages the back-calculation methods. Therefore, the main aim of this study estimates the total lengths of
mirror carp (Cyprinus carpio) species from Keban Dam Lake at previous ages by using two different back
calculation methods for scale and otolith measurements. In addition, it will be determined that which bony structure
is more reliable for back-calculation in the mirror carp.

2. Materials and Methods
In this study, 50 bigger mirror carp species (20 in the October-November 2017 and 30 in the October-

December 2018) from Keban Dam Lake were caught from the area close to the dam embankment (Figure 1) by a
commercial fisherman.

5 ‘\Y\ f ”L oy N -
M e st R ( ‘
[e== Tunceli
: & 2 )
3 g i
T, i o, gl
S5 e e Ve f v %
: > i N\
= & <—;'\-5 4 Sagy A Py “-l {
S R I i
o, SRR i S0 4
""‘"‘\?—f <=5 LN e ’r’\r——“
i i : & e L Mg s
Fish sampling area o U SR, FF
o
Keban \?L/‘\zjigl
N Elazig ‘S\ i
L ,,/ Ty
A s

Figure 1. Fish sampling area in Keban Dam Lake

Fish samples were brought to the fish systematics laboratory of Fisheries Faculty of Firat University and the

following procedures were applied.

e Total lengths and body weights were determined nearest = 1 mm and 0.1 g precision respectively.

e Sagittal otoliths and some scales from just under the first dorsal fin were removed, cleaned and kept in 96%
alcohol for microscopic examination.

e The ages of fishes were determined from both sagittal otoliths and scales.

e The lengths of each age ring (annulus) were measured nearest 0.001 mm precision by using image analysis
software (LAS V4.8) connected to Leica SSAPO microscope.

o The total lengths of fish at previous ages were calculated using Fraser-Lee back-calculation equation [29, 30] for
scale and Dahl-Lea back-calculation equation [31, 32] for otoliths given below.

Fraser-Lee back-calculation equation: L, = a + (L-a) X (Sn/S)
Dahl-Lea back-calculation equation: L, = L x (S+/S)
Where;
L= back-calculated length of the fish at age “n”
L= total length of fish at the time of capture
Sw= length of scale radius or otolith at age “n”
S= length of scale radius or otolith of fish at the time of capture
a= intercept from the regression of body length on mean scale length
The results were statistically examined by means of SPSS Ver.22 programme (IBM Cooperation).

3. Results

In this study, 50 mirror carp species from Keban Dam Lake were used. They were 4-9 in age group, 31.2-
47.2 cm in total length and 442.5-1497.8 g in body weight. The “a” value in Fraser-Lee back-calculation equation
was found as 22.7 mm by using the regression analysis between total length and scale radius length of fish. This
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value indicates the first formation of scale started while the fish were 22.7 mm in total length. The total fish lengths
of the previous ages estimated by using the back calculation methods from the scales and otolith measurements
are given in Table 1 and Figure 2. The total fish lengths at previous ages calculated from scale and otolith
measurements were found smaller for all age groups compared with the observed total lengths (Figure 3).

Table 1. The distribution of 50 fish samples according to age groups, measured total lengths (TL) and total
lengths (Li-Lo) calculated using back-calculation methods from scale and otolith measurements.

Age L Total lengths calculated from scale Total lengths calculated from otolith
goupsN cmybt L2 Ls Lo Ls Le L Ls Lo L Lo L L Ls L L Ls Lo
v 5 321 16.7 19.0 24.7 26.9 12.1 155 193 247

Vv 9 379 169 219 252 27.8 359 13.2 16.3 20.4 25.1 32.6

VI 17 416 16.5 22.1 27.7 30.2 35.8 37.0 145 18.0 24.1 26.0 32.4 35.0

VII 10 43.2 157 21.1 284 32.1 34.6 36.2 43.6 13.6 174 229 247 33.4 356 40.6

VIII 6 458 154 223 29.1 32.8 35.8 37.5 42.8 449 15.2 20.0 24.1 26.6 32.8 36.0 41.5 41.6

IX 3 47.2 152 215 289 331 36.2 359 422 45.6 459 16.5 19.8 26.2 26.1 345 37.4 409 41.2 440

Mean 16.1 21.3 27.3 30.5 35.7 36.7 42.9 453 459 142 17.8 22.8 25,5 33.1 36.0 41.0 41.4 44.0
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Figure 2. Observed and back-calculated total lengths of mirror carp from Keban Dam Lake. Different letters
above the columns indicate significant differences (P < 0.05; ANOVA Duncan’s Multiple Range Test).

As can be seen in Figure 3, while the gap between the measured values line and the calculated values lines is
wider in the first early ages, this gap decreases in the older ages (Figure 3).
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Figure 3. The comparison of total lengths (Li-Lo) observed and calculated from scale and otolith measurements
in mirror carp from Keban Dam Lake.

4. Discussion

In this study, 50 samples belong to mirror carp with 4-9 in age, 31.2-47.2 cm in length and 442.5-1497.8 g in
weight were examined to estimate the total lengths of fish at earlier ages by using back-calculation methods from
scale and otolith measurements. The total lengths of mirror carp at earlier ages calculated from scale and otolith
measurements were found to be very close to each other. However, the measured total lengths of mirror carp for
all age groups were always determined to be higher than the total lengths of mirror carp calculated from both scale
and otolith measurements. Some studies have also been showed that measured total lengths were always higher
than calculated lengths using back-calculation methods [7, 25, 26, 28]. In addition, they were showed that the gap
between calculated and measured lengths increased when earlier annuli measurements of scales and otoliths
obtained from older fishes were used for back-calculation. The reason for this is that the bony structures measured
do not show the same growth rate as the fish during the life of fish. In addition, there is a difficulty in the age
readings and measurements of annuli lengths of bony structures taken from the older individuals.

In conclusion, back-calculation methods provide an important advantage to estimate the length of smaller
fishes that cannot normally be captured.
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