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This study evaluated the reliability of different calcified structures used for age RESEARCH ARTICLE
determination in common carp (Cyprinus carpio L., 1758) inhabiting Siddikli Dam

Lake. A total of 134 individuals were sampled monthly between September 2015 ]

and August 2016. Age estimates were obtained from scales, vertebrae, asteriscus, Received  :13.03.2026
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examined calcified structures, vertebrae provided the most reliable age estimates,
with the highest exact agreement (77.5%), the highest agreement within +1 year * CORRESPONDING AUTHOR
(93.05%), the lowest APE (3.86%), and the lowest CV (3.52%). Asteriscus and
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contrast, lapillus and operculum showed lower agreement and higher error rates,

indicating that caution should be exercised when using these structures for age

estimation. The findings indicate that vertebrae are the most reliable calcified

structure for age determination of C. carpio in this reservoir ecosystem.
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Oz: Bir Rezervuar Ekosisteminden Elde Edilen Sazan Bahklarinda (Cyprinus carpio L., 1758) Yas Belirlemede
Kemiksi Yapilarin Karsilastirmah Giivenilirligi

Bu ¢alismada, Siddikli Baraj Golii’nde yasayan sazan (Cyprinus carpio L., 1758) bireylerinde yas tayininde kullanilan farkli kalsifiye
yapilarin giivenilirligi degerlendirilmistir. Eyliil 2015 ile Agustos 2016 tarihleri arasinda aylik 6rneklemeler sonucunda toplam 134 birey
elde edilmistir. Yas tahminleri pullar, omurlar, asteriscus, lapillus ve operkulum yapilarindan gerceklestirilmis; bu yapilarin giivenilirligi
kesin yas uyumu, 1 yil toleransh uyum, ortalama yiizde hata (APE) ve degisim katsayis1 (CV) kullanilarak karsilastirilmistir. On
degerlendirmelerde suboperkulum yapisinin yas tayini i¢in uygun olmadigi belirlenmistir. Tekrarli yas okumalari sonucunda bireylerin
yaglarmin 0 ile 8 arasinda degistigi ve kullanilan yapiya baglh olarak 6zellikle 3 ve 4 yas gruplarmin baskin oldugu belirlenmistir.
Incelenen tiim kalsifiye yapilar arasinda omurlar, en yiiksek kesin uyum (%77,5), en yiiksek +1 y1l uyumu (%93,05), en diisiik ortalama
yiizde hata (%3,86) ve en diisiik degisim katsayis1 (%3,52) degerleri ile en giivenilir yap1 olarak belirlenmistir. Asteriscus ve pullar da
gorece yliksek uyum ve kabul edilebilir hata diizeyleri gostererek yas tayininde destekleyici yapilar olarak degerlendirilebilir. Buna
karsilik, lapillus ve operkulum daha diisiik uyum ve daha yiiksek hata oranlar1 sergilediginden bu yapilarin kullaniminda dikkatli
olunmalidir. Elde edilen bulgular, bu rezervuar ekosistemindeki sazan populasyonunda yas tayini i¢in en giivenilir kalsifiye yapinin
omurlar oldugunu gostermektedir.

Anahtar kelimeler: Cyprinus carpio, yas tayini, otolit, omur, Siddikl1 Baraj Golii
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Introduction

Freshwater ecosystems support nearly 40% of the
world’s fish species and are therefore of critical
ecological and economic importance (Reid et al.
2019). However, biodiversity loss in freshwater
environments is occurring at a faster rate than
in terrestrial and marine ecosystems (Harrison et al.
2018; Tickner et al. 2020). In addition to sustaining
aquatic biodiversity, freshwater systems
provide essential ecosystem services such as
food supply, water quality regulation, flood control,
and recreational and cultural benefits (Vari et al.
2022).

From an economic standpoint, inland waters
contribute significantly to food security and rural
development through both capture fisheries and
aquaculture. Inland fisheries play a crucial role in
global nutrition by supplying affordable animal
protein, particularly in developing regions where
millions of people depend on these resources for their
livelihoods (Lynch et al. 2016; FAO 2020). In
Tiirkiye, lakes, reservoirs, and river systems
constitute an important component of total aquatic
production and generate substantial socio-economic
benefits.

Sustainable  fisheries management largely
depends on accurate knowledge of fish stock
dynamics. In this context, biological studies provide
essential baseline data. Parameters such as age,
growth, reproduction, and population structure are
fundamental for assessing stock status, regulating
fishing pressure, and ensuring conservation of
aquatic resources (Avsar 2005; King 2007).
Consequently, age determination studies represent a
cornerstone of fisheries biology research.

The common carp (Cyprinus carpio L., 1758) is
among the most economically and ecologically
important freshwater species worldwide. It is one of
the oldest domesticated fish species (Balon 2004) and
is widely exploited in both natural ecosystems and
aquaculture systems. In Tiirkiye, common carp is
broadly distributed in inland waters and contributes
substantially to fisheries production and rural
economies (FAO 2002; Rahman 2015). Ecologically,
this species plays a key role in shaping trophic
dynamics through its feeding behavior and habitat
use (Badiou et al. 2011).

Numerous studies have investigated the age,
growth, and population dynamics of Cyprinus carpio
inhabiting inland waters of Tirkiye. Earlier studies
primarily relied on scale-based age determination and
reported population characteristics from various
ecosystems, including Goélhisar Lake (Alp and Balik
2000), Gelingiilli Dam Lake (Kirankaya and
Ekmekgi 2004), Karamik Lake (Balik et al. 2006),
Almus Dam Lake (Karatas et al. 2007), Liman Lake
(Demirkalp 2007), Apa Dam Lake (Mert et al. 2008),

Mogan Lake (Saylar and Benzer 2014), and Damsa
Dam Lake (Mert and Bulut 2014). These studies
provided valuable information on age composition,
growth  parameters, condition factors, and
exploitation levels of carp populations. However,
most of them relied predominantly on scales for age
estimation, despite well-known limitations such as
regeneration, resorption, and false annulus formation.

Subsequent studies emphasized the need to
evaluate alternative calcified structures for
improving ageing accuracy. Jackson et al. (2007)
reported that dorsal fin rays provided more reliable
age estimates than scales in common carp
populations. One of the most comprehensive studies
conducted in Tiirkiye was carried out by Yilmaz and
Polat (2008), who evaluated eight different calcified
structures, including scales, vertebrae, otoliths, fin
rays, operculum, and suboperculum in carp
populations from Altinkaya Dam Lake, Derbent Dam
Lake, and Bafra Fish Lakes, and identified vertebrae
as the most reliable ageing structure. Similarly,
Yilmaz et al. (2012) also used vertebrae for age
determination in carp populations from Bafra Fish
Lakes. More recently, Aydm et al. (2023) compared
whole and sectioned otolith methods and
demonstrated that sectioned otoliths provided more
precise age estimates than whole otolith preparations.

International studies have also highlighted
variability in the suitability of ageing structures
depending on environmental conditions and
population characteristics (Pathak et al. 2014;
Sahtout et al. 2017; Mekonnen et al. 2019; Wagaw et
al. 2024). These findings indicate that the most

reliable ageing structure may differ among
populations and ecosystems.
Despite the considerable economic and

ecological importance of Cyprinus carpio in Central
Anatolian inland waters, no previous study has
comparatively evaluated multiple calcified structures
for age determination in the Siddikli Dam Lake
population. Therefore, the present study aimed to
compare the precision and agreement of age
estimates derived from different calcified structures
and identify the most reliable calcified structure for
this population.

Materials and Methods

Study Area

Siddikli Dam Lake is located near Siddikli
Kii¢iikbogaz village in the central district of Kirgehir
Province, Tirkiye (Figure 1), at coordinates
39°08'25" N and 33°54'39" E. The dam, constructed
on the Korpelibogazi Stream between 1993 and 2000,
is a rock-fill embankment structure primarily
designed for irrigation purposes. The dam body has a
volume of 750.000 m?® and a thalweg height of 53 m.
The irrigation system supplied by the reservoir serves
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an agricultural area of approximately 4.500 ha. The
total storage capacity of the reservoir is 28.5 hm?, and

the surface area is 1.65 km? The dam became
operational in 2004 (DSI 2025).

Kurtozru St

Sidchikn
Dam Lake

Kdrpelibogas Stream

AAAAAAAA

Figure 1. Siddikli Dam Lake

Fish Sampling and Ethics Approval

Fish samples were collected monthly from
different locations of Siddikli Dam Lake between
September 2015 and August 2016 using fishing
operations. During the sampling period, trammel nets
with mesh sizes of 50 x 50 mm and 55 x 55 mm were
used. The nets were deployed one day prior to
sampling and retrieved the following day.

A total of 134 Cyprinus carpio specimens were
collected during the sampling period. The total length
of sampled individuals ranged from 12.8 to 36.8 cm,
with a mean total length of 26.9 + 0.42 ¢cm (SD =
4.97). Body weight varied between 26.4 and 931.73
g, with a mean weight of 351.71 + 18.05 g (SD =
209.02). The collected fish were transported under
cold-chain conditions in insulated containers
containing ice to the Agricultural Biotechnology
Research Laboratory, Faculty of Agriculture,
Kirgehir Ahi Evran University, for further analyses.

All experimental procedures involving animals
were conducted in accordance with institutional
ethical guidelines and were approved by the Local
Ethical Committee of Kirsehir Ahi Evran University
(Approval No: 68429034/05).

Laboratory Studies

In the laboratory, fish specimens were first rinsed
with water to remove mucus and external debris. The
specimens were then gently dried and prepared for
the extraction of bony structures used for age
determination.

Fish scales were collected from the area between
the dorsal fin and the lateral line using a scalpel and
forceps and were placed in Petri dishes containing
distilled water. The scales were soaked in distilled
water for 24 h, after which softened tissues were
gently removed using a brush. Subsequently, the
scales were immersed in a 5% sodium hydroxide
(NaOH) solution for 2 h to ensure complete cleaning.
Following this procedure, they were rinsed again
with distilled water and transferred into 96% ethyl
alcohol. The scales were kept in ethanol for 30 min
to remove residual moisture. Finally, the scales were
examined under light, and those with intact structural
integrity and undamaged nuclei were selected.
Selected scales were mounted between two glass
slides and prepared for microscopic examination
(Chugunova 1963).

For each specimen, vertebral segments located
between the 4th and 10th vertebrae were carefully
removed using scissors. The extracted vertebrae were
placed in a beaker containing boiling distilled water
and boiled for approximately 4-5 min. Following this
procedure, all remaining tissues and residues
attached to the vertebrae were completely removed
using a brush, forceps, and scalpel. The cleaned
vertebrae were then placed in an oven at 103 °C for
15 min to eliminate residual moisture and lipid
content and to ensure complete drying. After drying,
the vertebrae were inspected and prepared for
microscopic examination (Chugunova 1963).
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The head region of each fish was split into two
halves using scissors, and the utricular (lapillus) and
lagenar (asteriscus) otoliths located on both sides
were carefully removed with forceps. The extracted
otoliths were cleaned with 96% ethyl alcohol to
remove adhering residues. Prior to examination, the
cleaned otoliths were wrapped in blotting paper and
dried in an oven at 103 °C for 15 min, after which
they were considered suitable for analysis
(Chugunova 1963).

The operculum and suboperculum were carefully
excised using scissors and a scalpel. The removed
structures were boiled in distilled water for 2-3 min.
Any remaining skin and muscle tissues were then
removed using a brush. Following cleaning, the
structures were dried in an oven at 103 °C for 15 min
and prepared for microscopic examination (Astanin
1974).

Determination and Evaluation of Reliable
Bony Structures

To assess the suitability of bony structures for age
determination, each structure was subjected to a
preliminary evaluation. During this assessment,
several criteria were considered, including
the recognizability of the structure, the clarity of
annulus  (growth ring)  characteristics, the
distinguishability of the central area and the first
annulus, the overall morphological integrity of the
structure, and the appropriate magnification required
for microscopic examination (Yilmaz 2006). Based
on these evaluations, age determination was
performed using scales, vertebrae, asteriscus,
lapillus, and operculum among the six examined
bony structures. The suboperculum was excluded
from further analysis due to the absence of a
consistent age pattern.

Age readings were conducted by a single
observer using a binocular microscope at 10x
magnification and were repeated on three separate
occasions. During the reading process, morphometric
characteristics such as body length and weight
were not considered; instead, only capture dates
and gonadal development stages were taken into
account. Specimens were assigned to year classes
based on the January 1 reference date, which is
widely accepted for fish populations in the Northern
Hemisphere.

Based on repeated age readings of Cyprinus
carpio, several statistical metrics were calculated,
including average age, percentage agreement,
average percent error (APE), and coefficient of
variation (CV). These metrics were used to identify
the bony structure providing the most reliable age
estimates and to recommend the most suitable
structure for age determination in this species. To
evaluate whether the age distribution obtained from
the samples was consistent with expected values, the

average age was calculated using the formula
proposed by Baker and Timmons (1991), as
presented below.

X Z{ Xijkt

Kkt nf
where:

Xk= average age

n = number of repeated readings

f = number of specimens used for age determination
Xij«= age obtained for the jth fish during the ith

reading.

Percentage agreement (PA) is a widely used
method for evaluating the consistency between
repeated age readings. This approach quantifies the
similarity among repeated readings for each bony
structure and expresses it as a percentage. In this
study, agreement criteria were classified into two
categories: exact age agreement and agreement
within a +1 year tolerance. The number of specimens
in each category was divided by the total number of
specimens and expressed as a percentage. Although a
high percentage agreement does not necessarily
indicate complete reliability of a structure, it is
considered an important indicator in age data analysis
(Yazic1 2018).

The average percent error (APE) was calculated
for each bony structure using data obtained from all
fish in the sample. After determining individual APE
values for each specimen, the mean of these values
was calculated to obtain the population-specific APE
index. APE was calculated using the formula
proposed by Beamish and Fournier (1981), as

presented below.
R
Z [xij — %]
= Y
where:

APE;= average percent error for the jth fish

Xij= age obtained from the ith reading of the jth fish
Xj= average age of the jth fish

R= number of repeated readings for the jth fish.

APE; = 100%

|~

The coefficient of variation (CV) was calculated
using the formula proposed by Chang (1982), which
is presented below.

\/ R (xi]-—xj)z

i=1 R—1
x 100

CVj =

where:
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CVj= coefficient of variation for the jth fish

Xij= age obtained from the ith reading of the jth fish
Xj= average age of the jth fish

R= number of repeated readings for the jth fish.

The age data obtained from Cyprinus carpio
individuals inhabiting Siddikli Dam Lake were
subjected to the calculations described above. Based
on these analyses, the bony structure exhibiting high
percentage agreement and low average percent error
was identified as the most reliable. In addition, the
agreement between this structure and the other bony
structures was evaluated to determine which
structures provided the most comparable age
estimates.

Results
Various bony structures, including scales,
vertebrae, lapillus, asteriscus, operculum, and

suboperculum, were collected from common carp
(Cyprinus carpio) inhabiting Siddikli Dam Lake for
age determination. Prior to age readings, each
structure was subjected to a detailed preliminary
evaluation. Based on this assessment, all structures
except the suboperculum were found suitable for age
estimation. Suboperculum structures were excluded
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from subsequent analyses because annulus formation
was highly irregular, the central region was difficult
to identify, and repeated readings produced
inconsistent results. Therefore, reliable age estimates
could not be obtained from this structure.
Accordingly, age readings were performed three
times for each structure to comparatively evaluate
their reliability.

Based on repeated age readings obtained from
lapillus, asteriscus, scales, operculum, and vertebrae,
the ages of C. carpio individuals ranged from O to 8
years. Examination of age distributions showed that
the highest frequency was observed at age 4
according to lapillus data (n = 39), whereas asteriscus
readings showed the highest concentration at age 3 (n
= 41). Scale- and vertebra-based readings also
indicated dominance of the 4-year age class, with 38
and 36 individuals, respectively, while operculum
readings were mainly concentrated at age 3 (n = 62).
In contrast, the O-year age class was observed only in
asteriscus readings, whereas the 8-year age class was
detected exclusively in scale readings (Figure 2a—e).
This distribution suggests that age estimates varied
depending on the calcified structure used. Detailed
age-group frequencies and percentages for each
structure are presented in Table 1.
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Figure 2. Age composition of Cyprinus carpio based on different bony structures
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Table 1. Age-group frequency distribution and percentage (%) of C. carpio

Age groups

Bony structures
0 1 2 3 4 5 6 7 8
_ N 0 14 20 35 39 26 0 0 0
Lapillus % 0 10.5 14.9 26.1 29.1 19.4 0 0 0
_ N 2 6 21 41 37 24 3 0 0
Asteriscus % 1.5 4.5 15.7 30.6 27.6 17.9 2.2 0 0
. N 0 0 9 33 38 30 6 11 7
cale % 0 0 6.7 24.6 28.4 22.4 45 8.2 5.2
| N 0 5 13 62 36 18 0 0 0
Operculum % 0 3.7 9.7 46.3 26.9 13.4 0 0 0
Vertehs N 0 1 15 36 36 28 9 9 0
ertebrae % 0 0.7 11.2 26.9 26.9 20.9 67 67 0

The results of three repeated age readings from
different bony structures showed that average age
estimates were very similar. The highest average age
was obtained from scales (4.39 £ 0.13 years),
followed by vertebrae (4.03 + 0.12 years). The
average age values derived from asteriscus, lapillus,
and operculum were 3.41 £ 0.11, 3.32 £ 0.11, and
3.37 £ 0.08 years, respectively. Although minor
differences were observed among the structures,

these findings indicate that they generally provided
comparable age estimates.

The evaluation results of repeated age readings
from five bony structures are presented in Table 2.
The highest exact age agreement was recorded for
vertebrae (77.5%), followed by asteriscus (65.5%)
and scales (56.4%). Vertebrae also showed the
highest agreement within a =+1-year tolerance
(93.05%).

Table 2. Agreement rates, average percent error (APE), and coefficient of variation (CV) values of different bony
structures used for age determination in C. carpio

Bonv structures Exact age Agreement Average percentage error Coefficient of variation
y agreement within £1 year (APE£Sh) (CV+£Sh)
Lapillus 46.0 62.78 9.28+0.614 14.25 +£0.062
Asteriscus 65.5 84.57 5.234 £0.435 9.76 £0.127
Scale 56.4 72.19 7.376+0.632 13.66 £0.034
Operculum 33.9 58.54 11.28 £0.783 16.07 £0.042
Vertebrae 775 93.05 3.86 £0.549 3.52 +0.076

In terms of average percent error (APE),
the lowest value was observed for vertebrae
(3.86 = 0.55%), while the coefficient of
variation (CV) was also lowest for vertebrae (3.52 +
0.08%). In contrast, the highest CV value
was recorded for operculum (16.07 £ 0.04%).

These findings indicate that vertebrae (Figure 3)
provide the most reliable structure for
age determination in common carp, characterized by
high agreement and low error rates. Asteriscus
and scales also demonstrated relatively
high agreement and acceptable error levels,
whereas operculum showed lower reliability due to
higher variability.

Figure 3. The vertebra of C. carpio

Discussion
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In the present study, five different calcified
structures (scales, vertebrae, asteriscus, lapillus, and
operculum) were comparatively evaluated for age
determination of Cyprinus carpio inhabiting Siddikli
Dam Lake. The reliability of these structures was
assessed based on percentage agreement, average
percent error (APE), and coefficient of variation
(CV). The findings demonstrated considerable
differences among structures in terms of ageing
precision and reliability.

Scales were notable in the present study because
they represented older age groups, including age-8
individuals, which were not detected by several other
structures. However, exact age agreement remained
moderate (56.4%), and the average percent error was
relatively high (7.37%). Similar limitations of scale-
based ageing have been reported in previous studies
conducted in Tiirkiye, including Gelingiilli Dam
Lake (Kirankaya and Ekmek¢i 2004), Damsa Dam
Lake (Mert and Bulut 2014), Golhisar Lake (Alp and
Balik 2000), Karamik Lake (Balik et al. 2006), and
Liman Lake (Demirkalp 2007), where scales were
frequently used due to their ease of collection and
non-lethal  sampling  advantages. = However,
regenerated scales, resorption, false annulus
formation, and crowding of annuli in older fish may
reduce ageing precision, particularly in older
individuals.

Asteriscus otoliths emerged as the second most
reliable structure in the present study, with relatively
high exact agreement (65.5%) and low APE values
(5.23%). In contrast, lapillus exhibited lower
reliability due to higher error rates and coefficient of
variation values. The relatively regular morphology
and clearer annulus formation of asteriscus likely
facilitated more accurate readings, whereas lapillus
structures were more difficult to interpret because of
irregular thickening and reduced annulus visibility.
Similar limitations of lapillus have also been reported
by Yilmaz and Polat (2008), who excluded lapillus
from reliable ageing analyses in several Turkish carp
populations.

Unlike the present findings, several previous
studies have reported that asteriscus otoliths may
provide the most reliable age estimates in Cyprinus
carpio. Brown et al. (2004) and Winker et al. (2011)
reported higher ageing precision from asteriscus
structures. Similarly, Bolat and Yagc1 (2018)
identified otoliths as the most reliable ageing
structures in carp populations from Lake Egirdir.
Arslan and Yazic1 (2020) also reported that asteriscus
was the most reliable ageing structure in carp
populations from Cogun Dam Lake. More recently,
Aydin et al. (2023) demonstrated that sectioned
otolith methods produced more precise age estimates
than whole otolith preparations in populations from
Altinkaya Dam Lake and Bafra Fish Lakes. These

studies indicate that otolith-based ageing can provide
highly reliable results when appropriate preparation
techniques are used.

Operculum exhibited the lowest reliability
among all examined structures in the present study,
with the lowest exact agreement (33.9%) and the
highest APE values. Similar problems have been
reported in previous studies, where false annulus
formation, marginal thickening, and difficulties in
identifying true annual rings reduced the usefulness
of opercular structures for age estimation (Cetinkaya
1992). These findings suggest that operculum should
not be preferred as a primary ageing structure in C.
carpio populations.

Similar difficulties were also observed in
suboperculum  structures  during  preliminary
examinations, where unclear annulus formation, poor
centrum visibility, and irregular growth patterns
prevented reliable age estimation. Therefore,
suboperculum was excluded from further analyses.
Yilmaz and Polat (2008) similarly reported that
suboperculum was unsuitable for age determination
in Cyprinus carpio, while subsequent comparative
studies have increasingly favored vertebrae and

otolith-based approaches due to their higher
readability and lower error rates.
Among all examined structures, vertebrae

produced the highest exact age agreement (77.5%),
the highest agreement within £1 year (93.05%), the
lowest APE (3.86%), and the lowest CV (3.52%),
indicating that vertebrae were the most reliable
ageing structure for the studied population. These
findings are consistent with several previous studies.
Bishai and Labib (1978) identified vertebrae as
suitable structures for carp age determination in Nile
Delta populations. Similarly, Temizer and Sen (2008)
reported that vertebrae produced more reliable results
than other calcified structures in mirror carp from
Keban Dam Lake. One of the most comprehensive
studies conducted in Tiirkiye by Yilmaz and Polat
(2008) also identified vertebrae as the most reliable
structure in carp populations from Altinkaya Dam
Lake, Derbent Dam Lake, and Bafra Fish Lakes.
Differences among studies regarding the most
reliable ageing structure may be associated with
multiple ecological and methodological factors,
including habitat characteristics, water temperature
fluctuations, productivity levels, growth rates, age
composition of sampled fish, and preparation

techniques. Reservoir ecosystems may exhibit
substantial seasonal fluctuations that influence
annulus  formation in  calcified structures.

Additionally, methodological differences such as
whole versus sectioned otolith preparation may
substantially alter age-reading precision. Therefore,
the most reliable ageing structure may vary among
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populations depending on both ecological conditions
and analytical methodology.

Overall, the findings of the present study
demonstrate that vertebrae represent the most reliable
structure for age determination of Cyprinus carpio
inhabiting Siddikli Dam Lake, while asteriscus and
scales may serve as complementary structures.
Future studies should incorporate validation
approaches such as marginal increment analysis,
sectioned otolith preparation techniques, and
independent reader comparisons to further improve
ageing accuracy in common carp populations.
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