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ABSTRACT
The aim of this study was to describe the age, growth and relationships between otolith morphom-
etry and fish length, weight and age of the red porgy, Pagrus pagrus. This study was carried out 
from the shores of Gizli liman to Kefalos Cape in the north of Gökçeada Island, between March and 
June 2018. The samples were collected at depths of 40-120 m by long lines. The 66 individuals 
obtained from red porgy ranged in total length (TL) from 13.5 to 50 cm. The calculated length–
weight relationship was determined as W=0.016TL2.9653 (R2=0.98). Individual ages were macroscop-
ically determined by counting the annuli of sagittal otoliths. Estimated ages ranged from 1–12 
years. The von Bertalanffy growth curve was fitted to the age/total length data as follows: L∞=51.48 
cm, K= 0.18 and t0=-0.27. The red porgy sagittal otolith length, width and mass were measured 
between 4.96–14.72 mm, 3.49–7.85 mm and 0.0199–0.2460 g, respectively. No significant differenc-
es in otolith morphometry were found between left and right otoliths. This study provides valuable 
data for the stock assessment of common pandora in the fishing grounds of Gökçeada Island lo-
cated in the North Aegean Sea. 
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INTRODUCTION

Age and growth data provide important infor-
mation about both individuals and their popula-
tions (Michael et al., 2013). Thus, determining 
the age and growth of the fish species has been 
and will continue to be one of the most import-
ant activities carried out by fisheries biologists 
(Jackson, 2007). Age and growth information are 
helpful in describing the present status and past 
history of fish populations along with the future 
program of the fishery management (Khan & 
Khan, 2014). Otoliths are highly useful anatomi-
cal structures because they provide the most ac-
curate estimates in determining the age of many 
fish species (Campana & Thorrold, 2001). Oto-
liths are used in balance and/or hearing in all 
bony fishes (Campana, 1999). In the inner ear, 
there are three pairs of otoliths called lapillus, as-
teriscus and sagitta (Green et al., 2009; Tuset et 

al., 2008). These are natural data loggers that re-
cord information about growth and environment 
at different temporal scales into their microstruc-
tures and chemistry (Campana, 1999; Kalish, 
1989). In addition, otoliths show a complete 
chronological record of the life of fish (Campana, 
1999). Otoliths continue to grow throughout the 
life of the fish, and this growth occurs by the ac-
cumulation of protein and calcium secreted by 
the macular cells surrounding the surface of the 
otolith (Campana & Neilson, 1982). The use of 
otoliths to determine the age of the fish began 
in 1899 with the observations of Reibisch (Cam-
pana, 1999). Age estimates were made by count-
ing the macro bands representing the annual 
growth rings in the otoliths of the adult individu-
als of some tropical fish.

The red porgy, Pagrus pagrus, is a demersal ma-
rine fish associated with a variety of temperate to 
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subtropical habitats (Labropoulou et al., 1999; Vassilopoulou & Pa-
paconstantinou, 1992). This species is distributed throughout the 
Atlantic Ocean and Mediterranean Sea at depths of 18 to 280 m 
(Manooch & Hassler, 1978). Adults of this species inhabit rocky or 
gravel habitats (Alekseev, 1982; Manooch & Hassler, 1978). This 
species is a protogynous hermaphrodite that reveals an unbal-
anced sex ratio in favor of females (Manooch & Hassler, 1978; Vassi-
lopoulou & Papaconstantinou, 1992). Red porgy is a carnivorous 
fish species that can reach a weight of up to 15-20 kg. It has great 
economic importance for coastal fisheries in the Turkish waters. Ac-
cording to Türkstat data, commercial landings of red porgy have 
experienced a serious decline since 2009. Based on these data, it 
can be said that red porgy stocks are being overexploited.

The red porgy is listed in the IUCN Red List of Threatened Species 
as a species of least concern, with a recommendation of improved 
and targeted fisheries regulations and protection for this species 
(Russell et al., 2014). It is important to study these species, broadly 
distributed and economically important, in order to implement 
management policies. The purpose of our study was to determine 
the age of red porgy accurately in order to develop age-length 
keys and growth model from Gökçeada Island, Turkey. We also ex-
amined the relationship between otolith morphometric measure-
ments (length, width, and mass) and the total length of the fish.

MATERIAL AND METHODS

This study was carried out from Gökçeada Island, Turkey (Figure 
1). Samplings were conducted using long lines, from 40-120 m 
depths between March and June 2018. 

Length-weight relationships
The red porgy was measured for total length (TL) and total weight 
(W). Sexes were determined using morphological examination in 
the laboratory. The Mann–Whitney U test was applied to exam-
ine the differences between sexes according to the total length. 
The relationship between the total length and the weight was 
calculated for each sex separately using a power function:

W = aTLb

where, b is the regression coefficient and a is the regression con-
stant. The regression parameters a, b and the coefficient of de-
termination (R2) were estimated for all individuals and for each 
sex. The allometric index value (b) was compared to the theoret-
ical value of 3 by a t-test (Zar, 1984).

Age and growth
Sagittal otoliths of red porgy were extracted, dried and stored in 
eppendorf tubes. One otolith was randomly selected and im-
mersed in a plastic vial with glycerine solution for an hour. Sagit-
tal otolith annual rings were counted from the core to the outer 
edge under a light microscope (Figure 2). Two readers inde-
pendently counted the annual rings without prior knowledge of 
fish length. Estimates of the precision of growth ring counts be-
tween readers were determined using the average percentage 
error (APE) of (Beamish & Fournier, 1981) and coefficient of varia-
tion (CV) (Chang, 1982).

The von Bertalanffy growth curve was fitted to the length at age 
data using non-linear least squares parameter estimation (Von 
Bertalanffy, 1938);

TL = L∞ [1-e(-K(t-t0))]

Figure 1. Sampling stations where red porgy, Pagrus pagrus  
were collected with long lines from the island of 
Gökçeada, Turkey, March – June 2018.

Figure 2. Image of the annual rings seen in a sagittal otolith of 
red porgy, Pagrus pagrus collected from Gökçeada, 
Turkey. This fish was aged at 7 years and had a total 
length of 37.5 cm female.
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where TL is the fish length at age t, L∞ the theoretical asymptotic 
length, K the growth rate coefficient, and t0 the theoretical age 
when the fish length is zero. 

Otolith morphometry
Otolith length (OL) and width (OW) were measured to the nearest 
0.01 mm using Q Capture Imaging Software and weighed (OM) to 
the nearest 0.00001 g using a Shimadzu electronic balance. OL was 
defined as the longest axis between the anterior and posterior oto-
lith edge and OW as a distance from the dorsal to the ventral edge 
(Figure 3). Differences between left and right otoliths were tested 
by paired t-test. The relationships between the fish length and the 
otolith morphometry were investigated. Relations between age 
and otolith weight were calculated using the exponential model.

RESULTS AND DISCUSSION

A total of 66 red porgy, Pagrus pagrus, were sampled from 
Gökçeada, Turkey. The red porgy individuals ranged in size 

from 13.5 to 50 cm total length (Table 1). Female and male total 
lengths ranged from 19.9 to 37.5 cm and from 13.5 to 50 cm, re-
spectively (Figure 4). The Mann–Whitney test revealed signifi-
cant differences between sexes, regarding TL (U=203, Z=2.2117; 
p<0.05). The overall male: female ratio (M:F=1:2) was biased in 
favor of females. The maximum length and weight reported in 
this study are the biggest reported values from Turkey. In their 
studies from Turkey İşmen et al. (2013) and Ozvarol (2014) re-
ported that the larger individuals were 44.5 and 19 cm in total 
length, respectively.

Length-weight relationships
The parameters of the length–weight relationships are provided 
for each sex and all individuals in Table 2. Our data suggested 
that red porgy from Gökçeada showed negative allometric 
growth. The parameter b of length–weight relationships was sig-
nificantly different from 3 (p<0.05). The allometric exponent b of 
females was greater than males. Females grew isometrically 
while males grew allometrically. Most of the previous studies 
have shown that red porgy showed negative allometric growth 
(İşmen et al., 2013; Pajuelo & Lorenzo, 1996; Vassilopoulou & Pa-
paconstantinou, 1992).

Age and growth
Ages were determined successfully from 66 otoliths of common 
pandora that ranged in size from 13.5 to 50 cm TL. Based on the 
annual growth ring counts of red porgy otoliths, the maximum 
observed age was 12 years and the minimum observed age was 
1 year old (Table 3). Most of the fish, accounting for 78.8% of the 
total sample, were between 2 and 4 years old. The APE and CV 
were calculated as 7.4% and 5.2%, respectively. Only males rep-
resented age classes of older than 8 years.

The Von Bertalanffy (1957) model was used to describe red porgy 
growth (Figure 5). The estimated parameters of the equation 
were; L∞=51.48; W∞=1904.7; K=0.1861 and t0=-0.27.

The calculated asymptotic length for the red porgy of the 
Gökçeada population shows similarity with other studies espe-
cially for the population in the Aegean Sea and the Gulf of Mex-
ico (İşmen et al., 2013; Nelson, 1988; Vassilopoulou & Papacon-
stantinou, 1992). Lower asymptotic lengths were presented for 
the populations in Buenos Aires, South Atlantic and in the 
Southern Aegean Sea (Cotrina & Raimondo, 1997; Harris & Mc-
Govern, 1997; Machias et al., 1998). The calculated asymptotic 
length values given by some authors (Cotrina & Raimondo, 
1997; Harris & McGovern, 1997; Machias et al., 1998) are small-
er than those of the older individuals obtained from our study. 
These differences may be due to the size range of the sampled 
fish and/or the environmental factors where the samples were 
collected. The findings observed in this study mirror those of 
previous studies (Hood & Johnson, 2000; İşmen et al., 2013; 
Potts & Manooch III, 2002) that found a lower k value indicating 
a slower growth rate.

Otolith morphometry
Otolith length, width and mass ranged between 4.96–14.72 mm, 
3.49–7.85 mm and 0.0199–0.2460 g, respectively (Table 4). No 
significant differences in otolith morphometrics were found be-

Figure 3. Morphometric measurements of red porgy sagittal 
otolith.
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Table 1. Summary of the total lengths in centimeters of red porgy collected from Gökçeada. The number of specimens (n) 
and range, mean, and standard deviation of the mean (SD) for total length are provided.

Capture 
Date

Female Male Undetermined

n Min. Max. Mean SD n Min. Max. Mean SD n Min. Max. Mean SD

March 18 3 26.3 27.1 26.63 0.42 … … … … … … … … … …
April 18 33 19.9 37.5 26.04 3.26 12 19.9 50 31.88 8.55 10 18.1 22 19.59 1.18
May 18 … … … … … 6 13.5 37.4 25.65 8.53 1 19.6 19.6 19.6 …
June 18 … … … … … … … … … … 1 22.1 22.1 22.1 …

Table 2. Parameters of the length–weight relationships for males, females, and all individuals of red porgy from Gökçeada, 
Turkey.

 n a b R2 p
Female 36 0.0129 3.031 0.964 <0.01
Male 18 0.0210 2.887 0.996 <0.01
Undetermined 12 0.0267 2.784 0.692 <0.01
All 66 0.0160 2.965 0.986 <0.01

Table 3. Age–length key for red porgy from Gökçeada, Turkey.

Total Length (cm)
Age (Year)  

1 2 3 4 5 6 7 8 9 12 n
13 - 16.9 1 1
17 - 20.9 1 10 3 14
21 - 24.9 12 12
25 - 28.9 11 14 25
29 - 32.9 2 2 1 1 6
33 - 36.9 1 1 1 3
37 - 40.9 2 1 3
41 - 44.9 1 1
45 - 48.9 0
49 - 52.9          1 1
n 2 10 26 16 3 2 3 2 1 1 66

Figure 4. Length–frequency distribution of males and females of red porgy collected from Gökçeada, Turkey.
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tween left and right otoliths (paired t-test, P>0.05). OL, OW and 
OM showed significant linear relations with the TL (Table 5). The 
relationship between otolith morphometry and age is shown in 
Figure 6. An exponential model explains between 80% and 91% 
of the variation in age. 

Otolith morphology has proven to be a powerful tool in species 
discrimination of many teleost fishes (Rani et al., 2019; Volpedo & 
Echeverria, 2003). This paper investigates the relationship of fish 
TL and age with otolith morphometrics (OL and OW) by a power 
model and OM by linear regression. The results of this study in-
dicate that OL, OW and the OM were linearly correlated to the 
fish TL. The OM was found to be a better parameter than the 
others (OL and OW) in estimating fish length and weight. These 
results are consistent with those of other studies and suggest 
that fish size and weight could be estimated using the otolith 
morphometrics (Altin & Ayyildiz, 2018; Ayyildiz & Altin, 2018; Ayy-
ildiz et al., 2014; Yilmaz et al., 2015). In addition, the best model 
for predicting the fish age of common pandora was found to be 
OM in this study.

CONCLUSION

In conclusion, the findings of the present study show that total 
length and weight can be estimated from its otolith morphomet-
ric measurements or vice versa. Information about the otolith 
morphometry could prove to be an important tool for the identi-
fication of fish species and determines the prey size that is ob-
tained from the stomach contents of piscivorous predators. In 
addition, most of the individuals we caught in our study were be-
tween 2 and 4 years old. There are no restrictions on fishing for 
red porgy in Turkish waters nor on the amount that can be 
caught. However, as this species can reach sexual maturity at the 
age of 2-4 years when their length corresponds to about 24 cm, 
the results of this study indicate that it is proper to catch this spe-
cies in this region when the fish are between 2 and 4 years old. 
The results provide essential information needed for manage-
ment policies of red porgy from the North Aegean Sea. Further 
studies will be required on the age, growth and reproduction of 
this species to enable effective and sustainable management of 
red porgy fisheries. 

Figure 5. The von Bertalanffy growth curves for red porgy 
from Gökçeada, Turkey.
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n= number of specimens, a= slope of the regression line, b= y-intercept, r2= coefficient of determination; TL= fish total length, OL= otolith length, OW= otolith 

width, OM= otolith mass
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