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Abstract

Otolith microstrure analysis was used to determine the pelagic larval duration (PLD), daily age, 
growth rates, hatching periods, and the mortality rates of the young of the year (YOY) striped 
seabream from Gökçeada, Turkey. This study was carried out in shallow waters (0-20 m) off 
the Gökçeada Island, Turkey, from June 2013 through June 2014. A total of 632 YOY striped 
seabream, Lithognathus mormyrus were measured and daily ages determined. Estimated ages from 
otolith daily growth increments (DGI) were found 28-218 days old. The indices for determining 
variability in daily age estimates (APE and CV) were 4.1 and 5.8%, respectively. The mean 
daily growth rate of YOY striped seabream was calculated as 0.317 mm/day. Individuals with 
YOY sea stingrays have been found to remain in the pelagic larval duration for an average of 26 
days and settled in the demersal environment after the 26th days. The hatching times of striped 
seabream were backcalculated to occur between April and January, with relatively higher hatching 
frequencies in July and December. The instantaneous mortality coefficient was found as 0.0461, 
which represented around 4.61% of daily mortality. Sagittal otolith length (OL), width (OW), and 
radius (OR) were observed in the ranges of 0.741-3.283 mm, 0.586-1.921 mm, and 0.259-1.626 
mm, respectively. Relationships between total length and otolith morphometric measurements 
(OL, OW, and OR) were described by linear equations.

Keywords: Lithognathus mormyrus; Pelagic larval duration; Otolith microstructure; Growth; 
Mortality.
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1. Introduction

Striped seabream, Lithognathus mormyrus 
(Linnaeus, 1758) is a species that lives in the 
East Atlantic Ocean (from Biscay Bay to Cape 
of Good Hope) and West Indian Ocean (from 
South Mozambique to Cape of Good Hope), 
the Mediterranean, the Black Sea, the Azov 
Sea and the Red Sea (Bauchot and Hureau, 
1986; 1990, Harmelin-Vivien et al., 1995) It 
is a demersal fish living in groups and prefers 
sandy, stony and seagrass habitats between 0 
and 150 m depths (Bauchot and Hureau, 1986). 
This species, which belongs to the Sparidae 
family, is a protandric hermaphrodite (Bauchot 
and Hureau, 1986, 1990).
The striped seabream is important species for 
the coastal and lagoon fisheries in Turkey (Emre 
et al., 2010). This species has high commercial 
value, with commercial landings 182 ton in 
2018 The striped sea bream is mainly caught 
by trammel nets, gill nets and longlines from 
the Turkish coasts.
Spawning time of the striped seabream from 
the Thracian Sea and the Mediterranean coast 
of Spain is between May and September with 
a peak in June, July and August (Kallianiotis 
et al., 2005; Suau, 1970). The maximum 
gonad activity was occurred between August 
and September in the East Atlantic Ocean 
(Lorenzo et al., 2002). It has been reported that 
the spawning period of the striped seabream 
has reached the maximum density between 
August and September from the Canary Islands 
(Pajuelo et al., 2002).
Population parameters, such as age, growth, 
reproduction and mortality, in the northern and 
middle Adriatic Sea (Kraljevic et al., 1996; 
Kraljevic et al., 1995), in the Thracian Sea 
(Kallianiotis et al., 2005), in eastern Spanish 

coastal waters (Suau, 1970), in the central 
eastern Atlantic (Lorenzo et al., 2002; Pajuelo 
et al., 2002), on Sicilian coasts (Vitale et al., 
2011), in southern Portuguese coastal waters 
(Abecasis et al., 2008; Monteiro et al., 2010), 
in the Beymelek Lagoon (Emre et al., 2010) 
and in Iskenderun Bay (Türkmen and Akyurt, 
2003), have been studied. However, most of 
the studies conducted for the striped seabream 
focused on adult populations.
Information on early life stages is critical 
for understanding population traits, such as 
recruitment. The density of individuals in the 
early life stages of fish species will possibly 
cause a competition for prey. Therefore, it 
will play a significant role in the growth 
rates. Excessive density will also increase the 
possibility of high damage of the eggs and 
larvae from the predators. Intensity-dependent 
growth or survival rates have a significant 
impact on the recruitment of the adult stocks 
(Houde, 2008). Despite the importance on the 
early life stages of the striped seabream, very 
limited research has been conducted (Ayyildiz 
et al., 2014b; Matic-Skoko et al., 2007).
Therefore, the main goal of the current study 
was to determine the pelagic larval duration, 
daily age, growth rates, hatching periods and 
the mortality rates of the young of the year 
(YOY) striped seabream from Gökçeada, 
Turkey, by using otolith microstructure.

2. Materials and methods

This study was carried out from the shallow 
waters (0-20 m) of Gökçeada Island, Turkey 
between June 2013 and June 2014 (Figure 1). 
The samples were collected using by a beach 
seine of 32 m in total length, with 15 m wing 
lengths. The net was constructed of 13 mm 
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stretch mesh. The dimensions of the bag were 2 
× 2 × 0.6 m, and the bag was constructed with 
5 mm mesh.

2.1. Length-weight relationships

The striped seabream was measured for total 
length (TL) and total weight (W). The relation 
between the total length and the weight was 
calculated using a power function:
W= aTLb

where, b is the regression coefficient and a is the 
regression constant. The regression parameters 
a, b and the coefficient of determination (R2) 
were estimated for all individuals.

2.2. Daily age and growth

Sagittal otoliths of the striped seabream were 
extracted, dried and stored in eppendorf tubes. 
A total of 632 sagittal otoliths, covering all 
length classes, were mounted on a glass slide 
with thermoplastic cement. Each otolith was 
ground with a series of abrasive papers of 

decreasing roughness from 12 to 9 to 3 mm 
and polished with 0.3 mm alumina paste 
on a polishing cloth until daily rings were 
discernible from the centre to the edge (Jones, 
1992; Secor et al., 1991). Counts of rings in 
each otolith were blind read; the information 
about fish length and date of capture was 
withheld from the reader. Sagittal otolith daily 
growth rings were counted from the core to the 
outer edge under a light microscope (Figure 2). 
Two readers independently counted the daily 
growth rings without prior knowledge of fish 
length. Estimates of the precision of growth 
ring counts between readers were determined 
by using the average percentage error (APE) of 
(Beamish and Fournier, 1981) and coefficient 
of variation (CV) (Chang, 1982).
The relationship between fish size (TL) and 
age (days) was assessed by linear regression 
which corresponds to an average growth rate 
(mm/day).
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Figure 1. Sampling stations of the striped seabream, Lithognathus mormyrus caught by beach seine 
from the shallow waters of Gökçeada, Turkey 
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2.3. Settlement

Otolith daily growth increment widths of the 
striped seabream was measured by using Image 
J 1.52a software. The settlement mark was 
characterized by a rapid decrease in increment 
width (Type I) of the daily growth increments 
according to the definitions of Wilson and 
McCormick, (1999).

2.4. Hatch date distributions

Hatch date distributions were back-calculated 
by subtracting the number of otolith growth 
increments from the date of capture.

2.5. Daily mortality

For determination of the instantaneous mortality 
coefficient (Z), fish size was converted to age 
(d) according to the length–age relationships. 
Juvenile abundance was grouped into 20-
day intervals. Estimates of Z were obtained 
using the age-based catch curve method of 
Ricker, (1975). A linear regression analysis 
was computed to the ln-transformed data set, 
and the slopes of regression lines represented 

the instantaneous mortality coefficients. Daily 
mortality percentages (DM) were expressed as:
DM= (1 − exp (−Z)) ∗ 100

2.6. Otolith morphometry

Otolith length (OL), width (OW) and radius 
(OR) were measured to the nearest 0.01 
mm using Q Capture Imaging Software. OL 
was defined as the longest axis between the 
anterior and posterior otolith edge and OW as 
a distance from the dorsal to the ventral edge. 
OR was measured as the longest axis between 
the nucleus and the posterior edge. Differences 
between left and right otoliths were tested by 
paired t-test. Furthermore, the relationships 
between the fish length and the otolith 
morphometry were investigated.

2.7. Statistical analysis

Paired t-tests can be used to reduce the effects 
of confounding factors in an observational 
study. There was no significant difference 
between the daily age estimates for the left and 
right otoliths (paired t-test: n= 30, P > 0.05). 
Therefore, only one otolith was randomly 
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Figure 2. Images of the daily ages seen in a polished sagittal otolith of 41 mm TL YOY Lithognathus
mormyrus aged 107 days 

 

The relationship between fish size (TL) and age (days) was assessed by linear regression which 

corresponds to an average growth rate (mm/day). 

2.3. Settlement 

Otolith daily growth increment widths of the striped seabream was measured by using Image J 
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selected for daily age estimation. Statistical 
analyses were calculated by PAST version 
3.26 package program (Hammer et al., 2001). 
Statistical significance level (α) was set at 0.05.

3. Results 

A total of 632 YOY striped seabream specimens 
ranged in total length from 14 to 74 mm were 
sampled from Gökçeada shallow waters, 
between June 2013 and June 2014 (Figure 
3). The parameters of the length–weight 
relationships are provided for all individuals in 
Figure 4.

3.1. Daily age and growth

Daily ages estimates were successfully 
determined from the 632 sagittal otoliths of 
YOY striped seabream that ranged in size from 
14 to 74 mm TL from Gökçeada shallow waters 
(Table 1). Minimum daily age estimate was 28 
day (for a fish at 14 mm TL), and the maximum 
was 218 day (for a fish at 73 mm TL). The 
APE and CV were calculated as 4.1 and 5.8%, 
respectively. The daily age groups between 48-
67 and 108-127 days (for fish at 20-55 mm TL) 
was the dominant age groups (82.4%). 
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Figure 3. Length–frequency distribution of YOY Lithognathus mormyrus collected from the shallow 
waters of Gökçeada during the whole sampling period (June 2013 to June 2014), N= 632  
 

 
Figure 4. Length-weight relationships of the Lithognathus mormyrus from the shallow waters of Gökçeada  
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The mean daily growth rate of YOY striped 
seabream was calculated as 0.317 mm/day 
(Figure 5).

3.2. Settlement mark

According to Wilson and McCormick, (1999) 
definition it has been determined that the YOY 
striped seabream individuals collected from 
Gökçeada Island have a Type Ia settlement 

ring. According to this definition, the mean 
percentage decrease in increment width 
associated with Type Ia settlement-mark 
(Figure 6). We have determined that the YOY 
striped seabream individuals stayed in the 
pelagic larval duration for an average of 26 
days and settled in the demersal environment 
after the 26th days.
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Table 1. Age–length key for YOY Lithognathus mormyrus from the shallow waters of Gökçeada, 
Turkey. N, total number of specimens per length/age group 
 

Total 
Length 
Group 
(mm) 

 Daily Age

 28-47 48-67 68-87 88-107 108-127 128-147 148-167 168-187 188-207 208-227 N
14-19  31     31
20-25  12 77    89
26-31  6 81 21   108
32-37   5 91 42 1  139
38-43    22 62 29 5  118
44-49    1 19 44 15 3  82
50-55     1 21 11 2 1  36
56-61      4 11 3 1 1  20
62-67      2 2 1  5
68-73      1 1 1 3
74-79           1 1
N   49 163 135 124 99 42 11 4 3 2 632

 

The mean daily growth rate of YOY striped seabream was calculated as 0.317 mm/day (Figure 

5).  

 
Figure 5. Age-length relationships estimated for YOY Lithognathus mormyrus collected from the 
shallow waters of Gökçeada, Turkey during June 2013-June 2014  
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3.3. Hatch date distributions

The back-calculated hatching times occurred 
between April and January, with relatively 
higher hatching frequencies in July and 
December (Figure 7). 

3.4. Daily mortality

Data of natural logarithm of YOY abundance 
were plotted against age, and the mortality 
coefficients were estimated as the slopes of 
these linear regressions. The YOY striped 

seabream instantaneous mortality coefficient 
was 0.0461, which represented around 4.61% 
of daily mortality (Figure 8). 

3.5. Otolith morphometry

Sagittal otolith length, width, and radius 
were observed in the ranges of 1.170-4.251 
mm, 0.801-2.412 mm, and 0.477-2.071 mm, 
respectively (Table 2). Relationships between 
TL and otolith morphometric measurements 
(OL, OW, and OR) were described by linear 
equations (Table 3).
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Figure 6. Mean increment widths before and after the settlement mark for YOY Lithognathus mormyrus 
collected from the shallow waters of Gökçeada, Turkey during June 2013-June 2014 

 

3.3. Hatch date distributions 

The back-calculated hatching times occurred between April and January, with relatively higher 

hatching frequencies in July and December (Figure 7).  

 
Figure 7. Hatching-time frequency distributions back-calculated by using daily age estimates and 
sampling dates of YOY Lithognathus mormyrus from the shallow waters of Gökçeada, Turkey, during 
June 2013-June 2014  
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Table 3. Parameters of the linear relationship of 
the otolith morphometry (otolith length (OL), 
otolith width (OW), and otolith radius (OR)) 
with fish length and age for YOY Lithognathus 

mormyrus from Gökçeada, Turkey, during June 
2013-June 2014. The number of specimens (n), 
y-intercept (a), slope of the regression line (b), 
and coefficient of determination (r2) are provided
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3.4. Daily mortality 

Data of natural logarithm of YOY abundance were plotted against age, and the mortality 

coefficients were estimated as the slopes of these linear regressions. The YOY striped seabream 

instantaneous mortality coefficient was 0.0461, which represented around 4.61% of daily 

mortality (Figure 8).  

 
Figure 8. Relationships of Ln abundance at age of YOY Lithognathus mormyrus from the shallow 
waters of Gökçeada, Turkey, during June 2013–June 2014  
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Table 2. Otolith morphometric measurements of YOY Lithognathus mormyrus according to the length groups 
 

Total 
length 
group 
(mm) 

  OL  OW  OR 

 Min. Max. Mean Std  Min. Max. Mean Std Min. Max. Mean Std 

14-19  0.741 0.968 0.855 0.085 0.586 0.712 0.649 0.047 0.259 0.384 0.322 0.047

20-25  1.013 1.240 1.129 0.074 0.737 0.862 0.798 0.040 0.410 0.535 0.471 0.040

26-31  1.286 1.648 1.465 0.113 0.887 1.112 0.998 0.075 0.560 0.746 0.662 0.063

32-37  1.335 1.909 1.698 0.108 0.981 1.255 1.140 0.070 0.697 0.918 0.812 0.054

38-43  1.373 2.327 1.985 0.145 1.085 1.598 1.288 0.101 0.750 1.251 0.987 0.097

44-49  1.883 2.551 2.194 0.144 1.088 1.522 1.368 0.092 0.829 1.325 1.049 0.106

50-55  2.219 2.804 2.446 0.130 1.289 1.696 1.522 0.105 0.955 1.407 1.154 0.108

56-61  2.485 2.903 2.715 0.102 1.526 1.792 1.675 0.074 1.040 1.504 1.318 0.095

62-67  2.958 3.144 3.026 0.083 1.735 1.843 1.786 0.057 1.347 1.597 1.507 0.110

68-73  2.949 3.210 3.080 0.185 1.746 1.921 1.834 0.124 1.368 1.626 1.497 0.182

74-79   3.283 3.283 3.283 — 1.895 1.895 1.895 — 1.419 1.419 1.419 —

 
Table 3. Parameters of the linear relationship of the otolith morphometry (otolith length (OL), otolith 
width (OW), and otolith radius (OR)) with fish length and age for YOY Lithognathus mormyrus from 
Gökçeada, Turkey, during June 2013-June 2014. The number of specimens (n), y-intercept (a), slope of 
the regression line (b), and coefficient of determination (r2) are provided 

    Total length Age
Otolith morphometry n a b r2 P a b r2 P
OL 632 -2.34 22.046 0.915 <0.01 -14.801 60.07 0.726 <0.01
OW 632 -9.36 39.849 0.838 <0.01 -30.458 105.99 0.649 <0.01
OR 632 3.71 39.769 0.774 <0.01 5.347 104.69 0.595 <0.01

 

4. Discussion 

Shallow waters are important for the YOY fish species and fisheries management. YOY striped 

seabream individuals settles into the shallow waters after the larval period and then recruits 

into the adult populations before reaching sexual maturity (Kallianiotis et al., 2005). In this 

study, we were caught YOY striped seabream individuals mostly between August and 

November from the shallow waters (0–2 m) of Gökçeada. We were obtained 98.9% of the all 

YOY striped seabream individuals from the depths between 0-2 m during the study period. The 

fact that individuals bigger than 70 mm TL could not be caught in the shallow waters (0-2 m) 

of Gökçeada, this can be considered as an indication that individuals larger than this size 

possibly migrate to deeper waters. Similarly, (Matić-Skoko et al., 2007) reported that the 

striped seabream, which reached 6-7 cm TL, were migrated to deeper waters by joining the 
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fish species and fisheries management. YOY 
striped seabream individuals settles into the 
shallow waters after the larval period and 
then recruits into the adult populations before 
reaching sexual maturity (Kallianiotis et al., 
2005). In this study, we were caught YOY 
striped seabream individuals mostly between 
August and November from the shallow waters 
(0–2 m) of Gökçeada. We were obtained 98.9% 
of the all YOY striped seabream individuals 
from the depths between 0-2 m during the 
study period. The fact that individuals bigger 
than 70 mm TL could not be caught in the 
shallow waters (0-2 m) of Gökçeada, this can 
be considered as an indication that individuals 
larger than this size possibly migrate to deeper 
waters. Similarly, (Matić-Skoko et al., 2007) 
reported that the striped seabream, which 
reached 6-7 cm TL, were migrated to deeper 
waters by joining the adult population. It is 
also a possibility to consider that the larger size 
individuals who exhibit burial behavior in the 
sand for escaping the net.
This study examined the microstructure of the 
striped seabream otoliths, as well as the time 
of the settlement and hatching, through daily 
increment analysis on wild fish samples at 
early life stages. The daily age determination 
is widely used in stock assessments for fishery 
management since it was first used by (Pannella, 
1971). Daily age formation in otoliths is a 
general phenomenon that has been validated 
for many fish species (Campana and Neilson, 
1985; Jones, 1992). Therefore, formation of 
daily age on the otoliths of the striped seabream 
were assumed to occur daily. In the current 
study, light and dark daily age increments were 

observed in the sagittal otoliths of the striped 
seabream that collected from the shallow 
waters of Gökçeada. In addition, our results 
are acceptable values according to Campana, 
(2001) suggestion which acceptable levels for 
APE and CV were 5.5 and 7.6%, respectively.
Growth in larvae and juveniles is one of the 
most important factors for their survival. 
Because fast growing fish complete these 
critical period with the lowest mortality in a 
short time (Takahashi and Watanabe, 2004). 
Otolith microstructure is important for our 
understanding of the growth of fish (Sponaugle, 
2010). There are very limited number of studies 
on the age and growth characteristics of young 
of the year striped seabream. Our findings are 
consistent with those of Ayyildiz et al. (2014b), 
who reported that the mean daily growth rates 
of striped seabream was 0.325 mm/day.
Detecting the settlement marks is very 
important for determining larval duration in 
many fish species (Wilson and McCormick, 
1999). Settlement marks in the otoliths can 
be determined by the rapid decrease of the 
daily growth increment widths (Vigliola et al., 
2000). The current study found that the YOY 
striped seabream individuals have a Type Ia 
settlement marks according to the Wilson and 
McCormick, (1999) definitions. Pelagic larval 
duration for the striped seabream was estimated 
to occur 26 days. In reviewing the literature, no 
data was found on the settlement time of the 
striped seabream.
Our results showed that the back-calculated 
hatching times occurred between April and 
January, with relatively higher hatching 
frequencies in July and December. The 
spawning period of the striped seabream was 
reported between June and November and the 
highest value between August and September 
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in the Canary (Pajuelo et al., 2002), and takes 
place between April and September on the 
Mediterranean coast of Eastern Spain (Suau, 
1970). Previous research has indicated that 
the striped seabream spawning was occurred 
between May and September from the North 
Aegean Sea (Kallianiotis et al., 2005). Another 
previous research findings from the shallow 
waters of Çanakkale showed that hatching 
times continued from April to January and 
reached the maximum level in August (Ayyildiz 
et al., 2014b). The results of this study seem to 
be consistent with earlier studies.
Detecting the daily changes in the size of the 
fish can be used to estimate the percentage 
of survival of these individuals until they 
become adults (Houde, 1987). The results of 
this study showed that YOY striped seabream 
instantaneous mortality coefficient was 
calculated as 0.0461, which represented around 
4.61% of daily mortality. As mentioned in the 
previous study conducted from Çanakkale, 
daily mortality of the striped seabream was 
2.16% (Ayyildiz et al., 2014b). As it is known, 
mortality rates can vary according to years 
and cohorts. The fact that the difference of 
the percentages of daily mortality in these 
two studies which conducted in very close 
regions, can be explained by the different 
biological and environmental conditions. The 
physiology, metabolic activities, behavior and 
growth of fish in the early life stages depending 
on the environmental factors. In the early life 
stages, the increase of the fish length will 
cause decreases of predator pressure, thus the 
mortality rates will decrease. Slow growing and 
small fish larvae are possibly more affected by 
predators than the others in the long term. This 
situation shows that the fast-growing species 
will have higher survival rates (Houde, 1987).

Conclusion

The findings of present study showed that total 
length and age can be estimated from its otolith 
morphometric measurements or vice versa. The 
OL was found to be a better parameter than the 
others (OW and OR) in estimating fish length and 
age. In recent years, researchers have reported 
that otolith morphometric characteristics could 
be used for age readings (Megalofonou, 2006; 
Skeljo and Ferri, 2012). Information about 
the otolith morphometry could possibly be 
important for the identification of fish species 
and determines the prey size that obtained from 
the stomach contents of piscivorous predators 
(Ayyildiz and Altin, 2018; Ayyıldız and Altin, 
2019; Ayyildiz et al., 2014a; Ayyildiz et al., 
2014b, Ayyildiz et al., 2015; Rani et al., 2019).
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