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Aims. This study was aimed to establish traits of
morphometric parameters of Atherina boyeri sagittae and
to determine the relationship of these parameters to fish
size. Methods. A total of 80 fish were collected from the
] o . . coast of Benghazi in eastern Libya, during April 2021 were
Keywords. Morphometric, Benghazi, Libya, Atherina Boyeri,  ,seq in the study. Results. The relationship between total
Fish, Sagittae. length and weight (b = 2.636, R? = 0.768) indicates that the
. o . o growth of measurements is slightly negative, the condition
This work is licensed under the Creative Commons Attribution Falton It was (2.1925 + .07381). Sagittae weight (SWt),
International License (CC BY 4.0). length (SL), height (SH), area (SA), aspect ratio, ellipticity,
http://creativecommons.org/licenses/by/4.0/ rectangularity, and roundness were measured. There were
no significant differences between the left and right sides.
Sulcus length (SAL), ostium length (OSL) and cauda length
(CL) were 2.199, 0.767 mm, and 1.417 mm, respectively.
Conclusion. This study provides information on growth by
examining the length-weight relationship and condition
factor, as well as the morphological characteristics of

sagittae, which can be used to identify species and sizes.
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INTRODUCTION

Atherina boyeri (Risso, 1810), a sand smelt fish from the family of Atherindae, is found in the surface waters of the
coast, including lagoons and lakes where it feeds on zooplankton [1]. By serving as a link between various trophic levels,
A. boyeri has been found in several earlier studies to play a significant ecological role in the structure of food webs [2,3].
Sand smelt fisheries, together with Gilt-head sea bream and Mugilidae species, are among the most important on the
Spanish Mediterranean coast and represent one of the principal fishing resources in the Mar Menor coastal lagoon [4,5].
In some inland waters of Greece and Turkey, sand smelt has become the most important commercial species [6,7].
Otoliths are calcium carbonate formations found in the inner ear of teleost fishes. The sagittae, asteriscus, and lapillus
are three pairs of Otoliths found in all bony fish. Relationships between otolith size and fish length are useful for
determining fish length from Otoliths in predators' stomachs, and it is cornerstone in studies of prey-predator relations,
population management, and archaeological research [8,9].

A. boyeri is a prey for many fish such as Lobotes surinamensis [10], and the pike-perch, Sander lucioperca [11].
Quantitative aspects of fishing biology, such as the length-weight relationship, condition factor, growth, and mortality
of fish, are useful tools for researchers [12].

In Libya, there is no information about the biological characteristics of this fish, and therefore, this study aims to provide
basic information on the relationship between length and weight, condition coefficient, morphological characteristics of
the Sagittae and its relationship with fish body size.

METHODS
Eighty Atherina boyeri collected by fishermen from the port city of Benghazi. Eastern Libya during April 2021 were
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used in the study. The total length (TL) of the fish was measured to the nearest 0.1 cm and the total weight (TW) to the
nearest 0.01 gm. The length-weight relationship (LWR) was estimated according to Ricker [13]: W = aL®, where L is
the total length of the fish in cm and W is its total weight in gm, a is the intercept of the regression line on the y axis,
and b is the slope of the line. Fulton (1904)’s condition factor (K) was calculated as: K = 100 TW/TL 3[14]. Then, the
head region of each fish was dissected, right and left sagittae were removed from their capsules, cleaned, dried and
weighed to the nearest 0.0001g (sagittae weight: SW). Sagittae length (SL), height (SH) and area (SA in mm?), sulcus
length (SAL), ostium length (OSL), and cauda length (CL) were measured to the nearest 0.1mm using image processing
(Digimizer software, version 4) (Figure. 1). Percentage of sagittae length from total fish length (SL/TL%), and
percentages of cauda length and ostium length from sulcus length (CL/SAL% and OSL/SAL%) were calculated.

Four indicators for shape indices were used (Aspect ratio, Ellipticity, Rectangularity, and Roundness). Sagittae relative
size (SR) was calculated according to Lombarte & Cruz [15]: SR = 1000 x SA x TL"-2.

Differences between the mean length, weight, height of left and right side sagittae were tested for significance by an
independent t-test. The power equation (y=ax®) was used to describe the relationship between fish size and sagittae
dimension, and the relationship between sagittae length and the other sagittae parameters. All calculations and statistics
were performed with Excel and SPSS (Version 21.0).
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Figure 1. The morphometric parameters measured on the sagittae

RESULTS AND DISCUSSION

The present work is the first study on Atherina boyeri length-weight relationship, condition factor, and Sagittae
morphology in Libya. Aherina boyeri total length and total weight ranged between 5.90 and 8.90 cm with a mean of
7.0183+0.08618 cm, and 1.30 and 4.68 gm with a mean of 2.3879+.09628 gm.

Fulton’s condition factor (K), which ranged between 1.23 and 4.38 with a mean of 2.192 (Table 1) indicated that the
fish was in good health [16]. The length-weight relationship was established as TW= 0.0134*TL 6% R2=0.76, N=80
(Figure.2). The value of “b” of 2.636 indicated negative allometric growth, meaning that the weight increased less
rapidly than the length (less than 3, the theoretical value for isometry).

Negative allometric growth was also observed in Lake Trichonis (Western Greece), where” b”” was highest in the winter
season (b=2.585) and the lowest in summer (b=1.974) [17]. However, in Lake Lisina (Adriatic Sea, Italy) and the Mellah
Lagoon (eastern Algeria), the growth of the fish is positive allometric b= 3.10 and b=3.077 for males and 3.176 for
females, respectively [18,19]. The differences in the “b” value between this study and other studies are possibly due to
factors such as collection time, sample size, sex, gonadal maturity, stomach fullness and other factors [20,21].
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Table 1. Descriptive statistics of the morphometric measurements of Atherina boyeri

Morphometric measurements Min Max Mean SE SD
Total weight, TW 1.30 4.68 2.3879 0.09628 | 0.74582
Total length, TL 5.90 8.90 7.0183 0.08618 | 0.66753
Condition factor (Fulton’s) 1.23 4.38 2.1925 0.07381 0.66013
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Figure 2. The power length-weight relationship of Atherina boyeri in the present study.

The descriptive statistics of the left and right sides sagittae are shown in Table 2: the average length was 2.5715mm
(2.6091mm), height 1.8168mm (1.8014mm), weight 0.0036gm (0.0035gm), and area 3.4984mm?(3.5784mm?). Since
differences between left and right sides means were not significant (p >0.05) only left side sagittae parameters were
used in further analysis.

Atherina boyeri sagittae is elliptic and thin, sulcus with well-defined ostium and cauda, but of quite diverse shape and
size. Its length was 2.1992+.04785mm (meanz SE), the ostium was funnel-shaped and was 0.7679+.02319mm long, the
cauda was1.4178+.03801mm long straight tube-shaped. Mean morphometric parameters of sagittae collected from the
eastern Adriatic Sea were less than those of the present study (Si; 1.63£0.15, OS;; 0.71+0.14, C.; 0.90+0.06) [22].

Table 2. Descriptive statistics of right and left sagittae.

Parameter | side Mean SD SE P value
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In the present study, the ratios of sulcus length to sagittae length (SAL/ SL %), ostium length to length of the sulcus
(OSL/SAL %), cauda length to length of the sulcus (CL/SAL %), and Sagittae length to length of the fish (SL/TL %)
were 82.034+0.776%, 34.902+0.451%, 64.497+0.498% and 3.668+0.079% respectively (Table 3).
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Table 3. Descriptive statistics of morphological indices of Atherina boyeri sagittae.

Shape indices Mean SD SE
SAL/SL, % 82.034 3.7248 0.776
OSL/SAL,% 34.902 2.1659 0.451
CL/SAL,% 64.497 2.3906 0.498

SL/TL,% 3.668 0.6117 0.079

Aspect ratio 69.175 3.2685 0.415

Ellipticity 0.1728 0.0522 0.006
Rectangularity 0.7309 0.1633 0.020
Roundness 0.6583 0.1945 0.024
sagittae Relative Size, Or 0.7106 0.2997 0.039

The average values of the aspect ratio, ellipticity, rectangularity, and roundness were 69.1759+0.41510,
0.1728+0.00664, 0.7309+0.02075 and 0.6583+0.02471, respectively. (Table 3). The highest value recorded was for the
aspect ratio, while the lowest value was for the ellipticity. This is in agreement with Bostanci et al. [23]. The aspect
ratio of the A. boyeri in the coastal eastern Adriatic ranged from 59.7 to 74.6, while that of the A. hepsetus ranged from
60.6 to 70.9 [22]. According to Lombarte & Cruz [15], who classified the relative size into four groups (very small,
small, medium, and large), the average relative size in this study was greater than 0.65, and therefore this fish has a large
sagittae.

The relationship of sagittal dimension and fish size has been investigated by several researchers [23-25]. The relationship
between the morphometric parameters of the sagittae (length and height) and the length and weight of the fish was
described using power regressions (Table 4). The value of the coefficient of determination ranged from R?=0.75 (SH -
FL) to R?=0.50 (SH - FW).

Bostanci et al. [23] used logarithmic and linear regressions to establish these relationships. The value of the coefficient
of determination for TL-OL was higher in Hirfanli Dam (R?=0.91) and Iznik Lake (R?=0.88) and lower in Lake Egirdir
(R?=0.65). These values were lower than the ones obtained in the present study, these differences can be attributed to
differences in environmental characteristics of the ecosystem. The coefficient of determination was more than 0.70 for
fish length and Sagittae dimension so there is a good possibility of determining the length of the fish through the length
and height of the sagittae.

In a study on the ecology, age and growth of A. boyeri and A. presbyter in the Ria de Aveiro, Portugal, conducted by
Pombo et al., [26], it was shown that the otolith length corresponds to the fish length in the same proportions for both
species. Our study showed a strong relationship between the length SL and the height SH of the Sagittae; the value of
the coefficient of determination was R? = 0.79. The best regressions between Sagittae length and sulcus dimensions
(sulcus length, ostium length, and cauda length) were: SAL-SL, R?>=0.88; CL-SL, R?=0.80; and OSL-SL, R?=0.75.

Table 4. Regressions of Atherina boyeri length, weight, and sagittae length, with different sagittae parameters.

Power Equation a b R?
SL-FL 0.1348 1.514 0.71
SH-FL 0.0021 3.431 0.75
SL-FW 1.472 0.661 0.54
SH-FW 0.513 1.397 0.50
SH-SL 0.257 1.974 0.79
SAL-SL 0.8104 1.011 0.88
OSL-SL 0.2701 1.056 0.75
CL-SL 0.5424 0.972 0.80

CONCLUSION

This study provides information on growth by providing information on the length-weight relationship and condition
factor, in addition to examining the morphological characteristics of the sagittae such as shape index, morphological
percentages, and a relationship between body size and sagittae measurements, which are good tools in identifying
species and their sizes.
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