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Abstract: Mediterranean sand eel, Gymnammodytes cicerelus (Rafinesque, 1810) is a demersal subtropical fish 

species belonging to the family Ammodytidae. In this study, the morphological development and temporal 

variations of Mediterranean sand eel larvae were studied. Ichthyoplankton samples were collected between 

September 2015 and April 2016 in the shallow waters of the Gökçeada Island, northern Aegean Sea. Samples were 

collected with horizontal tows, using a WP-2 plankton net (57 cm frame diameter equipped with a 500 µm mesh, 

3 m total length). Early life stages were photographed and morphological features of individuals between 2.73–

7.91 mm in standard length were described comprehensively. It was determined that spawning occurred between 

November and February and peaked in December. Larval abundance ranged between 6.36 and 69.96 

individuals/1000 m3. In this study, the abundance and distribution of the species in the Mediterranean was revealed 

for the first time. 
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Gökçeada Kıyı Sularında Bulunan Kum Yılan Balığı, Gymnammodytes 

cicerelus (Rafinesque, 1810)’nın Larval Morfolojik Gelişimi ve Mevsimsel 

Değişimi  

 
Özet: Kum yılan balığı, Gymnammodytes cicerelus (Rafinesque, 1810), Ammodytidae familyasına ait olan 

demersal ve subtropical bir türdür. Bu çalışmada kum yılan balığı larvalarının morfolojik gelişimi ve zamansal 

değişimi çalışılmıştır. İhtiyoplankton örnekleri Gökçeada kıyı sularından Eylül 2015 ile Nisan 2016 tarihleri 

arasında toplanmıştır. Örneklemeler horizontal çekimler ile WP-2 tip plankton kepçesi (500 µm netle donatılmış 

57 cm çember çapına ve 3 m toplam net uzunluğuna sahip) ile gerçekleştirilmiştir. Erken yaşam evreleri 

fotoğraflanmış ve 2.73–7.91 mm standart boy aralığındaki bireylerin morfolojik değişimler kapsamlı olarak 

tanımlanmıştır. Üreme sezonunun Kasım ile Şubat arasında olduğu, üremenin Aralık ayında pik yaptığı tespit 

edilmiştir. Larval bolluk değeri birim alanda 6.36 ile 69.96 n/1000 m3 arasında değişmiştir. Bu çalışmada ilk kez 

türün Akdeniz’de ki larval bolluk ve dağılımı ortaya konmuştur.  
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Introduction 

Mediterranean sand eel, Gymnammodytes 

cicerelus (Rafinesque, 1810) is a demersal subtropical 

fish species belonging to the family Ammodytidae 

which has 23 species all around the world (Nelson, 

2006). It’s known as a short-lived forage species and 

distributed in the eastern Atlantic and the 

Mediterranean Sea (Quéro, 1990). and It is commonly 

found over shell-gravel and coarse sand bottoms 

(Wheeler, 1979). Mediterranean sand eel is generally 

caught as live bait for longline fishery but is also 

consumed as meal and used for fish oil production 

(Reay, 1970). Sand eel is commonly targeted in 

Catolonia by traditional fishery boats called “sonsera” 

(Lleonart et. al., 2014). Despite its abundance, 

biological parameters of sand eel are quite rare all 

around the world. It has demersal eggs which are layed 

on sand and gravel (Reay, 1986). Spawning of the sand 

eel occurs between November and January in the 

Mediterranean Sea (Bauchot, 1987) and November to 

February around Catolonia costs (Lleonart et. al., 

2014) . Age at first maturity was detected as 0-years 

by Lleonart et al. (2014). In Turkish waters, Erazi 

(1942), Devedjian (1915) and Slastenenko (1955-

1956) reported its distribution, but provided no precise 

locality information. Adultswere found on sandy 

bottoms around shallow waters of the Erdek Bay, 

Marmara Sea (Keskin, 2007) and central Black Sea 

coast of Turkey (Bat et al., 2005). 

Information on the early life stages of the 

Mediterranean and eel is also rare. Some studies were 

conducted in Medes Islands (Sabates et al., 2003), the 

Aegean Sea (Caragitsou et al., 1998; Koutrakis et al., 

2004; Çoker and Mater, 2006), Marmara Sea (Yüksek 

et al., 2006) and the Black Sea (Mavruk et al., 2017).  

Padoa (1956) reported the morphological 

characteristics of 7, 11 and 25 mm SL larvae for the 

first time. In Turkish waters, Çoker (2013) described 

the morphology of the larvae of this species which 

ranged between 3.2 and 3.8 mm SL in length around 

Izmir Bay. The aim of this study was to provide more 

detailed information on early life history of 

Mediterranean sand eel larvae.  

Material and Methods 

Ichthyoplankton samples were collected from 

northern part of the Gökçeada Island, North Aegean 

Sea (Figure 1.). The study was carried out with weekly 

samplings between September 2015 and September 

2016. Samples were collected from 3 stations located 

nearshore (<20 m depth) (40°22’-40°23’ N; 25°85’- 

25°87’ E). All stations were located in areas 

characterized by sudden steeping of the seafloor. This 

area is also exposed to strong northerly winds, with 

main current direction from from northwest to 

southeast. 

 

 

Figure 1. Ichthyoplankton sampling area, North Aegean Sea, Gökçeada, Turkey 

Samples were collected using a WP-2 plankton net 

(57 cm frame diameter, 500 µm mesh size) with 

horizontal tows which were performed 0.5 m below 

the sea surface for a duration of 10 minutes and a 

vessel speed of 2 knots towards down-current. 

Samples were fixed with 4% formaldehyde-sea water 
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solution on the vessel. The keys of Padoa (1956), 

Dekhnik (1973) and Russell (1976) were used for 

identification of larval sand eels. Larvae were counted 

and morphological characteristics were recorded 

under dissecting microscope (Figure 2). 

 

 

 

Figure 2. Larval morphological characteristics used in the study

Once larval photographs taken, larvae were 

measured using Olympus SZX-7 stereo microscope 

attached to a camera with Q-Capture Pro 5.1. Imaging 

System. Densities of fish eggs and larvae (the count 

per 1000 m3) for horizontal tows were calculated as 

follows: 

 𝐷 =
𝑁

V
*1000 

where N is the total number of eggs or larvae in 

each sample and V is the volume of sampled water 

(m3). Since no flow meter was used in the study, the 

volume of water that passed through the net, V, was 

estimated using the following equation: 

V = v × Δt × A 

where v = average speed through the water during 

a tow (m s-1), Δt = time of the tow (s), and A = 

crosssectional area of the net (m2). Densities 

calculated were considered to represent the minimum 

ichthyoplankton density per 1000 m3. 

Results and Discussion 

A total of 39 Mediterranean sand eel larvae were 

identified Corresponding to 1.9% of total larval 

abundance. Sand eel larvae were found between 

November and February. Larval abundance peaked in 

December (69,96 n/1000 m3) when sea surface 

temperature decreased below 16 ⁰C (Figure 3). 

Relatively high abundances were found on January 7th 

and 15th  densities 50,88 and 38,16 larvae/1000 m3, 

respectively.  

 
Figure 3. Temporal variations of the Gymnammodytes cicerelus larvae
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Overall, 1 yolk sac, 36 pre-flexion and 2 flexion 

larvae were identified. The sizes of larvae ranged 

between 2.73 – 7.91 mm in standard lengths (SL) with 

an average of 4.27 ± 0.18 mm SL (mean ± SE) (Table 

1). The body and the gut are elongated. The anus is 

placed at about 75% of the SL. Myomer numbers 

were between 64 -66.  

 

 

Table 1. Some morphometric measurements of Mediterranean Sand Eel, Gymnammodytes cicerelus (All    

measurements are in millimeter) 

Standard 

Length 

Head 

Length 

Snout 

Length 

Preanal 

Length 

Postanal 

Length 

Eye 

Diameter 

Head 

Depth 

2.73 0.29 0.04 2.21 0.52 0.14 0.21 

3.18 0.38 0.05 2.08 1.1 0.15 0.27 

3.49 0.5 0.09 2.35 1.14 0.15 0.27 

3.74 0.53 0.12 2.63 1.11 0.2 0.27 

4.08 0.61 0.15 2.67 1.41 0.24 0.37 

4.35 0.63 0.16 3.85 1.5 0.24 0.46 

4.47 0.67 0.16 3.01 1.46 0.24 0.46 

5.64 0.79 0.2 3.78 1.86 0.25 0.59 

6.12 0.9 0.21 4.08 2.04 0.34 0.59 

7.91 1.29 0.4 5.38 2.53 0.39 0.59 

 

 

Figure 4. Morphological development of Mediterranean Sand Eel, Gymnammodytes cicerelus from yolc-sac                

larvae to the flexion larvae. Stage A: newly hatched yolk sac larvae, Stage A-F: preflexion larvae, and 

Stage G-H: early flexion larvae 
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With regard to the morphological characteristics 

and pigmentation on the body, some differences were 

observed. On yolk sac larvae with 2.73 mm SL, 5 

melanophores on dorsal side and 2 melanophores on 

post anal ventral were observed. In addition, 

pigmentation was observed on the gut, yolk sac and on 

ventral side of the primordial fin. There were no 

melanophores on the head, mandibular, lower jaw 

angle and upper jaw. Snout length was relatively short. 

In larvae smaller than 3.74 mm SL, there were only 

two melanophores on the post anal ventral and 6-7 

melanophores on the dorsal side. In larvae with 3.81 

mm SL, all individuals had 7 melanophores on the 

dorsal and 3 melanophores on the post anal ventral. In 

larvae larger than 4.24 mm SL, it was observed that 

the upper jaw  was protruted frontward. In larvae 

smaller than 6.24 mm SL, pigmentation on the 

primordial fin was observed but the anus did not reach 

to the outer edge of the primordial fin. Primordial fin 

disappeared in larvae larger than 6.24 mm SL. In 

flexion larvae with7.91 mm SL, there were 9 

melanophores on the dorsal side of the body with a 

single melanophore located on the head. Pigmentation 

was observed  for the first time on the mandibular and 

upper jaw at this stage (Figure 4).  

Similar to the findings in the present study, 

reported frequencies of sand eel larval occurrence 

were lower in earlier studies (Granata et al., 2010; 

Lynam et al., 2013; Sabates et al., 2003; Koutrakis et 

al., 2004). This may be due to short life span of sand 

eels (Lynam et al., 2013), their restricted spawning 

season and predation by the other fish such as Gadoids 

(Greenstreet et al., 1998), as well as by seabirds (Daunt 

et al., 2008), and marine mammals (Thompson et al., 

2007). 

In our study, relatively higher abundances were 

observed on December 28th and January 7th in the 

water column. It is known that the abundance of sand 

eel larvae increase with decreasing sea water 

temperature and can dominate the ichthyoplankton in 

some areas. For example, Ellacuria (2015) detected the 

peak season in March when sea water temperature 

reached the seasonal minimum (<14ºC) value in the 

Balearic Sea. In addition, Sabates et al. (2003), 

observed this larvae in the winter period between 

January and March. In our study, spawning occurred 

earlier than that reported in Medes Island. Sand eel 

larvae were first observed on November 19th when 

water temperature was 16 ºC and peaked on December 

28th at 12.8 ºC. Overall, in terms of temperature and 

abundance, our results were in accordance with the 

findings of others. 

Koutrakis et al. (2004) reported that sand eels were 

relatively rare in the ichthyoplankton of Strymonikos 

and Ierissos Gulfs (NW Aegean Sea). They observed 

that sand eel larvae occur only in March. In our study 

spawning period of sand eels ended in mid February 

when the sea surface temperature dropped to 11 oC. 

Short and closely spaced spawning periods within a 

broad geographical area reflect necessity of specific 

environmental conditions required for reproduction of 

this species. In terms of sea surface temperature, the 

results of our study in the north Aegean Sea showed 

that temperature range for spawning of sand eels is 11 

– 16 ⁰C,  

In the present study, sampling was carried out in a 

limited geographical area (northern part of the 

Gökçeada Island) and therefore, precise information 

on spatial distribution for this species is not known. 

Suitable habitats such as sandy beaches are available 

around Gökçeada island. Further surveys 

encompassing broader areas are required to determine 

larval distribution and evaluate drifting patterns of this 

species.  

Information about the morphological development 

and growth patterns of young fish is important for 

fisheries management and aquaculture (Chatain, 1994; 

Koumoundouros et al., 1994, 1999; Bengtson, 1999). 

Sand eel was listed as Least Concern in International 

Union for Conservation of Nature's (IUCN, 2020) Red 

List. Understanding early life history of this species 

may contribute to conservation of stocks. Lesser 

known species, such as sand eel, may become more 

valuable in conjunction with decreasing stocks of 

available economical species due to high fishing 

pressure. Besides, early life history of all species is 

critical to understand due to their ecological impacts 

in the food chain. The detailed morphological 

development given in this study may be useful for 

ichthyoplankton researchers as it will help 

identification of larval stages and contribute to 

spawning period of adult sand eels. 
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