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Abstract 

The present study was carried out in the marine area of Stratoni, Greece, where two 

seahorse species are present (Hippocampus hippocampus and H. guttulatus). Two 

surveys were conducted (September 2016, May 2019) to gather information regarding 

seahorse species’ abundance, distribution and habitat characteristics. Four different 

seahorse natural and artificial habitat types were identified. Results revealed that the 

abundance of H. hippocampus was relatively high, especially at sites with artificial 

structures, while the presence of H. guttulatus was rare. Data collected can provide 

baseline information for future population assessments. 

 

Keywords: coastal fish, habitat use, artificial structures, threatened species, 

Mediterranean Sea. 

 

Significance Statement 

Information regarding seahorse species distribution in the Mediterranean is scarce and 

this study aims to add important data in order to allow a better understanding and 

inform local decision makers to support further protection measures. 

 

Seahorses (Hippocampus spp.) are charismatic and iconic marine fishes, often used as 

flagship species for conservation issues, that live in some of the most vulnerable marine 

habitats in shallow areas around the world (Vincent et al., 2011). They are characterized 
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by sparse distribution, low mobility, small home ranges, low fecundity, lengthy parental 

care and mate fidelity (Foster and Vincent, 2004). Seahorse life history and behaviour 

renders them vulnerable to population decline (Vincent et al., 2011), which lead to the 

inclusion of many seahorse species in the Convention on International Trade in 

Endangered Species of Wild Fauna and Flora (CITES Convention) and in the 

International Union for Conservation of Nature (IUCN) Red List of Threatened Species. 

The short-snouted seahorse Hippocampus hippocampus Linnaeus, 1758 and the long-

snouted seahorse Hippocampus guttulatus Cuvier, 1829 are two species present in the 

Mediterranean Sea. Although both species have been assessed as ‘Data Deficient’ at a 

global level, they have recently been re-assessed as ‘Near Threatened’ in the 

Mediterranean Sea (Pollom, 2014; 2017). They are both typically present in coastal 

environment, and associated with habitats of different complexity (Correia et al., 2015a; 

Correia et al., 2018; Woodall et al., 2018). Despite the extended geographical 

distribution of both species there are only a few inshore locations where seahorse 

abundance, distribution and habitat use have been studied within the Mediterranean Sea 

(Louisy, 2011; Gristina et al., 2015; Ape et al., 2019). To our knowledge, ecological 

data has been rare in Greek waters and especially in the Aegean Sea focusing on wild 

seahorse population structure (Kitsos et al., 2008; Woodall et al., 2018) including 

ichthyofaunal assessments (Koutrakis et al., 2005; Lamprakis et al., 2008). 

The present study was carried out in the marine area of Stratoni (Chalkidiki Peninsula, 

north Aegean Sea) which seems to be a refuge for seahorse populations, initially 

reported by professional divers during fieldwork activities in November 2007. The 

objectives of the present study were to: (i) describe the seahorses’ habitat types in the 

Stratoni marine area; (ii) estimate the seahorses’ population density and describe the 

population structure; (iii) investigate seahorses’ habitat use. 

The marine area of Stratoni (Figure 1, latitude from 40°30’ to 40°32.5’ and longitude 

from 23°45’ to 23°32.5’), lies within Ierissos Gulf, a semi-closed water body, affected 

by small river inputs, characterized also by soft sediments and high biodiversity 

(Koutrakis et al., 2003). A first pilot survey of the area was conducted in September 

2016 to gather information regarding seahorse abundance, distribution and habitat 

characteristics using SCUBA underwater visual census. A total of 15 100m-long and 

4m-wide transects were laid parallel to the shoreline, at three different depths (5m, 7.5m 

and 10m), covering a total area of 6,000 m2. Whenever an individual of a seahorse was 

found, species, sex and size (height), was recorded along with four environmental 
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variables: water depth and water temperature at depth, holdfast at first sighting 

(structure grasped by a seahorse’s tail) and the predominant habitat (i.e. benthos 

observed within a 1m2 quadrat centred around the seahorse). This data was used to 

identify and classify the most representative habitats found according to the European 

Nature Information System (EUNIS) habitat code (http://eunis.eea.europa.eu). In May 

2019, four sites were chosen per habitat type and registered in a GPS unit: (a) sand 

(Cymodocea beds. EUNIS A5.5313), characterized by substrates of fine sand, 

previously covered by Cymodocea nodosa beds; (b) Sabella sp., (Infralittoral mixed 

sediments. EUNIS A5.432), dominated by Sabella sp. in soft-bottom substrates; (c) 

Posidonia oceanica, (Posidonia beds. EUNIS A5.535); (d) artificial structures (ropes) 

deployed a few months before the first pilot survey. Each site was surveyed by laying a 

50m-belt transect, following a bearing parallel to the shoreline to allow constant depth, 

and a 2m wide strip on each side was covered by two divers. Overall, 16 sites were 

surveyed for a total area of 3,200 m2 (Figure 1). The same data was collected as 

described in the previous survey. In addition, information regarding predominant habitat 

type was recorded each 10 m along the transect line. 

 

Figure 1: Map of the study area (X) of Stratoni (Chalkidiki Peninsula, north Aegean Sea) depicting the 

arrangement and the code numbers of sampling visual census stations-transects (ABCD delimits the area 

selected for the deployment of artificial structures). 

http://eunis.eea.europa.eu/
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In 2016, a total of 19 seahorses were sighted (Table I). The seahorse H. hippocampus 

was the most sighted species and female-biased (18 individuals; 5 males, 13 females), 

while only one H. guttulatus male was sighted. Maximum density for H. hippocampus 

was estimated in site C2 (0.015 ind.m-2). The one individual of H. guttulatus was found 

in site D3. Almost half of the seahorses were found not grasping any holdfast (52.6%), 

while 26.3% were observed grasping Sabella sp., 15.8% artificial structures and 5.3% 

shells. All seahorses were found between the 5 m and 10 m depth range. The height of 

adult individuals of H. hippocampus varied from 4.0 to 12.0 cm (mean size of 8.8 ± 2.1 

cm), while H. guttulatus was 12 cm in height. Temperature of the water column was 

22ºC. 

 

Table I: Abundance indices for Hippocampus hippocampus and Hippocampus guttulatus. 

 

Along the 16 transects surveyed in 2019, a total of 25 seahorses were sighted. The 

seahorse H. hippocampus was the most sighted species (n = 21), with a relative 

abundance 5 times higher than H. guttulatus (n = 4). After pooling all sites, the mean 

density was 0.007 (SE ± 0.004) ind.m-2 for H. hippocampus and 0.001 (SE ± 0.001) 

ind.m-2 for H. guttulatus. Maximum density for H. hippocampus was estimated in site 

As3 (0.035 ind.m-2), while for H. guttulatus in site As4 (0.010 ind.m-2). A total of four 

juveniles of H. hippocampus were found which corresponded to 19% of total 

observations for this species. Juveniles varied in size between 4.0 to 5.0 cm. The 

seahorse H. hippocampus was marginally female-biased (52.9%). The sex ratio was not 

calculated for H. guttulatus due to low sighting numbers. Adult individuals of H. 

hippocampus varied in size from 6.0 to 11.5 cm (mean size of 8.9 ± 1.9 cm), while H. 

guttulatus size ranged from 6.5 to 13.5cm (mean size of 8.6 ± 3.0 cm). Temperature 

varied from 16 to 17ºC. Individuals of H. guttulatus were absent in Sand and Posidonia 

habitats, while H. hippocampus were found in all habitats, excluding Posidonia. Most 

 
2016   2019 

  A B C D E pooled  S Sab P As pooled 

Hippocampus hippocampus            
N total 2 0 10 4 2 18  1 5 0 15 21 

Males 0 0 2 2 1 5  0 1 0 7 8 

Females 2 0 8 2 1 13  0 2 0 6 8 
Juveniles 0 0 0 0 0 0  1 2 0 2 5 

Mean density (m-2) 0.002 0.000 0.008 0.003 0.002 0.003  0.001 0.006 0.000 0.019 0.007 

SE 0.001 0.000 0.003 0.003 0.002 0.001  0.001 0.005 0.000 0.008 0.004 
Hippocampus guttulatus       

     

N total 0 0 0 1 0 1  0 1 0 3 4 

Males 0 0 0 1 0 1  0 0 0 1 1 
Females 0 0 0 0 0 0  0 1 0 2 3 

Mean density (m-2) 0.000 0.000 0.000 0.001 0.000 0.0002  0.000 0.001 0.000 0.004 0.001 

SE 0.000 0.000 0.000 0.001 0.000 0.0002   0.000 0.001 0.000 0.002 0.001 
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of the seahorses were sighted grasping artificial structures (73%) and Sabella sp. (23%), 

while just a few were not grasping any holdfast (~4%). Individuals of H. hippocampus 

and H. guttulatus were observed in Artificial habitats at a mean density of 0.019 (SE ± 

0.008) ind.m-2 and 0.004 (SE± 0.002) ind.m-2, respectively. 

This study is the first one to describe population density and structure as well as 

investigate habitat use of the two seahorse species in Greek seas. Results of the two 

field surveys and previous underwater observations (Mentogiannis, pers. comm.) 

indicate that the population of H. hippocampus appears to be present over time in the 

marine area of Stratoni, while individuals of H. guttulatus are rare. Considering that 

both species are classified as “Near Threatened” in the IUCN Red List, it is of the 

utmost urgency that this baseline information is made available to contribute to 

appropriate location-specific conservation strategies. 

The seahorse H. hippocampus mean size is within the range documented for other areas 

of the Mediterranean Sea (Woodall et al., 2018), while the juvenile fraction seems to 

reflect a good population status (Woodall, 2009). Furthermore, the high density value of 

H. hippocampus estimated from the second survey at this site is the highest described in 

the Mediterranean (Woodall et al., 2018), which indicates that the species might find 

the necessary environmental conditions to settle even in relatively limited areas. Both 

seahorse species occur in the study area most probably due to high availability of food 

resources observed (e.g. dense populations of hyperbenthic crustaceans; Koulouri, pers. 

comm.). The presence of artificial structures (ropes) deployed a few months prior to the 

2016 survey might have contributed to aggregate seahorses as they provide much 

needed holdfast. Seahorse species have been reported as typically associated with 

seagrass habitats (Foster and Vincent, 2004). However, no seahorse was found in the 

Posidonia oceanica meadows of the study area, which might indicate that other 

important environmental variables are at play. Considering that seagrass meadows have 

been found to be a very important habitat for seahorses as they provide shelter and food 

availability (Woodall et al., 2018), it is worth further exploring the presence/absence of 

seahorses in Posidonia beds of the study area, while investigating the associated biotic 

and abiotic factors. Unlike previous studies (Woodall et al., 2018), H. hippocampus was 

much more abundant than H. guttulatus in both surveys. This might be explained by the 

type of low complexity habitats in the study area, muddy substrate and water depth 

(Woodall et al., 2018). The use of artificial structures as habitat enrichment for 

seahorses, firstly observed in 2016, has apparently contributed to seahorse settlement in 



6 

 

the deployment area, as also documented in other studies (Correia et al., 2013; Correia 

et al., 2015b; Simpson et al., 2020). In fact, most of the seahorses of both species were 

found grasping artificial structures (e.g. ropes) in the study area. While these structures 

may act as fish aggregation devices (Correia et al., 2015b), they provide holdfasts and 

enhance the habitat complexity, providing a long-term beneficial effect on the recovery 

of seahorse populations, particularly as a major component of a wider rehabilitation and 

management plan. 

The marine area of Stratoni seems to support seahorse populations by providing a 

substratum of artificial holdfasts and relatively high food sources. The results of our 

study demonstrate that the population of seahorses is well adapted to this particular 

environment. However, there is an urgent need of substantially further research on the 

local population distribution, structure and ecology of H. hippocampus and H. 

guttulatus through a long-term monitoring plan. Population genetic studies may also 

contribute to assess the genotypic health of local seahorses’ population, which might be 

facing genetic isolation. Future research will contribute to inform decision-makers and 

stakeholders in order to protect and conserve these charismatic fishes in the marine area 

of Stratoni, used also for other coastal areas of the Aegean Sea. 

 

Acknowledgments 

This is a contribution from Project Seahorse. This work was supported by Hellas Gold 

(https://www.hellas-gold.com/). This study received Portuguese national funds from 

FCT - Foundation for Science and Technology through project UIDB/04326/2020, and 

from the operational programmes CRESC Algarve 2020 and COMPETE 2020 through 

project EMBRC.PT ALG-01-0145-FEDER-022121. 

The authors would like to thank the contribution of a team of dedicated volunteers: 

Rafael Amado, Gabriela Cardoso, Logan Couraud, Regina Cunha, Christina Egger, 

Joan-Ignasi Llinàs, Giulia Marchioro, Maria Rakka, Friedrich Rittner, Carmen Santos, 

Northern Greece Underwater Explorers, UFR Team, Kostas Katsioulis and Alexandros 

Paschalis. The authors have no conflict of interest to declare. 

 

References 

Ape, F., Corriero, G., Mirto, S., Pierri, C., Lazic, T. & Gristina, M. (2019). Trophic 

flexibility and prey selection of the wild long-snouted seahorse Hippocampus 



7 

 

guttulatus Cuvier, 1829 in three coastal habitats. Estuarine Coastal and Shelf Science 

224, 1-10. 

Correia, M., Caldwell, I., Koldewey, H., Andrade, J. P. & Palma, J. (2015a). Seahorse 

(Hippocampinae) population fluctuations in the Ria Formosa Lagoon, south Portugal. 

Journal of Fish Biology 87, 679-690. 

Correia, M., Koldewey, H., Andrade, J. P. & Palma, J. (2015b). Effects of artificial 

holdfast units on seahorse density in the Ria Formosa lagoon, Portugal. Journal of 

Experimental Marine Biology and Ecology 471, 1-7. 

Correia, M., Koldewey, H. J., Andrade, J. P., Esteves, E. & Palma, J. (2018). 

Identifying key environmental variables of two seahorse species (Hippocampus 

guttulatus and Hippocampus hippocampus) in the Ria Formosa lagoon, South 

Portugal. Environmental Biology of Fishes 101, 1357-1367. 

Correia, M., Palma, J., Koldewey, H. & Andrade, J. P. (2013). Can artificial holdfast 

units work as a habitat restoration tool for long-snouted seahorse (Hippocampus 

guttulatus Cuvier)? Journal of Experimental Marine Biology and Ecology 448, 258-

264. 

Foster, S. J. & Vincent, A. C. J. (2004). Life history and ecology of seahorses: 

implications for conservation and management. Journal of Fish Biology 65, 1-61. 

Gristina, M., Cardone, F., Carlucci, R., Castellano, L., Passarelli, S. & Corriero, G. 

(2015). Abundance, distribution and habitat preference of Hippocampus guttulatus 

and Hippocampus hippocampus in a semi-enclosed central Mediterranean marine 

area. Marine Ecology 36, 57-66. 

Kitsos, M. S., Tzomos, T., Anagnostopoulou, L. & Koukouras, A. (2008). Diet 

composition of the seahorses, Hippocampus guttulatus Cuvier, 1829 and 

Hippocampus hippocampus (L., 1758) (Teleostei, Syngnathidae) in the Aegean Sea. 

Journal of Fish Biology 72, 1259-1267. 

Koutrakis, E., Lazaridou, T. & Argyropoulou, M. D. (2003). Promoting integrated 

management in the Strymonikos coastal zone (Greece): a step-by-step process. 

Coastal Management 31, 195-200. 

Koutrakis, E. T., Tsikliras, A. C. & Sinis, A. I. (2005). Temporal variability of the 

ichthyofauna in a Northern Aegean coastal lagoon (Greece). Influence of 

environmental factors. Hydrobiologia 543, 245-257. 

Lamprakis, M. K., Kallianiotis, A. A. & Stergiou, K. I. (2008). Trophic level of fishes 

caught by trawls in Thracian Sea. Journal of Natural History 42, 687-694. 



8 

 

Louisy, P. (2011). Hippo-THAU: Bilan scientifique 2005-2009. p. 103: Association 

Peau-Bleue. 

Pollom, R. (2014). Hippocampus hippocampus. The IUCN Red List of Threatened 

Species 2014: e.T10069A54904826, Downloaded on 01 May 2019. 

Pollom, R. (2017). Hippocampus guttulatus. In The IUCN Red List of Threatened 

Species 2017: e.T41006A67617766. 

Simpson, M., Coleman, R. A., Morris, R. L. & Harasti, D. (2020). Seahorse Hotels: Use 

of artificial habitats to support populations of the endangered White's seahorse 

Hippocampus whitei. Marine Environmental Research, 104861. 

Vincent, A. C. J., Foster, S. J. & Koldewey, H. J. (2011). Conservation and 

management of seahorses and other Syngnathidae. Journal of Fish Biology 78, 1681-

1724. 

Woodall, L. (2009). Population genetics and mating systems of European seahorses 

Hippocampus guttalatus and Hippocampus hippocampus. p. 424 pp. UK: University 

of London  

Woodall, L. C., Otero-Ferrer, F., Correia, M., Curtis, J. M. R., Garrick-Maidment, N., 

Shaw, P. W. & Koldewey, H. J. (2018). A synthesis of European seahorse taxonomy, 

population structure, and habitat use as a basis for assessment, monitoring and 

conservation. Marine Biology 165, 19. 

 

This is the accepted version of the following article: Correia, M., Paulo, D., Samara, E., 

Koulouri, P., Mentogiannis, V. and Dounas, C. (2020), Field studies of seahorse 

population density, structure and habitat use in a semi‐closed north‐eastern 

Mediterranean marine area (Stratoni, north Aegean Sea). J Fish Biol. Accepted Author 

Manuscript. doi:10.1111/jfb.14371, which has been published in final form at 

[https://onlinelibrary.wiley.com/doi/abs/10.1111/jfb.14371]. This article may be used 

for non-commercial purposes in accordance with the Wiley Self-Archiving Policy 

[http://www.wileyauthors.com/self-archiving] 

https://onlinelibrary.wiley.com/doi/abs/10.1111/jfb.14371
http://www.wileyauthors.com/self-archiving

