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Abstract. The sea horse is a source of multiple benefits, as souvenirs, traditional medicine, and
ornamental fish. The increasing need for seahorses has resulted in massive exploitation, causing habitat
degradation and even causing the extinction of several seahorse species. This study aimed to analyze
the population and distribution mapping of seahorses found in the waters of Morotai Island. The research
was carried out in the waters of Morotai Island and it was conducted from June 2022 to July 2023 in 6
(six) districts, namely; South Morotai, South West Morotai, Rao Island, East Morotai, North Morotai, and
Morotai Jaya. Data in this study was related to the populations analysis and to their distribution mapping
at the study site. Based on the research results, the distribution of seahorses was determined at the 6
(six) research locations, showing a spread across South Morotai waters.
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Introduction. The sea horse has multiple benefits, as souvenirs, traditional medicine, and
ornamental fish. The increasing need for seahorses has resulted in massive exploitation,
causing habitat degradation and even causing the extinction of several seahorse species.
In America and Europe, seahorses are used as aquarium ornamental fish, while in China,
they are used as traditional medicine (Putri et al 2019). The consumption of seahorses in
the Asian region reaches 45 tons year!, with the largest consuming countries being China
(20 tons year!), Taiwan (11.2 tons year!), Hong Kong (10 tons year!) and other Asian
countries (3.8 tons year?) (Mulalinda 2017).

The high market demand causes seahorse catches to continue to increase. This
greatly affects the abundance of populations in nature. According to Syafiuddin et al
(2018), the increasing need for seahorses has resulted in massive exploitation, causing
habitat degradation and even causing the extinction of some species. Martin-smith &
Vincent (2005) reported that seahorses are included in the category of Appendix II from
the Convention on International Trade in Endangered Species (CITES), so that fishing and
trading are limited according to quotas. According to the Ministry of Trade (2013), in
Indonesia provisions for the export of seahorses are stipulated in the Regulation no. 50 of
2013 concerning the Export of Natural Plants and Wild Animals which are not protected by
law and are included in the CITES list. Five types of seahorses are included in the list of
export regulations of the Ministry of Commerce: Hippocampus comes, Hippocampus histrix,
Hippocampus kuda, Hippocampus spinosissimus, and Hippocampus kellogi.

In addition to direct utilization the decline in seahorse populations can result from
environmental changes destroying seahorse habitats in mangroves, sea grasses, algae,
and coral reefs. Information regarding seahorses is still limited; there are 35 species of
seahorses in the world, while in Indonesia, there are 12 species of seahorses found,
namely: Hippocampus barbouri, H. comes, H. histrix, H. kellogi, H. kuda, Hippocampus
bargibanti, Hippocampus trimaculatus, H. spinosissimus, Hippocampus denise,
Hippocampus pontohi, Hippocampus satomiae, Hippocampus severnsi (Sadili et al 2015).
According to data from the International Union for Conservation of Nature and Natural
Resources, as many as 20 species are registered as data-deficient, illustrating a need for
more information regarding seahorses. Rare animal species or small densities with limited

AACL Bioflux, 2023, Volume 16, Issue 5. 2678
http://www.bioflux.com.ro/aacl



distribution patterns are more affected by human activities and cause a higher risk of
extinction, so global distribution data is very important in identifying the distribution of
seahorses (Zhang & Vincent 2018). Data on the distribution of seahorses in North Maluku
waters is minimal, especially in the Morotai Island district.

Morotai Island is one of the districts in North Maluku province, which has an abundant
biodiversity. In addition to biodiversity, Morotai has a historical value. Apart from being a
water conservation area, Morotai Island is also designated by the national policy as a
Special Economic Zone (KEK), a National Tourism Strategy Area (KSPN), and an Integrated
Marine Fisheries Center (SKPT) (Koroy et al 2023). Until now, there is still a minimal
research data informing the policies on marine resources (especially seahorses) on the
distribution of species, habitats, and conditions of seahorse populations, concerning North
Maluku and specifically in the waters of Morotai Island. A research on the habitat
characteristics and density of the H. kuda was conducted in 2021, but only in the waters
of Ternate, North Maluku (Dody et al 2021). On the other hand, the government has
established a marine conservation area for Morotai Island, which requires data regarding
the distribution, habitat, and population.

This study aimed to analyze the population and distribution mapping of seahorses
found in the waters of Morotai Island, and it was conducted from June 2022 to July 2023
in 6 districts, namely: South Morotai, South West Morotai, Rao Island, East Morotai, North
Morotai, and Morotai Jaya. The study focused on the population analysis and mapping of
the distribution of seahorses found at the study site.

Material and Method

Description of the study sites. The research was carried out in the waters of Morotai
Island, from June 2022 to July 2023 (Figure 1).
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Figure 1. Map of research locations in six districts.

Administratively, the conservation area is located in Morotai Island regency, from Rao
Island to Tanjung Dehegila waters, including 3 sub-districts, namely: South Morotai sub-
district (Army Dock Waters, Kokoya Island, Mitita Island), Morotai South West sub-district
(Cucumare Waters, Wayabula Ngele-Ngele Kecil), and Pulau Rao District (Samiyamau,
Posi-Posi Rao 1, and Posi-Posi Rao 2). The designation as conservation area of the zone
extending from Rao Island Waters to Tanjung Dehegila and its surroundings is based on
the Decree of the Ministry of Maritime Affairs and Fisheries of the Republic of Indonesia
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number 67/KEPMEN-KP/2020 (Ministry of Fisheries and Maritime Affair 2020). Regarding
the development of water conservation areas for protecting, preserving, and utilizing the
fishery potential of aquatic habitats and biota. Apart from being regulated by the marine
protected areas (KKP) policy, the development of the zone from Rao Island to Tanjung
Dehegila will be managed through the regulations concerning the Aquatic Tourism Parks.
The physical environment of the Rao Island-Tanjung Dehegila Waters conservation area
and its surroundings has climatic conditions influenced by tropical seas, consisting of three
seasons, namely the rainy season (November-February), the dry season (April-October),
and the transition season (March-October).

Tools and materials. The tools and materials used in this study were: seser fishing gear,
roller meter, raffia rope, measuring tape/calipers, buckets, recording devices, GPS, hand
refractometer, Secchi disk, current meter, pH meter, thermometer, camera, underwater
flashlight, camera, magnifying glass, scuba gear, and boat. The studies of Lourie et al
(2004) and Sadili et al (2015) were used as guidelines for the seahorse species
identification.

Data retrieval. Data collection on seahorses used a purposive sampling method carried
out in the seahorse fishing area, based on information from the local community. Data
were collected at 18 points throughout 6 districts: South Morotai, South West Morotai, Rao
Island, East Morotai, North Morotai, and Morotai Jaya. Seahorses were caught using the
seser and snorkeling equipment, by swimming, using a GPS to estimate the sampling area.
In addition, measurements of environmental parameters such as water pH, salinity, current
speed, temperature, brightness and observations of seahorse habitat were performed. The
mapping of potential seahorse species in the waters of Morotai Island used the ArcGIS
application by making distribution maps based on coordinate data taken using
GPS.Research Flowchart. Research implementation begun with field observations/surveys
to formulate problems and limit research variables. Data collection consisted of primary
and secondary data about seahorses, regarding the population, habitat, and distribution
throughout the 6 districts in Morotai waters. The stages of the research implementation
process are as shown in Figure 2:
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Figure 2. Research flowchart.
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Data analysis. Data analysis in this study consisted of population analysis and distribution
mapping of the seahorses found at the study site. Based on the following formulae for
population density (Sadili et al 2015).

Where:

K - density (tails m=2);

X - number of individuals caught (tail);
A - combed area (m?).

Population size is based on the formula (Sadili et al 2015):

P=KxTA
Where:
P - population (tail);
K - density (tails m2);
TA - total area (m?2).

Mapping the distribution of sea horse species in the waters of Morotai Island used the
ArcGIS application by making a distribution map for each sub-district, based on coordinate
data taken using GPS.

Results. The local (study site) seahorse distributions are illustrated in Figure 3.
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Figure 3. Distribution of seahorses found in Morotai waters.

Seahorses were found in the waters of the Morotai Island, in the South Morotai sub-district
(Armydcok and Kokoya Island), but they were not found at 1 sampling point in the South
Morotai sub-district (Mitita Island). In the South-West Morotai sub-district, they were found
in the waters of Wayabula, Cucumare and in the waters of the Ngele-Ngele Island. In the
Rao Island waters there were detected only in the Samiyamau waters, and at two other
sampling points they were not found (Figure 4). In the East Morotai waters, they were
found at 1 sampling point, namely the Sambiki Village, while at two other sampling points
they were not found (although, according to the information received, the community often
found seahorses there). In the North Morotai District, they were found only at 1 sampling
point, in the waters of the Gorua Village, while at two other points, they were not found.

AACL Bioflux, 2023, Volume 16, Issue 5. 2681
http://www.bioflux.com.ro/aacl



In the Morotai Jaya waters, they were found only at one sampling point, in the waters of
the Sopi Village, and at 2 other sampling points they were not detected.

The density breakdown by species of seahorses found at the study sites is as follows:
in the South Morotai, H. kuda (0.006 tails m=2), H. kellogi (0.02 tails m™2); in the waters of
Morotai South West, H. kuda (0.006 tails m™2) and H. kellogi (0.02 tails m™2); in the waters
of Rao Island, H. kellogi (0.003 tails m™=); in the East Morotai waters, H. spinosissimus
(0.003 tails m™); in the North Morotai, H. equine (0.007 tails m-2); in Morotai Jaya waters,
H. kellogi (0.013 tails m™2) and H. kuda (0.003 tails m™2). The total populations of seahorses
found at the 6 research locations were of 8 individuals in South Morotai waters, 8 in South
West Morotai, 1 in Rao Island, 1 in East Morotai, 2 in North Morotai, and 5 in Morotai Jaya.
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Figure 4. Seahorse population in the six studied districts.

Water parameters. Water parameters are important factors in supporting marine biota's
life, including sea horses. The observed parameters were: pH, temperature, salinity,
current speed, and brightness (Table 1).

The temperature measurements in the waters of South Morotai (Army Dock, Kokoya
Island, and Mitita Island) ranged from 32-32.5°C. The waters of the South West Morotai
District (Cucumare, Wayabula and Ngele-ngele islands) and the waters of Rao Island
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District (Samiyamau island, at the sampling points 1 and 2) had the same temperature
range of 31-320C. The temperature in the East Morotai waters (Sambiki, Sangowo, and
Wewemo) was of 30.5-30.7°C, while in the North Morotai (Bere Bere, Gorua, and Korago)
it ranged from 31-31.5°C, while in Morotai Jaya waters the temperature it was between
28.9 and 31.4°C. The direct measurements of the degree of acidity (pH) in the 6 (six) sub-
districts of the study locations ranged from 5.7 to 7.19 (Table 1), indicating that the pH in
the waters of Morotai Island, which was the study location, was classified as low to normal.

The salinity values at the study sites varied as follows: in the waters of Mitita Island,
Armydock, and Kokoya Island, it ranged from 33 to 35%o0 (South Morotai); in the
Cucumare, Wayabula, and in Ngele-ngele waters it ranged from 29 to 34%o0 (Morotai South
West); in the Samiyamau waters, at the sampling points 1 and 2 (Rao Island) the salinity
value was of 33%eo0. In the East Morotai waters (Sambiki, Sangowo, Wewemo), the salinity
ranged 33-35.8%o, in the North Morotai (Bere Bere, Gorua, and Korago), the salinity
ranged 29.5-34.7%o0 and in Morotai Jaya waters (Sopi, Hapo and Titigogoli) the salinity
ranged 23-33.6%o. The current velocity measurements at the research sites in the waters
of South Morotai (Mitita Island, Army Dock, and Kokoya Island) ranged from 0.03 to 0.06
m s72; in Morotai South West (Cucumare, Wayabula and Ngele-Ngele) waters it ranged
0.05-0.10 m s2, in Rao Island (waters of Samiyamau Island, Posi-Posi Rao 1 and Posi-Posi
Rao 2) it ranged 0.04-0.28 m s2. In the East Morotai waters (Sambiki, Sangowo, and
Wewemo) it ranged 0.02-0.08 m s, in North Morotai (Bere Bere, Gorua and Korago) it
ranged 0.01-0.02 m s2, while in Morotai Jaya (Sopi, Hapo and Titigogoli) it ranged 0.02-
0.07 m s2. Measurement of the brightness of the waters at the research location averaged
between 1 and 2 m.

Table 1
Environmental parameters
Water parameters
Site Average
H Salinity  Temperature Current speed  Brightness
P (%o) (°C) (ms2) (m)
South Morotai 5.7-6 33-35 32-32.5 0.03-0.06 1.8-2
West South 6 29-34 31-32 0.05-0.10 1-2
Morotai
Rao Island 6 33 31-32 0.04-0.28 1-1.25
East Morotai 6.46-7.19 33-35.8 30.5-30.7 0.02-0.08 1-2
North Morotai 6.24-6.74 29.5-34.7 31-31.5 0.01-0.02 1-2
Morotai Jaya 6.47-6.52 23-33.6 28.9-31.4 0.02-0.07 1-2

The parameter measurement locations at three data collection points for each sub-district
were: South Morotai (Armydock waters, Mitita Island, Kokoya Island), West South Morotai
(Cucumare waters, Wayabula and Ngele-Ngele Island), Rao Island (Saminyamau and Posi-
Posi Rao), East Morotai (Sambiki, Sangowo, and Wewemo waters), North Morotai (Bere-
Bere, Korago, and Gorua waters) and Morotai Jaya (Sopi, Hapo, and Titilogi waters).

Discussion. Based on the observations in the field, 3 types of seahorses were found: the
H. kuda, H. kellogi, and H. spinosissimus. In the waters of South Morotai, South West
Morotai, Rao Island, East Morotai, North Morotai, and Morotai Jaya, seahorses were found
in only found at several sampling points. In the waters of Rao Island, only one species was
found. In the waters of South Morotai and South West Morotai, 2 species were found, at
East Morotai 1 species, at North Morotai 1 species, and in Morotai Jaya 2 species, spread
over three points in each sub-district. Meanwhile, based on the information from the Rao
Island, East Morotai, and North Morotai communities, seahorses are often found during the
season, by fishermen orswimmers. This is in line with the results of the research conducted
by Fianda et al (2015), stating that the season can affect the abundance of seahorses and
the distribution peaks occur from February to May.
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According to Sadili et al (2015), the sea horse species H. kuda has a fairly large
distribution compared to H. kellogi. The distribution of seahorses H. kuda in Indonesia is
found in the waters of Riau, Padang, Belitung, Bandar Lampung, Pangandaran, Tanjung
Redep, Sulawesi, West Bali, Komodo Island, Flores, Ambon, and Manokwari. The map data
for the distribution of seahorse species (Figure 5) shows that the species H. kuda was found
in Army Dock waters, Cucumare waters, and Ngele-Ngele Kecil waters. The he species H.
kellogi was found in Army Dock waters, Kokoya islands, Cucumare, Ngele-Ngele Kecil,
Wayabula, and Samiyamau waters. In addition to the field observation, information on the
seahorse species distribution at the research location was collected from the public.

The number of seahorses is currently small, and the fishing locations for seahorses
are far from the coastline; the waters are clear, and there is no disturbance from
community activities. Seahorses' distribution depends on the ecosystem's condition
(seagrass, mangroves, and coral reefs). Most of the seahorses are found in habitats near
seagrasses, mangroves, seaweed, and artificial habitats. According to Lazic et al (2018),
the distribution of seahorses can be found in artificial habitats, macroalgae, and substrate
textures. According to Lourie et al (2004), H. kellogi was detected in European countries,
China, Japan, Micronesia, Malaysia, Philippines, Pakistan, Vietnam, Thailand, and the
United Republic of Tanzania. H. kellogi is also found in several countries such as Bahrain,
Bangladesh, Australia, Brunei Darussalam, China (Hong Kong SAR and Province of Taiwan),
Cambodia, Djibouti, Egypt, Eritrea, Iraq, Islamic Republic of Iran, Israel, Kenya, Kuwait,
Myanmar, Oman, Qatar, Saudi Arabia, Seychelles, Singapore, Somalia, Sri Lanka, Sudan,
United Arab Emirates, Yemen. Furthermore, the species H. kuda, has been also detected
in several countries such as Australia, Cambodia, China (Hong Kong SAR and Province of
Taiwan), Fiji, France (New Caledonia and Tahiti), Ecoria, Indonesia, Japan, Malaysia,
Pakistan, Papua New Guinea, Philippines, Federated States of Micronesia and Singapore.
Locally, H. kellogi and H. kuda are found in the waters of Banyuwangi, Nusa Tenggara
Timur (NTT), and Cilacap.

According to Musick et al (2000), the existence of seahorses depends on the condition
of their habitat, namely coral reefs and seagrasses. According to Kuang & Chark (2004),
H. kuda like habitats associated with seaweed and sea grass. A poor distribution can affect
the survival of seahorses in nature. According to Martinez et al (2023), the distribution of
H. kellogi is found at depths of 1 to 30 m in subtidal waters. In addition, water quality
factors and physical disturbances can influence the decline in seahorse populations (Martin-
smith & Vincent 2005). Zhang & Vincent (2018) reported that it is very important to link
distribution variables and habitat in order to be able to determine the distribution of
seahorses. Harasti et al (2022) stated that population decline could occur due to the
destruction of the habitat of seahorses. Geographical habitat conditions can affect the
distribution of seahorses (Martinez et al 2023).

Habitats for seahorses are often found along the coast, seashores, and shallow seas,
inhabiting places abundant in coral reefs, mangroves, seagrass beds, seaweed, and
artificial habitats. Habitat characteristics at the study site indicate that most of the locations
are in the intertidal zone or areas that are still affected by tides, and there are seagrass
ecosystems, coral reefs, mangroves, seaweed with sandy substrate types, coral rubble,
and muddy sand. Borges et al (2022) reported seahorses occupying mangrove habitats.
According to the Convention on International Trade in Endangered Species (2020),
seahorses can live in natural and artificial habitats. However, several species of seahorses
can change habitats along with their growth form. Lazic et al (2022) stated that artificial
substrates are seahorses' most commonly found habitat. Dody et al (2021) stated that
seahorses usually live near plants such as mangroves and seagrasses in shallow waters.
Saher et al (2021) stated that seahorses can live in coral reefs and seagrass habitats.

The number of seahorse populations found in the 6 sub-districts and 18 sampling
points of the study was reduced, namely 1 to 8 individuals. This shows that the population
of seahorses is very small due to the influence of natural factors, namely the weather and
accidental capture by fishing nets. Borges et al (2022) stated that human pressure,
expansion of tourism activities, and increased sea transportation could threaten seahorse
populations. Some of the factors causing population decline is pollution, overfishing and
climate change. The increase in seahorse populations depends on habitat conditions such
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as seagrass beds (Curtis & Vincent 2005). Habitat conditions greatly determine the number
of seahorse populations, as reported by Tamara et al (2023).

The density of seahorses in Morotai waters ranges from 0.003-0.013 tails m=.
Kurniawan (2016) found a density of seahorses of 0.001-0.002 tails m=2. In the Philippines,
the density of seahorses is 0.02 tails m2 (Foster & Apale 2016). The detected value of
seahorse density is similar to Lourie et al (2016) and Foster & Vincent (2004). Low seahorse
densities are caused by excessive exploitation activities and by human activities that affect
the seahorse habitat. Putri et al (2019) stated that the waste disposal affected the habitat,
which caused a decrease in the population and density of seahorses. Lourie et al (1999)
reported that seahorses that have lost their partners do not reproduce until they find their
partners again. However, seahorses usually take a long time to find their partners again.
This affects the presence of seahorses in nature.

Water parameters are the supporting factors for the life of seahorses, including
salinity, temperature, pH, brightness, and current speed. The results of salinity
measurements at the study sites varied. In the waters of Mitita Island, Armydock, and
Kokoya Island, it ranged 33-35%o0; in Cucumare, Wayabula, and Ngele-ngele waters, it
ranged 29-34%eo0, while in Samiyamau waters, Posi Posi Rao 1 and Posi Posi Rao 2 had the
same salinity value of 33%eo0. In East Morotai, North Morotai, and Morotai Jaya waters, the
salinity was 23-35.8%o0. At Morotai Jaya, where the rivers flow into the sea, the salinity
was 23%o.Seahorses have euryhaline properties so that they can survive up to a salinity
of 38 (Asri et al 2019). The temperature at the study sites ranged from 28.5-32.5°C spread
across 6 study locations. Based on the concerning seawater quality standards for marine
biota, the salinity values at the study sites are still within the normal range for seahorse
growth (Ministry of Environment Decree 2004).

Putri et al (2019) reported that water temperature measurements of 27.4-33.59C are
appropriate for seahorse growth. Sea water temperature physiologically affects the
behavior of seahorses. Lourie & Randall (2003) show that the water temperature ranges
20-30°C, while during the spawning process, the water temperature is 24-28°C. H. kuda
can tolerate temperature changes. The degree of acidity (pH) at the study site ranged from
5.7 to 7.19. The low pH value is thought to be due to household waste disposal and
domestic water discharge. Saraswati & Pebriani (2016) stated that photosynthetic activity
and household waste can affect the pH value. Munandar et al (2020) reported measured
pH values of 7.20-7.90. Brightness is a condition of good water quality for biota life. The
measured values at the research location averaged 1-2 m, which is acceptable at the
observation sites, located in seagrass ecosystems, coral reefs, artificial substrates, and
mangroves with mainly shallow waters. However, Morotai Jaya had 2 cloudy water zones
because the substrate at the location was mixed with mud, but the brightness value at the
location was still normal for the marine biota. According to the Ministry of Environment
Decree (2004), the quality standard for water brightness for marine life is >3 m. Sun et al
(2020) stated that brightness is a factor that supports the seahorse fecundity process. The
results of the current speed measurement at the research location were 0.03-0.28 m s2,
Differences in the topography of the bottom of the waters at each study location cause
current velocities that vary quite largely.

Conclusions. Based on this research, the population distribution of seahorse species was
determined at 6 locations spread across South Morotai waters (8 H. kuda and H. kellogi
individuals), Morotai South West (8 H. kuda and Hippocampus Kellogi individuals), Rao
Island waters (1 H. kellogi individual), East Morotai waters (1 H. spinosissimus individual),
North Morotai waters (2 H. kuda individuals) and Morotai Jaya waters (6 H. kuda and H.
kellogi individuals).
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