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Abstract The charismatic Syngnathidae occur in coastal and freshwater environments across the
globe and play an important role by acting as flagship species for conservation. Despite this status,
many syngnathids are threatened by a range of anthropogenic impacts including exploitation and
habitat destruction. In addition, the cryptic nature and generally low population densities of syn-
gnathids make research and related conservation action difficult, which can lead to data gaps. The
gap in knowledge of the biology and status of syngnathids is especially acute within Africa. This
review provides the first synthesis of syngnathid diversity, biogeography, ecology, threats and con-
servation in sub-Saharan Africa and adjacent islands. Research focus and effort are biased towards
the southeast coast of Africa, with limited research specifically on syngnathids. A total of 63 spe-
cies of syngnathids in 26 genera are recorded in Africa, with higher syngnathid diversity on the east
coast of Africa. Ecological research focused on population trends and diversity is identified as pri-
orities, specifically for those species listed as Data Deficient on the [IUCN Red List. Other priorities
identified include research on the extent and impact of illegal catch and trade and the development
of local capacity and expertise. These findings provide an important resource that can be used for
the future conservation of this iconic group of fishes.
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Introduction

Syngnathidae (seahorses, pipefish, pipehorses and seadragons) are charismatic fishes and, as such,
are effective flagship species for the conservation of threatened habitats (Shokri et al. 2009, Vincent
et al. 2011). Yet, many species are harvested for use in traditional Chinese medicine and as curios,
caught as by-catch in industrial and artisanal fisheries, and threatened by habitat loss (Pollom et al.
2021). Unfortunately, little is known about the biology and ecology of the majority of syngnathid
species, and this is especially true of those inhabiting the waters of sub-Saharan Africa and adjacent
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islands. If syngnathid populations in sub-Saharan Africa and adjacent islands are to be conserved
and sustainably managed, a better understanding of the status of this group of fishes is needed.
Available data on the diversity, distribution, threats and conservation status of syngnathids in this
region are scattered and need to be synthesized to provide a current overview, which will help iden-
tify research and conservation priorities.

Syngnathids, comprising over 300 species in 57 genera, are widely distributed in temperate
and tropical habitats, predominantly among shallow coastal areas of the Atlantic and Indo-Pacific
Oceans, including soft sediment habitats, seagrass beds, estuaries, coral and rocky reefs, and
mangroves (Foster & Vincent 2004, Kuiter 2009). Members of this family are uniquely charac-
terised by male pregnancy, cryptic morphology and behaviour, and a fused jaw that allows for
suction feeding. All 45 extant species of seahorses currently belong to the genus Hippocampus
(IUCN 2021). There are over 300 species of pipefish in 50 genera, with only three species of
seadragon in two genera and eight species of pipehorse in four genera (IUCN 2021). Seahorses
are found between latitudes 50° north and 50° south (Lourie et al. 2004, 2016), pipefish occur
circumglobally in nearshore habitats (Dawson 1985), whilst seadragons are confined to southern
Australia (Stiller et al. 2015). Pipehorses are less commonly observed and occur in both the
Atlantic and Indo-Pacific, including in the western Indian Ocean (Dawson 1985, Kuiter 2004,
2009). Mitochondrial and nuclear sequence data from a broad diversity of syngnathid genera
strongly support the geographic origin of the seahorse genus Hippocampus in the Indo-Pacific
and its sister clades as a grouping of morphologically diverse Indo-Pacific genera, including the
Indo-Pacific pygmy pipehorses (Hamilton et al. 2017). The data also revealed speciose clades
that originated in southern Australia and the western Atlantic, with no large clades originating in
Africa (Hamilton et al. 2017).

Syngnathids are generally found in complex habitats that provide suitable cover and pro-
tection from predators. The habitats include seagrasses (e.g. Choo & Liew 2003, Dias & Rosa
2003, MasonlJones et al. 2010, Choi et al. 2012, Filiz & Taskawak 2012, Correia et al. 2015a,
Otero-Ferrer et al. 2015, Manning et al. 2018), algal beds (e.g. Moreau & Vincent 2004, Curtis
& Vincent 2005), mangroves (e.g. Dias & Rosa 2003), muck habitats (de Brauwer & Burton
2018) and coral reefs (Marcus et al. 2007, Vincent et al. 2011). In addition to protection against
predators, the availability of holdfasts (structures that a seahorse is able to curl its tail around for
support) is a critical component in seahorse habitats. Various studies have found that seahorse
presence and abundance are positively associated with the number of available holdfasts (Curtis
& Vincent 2005, Aylesworth et al. 2015, Lazic et al. 2018). A decrease in available holdfasts has
been linked to population declines of the long-snouted seahorse, Hippocampus guttulatus, in
the Ria Formosa, Portugal (Correia et al. 2015a), as well as White’s seahorse, H. whitei, in Port
Stephens, Australia (Harasti 2016). In addition to natural habitats, many syngnathids use, and in
some instances even prefer, artificial structures (Dias & Rosa 2003, Correia et al. 2015b, Gristina
et al. 2015, Otero-Ferrer et al. 2015, Lazic et al. 2018), such as wall- and mattress-type gabions
(Claassens 2016, Munro 2017, Claassens et al. 2018), swimming nets (Harasti et al. 2010) as well
as structures specifically designed for seahorse conservation, e.g. ‘seahorse hotels” (Simpson
et al. 2019, 2020).

Estuaries are particularly important coastal systems for some syngnathids (Rosa et al. 2007,
MasonJones et al. 2010, Aylesworth et al. 2015, Whitfield et al. 2017). According to Lourie et al.
(2016), the Knysna seahorse Hippocampus capensis is the only known true estuarine seahorse
species, found in only three South African estuaries (Bell et al. 2003, Lockyear et al. 2006).
However, H. whitei also occurs exclusively in estuarine habitats in eastern Australia, including
Sydney Harbour and Port Stephens, New South Wales and Moreton Bay, Queensland (Harasti
et al. 2012, Short et al. 2019). Members of the Indo-Pacific Hippichthys move between rivers and
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estuaries (Dawson 1985, Ishihara & Tachihara 2009, Lim et al. 2011, Paller et al. 2011, Jayaneththi
et al. 2014, Moore et al. 2014), whilst pipefish in the west African genus Enneacampus occur
exclusively in freshwater systems (Dawson 1985).

Syngnathids are vulnerable to anthropogenic impacts because they occur in shallow, coastal sys-
tems and within threatened habitats (Lim et al. 2011, Vincent et al. 2011). In addition, syngnathids
have various characteristics (uneven distribution, low mobility, small home-ranges, monogamy and
low fecundity) that leave them susceptible to habitat destruction and overexploitation (Foster &
Vincent 2004, Lim et al. 2011, Vincent et al. 2011). Within the Syngnathidae, research examining
threats has been biased towards seahorses (Foster & Vincent 2004, Vincent et al. 2011), and only
species of Hippocampus is listed in CITES Appendix II (Vincent et al. 2013, Foster et al. 2016).
Regardless of this bias, many threats faced by seahorses also apply to pipefish, pipehorses and
seadragons, as these groups are found in similar habitats to seahorses and are used for similar pur-
poses by humans (Martin-Smith & Vincent 2006, Lim et al. 2011, Vincent et al. 2011). The three
most important anthropogenic threats to syngnathids are as follows: overexploitation by targeted
fisheries, incidental capture in non-selective fishing gear (by-catch) and habitat degradation and loss
(Martin-Smith & Vincent 2006, Lim et al. 2011, Vincent et al. 2011, Harasti 2016).

The overarching aim of this review is to evaluate the current state of knowledge of syngnathids
in sub-Saharan Africa and adjacent islands. Here, all available literature on southern African syn-
gnathids and adjacent islands has been collated to investigate research effort and focus across this
part of the African continent. This is followed by a detailed review of syngnathid diversity in sub-
Saharan Africa and adjacent islands to verify occurrence records and distributions. Ecological
information on syngnathids within the region is synthesized on habitat use, life histories, reproduc-
tion, feeding and predation, and behaviour. Major threats and conservation actions will be reviewed
within an African context. Lastly, research gaps and future priorities for African syngnathids will
be identified.

Geographic scope and literature review

Whilst the focus of this review is on sub-Saharan African syngnathids, we have extended
the geographic boundaries north of the equator to include countries located south of Western
Sahara on the Atlantic coast, and south of Somalia on the Indian Ocean coast. In addition, sev-
eral neighbouring western Indian Ocean islands (Europa, Madagascar, Réunion, Mauritius,
Seychelles, Comoros and Zanzibar) are also covered. Many syngnathid species that occur in the
Mediterranean Sea and the Red Sea range across Europe (with a suite of resources and informa-
tion available on these species), and to maintain the focus on Africa, those countries bordering
the Red Sea and the Mediterranean Sea were excluded from this review. Most of the area under
review lies within the tropics and subtropics. However, around the coast of South Africa, there
are four distinct biogeographic regions: a tropical north-east region on the east coast close to the
border with Mozambique; a subtropical east coast; a warm temperate south coast; and the cold
temperate west coast that extends into Namibia.

Extent and type of syngnathid research

To determine the geographic extent and type of research on syngnathids in southern Africa, a
literature search using online databases was conducted that included specific syngnathid-focused
search terms including generic, species and common names, as well as more general marine-related
searches. Key word searches were also conducted using Google Scholar and Rhodes University
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Library Catalogue searching words such as “syngnathids”, “seahorse”, “pipefish”, “pipehorse”,
“estuary” as well as variations of these words. The literature search was focused on research from
sub-Saharan Africa and adjacent islands, syngnathid ecology, reproduction, conservation and tax-
onomy, in which the literary sources included both peer-reviewed articles and grey literature. In
addition to sub-Saharan African-focused research, general searches were conducted on those syn-
gnathid species that are found in Africa, but also occur in other regions globally.

Scuba divers and citizen scientists can provide important information on species diversity and
distributions, especially in areas where scientific research is limited, on social platforms designed for
observational input via photographic records of species and associated habitat. One such network,
iNaturalist (2021), is a social network for naturalists, citizen scientists and biologists and is built on
the concept of mapping and sharing observations of biodiversity across the globe. To gain a better
understanding of the distribution patterns of African syngnathids, the lead author created a project
entitled “Syngnathids of Africa” on iNaturalist (https://www.inaturalist.org/projects/syngnathids-
of-africa) with the aim of collating citizen science syngnathid observations from Africa. However,
such data do have limitations. For example, it is extremely difficult to identify many syngnathid
species correctly, both in situ and from photographs, owing to morphological similarities across
species and their cryptic nature. In addition, owing to the threatened status of many syngnathid spe-
cies, only general locality information is provided for most observations on iNaturalist.

A total of 147 scientific publications and unpublished reports, dating from 1900 to the present,
were found that referenced, recorded, listed or mentioned syngnathids in Africa, with a clear geo-
graphic bias to the south-eastern coast and in particular South Africa. The earliest publication found
was the description of Hippocampus capensis in 1900 (Boulenger 1900).

A similar pattern in terms of geographic focus was found for ecological publications that
included specific locality information. Various species descriptions and a detailed overview of
Indo-Pacific pipefish by Dawson (1985) provided extensive information on this group.

The majority of articles (71%) on syngnathids had an ecological focus (Ecological in Figure 1),
ranging from field surveys to genetics research; studies which targeted a specific syngnathid spe-
cies were only found for Hippocampus capensis and Syngnathus watermeyeri in South Africa, and
Hippocampus hippocampus and H. algiricus along the west coast of Africa. Only 41 publications
(28%) were exclusively focused on syngnathids, whilst the rest consisted of general fish surveys,
biodiversity assessments and species lists. Species lists (Lists in Figure 1) and reviews (Review
in Figure 1) mostly depend on other primary sources for the inclusion of syngnathid-related data
and were considered secondary sources. The remaining publications included species descrip-
tions (Figure 1) using specimens originating from sub-Saharan Africa and adjacent islands and
management-focused publications (Figure 1). The dependence on unverified historic sources can
lead to the perpetuation of misinformation, owing to incorrect species identification. For example,
in various reports (Cyrus 2001, Weerts & Cyrus 2002, Whitfield 2005, Kleynhans 2007, Perera
et al. 2011, Weerts et al. 2014, Mdiz-Tomé et al. 2018, Cutler et al. 2020), the pipefish Microphis
millepunctatus is mistakenly recorded as M. brachyurus, which does not occur in Africa (Dawson
1985). In addition, members of the pipefish genus Corythoichthys, as well as larval syngnathids,
are extremely difficult to identify to species. Misidentification to species level in these instances
is thus likely (Harris et al. 1999, Pattrick & Strydom 2008, Mwaluma et al. 2010, Jaonalison et al.
2016).

Hippocampus capensis, Syngnathus watermeyeri, S. temminckii and Hippichthys spicifer were
the species with the highest number of ecological publications, whilst Microphis millepunctatus
had the greatest number of records in species lists and reviews (Figure 1). Genetic research on syn-
gnathids in Africa is limited to a few studies from South Africa, mostly focused on Hippocampus
capensis and studies investigating the evolutionary history of Hippocampus spp. (Toeffie 2000,
Teske et al. 2003, 2004, 2005, Galbusera et al. 2007, Mkare et al. 2017, 2021), Syngnathus tem-
minckii and S. watermeyeri (Mwale et al. 2013).
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Figure 1 Number of publications relating to different species: publications are divided into ecological
research, species lists and reviews, and species descriptions using specimens that originated from Africa.
Note that one publication or report can provide a record for multiple species.

A total of 668 syngnathid observations were logged from the region on iNaturalist between April
2002 and March 2021. Of these records, 58% of observations were Research Grade (an observation
is considered to be “Research Grade” when the community agrees on species-level identification,
i.e. when more than two-thirds of identifiers agree on the identification) and 32% of species required
identification. The observations from iNaturalist provided data for Cameroon (Hippocampus algiri-
cus), which were not available in the published literature, as well as a first record for Halicampus
macrorhynchus in Kenya.

Diversity and biogeography

To determine the species richness of African syngnathids, data from the literature review, observa-
tions from iNaturalist and information provided by diving schools, divers and non-governmental
organisations (NGOs) were used. In addition, collection records from the South African Institute
of Aquatic Biodiversity (SAIAB), Grahamstown, and Iziko Museum, Cape Town, were reviewed.
High species richness, with a total of 63 species of syngnathids in 26 genera (Table 1), is
recorded in African waters (excluding the African countries bordering the Mediterranean and Red
Sea) and the nearby island countries and territories of Sdo Tomé and Principe, Zanzibar, Comoros,
Mayotte, Madagascar, Europa Island, Seychelles, Mauritius and Réunion Island. The total includes
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Table 1 All syngnathid species and the countries in which they are found within sub-Saharan

Africa and adjacent Indian Ocean islands

Species Country Reference
Acentronura tentaculata Giinther, 1870 Madagascar Dawson (1985), McKenna & Allen (2006),
Fricke et al. (2018)
Mozambique Smith (1963), Dawson (1985), De Boer et al.
(2001), Pereira (2008)
Kenya iNaturalist (2021)
Tanzania iNaturalist (2021)
Comoros Smith (1963)
Bryx analicarens (Duncker, 1915) Madagascar Fricke et al. (2018)
Seychelles Dawson (1985)
Zanzibar Dawson (1985)
Bulbonaricus brucei Dawson, 1984 Tanzania Dawson (1984a)
Bulbonaricus davaoensis (Herald, 1953) Kenya Dawson (1985)
Campichthys nanus (Dawson, 1977) Mozambique Dawson (1977a), Pereira (2008)
Choeroichthys brachysoma (Bleeker, 1855) Madagascar Fricke et al. (2018)
Mauritius Smith (1963), Arndt & Fricke (2019)
Réunion Letourneur et al. (2004), Fricke et al. (2009)
Choeroichthys sculptus (Giinther, 1870) Madagascar McKenna & Allen (2006), Weis et al. (2009),
Jaonalison et al. (2016), Fricke et al. (2018)
Mozambique Pereira (2000), De Boer et al. (2001), Pereira
(2008)
Réunion Letourneur et al. (2004), Fricke et al. (2009)
Choeroichthys smithi Dawson, 1976 Europa Island Fricke et al. (2013)
Madagascar McKenna & Allen (2006)
Mozambique Dawson (1985), Pereira (2008)
Corythoichthys amplexus Dawson & Kenya Huxham et al. (2008), Mwaluma et al. (2010)
Randall, 1975 Seychelles Dawson & Randall (1975), Dawson (1977b)
Zanzibar Tyler et al. (2009), Berkstrom et al. (2012)
Corythoichthys flavofasciatus (Riippell, Madagascar McKenna & Allen (2006), Jaonalison et al.
1838) (2016), Fricke et al. (2018)
Mauritius Arndt & Fricke (2019)
Mozambique Smith (1963), Gell & Whittington (2002),
Pereira (2008)
Réunion Letourneur et al. (2004), Fricke et al. (2009)
Zanzibar Smith (1963), Tyler et al. (2009), Berkstrom
et al. (2012), Kloiber (2013), Palmqvist (2013)
Kenya Smith (1963)
Seychelles Smith (1963)
Corythoichthys haematopterus East coast of Africa/ Dawson (1977b)
(Bleeker, 1851) Seychelles
Madagascar McKenna & Allen (2006), Fricke et al. (2018)
Mozambique Smith (1963), Gell & Whittington (2002),
Pereira (2008)
Mozambique Gell & Whittington (2002)
Seychelles Smith (1963)
Réunion Letourneur et al. (2004), Fricke et al. (2009)
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Table 1 (Continued) All syngnathid species and the countries in which they are found within

sub-Saharan Africa and adjacent Indian Ocean islands

Species Country Reference
Corythoichthys insularis Dawson, 1977 Comoros Dawson (1977b)
Corythoichthys intestinalis (Ramsay, 1881)  Madagascar Ory (2008)
Mozambique Fordyce (2016)
Corythoichthys schultzi Herald, 1953 Kenya Cowburn et al. (2018)
Mozambique Gell & Whittington (2002), Pereira (2008)
Réunion Letourneur et al. (2004), Fricke et al. (2009)
Seychelles Dawson (1977b)
Cosmocampus banneri (Herald & South Africa Dawson (1985)
Randall, 1972)
Cosmocampus darrosanus (Dawson & Madagascar McKenna & Allen (2006),
Randall, 1975) Fricke et al. (2018)
Mozambique Pereira (2008)
Cosmocampus retropinnis Dawson, 1982 Gambia Dawson (1982)
Cylix sp. South Africa G. Short, unpublished data.
Doryrhamphus bicarinatus Dawson, 1981 Madagascar Fricke et al. (2018)
Mauritius Arndt & Fricke (2019)
Mozambique Pereira (2008)
Réunion Fricke et al. (2009), Pinault et al. (2013)
South Africa Dawson (1981, 1985)
Doryrhamphus excisus Kaup, 1856 Kenya Cowburn et al. (2018)
Madagascar Fricke et al. (2018)
Mozambique Pereira (2000, 2008)
Réunion Letourneur et al. (2004)
Dunckerocampus boylei Kuiter, 1998 Mauritius Forget et al. (2020)
Seychelles Daly et al. (2018)
South Africa Kuiter (1998)
Dunckerocampus dactyliophorus South Africa Dawson (1985)
(Bleeker, 1853) Mozambique Fordyce (2016)
Dunckerocampus multiannulatus Mauritius Forget et al. (2020)
(Regan, 1903) Réunion Letourneur et al. (2004), Fricke et al. (2009),
Tea et al. (2020)
South Africa Dawson (1985)
Mauritius Smith (1963)
Enneacampus ansorgii (Boulenger, 1910) Angola Skelton (2019)
Enneacampus kaupi (Bleeker, 1863) Angola Skelton (2019)

Festucalex erythraeus (Gilbert, 1905)
Halicampus dunckeri (Chabanaud, 1929)

Cote d’Ivoire

Gabon

Western and central
African tropical
estuaries

Mozambique

Madagascar
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Kamelan et al. (2013)
Mamonekene et al. (2006)
Whitfield (2005)

Dawson (1977a), Pereira (2000), Pereira (2008)
Fricke et al. (2018)
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sub-Saharan Africa and adjacent Indian Ocean islands

All syngnathid species and the countries in which they are found within

Species Country Reference

Halicampus macrorhynchus Bamber, 1915 Kenya Ewout Knoester pers. comm., iNaturalist (2021)
Madagascar Alain Rassat pers. comm.

Halicampus mataafae Madagascar Fricke et al. (2018)

(Jordan & Seale, 1906) Mauritius Arndt & Fricke (2019)

Mozambique Pereira (2000, 2008)
Réunion Letourneur et al. (2004), Fricke et al. (2009)
South Africa Dawson (1985)

Halicampus zavorensis Dawson, 1984 Mozambique Dawson (1984b), Pereira (2008)

Halicampus boothae (Whitley, 1964) Kenya Dawson (1985)

Hippichthys cyanospilos (Bleeker, 1854) Eastern African tropical Whitfield (2005)

Hippichthys heptagonus Bleeker, 1849

Hippichthys spicifer (Riippell, 1838)

estuaries
Kenya
Madagascar
Madagascar and Indian
Ocean islands
Mauritius

Mozambique

South Africa
South Africa

South-eastern African
subtropical estuaries
and eastern African
tropical estuaries

Kenya

Kenya

Madagascar

Mauritius
Mozambique
South Africa

South-eastern African
warm-temperate
estuaries and
south-eastern African
subtropical and eastern
African tropical
estuaries

Mozambique
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Okeyo (1998), Crona & Ronnbick (2007)
McKenna & Allen (20006), Fricke et al. (2018)
Miiz-Tomé et al. (2018)

Arndt & Fricke (2019)

Dawson (1985), De Boer et al. (2001), Pereira
(2008)

Forbes et al. (2013), Van Niekerk et al. (2019a)

Dawson (1985), Skelton et al. (1989), Harris
et al. (1995, 1999), Van Niekerk et al. (2019a)

Teugels et al. (1994), Whitfield (2005)

Dawson (1985)

Van der Velde et al. (1995), Seegers et al.
(2003), Mirriam (2010)

Smith (1963), Fricke et al. (2018), Maiz-Tomé
etal. (2018)

Arndt & Fricke (2019)

Pereira (2008)

Cyrus & McLean (1996), Mbande (2003),
Harrison & Whitfield (2006), O’Brien et al.
(2009), Forbes et al. (2013), Van Niekerk et al.
(2019a)

Teugels et al. (1994), Whitfield (2005)

Smith (1963)
(Continued)
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Table 1 (Continued) All syngnathid species and the countries in which they are found within
sub-Saharan Africa and adjacent Indian Ocean islands

Species Country Reference
Tanzania Smith (1963), Mwandya et al. (2009),
Mwandya (2019)
Zanzibar Lugendo (2007), Berkstrom et al. (2012),
Palmqvist (2013)

Hippocampus borboniensis Duméril, 1870 ~ Madagascar Lourie et al. (2004), Fricke et al. (2018)
Mozambique Lourie et al. (2004), Pereira (2008), Warnell
et al. (2013), Fordyce (2016)
Réunion Smith (1963), Lourie et al. (2004), Fricke et al.
(2009)
Mauritius Lourie et al. (2004)
South Africa Lourie et al. (2004)
Tanzania Lourie et al. (2004), McPherson & Vincent
(2004)
Hippocampus camelopardalis Bianconi, Eastern African tropical Whitfield (2005)
1854 estuaries
Madagascar McKenna & Allen (20006), Fricke et al. (2018)
Mozambique Smith (1963), Almeida et al. (1999, 2001), De

Boer et al. (2001), Lourie et al. (2004), Teske
et al. (2004), Pereira (2008), Warnell et al.
(2013), Fordyce (2016)

Réunion Letourneur et al. (2004)

Mauritius Smith (1963)

Tanzania Lourie et al. (2004), McPherson & Vincent
(2004)

South Africa Lourie et al. (2004)

(Continued)
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Table 1 (Continued) All syngnathid species and the countries in which they are found within

sub-Saharan Africa and adjacent Indian Ocean islands

Species

Country

Reference

Hippocampus hippocampus (Linnaeus,
1758)

Hippocampus histrix Kaup, 1856

Hippocampus jayakari Boulenger, 1900
Hippocampus kelloggi Jordan & Snyder,
1901

Hippocampus kuda Bleeker, 1852

Senegal

The Gambia
Guinea
West Africa
Kenya

Mozambique

Réunion
Kenya
Zanzibar

South Africa
Tanzania
Mauritius
Réunion
Tanzania

Madagascar
Mozambique

South Africa
Zanzibar
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Lourie et al. (2004), West (2012), Cisneros-
Montemayor et al. (2016)

Cisneros-Montemayor et al. (2016)

Lourie et al. (2004)

Otero-Ferrer et al. (2017)

Van der Velde et al. (1995), McPherson &
Vincent (2004), Cowburn et al. (2018)

Almeida et al. (1999), Pereira (2000), Almeida
et al. (2001), Gell & Whittington (2002),
Pereira (2008), Warnell et al. (2013), Fordyce
(2016)

Letourneur et al. (2004)

McPherson & Vincent (2004)

Smith (1963), Lugendo (2007), Berkstrom et al.
(2012)

Lourie et al. (2004)

Lourie et al. (2004)

Lourie et al. (2004)

Fricke et al. (2009)

Lourie et al. (2004), Teske et al. (2005),
McPherson & Vincent (2004)

McKenna & Allen (2006)

Smith (1963), Almeida et al. (2001), Teske et
al. (2005), Pereira (2008), Warnell et al.
(2013), Fordyce (2016)

Teske et al. (2004, 2005)

Smith (1963)

(Continued)
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Table 1 (Continued) All syngnathid species and the countries in which they are found within
sub-Saharan Africa and adjacent Indian Ocean islands

Species Country Reference

Micrognathus andersonii (Bleeker, 1858) Kenya Sindorf et al. (2015), Cowburn et al. (2018)
Madagascar Dawson (1985), McKenna & Allen (2006),
Fricke et al. (2018)

Mozambique Pereira (2000, 2008)

Microphis argulus (Peters, 1855) Comoros Smith (1963), Dawson (1985)
Madagascar Dawson (1985), Fricke et al. (2018)
Microphis fluviatilis (Peters, 1852) Kenya Dawson (1985), Okeyo (1998), Seegers et al.
(2003)
Madagascar Dawson (1985), Fricke et al. (2018), Maiz-
Tomé et al. (2018)
Mozambique Smith (1963), Dawson (1985), Desai et al.
(2019)
South Africa Cyrus (2001), Weerts & Cyrus (2002), Kyle

(2002), Du Preez et al. (2007), Kleynhans
(2007), Perera et al. (2011), Weerts et al.
(2014), Evan (2017), Van Niekerk et al.

(2019a)
South-eastern African Whitfield (2005)
subtropical estuaries
and eastern African
tropical estuaries
Microphis leiaspis (Bleeker, 1854) Madagascar Smith (1963), Dawson (1985), Fricke et al.
(2018), Médiz-Tomé et al. (2018)
Microphis millepunctatus (Kaup, 1856) Réunion Dawson (1984c, 1985), Letourneur et al.
(2004), Fricke et al. (2009)
Gabon Cutler et al. (2020)
Madagascar Smith (1963), Dawson (1984c, 1985), Keith
(2002), Fricke et al. (2018), Mdiz-Tomé et al.
(2018)
Mauritius Dawson (1984c, 1985), Arndt & Fricke (2019)
Mozambique Pereira (2008)
Sdo Tomé Wirtz et al. (2007)

(Continued)
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sub-Saharan Africa and adjacent Indian Ocean islands

All syngnathid species and the countries in which they are found within

Species

Country

Reference

Nannocampus elegans Smith, 1953

Nannocampus pictus (Duncker, 1915)

Nerophis lumbriciformis (Jenyns, 1835)
Penetopteryx taeniocephalus Lunel, 1881

Phoxocampus belcheri (Kaup, 1856)

Siokunichthys breviceps Smith, 1963
Syngnathoides biaculeatus (Bloch, 1785)

South Africa

Kenya

South-eastern African
subtropical estuaries
and eastern African
tropical estuaries and
western and central
African tropical
estuaries

Mozambique

South Africa

Mauritius
Mozambique
South Africa
Réunion
Western Sahara
Madagascar

Mozambique
Mauritius
Réunion
Madagascar
Mauritius
Kenya
Mozambique
Zanzibar
Mafia Island
Seychelles
Mozambique
Kenya

Madagascar

Mozambique

Eastern African tropical
estuaries
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Cyrus (2001), Weerts & Cyrus (2002), Perera et
al. (2011), Kleynhans (2007), Weerts et al.
(2014), Evan (2017), Van Niekerk et al.
(2019a)

Dawson (1985)

Whitfield (2005)

Smith (1963), Pereira (2000, 2008)

Smith (1963), Christensen & Winterbottom
(1981), Bennett (1987), Pattrick & Strydom
(2008)

Arndt & Fricke (2019)

Pereira (2000, 2008)

Dawson (1985)

Letourneur et al. (2004), Fricke et al. (2009)

Dawson (1986a)

Dawson (1985), McKenna & Allen (2006),
Fricke et al. (2018)

Pereira (2008)

Smith (1963)

Letourneur et al. (2004)

McKenna & Allen (2006), Fricke et al. (2018)

Arndt & Fricke (2019)

Dawson (1985), Smith (1963)

Smith (1963), Pereira (2000)

Smith (1963)

Smith (1963)

Smith (1963)

Smith (1963), Dawson (1985), Pereira (2008)

Van der Velde et al. (1995), Crona & Ronnbéck
(2007), Mirriam (2010), Gajdzik et al. (2014)

McKenna & Allen (2006), Fricke et al. (2018)

Smith (1963), Almeida et al. (1999, 2001), Gell
& Whittington (2002), Pereira (2008)

Whitfield (2005)

(Continued)
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Table 1 (Continued) All syngnathid species and the countries in which they are found within
sub-Saharan Africa and adjacent Indian Ocean islands

Species Country Reference
Comoros Smith (1963)
Seychelles Smith (1963)
Zanzibar Lugendo (2007), Berkstrom et al. (2012)

Syngnathus acus Linnaeus, 1758 Western Sahara Dawson (1986)

Trachyrhamphus bicoarctatus (Bleeker, 1857) East Africa Dawson (1985)
Madagascar Dawson (1985), McKenna & Allen (2006),
Weis et al. (2009), Fricke et al. (2018)
Mozambique Almeida et al. (1999), Pereira (2000, 2008),
Fordyce (2016)
Réunion Letourneur et al. (2004), Fricke et al. (2009)
Mauritius Dawson (1985)
South Africa Dawson (1985)
Zanzibar Nordlund et al. (2013)
Trachyrhamphus longirostris Kaup, 1856 Zanzibar Dawson (1985)
Madagascar Dawson (1985)

Species highlighted in grey are endemic either to a specific country or to the region.
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11 species of seahorses, 50 pipefish and two pygmy pipehorse (Table 1). The syngnathids occurring
in Africa represent 40% and 20% of the world’s known genera and species, respectively. Countries
with the highest number of syngnathid species are located along the south-east African coast and
include South Africa, Mozambique, Tanzania and Madagascar, with a total of 40 species (Figure 2).
Countries with nine syngnathid species or more include Seychelles, Mauritius, Réunion, Tanzania,
Kenya, South Africa, Madagascar and Mozambique. In contrast, the lowest numbers of syngnathid
species per country occur mostly along the west African coast, including Namibia, Benin, Ghana
and Liberia, and in Europa Island in the Mozambique Channel off the east African coast, with
only one species recorded in each of these countries (Figure 2). When considering the number of
syngnathid species per kilometre of coastline, east African countries dominate. An exception to
this trend is The Gambia on the west coast, which has the fourth highest species density out of 23
countries (Figure 2).

South Africa currently exhibits a high degree of endemism, which may be due to higher research
efforts in the country, relative to all other African countries that were reviewed (Table 1). This ende-
mism comprises 4 out of 63 species of syngnathids occurring nowhere else in Africa: the temperate
Hippocampus capensis and Syngnathus watermeyeri, and two new tropical species from Sodwana
Bay, a pygmy pipehorse belonging to the new genus Cylix (Short, unpublished data; https:/www.
inaturalist.org/observations/11120680) and the pygmy seahorse Hippocampus nalu (Short et al.
2020, https://www.inaturalist.org/observations/31815098). The two new species of syngnathids
from Sodwana Bay are remarkable for South African syngnathid endemism and overall African
syngnathid biodiversity in that they were the first newly described species since Syngnathus water-
meyeri in 1963 (Smith 1963). Other single-country endemics include Bulbonaricus brucei from
Tanzania, Campichthys nanus from Mozambique, and Hippocampus tyro from the Seychelles, all
of which are currently found nowhere else in eastern Africa and offshore islands.

African syngnathid endemicity can be also be assessed regionally on a broader scale with
respect to marine provinces and ecoregions. For example, the pipefish Choeroichthys smithi
has been recorded only in Réunion Island, Mauritius, the Seychelles, Madagascar, Tanzania,
Mozambique and South Africa, yet this range spans the subtropical-tropical Agulhas and western
Indian Ocean marine provinces in eastern Africa (Table 1; Spalding et al. 2007). Similarly, the
pipefish Doryrhamphus bicarinatus, Microphis millepunctatus, M. fluviatilis and Nannocampus
elegans have all been recorded in eastern Africa and nowhere else in the Indo-Pacific (Table 1).
Additionally, the seahorse Hippocampus algiricus and the freshwater pipefish Enneacampus ans-
orgii, E. kaupi and Microphis aculeatus occur only in the western Africa and Gulf of Guinea
provinces (Spalding et al. 2007) in the tropical eastern Atlantic (Table 1). In contrast, the temperate
pipefish Syngnathus temminckii occurs only in the temperate marine environments of Namibia and
South Africa.

Seahorses

Eleven species of seahorses are recorded in sub-Saharan Africa and adjacent islands, three of which
are endemic to Africa, including Hippocampus algiricus, H. capensis and H. nalu (Table 1). The
West African H. algiricus occurs from north to south in the following eastern Atlantic countries: the
Canary Islands (Spain), Senegal, The Gambia, Guinea, Sierra Leone, Liberia, Ivory Coast, Ghana,
Benin, Nigeria, Sao Tomé and Principe and Angola. The Knysna seahorse H. capensis is endemic
to the temperate south coast of South Africa, where it has been recorded from three estuaries:
Keurbooms, Knysna and Swartvlei estuaries (Bell et al. 2003, Lockyear et al. 2006). Lastly, H.
nalu is the first recorded species of pygmy seahorse for continental Africa and is currently known
only from Sodwana Bay in KwaZulu-Natal, South Africa (Short et al. 2020). This species, however,
may occur further north into Mozambique and Tanzania, and further ichthyofaunal surveys, diver
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observations and a better understanding of the distribution of sandy coral reefs, which it inhabits,
are needed.

The broadly distributed Indo-Pacific species, H. histrix, H. kelloggi, H. kuda and H. jayakari,
have been recorded in South Africa, Mozambique, Madagascar, Mauritius, Tanzania and Kenya
(Table 1) (Lourie et al. 2004). The exception is H. hippocampus, which has a distribution that
includes the Mediterranean, British Isles, Wadden Sea, the Gulf of Guinea, the Azores and the
Canary Islands. The Réunion seahorse H. borboniensis and the giraffe seahorse H. cameloparda-
lis exhibit a regional East African distribution that covers South Africa, Mozambique, Tanzania,
Madagascar, Mauritius and Réunion Island (Table 1); however, new distributional records for these
seahorses in Indian waters have recently been published (Krishnan et al. 2011, Subburaman et al.
2014). The description of H. borboniensis was based on seven individuals taken as by-catch from
the Gulf of Mannar, India, indicating that there may be a local breeding population of this species.
In contrast, the description of H. camelopardalis is based on the occurrence of a single specimen
collected in fishing by-catch in the vicinity of the Mithapur reef in the Gulf of Kachchh Marine
National Park, Gujarat, India (Subburaman et al. 2014). The collected individual is presumed to
have drifted in the prevailing equatorial currents to the eastern Arabian Sea (Subburaman et al.
2014).

In a revision of the genus Hippocampus, H. borboniensis has been synonymised with H. kuda
due to a lack of distinguishable morphological, genetic or geographic differences (Lourie et al.
2016). However, we find the results of the revisional study inconclusive as preliminary examinations
of specimens of H. borboniensis and H. kuda by Graham Short and Louw Claassens revealed sev-
eral morphological differences in the presence of diagnostic characters of the eye and snout spines.
Similarly, the partial cytochrome c oxidase subunit I (COI) DNA sequences generated from the
single individual of H. borboniensis, which were sourced from the Barcode of Life Data (BOLD)
and used to calculate genetic divergences in the study, were also examined by the co-authors and
deemed to be of low quality due to messy chromatogram data. Therefore, it appeared that the low-
quality DNA sequences were not suitable for meaningful genetic analyses. A phylogenomic study of
the family Syngnathidae based on next-generation sequencing of ultra-conserved elements (UCE) is
currently underway, and the results strongly support H. borboniensis as a distinct evolutionary unit
from H. kuda (Josefin Stiller pers. comm.).

Several seahorse specimens collected in Mozambique and South Africa between 1954 and 1989,
and housed in the fish collections at the South African Institute for Aquatic Biodiversity (SAIAB),
have been identified as H. whitei, the south-west Pacific seahorse endemic to New South Wales and
Queensland, Australia (Short et al. 2019) (catalogue numbers 5631, 12285, 12286, 12287 and 36140,
and identified as H. novaehollandae or H. whitei). However, this species designation has often been
given to members of Hippocampus of unknown identity at the time based on superficial similarity
in appearance to H. whitei, including H. camelopardalis in Mozambique and South Africa, H. kel-
loggi in Papua New Guinea and Solomon Islands, and H. breviceps in South Australia (Lourie et
al. 2016).

Pipefishes

Fifty species of pipefish are recorded in Africa, eight of which are endemic to western, south-
ern and eastern Africa, respectively (Table 1): the freshwater pipefishes Enneacampus ansor-
gii and E. kaupi, and the brackish water pipefish Microphis aculeatus from western Africa;
the obligate Galaxea sp. coral dweller Bulbonaricus brucei from Tanzania; Campichthys
nanus from Mozambique; Nannocampus elegans from Mozambique and South Africa; and
the temperate estuarine pipefishes Syngnathus temminckii and S. watermeyeri from Namibia
and South Africa. The distribution records of Pereira (2008) and Mwaluma et al. (2010)
that record S. temminckii in Mozambique and Kenya, respectively, are probably based on
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misidentification, as this is a temperate species. The non-endemic pipefish species listed in
Table 1 have an Indo-Pacific distribution and have been recorded in eastern Africa, includ-
ing Kenya, Madagascar, Mozambique, Mauritius, Réunion, Seychelles and South Africa. The
exceptions are Nerophis lumbriciformis, a species recorded in Western Sahara, and in the
north-eastern Atlantic, the Baltic, Mediterranean and Black Seas (Dawson 1986a, 1986b); and
Syngnathus acus, which is recorded in Western Sahara and in the eastern Atlantic (British
Isles, Norway, and the Faroe Islands) (Dawson 1986a). The wide-ranging coral rubble- and
sand-associated Indo-Pacific winged pipefish, Halicampus macrorhynchus, has recently (2020)
been recorded in south-eastern Kenya and Madagascar (Alain Rassat, pers. comm., Ewout
Knoester, pers. comm., https://www.inaturalist.org/observations/41930021, https://www.inatu-
ralist.org/observations/81180257).

Some taxonomic authorities show the distributions of Syngnathus acus extending into Namibia
and South Africa (Dawson 1985, 1986a, Kuiter 2009); however, recent studies revealed that S. acus
is replaced by the temperate S. temminckii in these countries (Mwale et al. 2013). Morphological
data show that S. femminckii is distinct from the broadly distributed European pipefish S. acus,
and a molecular phylogeny reconstructed using mitochondrial DNA recovered S. temminckii and
S. watermeyeri as sister taxa to the North Atlantic members of Syngnathus (Mwale et al. 2013).
Similarly, the flagtail pipefish, Doryrhamphus bicarinatus, which occurs in Mozambique, South
Africa and Réunion Island, was recorded in the Maldives (Anderson et al. 1998) with identifica-
tion based on meristic and diagnostic characters of the snout spine of one individual. However,
we regard the individual of flagtail pipefish observed in the Maldives as an undescribed species
of Doryrhamphus. Although morphologically similar to D. bicarinatus in meristic characters and
the number and placement of spines present on the snout, it has a colour pattern on the tail that is
highly distinct from that observed in D. bicarinatus from South Africa (Dawson 1981, 1985). The
distinct coloration patterns present on the tail in members of Doryrhamphus appear to distinguish
populations with large genetic distances among them throughout the Indo-Pacific (Dawson 1981,
Lessios & Robertson 2016, Rudie Kuiter 2020 pers. comm.). Therefore, we retain D. bicarinatus as
a regional eastern African species.

Pygmy pipehorses

Only one species of pygmy pipehorse has been definitively identified in African waters, the Indo-
Pacific Acentronura tentaculata, which has been recorded in Kenya, Madagascar, Mozambique,
South Africa and Tanzania (Table 1). Observations of an undescribed species, provisionally iden-
tified as a member of Hippocampus, were recorded in Sodwana Bay, South Africa, in 2009 on
iNaturalist.org (https:/www.inaturalist.org/observations/11120680, https://www.inaturalist.org/
observations/11120683). Subsequently, further examinations of preserved specimens by the co-
authors placed them in the genus Cylix, which has recently been described from New Zealand
(Short & Trnski 2021). Pygmy pipehorses superficially resemble seahorses and share many mor-
phological synapomorphies, including the head at an angle to the body axis, fully enclosed brood
pouch and prehensile tail, and hence are often misidentified as seahorses by recreational scuba
divers. There are currently eight described species of pygmy pipehorses that occur in the Indo-
Pacific in the genera Acentronura, Cylix, Idiotropiscis and Kyonemichthys (Short & Trnski 2021).
It therefore seems a matter of time before new genera and species are discovered in eastern and
southern Africa.

Ecology

Data from the literature search and information from diving schools, divers and NGOs across Africa
were used to review the ecology of African syngnathids. iSeahorse, a seahorse-focused citizen
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science initiative developed by Project Seahorse, is available from within iNaturalist and provides
an opportunity to log additional ecological data with a seahorse record, such as depth, abundance
and habitat. Empirical data from field surveys conducted by the lead author are also included.

Habitats

Most syngnathids occurring in sub-Saharan Africa and adjacent islands inhabit shallow coastal
environments in water depths of 1-30m (Table 2), and several species are recorded from inter-
tidal rock pools, such as Micrognathus andersonii (Sindorf et al. 2015, Cowburn et al. 2018),
Nannocampus elegans (Christensen & Winterbottom 1981), N. pictus (Brian Sellick pers. comm.),
Cosmocampus darrosanus (Dawson 1985), Choeroichthys sculptus (Fricke et al. 2009), C. smithi
(Fricke et al. 2009, 2013), Doryrhamphus bicarinatus (Fricke et al. 2009), Halicampus zavorensis
(Adrian Pearton pers. comm.) and Phoxocampus belcheri (Arndt & Fricke 2019).

Some species are known to occur in deeper, offshore environments: Hippocampus algiricus
(West 2012), Syngnathus acus (Dawson 1986), Hippocampus tyro (only known from a dredged
sample at 48 m depth, Randall & Lourie 2009), Trachyrhamphus longirostris (Dawson 1985) and
Dunckerocampus multiannulatus recorded at 80-90 m depth on mesophotic reefs at Réunion (Tea
et al. 2020), although these species also occur in shallow coastal environments. Dunckerocampus
multiannulatus has also been observed in caves in reef habitats in South Africa at 25m and in
Madagascar at 16m (Brian Sellick pers. comm., Adrian Payton pers. comm., Alain Rassat pers.
comm.). Kuiter (1998) concluded that D. boylei, a sister species to D. multiannulatus, only occurs in
depths greater than 25 m. However, Daly et al. (2018) recorded the first observation of this species in
the Seychelles at 18 m. Furthermore, a study on fish aggregation device (FAD) arrays in the western
Indian Ocean recorded these two species together on a FAD in Mauritius at a depth of 15m (Forget
et al. 2020). It should be noted; however, it is difficult to distinguish between these two species, and
there is a possibility that the fish were misidentified.

The majority (61%) of syngnathids (39 species) that occur in sub-Saharan Africa and adja-
cent islands inhabit shallow reef habitats, ranging from smooth volcanic reefs (Pinault et al. 2013)
to coral rubble and boulders (Dawson 1985, Fricke et al. 2009, Mwaluma et al. 2010). In most
instances, syngnathids are found in complex habitats, although some species occur in less complex
habitats such as sandy or muddy bottoms (Goran & Spanier 1985, Golani & Lerner 2007, Ali et al.
2020). Hippocampus histrix, in particular, is commonly found in sandy habitats with sparse coral,
sponge and sea pen cover (Adrian Pearton pers. comm., Alain Rassat pers. comm., Ewout Knoester
pers. comm.).

Limited information is available on habitat specialisation by African species. The type speci-
mens of Bulbonaricus brucei were collected from the coral Galaxea astreata in Tanzania (Dawson
1984a), and species in this genus are known to live in obligate associations with dendrophyllid cor-
als, including those of the genus Galaxea, which provide refuge from predators (Araki et al. 2020).
Bulbonaricus brucei is, however, only known from its type specimen, and no published observa-
tions of this species could be found other than its initial description in 1971. Corythoichthys flavo-
Jasciatus has been recorded associating with the corals Acropora formosa, A. pulchra, Echinopora
mammiformis and Heliopora coerulea in the Indo-Pacific; it seems likely that this species inhabits
similar habitats in Africa (Coker et al. 2014).

Seagrass is another important habitat for African syngnathids, with 15 species recorded in
seagrass beds along the east African coast (Van der Velde et al. 1995, Almeida et al. 2001, De
Boer et al. 2001, Gell & Whittington 2002, Bell et al. 2003, Vorwerk et al. 2007, Fricke et al. 20009,
Mwaluma et al. 2010, Berkstrom et al. 2012, West 2012) (Table 2). Species that depend on seagrass
habitat consequently occur in areas suitable for development of seagrass beds, especially in bays and
estuaries (De Boer et al. 2001, Gell & Whittington 2002, Weerts & Cyrus 2002, Mamonekene et al.
2006, Lugendo 2007, Mwandya et al. 2009, Palmqvist 2013, Mwandya 2019). For some species,
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submerged vegetation is essential for their occurrence. For example, Syngnathus watermeyeri is
dependent on available submerged vegetation habitats, such as Ruppia cirrhosa (Sheppard et al.
2011).

Only two species, Hippocampus capensis and Syngnathus watermeyeri, are found exclusively
in estuaries along the south coast of South Africa (Bell et al. 2003, Lockyear et al. 2006, Vorwerk
et al. 2007, Whitfield et al. 2017). Estuarine species can withstand high variability of environmen-
tal conditions, specifically salinity. For example, Hippocampus capensis can tolerate salinities of
1-59 on the Practical Salinity Scale (Riley 1986). At least six estuarine species occur in mangroves
along the east coast and adjacent islands of Africa (H. histrix, H. kuda, Choeroichthys sculptus, C.
amplexus, Hippichthys spicifer and Microphis aculeatus) (Van Der Velde et al. 1995, De Boer et al.
2001, Crona & Ronnbéck 2007, Lugendo 2007, Huxham et al. 2008, Mwandya et al. 2009, Weis
et al. 2009, Mirriam 2010, Berkstrom et al. 2012, Mwandya 2019).

Several species, such as Enneacampus spp., Microphis spp. and Hippichthys spp., move up into
rivers from estuaries (Skelton et al. 1989, Okeyo 1998, Weerts & Cyrus 2002, Seegers et al. 2003,
Harrison & Whitfield 2006, Crona & Ronnbick 2007, Fricke et al. 2009). Hippichthys cyanospi-
los, H. spicifer and Microphis leiaspis are amphidromous, and adults of these species are usually
associated with freshwater streams and estuaries across the Indo-Pacific (Milton 2009). The migra-
tory seasons for these species are not known, but migration is likely to be timed with wet and dry
seasons (Milton 2009). Members of the genera Enneacampus and Microphis are truly freshwater
species and occur in inland river systems in Kenya, Benin, Republic of the Congo, Lower Guinea
and Angola (Okeyo 1998, Seegers et al. 2003, Adite et al. 2013, Walsh et al. 2014, Skelton 2019).

Many syngnathids, particularly seahorses, have been found globally to use artificial structures
(Harasti et al. 2010, Gristina et al. 2015, Correia et al. 2015b, Otero-Ferrer et al. 2015, Claassens
2016, Gristina et al. 2016, Claassens & Hodgson 2018b). In some instances, artificial structures
have been used for the conservation of syngnathid species (Hellyer et al. 2011, Correia et al. 2013,
Simpson et al. 2020), and two species of seahorses (Hippocampus capensis and H. whitei) have been
found to actively choose artificial habitat (seahorse hotels and Reno Mattresses) over natural sea-
grass habitats (Claassens et al. 2018, Simpson et al. 2019). In Mozambique, Doryrhamphus bicari-
natus inhabits concrete blocks deployed as artificial reefs in seagrass habitats (Louw Claassens
unpublished data), and both Dunckerocampus boylei and D. multiannulatus were found on rigid
buoys used as FAD structures in Mauritius (Forget et al. 2020), as well as on the legs of oil rigs in
the Red Sea (Rilov & Benayahu 1998).

Population parameters

Limited data are available on syngnathid populations in sub-Saharan Africa and adjacent islands
(Table 3). Since most ichthyological studies have not been specifically designed to focus on syn-
gnathids, sampling approaches and equipment utilised may not have been effective in detecting
them. Abundance and density data for syngnathids in the region are therefore probably underesti-
mates owing to the non-targeted nature of most of the research. Approaches used in the studies that
recorded syngnathids include various netting methods (seine nets, fyke nets, trawl nets and plank-
ton nets) (Whitfield 1989, Harris et al. 1995, 1999, Almeida et al. 2001, Lugendo 2007, Vorwerk
et al. 2007, Pattrick & Strydom 2008, O’Brien et al. 2009, Mirriam 2010, Mwaluma et al. 2010,
Ntshudisane et al. 2021), light trapping (Jaonalison et al. 2016) and underwater visual surveys (Van
Der Velde et al. 1995, Bell et al. 2003, Lockyear et al. 2006, Ory 2008, Pinault et al. 2013, Claassens
& Hodgson 2018b, Daly et al. 2018, Forget et al. 2020) (Table 3).

Local population information exists for 37% (22 species) of African syngnathid species with
seine netting being the most frequently used survey method. The most available population abun-
dance data are for Syngnathus temminckii with a total of 20 studies, followed by Hippocampus
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capensis with nine studies. Studies on Syngnathus temminckii were, however, mostly part of gen-
eral fish surveys, conducted once off and using seine nets. In contrast, the population studies on
Hippocampus capensis were conducted using underwater visual surveys (Bell et al. 2003, Lockyear
et al. 2006, Claassens & Hodgson 2018b) and on a monthly basis (Claassens 2016, Claassens &
Hodgson 2018b, Claassens & Harasti 2020). A comparison of population data across studies, even
for the same species, is difficult owing to the different approaches, methods and the sampling effort
used during sampling (Table 3).

Most syngnathids have small home-ranges (Vincent & Giles 2003, Harasti et al. 2014). For
example, in the only research investigating home-ranges for syngnathids in sub-Saharan Africa
and adjacent islands, individuals of H. capensis were found to move an average of only Sm over a
13-month period (Claassens & Harasti 2020). Small home-ranges and a limited ability to disperse
can increase the vulnerability of syngnathid populations. For example, a major flood event in the
Kleinemonde East estuary, South Africa, in 2003, resulted in the local extinction of Syngnathus
watermeyeri in this estuary (Cowley & Whitfield 2001, Sheppard et al. 2011, Whitfield et al. 2017).

Syngnathids usually disperse as juveniles, with the duration of the juvenile stage dependent on
the species (Kendrick & Hyndes 2003, Bertola et al. 2020). Whitfield (1989) observed high numbers
of juvenile Hippocampus capensis and Syngnathus temminckii wash in and out of the Swartvlei
estuary in South Africa, most likely as a means of dispersal. Another mode of dispersion is by
attaching to drifting algae (Howard & Koehn 1985, Teske et al. 2005, Kuiter 2009). Choeroichthys
sculptus, Hippichthys cyanospilos, H. spicifer, Micrognathus andersonii, Hippocampus kuda,
Syngnathoides biaculeatus, Trachyrhamphus bicoarctatus and T. longirostris have all been associ-
ated with drifting algae (including Sargassum spp.) in Japan (Ohta & Tachihara 2004, Nishida et al.
2008), and it is possible that these species also use drifting algae as a means to disperse in African
waters.

Life History

There is a dearth of data on the reproductive ecology of syngnathids within African waters. Most
information is from studies in South Africa that have focused on the breeding ecology and behav-
iour of Hippocampus capensis (Grange & Cretchley 1995, Lockyear et al. 1997), Syngnathus tem-
minckii and S. watermeyeri (Mwale et al. 2014, Whitfield et al. 2017). Syngnathus watermeyeri
has low fecundity with small brood sizes (about 44 embryos per male; Whitfield 1995b), whereas
S. temminckii has high fecundity and larger brood sizes (200-500 eggs in a brood pouch; Branch
1966, Mwale et al. 2014, Whitfield et al. 2017). These differences in reproduction are probably one
of the reasons for the differences in vulnerability between these two species (Whitfield et al. 2017).
The number of offspring produced by Hippocampus capensis is highly variable and was found to
range from 25 to 60 (Grange & Cretchley 1995) and from 7 to 95 (Lockyear et al. 1997). Larger
seahorses have greater reproductive potential (Foster & Vincent 2004), which has also been found
for Syngnathus temminckii, which has an adult size range of 10—13 cm, and in which larger pipefish
produce more embryos (Mwale et al. 2014).

Many syngnathid species form pair bonds (Rosenqvist & Berglund 2011, Brandl & Bellwood
2014) and some species are monogamous within at least a single breeding season (Vincent 1995,
MasonJones & Lewis 1996), whilst Hippocampus whitei has been found to display long-term
monogamy (Harasti et al. 2012). Monogamy has not been established for syngnathid species in
African waters. However, Mwale et al. (2014) found that in Syngnathus temmincki, the number of
eggs produced by a female was not statistically different from the number of embryos brooded by
the male. This suggests that a male only mates with one female. Whether this applies to other south-
ern African pipefishes is unknown.

Sex ratios in syngnathids are usually equal (Perante et al. 2002, Moreau & Vincent 2004, Smith
et al. 2012). Female-biased sex ratios have, however, been noted for Hippocampus hippocampus in
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the Macaronesia Islands, specifically in artificial habitats (Otero-Ferrer et al. 2015); in H. erectus in
Chesapeake Bay (Teixeira & Musick 2001); and Kvarnemo et al. (2007) found a wild population of
H. subelongatus to be female biased with stronger sexual selection on females, a contradiction to the
normal male sexual selection found in monogamous species (Vincent 1994a, b, Naud et al. 2009).
Information on sex ratios for H. capensis varies. In 2000, a transect survey indicated male bias, but
equal numbers of seahorses were recorded using a focal grid method (Bell et al. 2003). In 2001,
Lockyear et al. (2006) also recorded a 1:1 sex ratio from transect surveys. During surveys between
2014 and 2017, the sex ratio varied across habitats and seasons and changed from being equal to
female biased (Claassens 2016, Claassens & Hodgson 2018b). In Codium tenue habitats, the sex
ratio for Hippocampus capensis remained equal over an 18-month period (De Villiers et al. 2019).
Both Syngnathus temminckii and S. watermeyeri were found to have female-biased sex ratios, but
only significantly so in S. temminckii (Mwale et al. 2014).

Extravagant courting behaviour is a common phenomenon in syngnathids (Vincent 1995). One
of the most well-known courting behaviours are morning greetings, mostly considered as a means
to confirm pair bonds (Vincent et al. 2005), which has been shown for Hippocampus capensis
(Claassens & Hodgson 2018a). In Japan, the monogamous pipefish Corythoichthys haematopterus
recognised its specific partner, with morning greetings only done with existing partners (Sogabe
2011). In addition, morning greetings were observed throughout the non-breeding season as well,
which suggests that this pipefish maintains its pair bonds (Sogabe & Yanagisawa 2008).

Breeding seasons vary for different syngnathid species and are linked with seasons and weather
patterns (Kendrick & Hyndes 2003). The breeding season for Syngnathus temminckii was thought to
be limited to spring and summer (Bennett 1989), but breeding was found throughout the year except
during April and May (Mwale et al. 2014). Syngnathus temminckii also exhibits lekking behaviour
similar to the worm pipefish Nerophis lumbriciformis (Monteiro et al. 2017), whereby female indi-
viduals gather in temporary groups at a particular area to display their ornamentation to attract
males for the sole purpose of mate choice (Georgina Jones pers. comm.; Figure 3). Syngnathus
watermeyeri breeds in all seasons, except winter (Mwale et al. 2014). Hippocampus capensis breeds
during spring and summer and courtship behaviour and mating occurs throughout the breeding sea-
son and the average gestation period for this species is 34 days (Lockyear et al. 1997). This means

Figure 3 Syngnathus temminckii aggregation in False Bay, South Africa, as part of lekking behaviour
(photo: Georgina Jones).

213



L. CLAASSENS ET AL.

that males can produce more than one brood during the breeding season. Microphis aculeatus has a
gestation period that ranges between one to three weeks and gives birth to juveniles that are 1.5cm
long (Snoeks & Vreven 2008).

Feeding, prey and predators

Syngnathids have a long snout, fused jaws, lack teeth and use suction feeding to consume their
prey whole in a few milliseconds (Leysen et al. 2010). Suction feeding has required the evolu-
tion of musculoskeletal specializations of the head and snout. To date, the anatomy of the feeding
apparatus of species from Africa has been briefly described by Branch (1966) for Syngnathus tem-
minckii (as S. acus) and in more detail for Hippocampus capensis (Leysen et al. 2010). Like other
syngnathids, the snouts are composed of neurocranial and suspensorial bones in which suction
feeding is accomplished by hyoid retraction followed by powerful neurocranial elevation (Leysen
et al. 2010, Manning et al. 2019).

Even though there are almost no data available on the feeding behaviour of syngnathids in
sub-Saharan Africa and adjacent islands, general information from a recent global review of syn-
gnathid feeding and predation is applicable to African species (Manning et al. 2019). Syngnathids
are regarded as ambush predators (Manning et al. 2019), although they will actively swim to seek
prey (James & Heck 1994). Such hunting behaviour in the wild has been recorded for Hippocampus
capensis using small action cameras (Claassens & Hodgson 2018a). Syngnathids mostly feed on
small crustaceans, such as amphipods, copepods and isopods (Tipton & Bell 1988, Teixeira &
Musick 2001, Woods 2002, Kendrick & Hyndes 2005, Castro et al. 2008, Yip et al. 2015). In addi-
tion, some species feed on nematodes (Castro et al. 2008) and fish larvae (Didenko et al. 2018).
According to Kendrick & Hyndes (2005), syngnathids with longer snouts tend to feed on more
mobile prey, whilst those with shorter snouts feed on slower moving, benthic prey. Copepods (spe-
cifically Pseudodiaptomus hessei) and amphipods were found to be dominant in the gut content
analyses of Syngnathus temminckii in the Bot estuary, South Africa (Bennett 1989, Bennett &
Branch 1990) and only macrurans were found in the gut of S. temminckii in the Kromme estuary,
South Africa (Hanekom & Baird 1984). According to Bennett & Branch (1990), S. femminckii
was the most specialised feeder of all resident fish species assessed in the Bot estuary. In addition,
ontogenetic changes in prey were evident, with smaller juveniles mostly feeding on copepods and
larger adults on amphipods (Bennett 1989). Hippocampus capensis, which has a short snout, was
found to hunt actively and feed primarily on mobile epibenthos (Claassens & Hodgson 2018a). A
recent study using faecal eDNA to determine the prey composition of Syngnathus watermeyeri and
S. temminckii (Ntshudisane et al. 2021) found a distinct difference in the types of prey these two
species feed on. The long-snouted S. temminckii feeds mostly on gastropod and decapod crustacean
larvae, whilst the short-snouted S. watermeyeri mostly feeds on copepods. One reason for this dif-
ference could be the difference in gape size of these two species (S. temminckii has a larger body,
with a wider gape size and thus an ability to feed on larger prey) (Whitfield et al. 2017, Ntshudisane
et al. 2021).

There is very little information on predators of syngnathids, and it is suggested that preda-
tion is mostly opportunistic (Kleiber et al. 2011). Cape cormorant Phalacrocorax capensis and
the grey heron Ardea cinera are known to prey on Hippocampus capensis (https://www.youtube.
com/watch?v=UyCW36HRgN4; https://www.youtube.com/watch?v=pORa8DKGcgk) (Figure 4A).
Twenty H. capensis were found within the stomach of a spotted grunter Pomadasys commersonnii
in the Keurbooms estuary (Figure 4B), and according to Smith (1963), Hippocampus capensis is
eaten by some other fishes. Syngnathus temminckii has been recorded in the diet of the African pen-
guin Spheniscus demersus in Algoa Bay (Randall & Randall 1986), bluefish Pomatomus saltatrix
(Bennett 1989) and the Cape cormorant (Duffy et al. 1987). Syngnathus temminckii is preyed on by
the klipvis Clinus superciliosus in False Bay (Georgina Jones pers. comm.; Figure 4C).
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Figure4 Examples of predation: (A) Hippocampus capensis in the bill of a grey heron; (B) H. capensis from
the gut of a spotted grunter, Pomadasys commersonnii; (C) Syngnathus temminckii in the mouth of a klipvis,
Clinus superciliosus.

Behaviour

Globally, only a handful of studies exist on the behaviour of syngnathids in the wild (MasonJones
& Lewis 1996, Naud et al. 2009, Freret-Meurer et al. 2012, Harasti & Gladstone 2013), and there
has been only one behavioural study in Africa, in which Hippocampus capensis was observed in
the wild using small waterproof action cameras (i.e. GoPros) (Claassens & Hodgson 2018a). That
study found that H. capensis was more active during the morning than midday or late afternoon
and spent >80% of the active period hunting (Claassens & Hodgson 2018a). In addition, a decrease
in seahorse activity during the holiday season was linked to an increase in boat noise (Claassens
& Hodgson 2018a). Impacts of anthropogenic noise on seahorse behaviour have also been found in
Hippocampus erectus (Anderson et al. 2011) and H. guttulatus (Palma et al. 2019).

An unusual form of behaviour is seen in Microphis fluviatilis in which a head-down vertical
orientation is adopted in quiet water among vegetation (Okeyo 1998), which could be a means of
camouflage.

Syngnathids are known for their extremely cryptic behaviour and ability to blend in with their
surrounding environment (Kuiter 2009), which limits their detection by divers or researchers.
For example, Nannocampus elegans was not detected in a visual census survey of a rock pool in
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South Africa, but was found when the poison rotenone was used in the same pool (Christensen &
Winterbottom 1981).

Threats and conservation

Of the 63 syngnathid species that occur in Africa, 41 are listed as Least Concern, four as Vulnerable
(Hippocampus kelloggi, H. kuda, H. histrix and H. algiricus), one as Endangered (H. capen-
sis) and one as Critically Endangered (Syngnathus watermeyeri) on the ITUCN Red List (IUCN
2021). Almost 20% (12 species) are listed as Data Deficient, and four species (Hippocampus nalu,
Syngnathus temminckii, Cylix sp. and Hippocampus borboniensis) have not been assessed. Limited
current and regional data were used for most of the assessments, owing to the dearth of available
syngnathid-focused research in Africa.

Threats

It is important to correctly identify threats that adversely affect a species (Figure 5). If a clear under-
standing of what threatens a species is not known or threats are misidentified, effective conservation
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Figure 5 The distribution of syngnathid species found in sub-Saharan African and adjacent islands across
their habitat ranges with a summary of habitat-specific threats and conservation actions.

216



SYNGNATHIDAE FAMILY IN SUB-SAHARAN AFRICA

actions are unlikely. Vincent et al. (2011) identified three types of threats to seahorses: (1) targeted
fishing, (2) incidental capture (by-catch) and (3) habitat loss and alteration. These threats, which
apply to all syngnathids, are reviewed here in the context of species that occur in Africa. The par-
ticular types of threats vary by habitat (Figure 5). For example, Microphis spp. are euryhaline and
range from estuaries to the upper catchment of rivers (Seegers et al. 2003, Fricke et al. 2009, Weerts
et al. 2014, Cutler et al. 2020). The loss of connectivity in these systems owing to dam or weir con-
struction thus poses a direct threat to these species and their movement patterns, possibly impeding
their migration upstream and downstream between rivers and the ocean (Cyrus 2001, Weerts et al.
2014, Cutler et al. 2020). Species that occur in seagrass beds face different threats than those found
in deeper reef habitats. Species commonly found in seagrass beds are likely to be more vulnerable
to by-catch in artisanal fisheries, impacts from recreational boating, and poaching, whereas species
on deeper reefs are more vulnerable to commercial fishing (Louw Claassens pers. obs.).

Targeted fishing and trade

Syngnathids, specifically seahorses, are targeted and used for traditional Chinese medicine, the
aquarium trade and curios (McPherson & Vincent 2004, Martin-Smith & Vincent 2006, Vincent
et al. 2011, Stocks et al. 2017). Between 2004 and 2011, CITES reported an estimated 5.6 mil-
lion seahorses were taken annually and traded internationally (Foster et al. 2016). The majority
of CITES-reported seahorse trade consisted of dried specimens (98%), with a limited number
(11,600 seahorses) traded live for aquaria (Foster et al. 2016). Interestingly, most seahorses in the
dried trade originate from wild populations, whilst live seahorses are mostly sourced from captive
breeding facilities (Foster et al. 2016). According to CITES trade data, between 2004 and 2011,
Hippocampus algiricus made up 5.6% of total annual trade and was only sourced from wild popu-
lations along the west coast of Africa. Hippocampus camelopardalis and H. capensis made up less
than 1% of annual catches, were only found in the live seahorse trade and were sourced from captive
populations (Foster et al. 2016). This information is, however, questionable, because H. capensis is a
protected species in South Africa under national legislation (see Legislation, global agreements and
regulations section below), and all captive breeding of this species is heavily regulated and permit-
ted in only two aquariums (Two Oceans Aquarium in Cape Town, uShaka Aquarium in Durban)
and at the Garden Route National Park in Knysna. Hippocampus histrix and H. kuda made up 2.7%
and 6.2%, respectively, and were used in both the dried and live trade (Foster et al. 2016).

In a recent assessment of the seahorse trade from Africa to Asia between 2008 and 2018, major
discrepancies were found between total import (15,772,838) and export (11,259,098 individuals) fig-
ures (Louw & Burgener 2020). From 2004 to 2011, Senegal and Guinea were in the top three coun-
tries globally to export seahorses (Foster et al. 2016). Three African countries (Togo, Guinea and
Senegal) reported seahorse exports between 2008 and 2018, and Senegal was the major exporter
of seahorses during this time (Louw & Burgener 2020). However, recorded exports from these
countries are less than reported imports in receiving countries, and these discrepancies highlight
the limitations of CITES data to account for all trade that is taking place (Louw & Burgener 2020),
especially in instances when trade is done illegally. For example, dried specimens of H. camelopar-
dalis, illegally poached, probably for use in Chinese traditional medicine, have been confiscated in
Mozambique en route to Asia in 2018 and 2021 (Louw Claassens unpublished data).

Between 2008 and 2018, Hong Kong was the sole importer of African seahorses, according
to import records, though export records show that seahorses were also exported to mainland
China and Taiwan (Louw & Burgener 2020). Hippocampus algiricus was the main seahorse spe-
cies recorded in all African trade and was exclusively sourced from wild populations along the
west coast of Africa (Louw & Burgener 2020). According to Cisneros-Montemayor et al. (2016),
H. algiricus is one of the most traded seahorse species in the world, with an estimated annual export
of 700,000 animals. It is important to note here that CITES data do not account for any animals that
are captured and traded domestically.
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Not much information is available for capture and trade of southern and western African pipe-
fish and pipehorses. Syngnathoides biaculeatus is considered the most heavily exploited pipefish
globally and is commonly used in traditional Chinese medicine (Vincent 1996, Martin-Smith &
Vincent 2006, Barrows et al. 2009), probably because they are not listed under CITES. Imports
of dried pipefish into Taiwan were 7500-21,300kg per annum between 1983 and 1993 (Vincent
1996) and imports into Hong Kong in 1998-2002 were 1600-16,500kg annually (Martin-Smith &
Vincent 2006).

Seahorses caught as by-catch can be traded either in the dried seahorse trade, or as curios for
tourists. In countries where seahorses and pipefish are protected species and trade only occurs ille-
gally, the availability of accurate capture and trade data (as reported to CITES) and the extent of
impacts are limited. In recent years, illegal fishing for seahorses has been recorded in a small fishing
village in Vilankulo, Mozambique. A haul of 1782 dried seahorses (predominantly Hippocampus
camelopardalis with H. kuda) was confiscated from local fishermen in 2018 and the fishermen were
jailed. Recently, 9kg of dried seahorses has been confiscated from a Chinese buyer in the same
village (Louw Claassens unpublished data). This type of relatively small-scale unlawful harvesting
and trade is not usually tracked and can have far-reaching impacts on local populations (Lawson
et al. 2017). In addition, seahorses in the above two examples were targeted catch, with poachers
collecting seahorses by hand from shallow seagrass beds by snorkelling or walking during low
tide. In South Africa, Syngnathoides biaculeatus has also been confiscated together with seahorses
(Louw Claassens unpublished data). In Nigeria, Microphis aculeatus is sold in the ornamental fish
trade; a box of 200 fish can be bought for as little as 381.15 Nigerian Naira, which is equivalent to
US$1 (Ukaonu et al. 2011).

By-catch and trade

As much as 95% of seahorses used in trade come from shrimp trawl by-catch (Vincent et al. 2011).
Seahorse by-catch can either be used to generate a secondary income, in low-grade fishery by-products
such as fishmeal, or discarded. Seahorse by-catch per vessel is generally low (Meeuwig et al. 2006),
but the cumulative impact can be devastating, with 2.2 million animals caught per annum in Vietnam
in the late 1990s (Giles et al. 2005). In a recent review, Lawson et al. (2017) estimated an annual
seahorse by-catch of 37 million animals from the 21 countries assessed. It is especially subsistence
fishermen in developing countries that turn to the sale of seahorses to make a living (McPherson &
Vincent 2004). There are numerous impacts from fishing, over and above immediate reduction in
population size: disruption of monogamous seahorse pairs, which can lead to reduced reproduction,
alterations of population structure and habitat destruction (see Vincent et al. 2011 for a review).

Whist there are limited empirical data on syngnathid by-catch in sub-Saharan Africa and
adjacent islands, there are some by-catch records for species from elsewhere in their ranges.
Corythoichthys schultzi has been recorded as by-catch in the Nigerian Nematopalaemon shrimp
fishery (Ambrose et al. 2016). This fishery is dominated by artisanal fishers that use conical trap
nets called ‘Anyima’ to catch shrimps (Ambrose et al. 2016). In Sulawesi, Indonesia, Choeroichthys
sculptus is caught as by-catch during fishing by local communities for small baitfish. The pipe-
fish is, however, not used as bait by locals as it is considered to be poisonous (Pet et al. 2006). In
addition, Hippocampus kuda, H. kelloggi, H. histrix and Syngnathoides biaculeatus have been
recorded in by-catch in India, Vietnam and Malaysia (Nguyen & Do 1996, Choo & Liew 2003,
Sambandamoorthy et al. 2015).

An emerging threat in East Africa is the use of mosquito nets (provided as malaria prophylaxis)
by artisanal fishers (Bush et al. 2017). Mosquito nets are used to catch all edible fish in the very
fine mesh and are extremely indiscriminate in the species caught, resulting in a high amount of
by-catch. Unidentified species of pipefish have been recorded in mosquito net by-catch in Palma,
Mozambique (Jones & Unsworth 2020). Mosquito nets are generally used in a range of shallow,
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coastal habitats including mangroves, estuaries, seagrass beds, intertidal mud and sand flats, rocky
areas and reef platforms (Bush et al. 2017). By-catch from mosquito net fishing should thus be con-
sidered a major threat to African syngnathids, as many species occur in these habitats. This threat
is, however, not limited to Africa: mosquito net fishing has also been noted in Papua New Guinea
(Short et al. 2018), for example.

Habitat loss and alteration

Most habitats used by syngnathids are globally under threat and susceptible to anthropogenic
impacts. In a recent study, Phair et al. (2019) found that Zostera capensis, the dominant seagrass
species occurring in South Africa (Adams 2016), shows high clonality and low genomic diversity
and concluded that this species will have limited ability to re-establish in estuarine systems once
lost. The vulnerability of Z. capensis owing to low genetic diversity makes it a priority for protec-
tion in the context of syngnathid conservation. Unfortunately, seagrasses in Africa are threatened by
growing coastal human populations and related activities such as fishing, pollution, eutrophication
and sedimentation (Gullstrom et al. 2002). In addition, activities such as boating or bait digging
can lead to habitat loss, especially in shallow coastal environments and estuaries (Claassens et al.
2020). First, whilst boating or bait digging is taking place, syngnathids can be disturbed within
their habitats, not only by trampling or direct disturbance from a boat moving through seagrass, but
noise from boats has also been found to negatively affect seahorses (Claassens & Hodgson 2018a,
Palma et al. 2019). Second, seagrass can be damaged by the removal of vegetation during bait dig-
ging, anchoring or by boat propellers (Claassens et al. 2020). In areas with a high number of moored
boats, damage from permanent moorings has also been found to significantly impact seagrass habi-
tats (Glasby & West 2018).

Coral reefs are also vulnerable to various anthropogenic impacts ranging from destructive fish-
ing to climate change, ocean acidification and disease (Lindén et al. 2002, Hoegh-Guldberg et al.
2017, Hughes et al. 2018). Mangroves in East Africa are threatened by activities such as logging for
fuel and house building, removal to make room for urban expansion and salt and shrimp production
(Godoy & De Lacerda 2015).

Development is another major threat to coastal and estuarine habitats and can result in infilling
of aquatic habitats or dredging to develop and maintain artificial environments such as harbours
and marinas (Claassens 2018). In the most recent South African National Biodiversity Assessment,
it was found that 29% of South African estuaries have been subject to severe habitat modification
owing to development and related land-use pressures (van Niekerk et al. 2019b). In Zanzibar, man-
groves cleared to make space for solar power generation and fish farms have adverse effects on the
trophic structure of fish communities (Mwandya 2019).

Habitat alteration and loss in rivers can be caused by the construction of dams and other struc-
tures (Cutler et al. 2020), which also results in the loss of connectivity (Weerts et al. 2014). Another
related impact from increased damming and water abstraction is the loss of freshwater inflow into
estuarine systems, which can lead to the loss of a salinity gradient and even hypersaline condi-
tions (Grange et al. 2000, Van Niekerk et al. 2019b). In addition, many estuarine species depend on
regular freshwater pulses for breeding and food, and the loss of regular pulses can have an adverse
effect on the entire ecosystem (Ter Morshuizen & Whitfield 1994, Strydom et al. 2002, Vorwerk et
al. 2008). Specifically, Syngnathus watermeyeri is threatened by the loss of freshwater inflow into
the Kariega and Bushmans estuaries, South Africa, the only two estuaries in which this species is
currently found (Whitfield et al. 2017, Claassens et al. 2021). This is because reduced freshwater
inflow results in a decrease in important prey species such as copepods (Wooldridge 2010). The loss
of freshwater in estuaries can, however, have a positive impact on seagrass and other macroalgal
habitats and can result in the upstream expansion of these habitats (Adams 2016) and the subsequent
expansion of available habitat to these estuarine species (Claassens et al. 2021).
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Wastewater run-off and the resultant increase in nutrients can have adverse effects on coastal
environments such as estuaries (Claassens et al. 2020) and mangrove forests (Machiwa & Hallberg
1995, Cannicci et al. 2009). Unnaturally high increases in nutrients within these systems commonly
result in nuisance algal blooms and increases in turbidity, which have been found to displace sea-
grass (Human et al. 2016). Impacts from eutrophication can impact the behaviour of syngnathids.
For example, in a choice experiment, Nerophis ophidion avoided Zostera marina overgrown with
filamentous algae compared to seagrass without any algal growth (Sundin et al. 2011). Increased
turbidity can also affect mate choice, either by decreasing visibility and the ability to choose a mate
when using visual cues only (Sundin et al. 2010), or by enhancing sexual selection and reproductive
success using alternative cues to select a mate (Sundin et al. 2017). Eutrophication has been identi-
fied as a major threat to the Knysna seahorse in the Knysna estuary owing to the displacement of
eelgrass habitats by nuisance macroalgal blooms dominated by Ulva lactuca (Claassens et al. 2020).

Climate change is a global phenomenon which can have far-reaching effects on local and
regional ecosystems. In the first instance, marine heat waves can lead to coral bleaching, which
directly damages coral habitats. Extensive damage from coral bleaching has been recorded in the
Seychelles, Mozambique, Tanzania and Kenya (Lindén et al. 2002). In addition, coral bleaching
could also lead to a decrease in the productivity and diversity of a reef, which can result in a
decrease in available prey for syngnathids. Climate change and related warming have also been
found to negatively affect seagrass and macroalgae (Duarte et al. 2018) and mangroves (Gilman
et al. 2008); however, the direct effects of increased water temperature on syngnathids in the wild
require investigation.

Sometimes, syngnathids are impacted by natural threats such as floods or storms. Climate
change is causing an increase in the frequency and severity of storms, which can directly damage
coral reefs (Cheal et al. 2017) and mangroves (Godoy & De Lacerda 2015). Most estuaries in South
Africa are temporarily open/closed systems, where the connection to the ocean varies over time
(Whitfield 1992). Natural estuarine breaching events, where the connection between the estuary and
ocean is re-established, in these types of estuaries can cause a substantial drop in water level, leav-
ing syngnathids stranded; this happened in the Swartvlei estuary, South Africa (Russell 1994). The
impacts from breaching can, however, be exacerbated when sand bars enclosing estuary mouths are
deliberately breached by management authorities, usually to prevent flooding of properties (Arendse
& Russell 2020). Artificial breaching can occur more frequently than natural breaching.

The deleterious impacts of microplastics on aquatic environments and a wide range of taxa
have become increasingly recognised in recent years (Rochman et al. 2016, Avio et al. 2017). Even
though the impacts from microplastics on syngnathids are not well known, preliminary research in
the Knysna estuary found that microplastics occur in the gut of Syngnathus temminckii along with
prey animals (Naidoo 2021). Similarly, a study conducted in Spain found that Hippocampus reidi
ingest microplastics through trophic transfer from their prey (Dominguez 2020). The direct effects
of microplastic ingestion by syngnathids is unknown, but could potentially cause harm through
toxin absorption and impact on the ability to feed and digest prey.

Conservation

Successful conservation depends on the identification and implementation of actions to improve the
conservation status of a species. Baseline monitoring is required to determine if specific conserva-
tion actions are necessary, and if so, to identify which actions to implement. Ongoing monitoring is
required to ascertain if conservation actions are in fact effective, and if not, to determine an alterna-
tive approach. The ITUCN Red List assessment provides important information on the extinction risk
of species (IUCN 2012, 2021), and ecological data used to inform this assessment can be monitored
over time to ascertain conservation success (Rodrigues et al. 2006). A recently developed approach,
the Green Status of species, assesses the effectiveness of conservation actions (Grace et al. 2021).
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This approach assesses past conservation actions for a species, estimates what the status of a species
would be under different conservation scenarios and provides much-needed insight into the efficacy
of conservation actions.

Legislation, global agreements and regulations

International and regional agreements are important components of successful species conservation
(Figure 5). In 2004, the entire genus Hippocampus was one of the first groups of marine fishes to be
covered by CITES trade regulations since 1976, when they were included in Appendix II (Vincent
et al. 2013). Under Appendix II, all signatories to CITES must ensure that trade in seahorses does
not harm or adversely affect natural populations and is done legally, and that all international trade
is reported (Foster et al. 2016). Difficulty in the identification of seahorses being traded, a mismatch
between export and import data, and the increasing threat from poaching and illegal trade, which
are not reported, are problematic limitations of the implementation of CITES in respect of seahorses
(Foster et al. 2016). Regardless of these limitations, CITES provides an integral legal platform to
hold signatories to account by applying international pressure to comply with regulations. Most
countries in Africa, with the exception of South Sudan, Republic of the Congo, and The Kingdom
of Eswatini, are signatories of CITES. In addition to CITES, member organisations of the [UCN
undertake to abide by the Motions and the resultant Resolutions and Recommendations adopted by
the IUCN, which are used to guide policy and influence third parties. The latest motion specifically
focused on syngnathids (Motion 111) was adopted by the IUCN and its member organisations in
December 2020 and provides a key strategy for the conservation of syngnathids that can be used by
member organisations (244 of which are in Africa) in the promotion of syngnathid-specific conser-
vation actions. Regionally, on the east African coast, the Nairobi Convention (2021) is a partnership
between governments, civil society and the private sector with the aim of building a prosperous
western Indian Ocean region with healthy rivers, coasts and oceans. On the west coast, the Abidjan
Convention (2021) was developed to focus on the cooperation, management and development of the
marine and coastal environment of the Atlantic coast of West, Central and southern Africa.

All syngnathids are protected in South Africa under the National Environmental Biodiversity
Act No 10 of 2004. According to this act, members of the family Syngnathidae are not allowed to
be captured, collected or disturbed in any way (Government Notice No. 476 of 2017). Instances of
seahorse exports from South Africa are thus concerning, especially if these animals originate from
South Africa. A single Hippocampus capensis specimen was sampled from a Taiwanese traditional
Chinese medicine market (Chang et al. 2013). Seahorses confiscated in 2017 in South Africa appear
to be H. kuda, which are commonly found in Mozambican waters and are known to be captured for
the dried seahorse trade by local communities. It is thus likely that seahorse and other syngnathid
exports from South Africa originate instead from neighbouring countries, such as Mozambique,
although seahorses are a protected species in that country as well. CITES as well as the JTUCN
Red List are used to inform the setting of the protection status of species in many countries and in
Mozambique, all seahorse species are protected because they are listed under CITES.

In addition to legislation and global agreements, regulated activities can be used as a locally
significant conservation tool. For example, to prevent adverse impacts on seagrass habitats in the
Knysna estuary, the use of a shovel or rake to dig for bait is not permitted (Claassens et al. 2020),
although these activities are still done illegally, highlighting the difficulty in enforcing regulations.
Utilisation of coastal and estuarine areas can be regulated through zonation or community agree-
ments. For example, fishing is not allowed on Sundays in Vilankulo, Mozambique (Louw Claassens
unpublished data).

Marine protected areas and community conservation

Protected areas are one of the most effective ways to protect species and habitats (Halpern 2003),
and marine protected areas (MPAs) are used globally to protect marine ecosystems and resources
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(Kelleher & Kenchington 1992). According to the Protected Planet database (UNEP-WCMC 2021),
only 12.3% of African marine and coastal areas are formally protected (UNEP-WCMC 2021).
South Africa increased the total area within MPAs in 2019, with the addition of 20 new sites, which
increased the extent of marine protected areas to 5% of its territorial waters (https://www.marine-
protectedareas.org.za/) (Sink 2016). This network includes 17 offshore and deep-sea MPAs and 23
coastal MPAs. The coverage of MPAs for many other African countries is, however, very little, with
some countries such as Angola, Benin, Liberia and Somalia having no MPAs and 14 other coun-
tries with less than 1% coverage (UNEP-WCMC, accessed 18 February 2021). The Seychelles, in
contrast, has 32.8% MPA coverage, and Gabon 28.8% (UNEP-WCMC 2021). Successful protection
is, however, not guaranteed with protected area demarcation. For example, despite being part of the
Garden Route National Park and a protected area, the environmental health of the Knysna estuary
in South Africa is deteriorating (Claassens et al. 2020). The level of protection within MPAs also
varies, and not many MPAs are fully protected from extractive activities, which has been found to
limit the effectiveness of an MPA (Edgar et al. 2014). In addition, consultation with and cooperation
from local communities is integral in the development and implementation of MPAs (Burgoyne
et al. 2017). In particular, adverse impacts on local livelihoods from MPA development should
be avoided and benefits from protection should be experienced by all stakeholders (Levine 2006,
Sunde & Isaacs 2008, Burgoyne et al. 2017).

Tourism

The charismatic nature of syngnathids makes them effective tourist attractions (Ternes et al. 2016,
Giglio et al. 2019), which can generate significant revenue (De Brauwer et al. 2017). In some
instances, seahorse tourism is being used as an alternative income generator to seahorse fishing and
poaching (Ternes et al. 2016). In an attempt to deter seahorse poaching in Vilankulo, Mozambique,
a seahorse tourism initiative was developed by a local NGO and community members (ParCo
2021). Through this initiative, former seahorse poachers turned seahorse tour guides take tourists
on seahorse tours on a traditional boat (dhow). The programme is managed by the community fish-
ing council, and funds generated are shared within the community (Louw Claassens unpublished
data). Some organisations also use voluntourism, a form of tourism in which tourists participate
in voluntary work, to promote the conservation of seahorses and conduct ongoing monitoring
(Goffredo et al. 2004, Roques et al. 2018). Tourism activities face various risks, the most recent
being the COVID-19 pandemic, which resulted in a significant reduction in tourism globally. It is
thus important to develop robust conservation programmes that can withstand such unforeseen
events.

It is, however, also important to limit adverse impacts from tourist activities, such as habitat
damage or disturbance of seahorses (Giglio et al. 2019). For example, tour operators in Brazil col-
lect Hippocampus reidi in glass containers for tourists to observe (Ternes et al. 2016), which can
result in increased stress to the animals and adverse impacts to populations. The key aspect to pre-
vent negative effects through tourism activities is to avoid any direct contact with the animal (De
Brauwer et al. 2019, Giglio et al. 2019). With the discovery of H. nalu in Sodwana Bay (Short et al.
2020), the first pygmy seahorse to be found in Africa, an increase in interest from scuba divers can
be expected and it will be important for local dive operators to implement sustainable practices such
as a code of conduct for diving with pygmy seahorses (Smith 2021).

Catchment management and sustainable development

Good management of river catchments is an important requirement for healthy coastal and estuarine
environments. In particular, effective stormwater management is needed to prevent high sediment
loads and polluted run-off entering coastal areas. Wastewater is commonly discharged into coastal
and estuarine environments, and this has necessitated the development of water quality standards

222


https://www.marineprotectedareas.org.za
https://www.marineprotectedareas.org.za

SYNGNATHIDAE FAMILY IN SUB-SAHARAN AFRICA

for discharged effluent (Beher et al. 2016). Compliance with these standards is, however, lacking in
many areas (Claassens et al. 2020). Connectivity across rivers and between rivers and the coastal
environment is important for animal movement. In instances where connectivity has been compro-
mised, fish ladders are used to allow for fish movement (Weerts et al. 2014), although the usefulness
of such remediation for syngnathids is unknown. The reduction or loss of freshwater inflow into
estuaries owing to abstraction and damming upstream can be remediated by scheduled freshwater
releases from dams and minimum flow requirements (Van Niekerk et al. 2019b). In South Africa,
provision has been made for an ecological reserve, which refers to the quantity of freshwater needed
to sustain the environment (Adams et al. 2016).

Sustainable development is another important conservation tool that can be used to limit habi-
tat loss and alteration within coastal environments. In South Africa, the National Environmental
Management: Integrated Coastal Management Act 24 of 2008 regulates all urban and industrial
development along the coast. Specifically, this act aims to: “ensure that development and the use of
natural resources within the coastal zone is socially and economically justifiable and ecologically
sustainable”. Through this Act, a development setback line must be set by all coastal municipali-
ties with the objective of preventing development encroaching on sensitive coastal ecosystems as
well as to protect communities from risks such as flooding and shoreline erosion (Desportes &
Colenbrander 2016). Despite this regulation, development continues almost randomly along shore-
lines, with piecemeal and unplanned management intervention resulting in wide-scale habitat frag-
mentation (Celliers et al. 2015, Jewitt et al. 2015).

Education

Effective education and outreach are important conservation tools and have become integral to
achieving effective conservation. Citizen science is one approach, used to educate and enhance
community conservation engagement and conservation (Kelly et al. 2020), and has also been used
to promote syngnathid conservation globally. Novel technologies, such as facial recognition, are
being used to gather data on seadragons in Australia as part of SeadragonSearch (2021). iSeahorse
(Project Seahorse 2021) is a global citizen science programme which collates seahorse observa-
tions. Citizen science initiatives can be effective in assessing species distributions, changes in popu-
lation abundance and habitat quality. According to a recent review of citizen science in marine
conservation (Kelly et al. 2020), citizen science programmes in Africa are lacking and there is a
need to develop and expand such networks both as a means to increase conservation engagement
of local communities and to achieve effective species conservation. In addition, habitats such as
seagrass meadows and mangrove forests, key habitats for syngnathids in Africa, are also under-
represented in citizen science programmes (Earp & Liconti 2020) and there is scope to develop
additional programmes in these habitats. It is important to develop locally significant educational
resources and outreach programmes, to involve local communities and to nurture local custodian-
ship. For example, species-specific educational resources are available for the Knysna seahorse
(IUCN SSC Seahorse, Pipefish and Seadragon Specialist Group 2021), and local communities in
Vilankulo, Mozambique, are part of ongoing education initiatives about seahorses found along their
coast (ParCo 2021).

Research priorities, conservation
opportunities and conclusions

This synthesis of available information on African syngnathids provides key insights into future
research, management and conservation needs for this group in Africa. Based on the gaps identified
in this review, we outline the most pertinent syngnathid research priorities.
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1. There is a dearth of species-specific ecological and basic biological data for most African
syngnathids, and future focus should be placed on those species listed as Data Deficient
on the [IUCN Red List as well as those that have not yet been assessed. For example, data
on reproduction, growth, movement, habitat use and other biological aspects are needed.
There is a need to develop regionally and locally significant ecological research for African
syngnathids that can be used to guide conservation efforts predominantly at a local level
as well as contributing to conservation initiatives at national, regional and international
levels.

2. Owing to the limited focus on syngnathid diversity research, it is important to investigate
and confirm syngnathid species diversity across Africa. Specifically, synonymised spe-
cies, such as Hippocampus borboniensis, should be reassessed. New research approaches
such as environmental DNA and population genomics should be incorporated into future
research. It is also important to develop targeted syngnathid research to ensure that survey
approaches are suitable to detect these cryptic fishes. A concerted effort should be taken
to find ‘lost species’ such as Bulbonaricus brucei and Campichthys nanus (https://www.
inaturalist.org/posts/16539-lost-species). It was as recent as 2018 that Hippocampus nalu,
the first pygmy seahorse to be found in Africa, was discovered in South Africa’s most
popular dive location. This discovery highlights the potential of new species discovery in
Africa, even in areas that are well known.

3. The conservation of syngnathids in Africa should be highlighted and prioritized through
the incorporation of syngnathid protection in national and regional legislation, regula-
tions and policies. To aid in conservation efforts of threatened habitats such as mangroves,
estuaries, seagrass and coral reefs, the use of syngnathids as ‘flagship’ species should
be developed further, and locally significant education and outreach initiatives should be
prioritized, working with citizen scientists, local dive operators and divers, and in-country
partners and fishers. Endemic, threatened and range-restricted species should receive spe-
cific focus. For example, the Knysna estuary has been identified as the most important
system for the long-term conservation of the endangered seahorse Hippocampus capensis
(Mkare et al. 2017) and the successful protection of this estuary and seahorse habitats
should be prioritized (Claassens et al. 2020). The tourism value of seahorses and other
syngnathids should be investigated further, and ethical and sustainable tourism prac-
tices should be developed and become a requirement for any future syngnathid tourism
initiatives.

4. The prevention of unsustainable fishing and poaching of syngnathids should be prioritized,
and focus should be placed on compliance with CITES regulations regarding seahorse
trade (and improved reporting), as well as assessing the extent of syngnathid exploitation
across Africa. Management and enforcement agencies should be enabled to identify syn-
gnathids correctly when exported or confiscated, as well as be able to determine the likely
origin. This can be done by providing relevant and locally significant resources to these
agencies and making use of genetic tools to verify species. Aquaculture can be a sustain-
able alternative source to wild-caught syngnathids, and research on the efficacy and value
of syngnathid aquaculture in Africa is required.

5. Successful syngnathid research and conservation in Africa will require capacity
development and training. To ensure that conservation actions are sustainable, Africa
will need to develop its own in-country syngnathid experts. This will require support
from global syngnathid experts, and the development of research and conservation
collaborations with a focus on training and capacity development of local partners.
Training should include different research fields that range from syngnathid taxon-
omy to trade.
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Concluding remarks

This review provides the first synthesis of information for syngnathids in sub-Saharan Africa and
adjacent Indian Ocean islands. Available information on syngnathids in this region are limited to a
handful of species with a distinct geographical bias to South Africa. Most of the available informa-
tion on this group originates from ad hoc and general coastal research, which limits species-specific
information on ecology and conservation. In addition, piecemeal research limits the comparability
of data and the application of findings.

The comprehensive literature search provides a summary of current knowledge on syngnathids
in sub-Saharan Africa that can be used by researchers, managers and conservationists to assist
with decision-making. The identified research priorities and conservation opportunities align future
syngnathid research and conservation towards the common goal of conserving this unique group of
flagship fishes and their aquatic habitats.

Acknowledgements

The authors would like to thank the following people: Georgina Jones, Ewout Knoester, Alain
Rassat, Brian Sellick and Adrian Payton for sharing their syngnathid observations and photos; Lily
Stanton and Nina de Villiers for their help during the literature search; Nkosinathi Mazungula
and the South African Institute for Aquatic Biodiversity for access to syngnathid specimens and
information; Albe Bosman and the Iziko South African Museum for sharing information; Juliet
Lyon, Ilidio Cole, Amancio Huo and Taryn Gilroy for information from Vilankulo, Mozambique,
and Janet Botes for creating a great schematic. We would also like to thank the following people for
sharing their syngnathid stories with us along the way: Thomas Mkare, Anne Laudisoit, David von
Helldorff, Hugo Costa, Jennifer Keeping, Lorna Slade, Michael Markovina, Lucy Keith Diagne,
Mishak Boshoff, Christo van Jaarsveld, Yara Tibirica, Savannah Olivier, Jenny Stromvoll, Volker
Mauerhofer and Halaze Manhice. Lastly, the authors would also like to thank the editor and the
reviewers for providing comments and insights that improved the manuscript.

References

Abidjan Convention. 2021. Abidjan Convention. Online. https://abidjanconvention.org/ (Accessed 18 February
2021).

Adams, J., Cowie, M. & Van Niekerk, L. 2016. Assessment of completed ecological water requirement studies
for South African estuaries and responses to changes in freshwater inflow. Water Research Commission,
Report No. KV 352/15. 64 pp.

Adams, J.B. 2016. Distribution and status of Zostera capensis in South African estuaries — A review. South
African Journal of Botany 107, 63-73.

Adite, A., ImorouToko, I. & Gbankoto, A. 2013. Fish assemblages in the degraded mangrove ecosystems of the
coastal zone, Benin, West Africa: Implications for ecosystem restoration and resources conservation.
Journal of Environmental Protection 4, 1461-1475.

Afonso, P., Porteiro, FM., Santos, J.P., Barreiros, J.P., Worms, J. & Wirtz, P. 1999. Coastal marine fishes of
Sdo Tomé Island (Gulf of Guinea). Arquipélago. Life and Marine Sciences 17(A), 65-92.

Ali, AM., Aideed, M.S. & Algurabi, A.A. 2020. New records of syngnathiform fishes (Teleostei:
Syngnathiformes) from the Hadhramout coast, Gulf of Aden, Yemen. lranian Journal of Ichthyology
7(4), 314-322.

Allison, M.E., Gabiuel, U.U., Inko-Tariah, M.B., Davies, O.A. & Uedeme-Naa, B. 1997. The fish assemblage
of Elechi Creek Rivers State, Nigeria. Niger Delta Biologia 2(1), 53—61.

Almeida, A.J., Amoedo, L. & Saldanha, L. 2001. Fish assemblages in the seagrass beds at Inhaca island
(Mozambique) — cold season. Boletim do Museu Municipal do Funchal Sup 6, 111-125.

Almeida, A.J., Saldanha, L. & Andre, E. 1999. Fishes of the seagrass beds of the Inhaca Island (Mozambique) —
community structure and dynamics. Arquivos do Museo Bocage, Nova Série 3(9), 265-286.

225


https://abidjanconvention.org

L. CLAASSENS ET AL.

Ambrose, E., Ukpatu, J. & Udoh, J. 2016. Seasonal variations in catch composition from the Nematopalaemon
shrimp fishery in Okoro river estuary, southeastern Nigeria. International Journal of Fisheries and
Aquatic Studies 4(2), 437-446.

Anderson, R.C, Randall, J.E. & Kuiter, R.H. 1998. New records of fishes from the Maldive Islands, with notes
on other species. Ichthyological Bulletin of the J.L.B. Smith Institute of Ichthyology 67(2), 20-32.
Anderson, P.A., Berzins, LK., Fogartya, F., Hamlin, J. & Guillette, L.J. 2011. Sound, stress, and seahorses:

The consequences of a noisy environment to animal health. Aquaculture 311, 129-138.

Araki, M., Uehara, K., Senou, H. & Motomura, H. 2020. First records of the pughead-pipefish Bulbonaricus
davaoensis (Teleostei: Syngnathidae) from Japan. Species Diversity 25(2), 163-169.

Arendse, C.J. & Russell, .LA. 2020. Morphometric regressions for the endangered Knysna seahorse,
Hippocampus capensis, in the Swartvlei Estuary from mass stranding events. KOEDOE - African
Protected Area Conservation and Science 61(1), 1-6.

Arndt, E. & Fricke, R. 2019. Intertidal fishes of Mauritius with special reference to shallow tidepools.
Biodiversity Data Journal 7, e36754. doi: 10.3897/BDJ.7.e36754

Avio, C.G., Gorbi, S. & Regoli, F. 2017. Plastics and microplastics in the oceans: From emerging pollutants to
emerged threat. Marine Environmental Research 128, 2—11.

Aylesworth, L.A., Xavier, J.H., Oliveira, T.P.R., Tenorio, G.D., Diniz, A.F. & Rosa, L.L. 2015. Regional-scale
patterns of habitat preference for the seahorse Hippocampus reidi in the tropical estuarine environment.
Agquatic Ecology 49, 499-512.

Azmir, ILA., Esa, Y., Amin, SM.N., Md Yasin, I.S. & Md Yusof, F.Z. 2017. Identification of larval fish in
mangrove areas of Peninsular Malaysia using morphology and DNA barcoding methods. Journal of
Applied Ichthyology 33, 998—1006.

Balasubramanian, R. & Murugan, A. 2017. Length-weight relationship of the great seahorse, Hippocampus
kelloggi (Jordan and Snyder 1902), inhabiting coromandel coast, southeast coast of India. Indian Journal
of Geo-Marine Sciences 45(6), 1193-1197.

Barrows, A.PW., Martin-Smith, K.M. & Baine, M.S.P. 2009. Population variables and life-history charac-
teristics of the alligator pipefish Syngnathoides biaculeatus, in Papua New Guinea. Journal of Fish
Biology 74, 806-819.

Becker, A., Coppinger, C. & Whitfield, A.K. 2012. Influence of tides on assemblages and behaviour of fishes
associated with shallow seagrass edges and bare sand. Marine Ecology Progress Series 456, 187-199.

Beckley, L.E. 1984. The ichthyofauna of the Sundays South Africa, with particular reference to the juvenile
marine component. Estuaries 7(3), 248-258.

Beher, J., Possingham, H.P., Hoobin, S., Dougall, C. & Klein, C. 2016. Prioritising catchment management
projects to improve marine water quality. Environmental Science and Policy 59, 35-43.

Bell, E.M., Lockyear, J.F., McPherson, J.M., Marsden, A.D. & Vincent, A.C.J. 2003. First field studies of
an endangered South African seahorse, Hippocampus capensis. Environmental Biology of Fishes 67,
35-46.

Bennett, B.A. 1987. The rock-pool fish community of Koppie Alleen and an assessment of the importance of
Cape rock-pools as nurseries for juvenile fish. South African Journal of Zoology 22(1), 25-32.

Bennett, B.A. 1989. A comparison of the fish communities in nearby permanently open, seasonally open and
normally closed estuaries in the South-Western Cape, South Africa. South African Journal of Marine
Science 8(1), 43-55.

Bennett, B.A. & Branch, G.M. 1990. Relationship between production and consumption of prey species by
resident fish in the Bot, a cool temperate South African estuary. Estuarine, Coastal and Shelf Science
31, 139-155.

Berkstrom, C., Gullstrom, M., Lindborg, R., Mwandya, A.W., Yahya, S.A.S., Kautsky, N. & Nystrom, M.
2012. Exploring ‘knowns’ and ‘unknowns’ in tropical seascape connectivity with insights from East
African coral reefs. Estuarine, Coastal and Shelf Science 107, 1-21.

Bertola, L.D., Boehm, J.T., Putman, N.F., Xue, A.T., Robinson, J.D., Harris, S., Baldwin, C.C., Overcast, I. &
Hickerson, M.J. 2020. Asymmetrical gene flow in five co-distributed syngnathids explained by ocean
currents and rafting propensity. Proceedings of the Royal Society B 287(1926), 20200657.

Blaber, S.J.M. 1986. Feeding selectivity of a guild of piscivorous fish in mangrove areas of north-west
Australia. Australian Journal of Marine and Freshwater Research 37, 329-36.

Boulenger, G.A. 1900. Descriptions of new fishes from the Cape of Good Hope. Marine Investigations in
South Africa 8, 10—12.

226


https://doi.org/10.3897/BDJ.7.e36754

SYNGNATHIDAE FAMILY IN SUB-SAHARAN AFRICA

Branch, G.M. 1966. Contributions to the functional morphology of fishes, Part III. The feeding mechanism of
Syngnathus acus Linnaeus. Zoologica Africana 2(1), 69—-89.

Brandl, S.J. & Bellwood, D.R. 2014. Pair-formation in coral reef fishes: An ecological perspective.
Oceanography and Marine Biology: An Annual Review 52, 1-80.

Burfeind, D.D., Tibbetts, L.LR. & Udy, J.W. 2009. Habitat preference of three common fishes for seagrass,
Caulerpa taxifolia, and unvegetated substrate in Moreton Bay, Australia. Environmental Biology of
Fishes 84, 317-322.

Burgoyne, C., Kelso, C. & Mearns, K. 2017. the impact of stakeholder relations on the Mnemba Island Marine
Conservation Area, Zanzibar, Tanzania. Tourism in Marine Environments 12(3-3), 239-252.

Bush, E.R., Short, R.E., Milner-Gulland, E.J., Lennox, K., Samoilys, M. & Hill, N. 2017. Mosquito net use in
an artisanal east African fishery. Conservation Letters 10(4), 451-459.

Caldwell, I.LR. & Vincent, A.C.J. 2012. Revisiting two sympatric European seahorse species: Apparent decline
in the absence of exploitation. Aquatic Conservation: Marine and Freshwater Ecosystems 22(4),
427-435.

Cannicci, S., Bartolini, F., Dahdouh-Guabas, F., Fratini, S., Litulo, C., Macia, A., Mrabu, E.J., Penha-Lopes,
G. & Paula, J. 2009. Effects of urban wastewater on crab and mollusc assemblages in equatorial and
subtropical mangroves of East Africa. Estuarine, Coastal and Shelf Science 84, 305-317.

Castro, A.L.C., Diniz, A.F., Martins, .Z., Vendel, A.L., Oliveira, T.P.R. & Rosa, LM.L. 2008. Assessing diet
composition of seahorses in the wild using a non-destructive method: Hippocampus reidi (Teleostei:
Syngnathidae) as a study-case. Neotropical Ichthyology 6(4), 637-644.

Celliers, L., Colenbrander, D.R., Breetzke, T. & Oelofse, G. 2015. Towards increased degrees of integrated
coastal management in the City of Cape Town, South Africa. Ocean & Coastal Management 105,
138-153.

Chandran, R., Thanappan, V., Satyanarayana, C., Chandra, K., Senthilkumaran, R. & Fricke, R. 2020. First
record of the pink pipefish, Bryx analicarens (Actinopterygii: Syngnathiformes: Syngnathidae), from
Indian waters. Acta Ichthyologica et Piscatoria 50 (1), 113-120.

Chang, C.-H., Jang-Liaw, N.-H., Lin, Y.-S., Fang, Y.-C. & Shao, K.-T. 2013. Authenticating the use of dried
seahorses in the traditional Chinese medicine market in Taiwan using molecular forensics. Journal of
Food and Drug Analysis 21, 310-316.

Cheal, A.J., MacNeil, M.A., Emslie, M.J. & Sweatman, H. 2017. The threat to coral reefs from more intense
cyclones under climate change. Global Change Biology 23(4), 1511-1524.

Choi, Y.-U., Rho, S., Park, H.-S., Kang, D.-H. 2012. Population characteristics of two seahorses, Hippocampus
coronatus and Hippocampus mohnikei, around seagrass beds in the southern coastal waters of Korea.
Ichthyology Research 59, 235-241.

Choo, C.K. & Liew, H.C. 2003. Spatial distribution, substrate assemblages and size composition of seahorses
(Family Syngnathidae) in the coastal waters of Peninsular Malaysia. Journal of the Marine Biological
Association of the United Kingdom 83(2), 271-276.

Christensen, M.S. & Winterbottom, R.A. 1981. Correction factor for, and its application to, visual censuses of
littoral fish. South African Journal of Zoology 16(2), 73-79.

Cisneros-Montemayor, A.M., West, K., Boiro, I.S. & Vincent, A.C.J. 2016. An assessment of West African
seahorses in fisheries catch and trade. Journal of Fish Biology 88, 751-759.

Claassens, L. 2016. An artificial water body provides habitat for an endangered estuarine seahorse species.
Estuarine, Coastal and Shelf Science 180, 1-10.

Claassens, L. 2018. Aspects of the Population Ecology, Habitat Use and Behaviour of the Endangered Knysna
Seahorse (Hippocampus capensis Boulenger, 1900) in a Residential Marina Estate, Knysna, South
Africa: Implications for Conservation. PhD thesis, Rhodes University, Grahamstown, South Africa.

Claassens, L., Barnes, R., Wasserman, J., Lamberth, S., Miranda, A., van Niekerk, L. & Adams, J. 2020.
Knysna Estuary health: Ecological status, threats and options for the future. African Journal of Aquatic
Science 45(1-2), 65-82.

Claassens, L., Booth, A.J. & Hodgson, A.N. 2018. An endangered seahorse selectively chooses an artificial
structure. Environmental Biology of Fishes 101, 723-733.

Claassens, L., de Villiers, N.M., Seath, J. & Wasserman, J. 2021. Distribution and density of the critically
endangered estuarine pipefish across its range — implications for conservation. Aquatic Conservation:
Marine and Freshwater Ecosystems 32(1), 28—41.

227



L. CLAASSENS ET AL.

Claassens, L. & Harasti, D. 2020. Life history and population dynamics of an endangered seahorse
(Hippocampus capensis) within an artificial habitat. Journal of Fish Biology 97(4), 974-986.

Claassens, L. & Hodgson, A.N. 2018a. Gaining insights into i situ behaviour of an endangered seahorse using
action cameras. Journal of Zoology 304(2), 98—108.

Claassens, L. & Hodgson, A. 2018b. Monthly population density and structure patterns of an endangered
seahorse Hippocampus capensis: A comparison between natural and artificial habitats. Journal of Fish
Biology 92, 2000-2015.

Clark, B.M., Bennett, B.A. & Lanberth, S.J. 1996. Temporal variations in surf zone fish assemblages from
False Bay, South Africa. Marine Ecology Progress Series 131, 35-47.

Coker, D.J., Wilson, S.K. & Pratchett, M.S. 2014. Importance of live coral habitat for reef fishes. Reviews in
Fish Biology and Fisheries 24, 89—126.

Correia, M., Caldwell, I.R., Koldewey, H.J., 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., 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.

Costa, M.J., Costa, J.L., De Almeida, PR. & Assis, C.A. 1994. Do eel grass beds and salt marsh borders act
as preferential nurseries and spawning grounds for fish? An example of the Mira estuary in Portugal.
Ecological Engineering 3, 187-195.

Cowburn, B., Musembi, P.M., Sindorf, V., Kohlmeier, D., Raker, C., Nussbaumer, A., Hereward, H.F.R., Van
Baelenberghe, B., Goebbels, D., Kamire, J., Horions, M., Sluka, R.D., Taylor, M.L. & Rogers, A.D. 2018.
The habitats and biodiversity of Watamu Marine National Park: Evaluating our knowledge of one of east
Africa’s oldest marine protected areas. Atoll Research Bulletin 618, 48p.

Cowley, P.D. & Whitfield, A.K. 2001. Ichthyofaunal characteristics of a typical temporarily open/closed
estuary on the southeast coast of South Africa. Ichthyological Bulletin of the JLB Smith Institute of
Ichthyology 71, 1-19.

Crona, B.I. & Ronnbick, P. 2007. Community structure and temporal variability of juvenile fish assemblages
in natural and replanted mangroves, Sonneratia alba Sm., of Gazi Bay, Kenya. Estuarine, Coastal and
Shelf Science 74, 44-52.

Curtis, JM.R. & Vincent, A.C.J. 2005. Distribution of sympatric seahorse species along a gradient of habitat
complexity in a seagrass-dominated community. Marine Ecology Progress Series 291, 81-91.

Cutler, J.S., Olivos, J.A., Sidlauskas, B. & Arismendi, I. 2020. Habitat loss due to dam development may affect
the distribution of marine-associated fishes in Gabon, Africa. Ecosphere 11(2), €03024.

Cyrus, D. 2001. A preliminary assessment of impacts on estuarine associated fauna resulting from an intra-
basin transfer and freshwater abstraction from aquatic systems in the Richards Bay area of KwaZulu-
Natal, South Africa. Southern African Journal of Aquatic Sciences 26(2), 115-120.

Cyrus, D.P. & McLean, S. 1996. Water temperature and the 1987 fish kill at Lake St Lucia on the south-eastern
coast of Africa. Southern African Journal of Aquatic Science 22(1-2), 105-110.

Daly, R., Stevens, G. & Keating, C. 2018. Rapid marine biodiversity assessment records 16 new marine
fish species for Seychelles, West Indian Ocean. Marine Biodiversity Records 11(6), doi: 10.1186/
s41200-018-0141-6

Dawson, C.E. 1977a. Synopsis of syngnathine pipefishes usually referred to the genus Ichthyocampus Kaup,
with description of new genera and species. Bulletin of Marine Science 27(4), 595-650.

Dawson, C.E. 1977b. Review of the pipefish genus Corythoichthys with description of three new species.
Copeia 1977, 295-338.

Dawson, C.E. 1981. Review of the Indo-Pacific pipefish genus Doryrhamphus kaup (Pisces: Syngnathidae)
with descriptions of a new species and a new subspecies. Ichthyological Bulletin of the J.L.B. Smith
Institute of Ichthyology 44, 1-217.

Dawson, C.E. 1982. Descriptions of Cosmocampus retropinnis sp. n., Minyichthys sentus sp. n. and
Amphelikturus sp. (Pisces, Syngnathidae) from the eastern Atlantic region. Zoologica Scripta 11(2),
135-140.

228


https://doi.org/10.1186/s41200-018-0141-6
https://doi.org/10.1186/s41200-018-0141-6

SYNGNATHIDAE FAMILY IN SUB-SAHARAN AFRICA

Dawson, C.E. 1983. Synopsis of the Indo-Pacific pipefish genus Siokunichthys (Syngnathidae), with descrip-
tion of S. nigrolineatus n. sp. Pacific Science 37(1), 49-63.

Dawson, C.E. 1984a. Bulbonaricus herald (Pisces: Syngnathidae), a senior synonym of Enchelyocampus,
with description of Bulbonaricus brucei n. sp. from eastern Africa. Copeia 3, 565-571.

Dawson, C.E. 1984b. Halicampus zavorensis and H. marquesensis, new species of pipefishes (Syngnathidae)
from Mozambique and the Marquesas Islands. J.L.B. Smith Institute of Ichthyology: Special Publication
34, 1-7.

Dawson, C.E. 1984c. Revision of the genus Microphis Kaup (Pisces: Syngnathidae). Bulletin of Marine
Science 35(2), 117-181.

Dawson, C.E. 1985. Indo-Pacific Pipefishes (Red Sea to the Americas). Ocean Springs, Mississippi: The Gulf
Coast Research Laboratory.

Dawson, C.E. 1986a. Syngnathidae. In Fishes of the North-Eastern Atlantic and the Mediterranean, Volume
2, P.J.P. Whitehead et al. (eds). Paris: UNESCO, 629-639.

Dawson, C.E. 1986b. Syngnathidae. In Check-List of the Freshwater Fishes of Africa (CLOFFA), Volume 2, J.
Daget et al. (eds). Tervuren, Belgium: Musée Royal de I’Afrique Centrale, 281-287.

Dawson, C.E. & Randall, J.E. 1975. Notes on Indo-Pacific pipefishes (Pisces: Syngnathidae) with description
of two new species. Proceedings of the Biological Society of Washington 25, 263-280.

De Boer, W.E,, Van Schie, A.M.P,, Jocene, D.F., Mabote, A.B.P. & Guissamulo, A. 2001. The impact of artisanal
fishery on a tropical intertidal benthic fish community. Environmental Biology of Fishes 61, 213-229.

De Brauwer, M. & Burton, M. 2018. Known unknowns: Conservation and research priorities for soft sediment
fauna that supports a valuable SCUBA diving industry. Ocean & Coastal Management 160, 30-37.

De Brauwer, M., Gordon, L.M., Shalders, T.C., Saunders, B.J., Archer, M., Harvey, E.S., Collin, S.P., Partridge,
J.C. & Mcllwain, J.L. 2019. Behavioural and pathomorphological impacts of flash photography on ben-
thic fishes. Scientific Reports 9, 748.

De Brauwer, M., Harvey, E.S., Mcllwain, J.L., Hobbs, J-P., Jompab, J. & Burton, M. 2017. The economic con-
tribution of the muck dive industry to tourism in Southeast Asia. Marine Policy 83, 92-99.

De Villiers, N.M., Barker, C., Claassens, L. & Hodgson, A.N. 2019. Conservation value of Codium tenue
habitat for the endangered Knysna seahorse Hippocampus capensis. Journal of Fish Biology 95(6),
1457-1464.

Desai, M., Husted, A., Fry, C., Colleen, T. Downs, C.T. & O’Brien, G.C. 2019. Spatial shifts and habitat parti-
tioning of ichthyofauna within the middle—lower region of the Pungwe Basin, Mozambique. Journal of
Freshwater Ecology 34(1), 685-702.

Desportes, I. & Colenbrander, D.R. 2016. Navigating interests, navigating knowledge: Towards an inclusive
setback delineation along Cape Town'’s coastline. Habitat International 54, 124-135.

Dias, T.L.R. & Rosa, L.L. 2003. Habitat preferences of a seahorse species, Hippocampus reidi (Teleostei:
Syngnathidae) in Brazil. Aqua, Journal of Ichthyology and Aquatic Biology 6(4), 165-177.

Didenko, A., Kruzhylina, S. & Gurbyk, A. 2018. Feeding patterns of the black-striped pipefish Syngnathus
abaster in an invaded freshwater habitat. Environmental Biology of Fishes 101, 917-931.

Dominguez, M. 2020. Incorporation and effects of microplastics on seahorses (Hippocampus reidi). MSc
thesis, Ghent University, The Netherlands.

Duarte, B., Martins, L., Rosa, R., Matos, A.R., Roleda, M.A., Reusch, T.B.H., Engelen, A.H., Serrdo, E.A.,
Pearson, G.A., Marques, G.C., Cagador, L., Duarte, C.M. & Jueterbock, A. 2017. Climate change impacts
on seagrass meadows and macroalgal forests: An integrative perspective on acclimation and adaptation
potential. Frontiers in Marine Science 5, doi: 10.3389/fmars.2018.00190

Du Preez, L., Netherlands, E., Coetzer, A., De Swardt, J., Vivier, L., Vlok, W., Bouwman, H. & Smit, N.J.
2016. Biodiversity: Observed threats and potential conservation interventions for selected invertebrate
and vertebrate groups. In Socio-Ecological System Management of the Lower Phongolo River and
Floodplain Using Relative Risk Methodology, N.J. Smit et al. (eds). WRC Report No. 2185/1/16. Gezina,
Pretoria: Water Research Commission, 233-298.

Duffy, D.C., Wilson, R.P. & Wilson, M.P. 1987. Spatial and temporal patterns of diet in the Cape cormorant
off southern Africa. The Condor 89, 830-834.

Earp, H.S. & Liconti, A. 2020. Science for the future: The use of citizen science in marine research and conser-
vation. In YOUMARES 9- The Oceans: Our Research, Our Future. Proceedings of the 2018 Conference
for Young Marine Researcher in Oldenburg, Germany, S. Jungblut et al. (eds). Cham: SpringerOpen,
1-19. doi: 10.1007/978-3-030-20389-4

229


https://doi.org/10.3389/fmars.2018.00190
https://doi.org/10.1007/978-3-030-20389-4

L. CLAASSENS ET AL.

Ecoutin, J.-M., Richard, E., Simier, M. & Albaret, J.-J. 2005. Spatial versus temporal patterns in fish assem-
blages of a tropical estuarine coastal lake: The Ebrié Lagoon (Ivory Coast). Estuarine, Coastal and
Shelf Science 64, 623—635.

Edgar, G., Stuart-Smith, R., Willis, T., Kininmonth, S., Baker, S.C., Banks, S., Barrett, N.S., Becerro, M.A.,
Bernard, A.T.F.,, Berkhout, J., Buxton, C.D., Campbell, S.J., Cooper, A.T., Davey, M., Edgar, S.C.,
Forsterra, G., Galvéan, D.E., Irigoyen, A.J., Kushner, D.J., Moura, R., Parnell, P.A., Shears, N.T., Soler,
G., Strain, E'M.A & Thomspn, R.J. 2014. Global conservation outcomes depend on marine protected
areas with five key features. Nature 506, 216-220.

Evan, W. 2017. Use of freshwater fish to evaluate the wellbeing of selected rivers in KwaZulu-Natal, South
Africa. MSc thesis, University of KwaZulu Natal, South Africa.

Filiz, H. & Taskavak, E. 2012. Field surveys on recent situation of seahorses in Turkey. Biharean Biologist
6(1), 55-60.

Forbes, AT., Forbes, N.T. & Bundy, S. 2013. Baseline ecological assessment for the Port of Richards Bay
Expansion Programme — selected aquatic and terrestrial habitats. MER Report 7/2013. Durban: Marine
& Estuarine Research.

Fordyce, A.J. 2016. Reef fish communities of Praia do Tofo, Mozambique, and the need for best practice man-
agement. Peer Journal Preprints 4, e2389v1, doi: 10.7287/peerj.preprints.2389v1

Forget, F., Dagorn, L., Merigot, B., Gaerther, J.C., Robinson, J., Cowley, P.D., Adam, M.S., Rilwan, Y.,
Koonjul, M., Mangar, V., Taquet, M. & Menard, F. 2020. Beta diversity of pelagic assemblages at fish
aggregating devices in the open ocean. African Journal of Marine Science 42(2), 247-254.

Foster, S., Wiswedel, S. & Vincent, A. 2016. Opportunities and challenges for analysis of wildlife trade using CITES
data — seahorses as a case study. Aquatic Conservation: Marine and Freshwater Ecosystems 26, 154—172.

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.

Freret-Meurer, N.V., Andreata, J.V. & Alves, M.A.S. 2012. Activity rate of the seahorse Hippocampus reidi
Ginsburg, 1933 (Syngnathidae). Acta Ethologica 15, 221-227.

Fricke, R., Durville, P., Bernardi, G., Borsa, P., Mou-Tham, G. & Chabanet, P. 2013. Checklist of the shore
fishes of Europa Island, Mozambique channel, southwestern Indian Ocean, including 302 new records.
Stuttgarter Beitrcige zur Naturkunde A 6, 247-276.

Fricke, R., Mahafina, J., Behivoke, F., Joanalison, H., Leopold, M. & Ponton, D. 2018. Annotated checklist
of the fishes of Madagascar, southwestern Indian Ocean, with 158 new records. FishTaxa 3(1), 1-432.

Fricke, R., Mulochau, T., Durville, P., Chabanet, P., Tessier, E. & Letourneur, Y. 2009. Annotated checklist
of the fish species (Pisces) of La Réunion, including a red list of threatened and declining species.
Stuttgarter Beitrdge zur Naturkunde A 2, 1-168.

Gajdzik, L., Vanreusel, A., Koedam, N., Reubens, J. & Muthumbi, A.W.N. 2014. The mangrove forests as nurs-
ery habitats for the ichthyofauna of Mida Creek (Kenya, East Africa). Journal of the Marine Biological
Association of the United Kingdom 94(5), 865-877.

Galbusera, PH.A., Gillemot, S., Jouk, P., Teske, P.R., Hellemans, B. & Vlockaert, M.J. 2007. Isolation of
microsatellite markers for the endangered Knysna seahorse Hippocampus capensis and their use in the
detection of a genetic bottleneck. Molecular Ecology Notes 7(4), 638—640.

Gell, FR. & Whittington, M.W. 2002. Diversity of fishes in seagrass beds in the Quirimba Archipelago, north-
ern Mozambique. Marine and Freshwater Research 53, 115-121.

Giglio, V.J., Ternes, M.L.F., Kassuga, A.D. & Ferreira, C.E.L. 2019. Scuba diving and sedentary fish watch-
ing: Effects of photographer approach on seahorse behavior. Journal of Ecotourism 18, 142-151.
Giles, B.G., Ky, T.S., Hoang, D.H. & Vincent, A.C.J. 2005. The catch and trade of seahorses in Vietnam.

Biodiversity and Conservation 8, 2497-2513.

Gilman, E.L., Ellison, J., Duke, N.C. & Field, C. 2008. Threats to mangroves from climate change and adapta-
tion options. Aquatic Botany 89(2), 237-250.

Glasby, T.M. & West, G. 2018. Dragging the chain: Quantifying continued losses of seagrasses from boat
moorings. Aquatic Conservation: Marine and Freshwater Ecosystems 28(2), 383-394.

Godoy, M.D.P. & De Lacerda, L.D. 2015. Mangroves response to climate change: A review of recent findings
on mangrove extension and distribution. Annals of the Brazilian Academy of Sciences 87(2), 651-667.

Goffredo, S., Piccinetti, C. & Zaccanti, F. 2004. Volunteers in marine conservation monitoring: A study of
the distribution of seahorses carried out in collaboration with recreational scuba divers. Conservation
Biology 18, 1492-1503.

230


https://doi.org/10.7287/peerj.preprints.2389v1

SYNGNATHIDAE FAMILY IN SUB-SAHARAN AFRICA

Golani, D. & Lerner, A. 2007. A long-term study of the sandy shore ichthyofauna on the northern Red Sea
(Gulf of Agaba) with reference to adjacent mariculture activity. The Raffles Bulletin of Zoology 14,
255-264.

Goncalves, I.B., Ahnesjo, I. & Kvarnemo, C. 2011. The relationship between female body size and egg size in
pipefishes. Journal of Fish Biology 78, 1847-1854.

Goran, M. & Spanier, E. 1985. The communities of benthic fish in Foul Bay (Tiran Island, Red Sea).
Oceanological Acta 8(4), 471-478.

Grace, M.K., Akcakaya, H.R., Bennett, E.L., Brooks, T.M., Heath, A., Hedges, S., Hilton-Taylor, C.,
Hoffmann, M., Hochkirch, A., Jenkins, R. & Keith, D.A. 2021. Testing a global standard for quantify-
ing species recovery and assessing conservation impact. Conservation Biology 35(6), 1833—1849. doi:
10.1111/cobi.13756

Grange, N. & Cretchley, R. 1995. A preliminary investigation of the reproductive behaviour of the Knysna
Seahorse, Hippocampus capensis Boulenger, 1900. Southern African Journal of Aquatic Sciences
21(1/2), 103-104.

Grange, N., Whitfield, A K., De Villiers, C.J. & Allanson, B.R. 2000. The response of two South African east
coast estuaries to altered river flow regimes. Aquatic Conservation: Marine and Freshwater Ecosystems
10(3), 155-177.

Gristina, M., Cardone, F., Carlucci, R., Castellano, L., Passarelli, S. & Corriero, G. 2015. Abundance, distri-
bution and habitat preference of Hippocampus guttulatus and Hippocampus hippocampus in a semi-
enclosed central Mediterranean marine area. Marine Ecology 36, 57-66.

Gristina, M., Cardone, F., Desiderato, A., Mucciolo, S., Lazic, T. & Corriero, G. 2016. Habitat use in juvenile
and adult life stages of the sedentary fish Hippocampus guttulatus. Hydrobiologia 784, 9-19.

Gullstrom, M., Castro, T.M., Bandeira, S.O., Bjork, M., Dhalberg, M., Kautsky, N., Ronnback, P. & Ohman,
M.C. 2002. Seagrass ecosystems in the western Indian Ocean. Ambio 31(7-8), 588-596.

Gurkan, S., Taskavak, E. & Hossucu, B. 2009. The reproductive biology of the great pipefish Syngnathus acus
(Family: Syngnathidae) in the Aegean Sea. North-Western Journal of Zoology 5(1), 179-190.

Halpern, B.S. 2003. The impact of marine reserves: Do reserves work and does reserve size matter? Ecological
Applications 13(1), 117-137.

Hamilton, H., Saarman, N., Short, G., Sellas, A.B., Moore, B., Hoang, T., Grace, C.L., Gomon, M., Crow,
K. & Simison, W.B. 2017. Molecular phylogeny and patterns of diversification in syngnathid fishes.
Molecular Phylogenetics and Evolution 107, 388—403.

Hanekom, N. & Baird, D. 1984. Fish community structures in Zostera and non-Zostera regions of the Kromme
estuary, St Francis Bay. South African Journal of Zoology 19, 295-301.

Harasti, D. 2016. Declining seahorse populations linked to loss of essential marine habitats. Marine Ecology
Progress Series 546, 173—181.

Harasti, D. 2015. Range extension and first occurrence of the thorny seahorse Hippocampus histrix in New
South Wales, Australia. Marine Biodiversity Records 8(E49), doi: 10.1017/S1755267215000263

Harasti, D. 2017. Southwards range extension of the great seahorse Hippocampus kelloggi in Australia.
Journal of Applied Ichthyology 33(5), 1018—1020.

Harasti, D. & Gladstone, W. 2013. Does underwater flash photography affect the behaviour, movement and site
persistence of seahorses? Journal of Fish Biology 83(5), 1344-1353.

Harasti, D., Glasby, T.M. & Martin-Smith, K.M. 2010. Striking a balance between retaining populations of
protected seahorses and maintaining swimming nets. Aquatic Conservation: Marine and Freshwater
Ecosystems 20(2), 159-166.

Harasti, D., Martin-Smith, K. & Gladstone, W. 2012. Population dynamics and life history of a geographically
restricted seahorse, Hippocampus whitei. Journal of Fish Biology 81, 1297-1314.

Harasti, D., Martin-Smith, K. & Gladstone, W. 2014. Ontogenetic and sex-based differences in habitat
preferences and site fidelity of White’s seahorse Hippocampus whitei. Journal of Fish Biology 85,
1413-1428.

Harris, S.A. & Cyrus, D.P. 2000. Comparison of larval fish assemblages in three large estuarine systems,
KwaZulu Natal, South Africa. Marine Biology 137, 527-541.

Harris, S.A., Cyrus, D.P. & Beckley, L.E. 1999. The larval fish assemblage in nearshore coastal waters off the
St Lucia estuary, South Africa. Estuarine, Coastal and Shelf Science 49, 789-811.

Harris, S.A., Cyrus, D.P. & Forbes, A.T. 1995. The larval fish assemblage at the mouth of the Kosi Estuary,
KwaZulu-Natal, South Africa. South African Journal of Marine Science 16(1), 351-364.

231


https://doi.org/10.1111/cobi.13756
https://doi.org/10.1111/cobi.13756
https://doi.org/10.1017/S1755267215000263

L. CLAASSENS ET AL.

Harrison, T.D. 1999. A preliminary survey of estuaries on the south-west coast of South Africa, Cape
Hangklip - Cape Agulhas, with particular reference to the fish fauna. Transactions of the Royal Society
of South Africa 54(2), 257-283.

Harrison, T.D. & Whitfield, A.K. 2006. Estuarine typology and the structuring of fish communities in South
Africa. Environmental Biology of Fishes 75, 269-293.

Hellyer, C.B., Harasti, D. & Poore, A.G.B. 2011. Manipulating artificial habitats to benefit seahorses in Sydney
Harbour, Australia. Aquatic Conservation: Marine and Freshwater Ecosystems 21, 582-589.

Hoegh-Guldberg, O., Poloczanska, E.S., Skirving, E. & Dove, S. 2017. Coral reef ecosystems under climate
change and ocean acidification. Frontiers in Marine Science 4, doi: 10.3389/fmars.2017.00158

Howard, R.K. & Koehn, J.D. 1985. Population dynamics and feeding ecology of pipefish (Syngnathidae) asso-
ciated with eelgrass beds of Western Port, Victoria. Marine and Freshwater Research 36(3), 361-370.

Hughes, T.P.,, Kerry, J.T., Baird, A.H., Connolly, S.R., Dietzel, A., Eakin, C.M., Heron, S.F., Hoey, A.S.,
Hoogenboom, M.O., Liu, G. & McWilliam, M.J. 2018. Global warming transforms coral reef assem-
blages. Nature 556(7702), 492—-496.

Human, L.R.D., Adams, J.B. & Allanson, B.R. 2016. Insights into the causes of an Ulva lactuca Linnaeus
bloom and its impact in South Africa’s most important estuary. South African Journal of Botany 107,
55-62.

Huxham, M., Kimani, E. & Augley, J. 2008. The fish community of an east African mangrove: Effects of
turbidity and distance from the sea. Western Indian Ocean Journal of Marine Science 7(1), 57-67.

Ikejima, K., Rinquillo, V.L., Corre, J.R. & Dureza, V.A. 2006. Fish assemblages in abandoned ponds and
waterways surrounding brackish water aquaculture ponds in Panay Island, the Philippines. Asian
Fisheries Science 19, 293-307.

iNaturalist. 2021. iNaturalist. San Fransisco: California Academy of Sciences. Online. https://www.inatural-
ist.org (Accessed 25 April 2021).

Ishihara, T. & Tachihara, K. 2009. The maturity and breeding season of the bellybarred pipefish, Hippichthys
spicifer, in Okinawa-jima Island rivers. Ichthyology Research 56, 388-393.

IUCN (International Union for Conservation of Nature). 2012. I[UCN Red List Categories and Criteria:
Version 3.1, 2nd ed. Gland: IUCN.

IUCN. 2021. The IUCN Red List of Threatened Species, Version 2020-3. Gland: IUCN. Online. https:/www.
iucnredlist.org (Accessed 25 April 2021).

IUCN SSC Seahorse, Pipefish and Seadragon Specialist Group. 2021. Protect the Knysna Seahorse — a
Threatened National Treasure. Vancouver: [IUCN SSC Seahorse, Pipefish and Seadragon Specialist
Group. Online. https://www.iucn-seahorse.org/knysna (Accessed 18 February 2021).

James, N.C. & Harrison, T.D. 2010a. A preliminary survey of the estuaries on the south coast of South Africa,
Robberg Peninsula — Cape St Francis, with particular reference to the fish fauna. Transactions of the
Royal Society of South Africa 64(1), 14-31.

James, N.C. & Harrison, T.D. 2010b. A preliminary survey of the estuaries on the southeast coast of South
Africa, Cape Padrone — Great Fish River, with particular reference to the fish fauna. Transactions of the
Royal Society of South Africa 65(3), 149-164.

James, P.L. & Heck, K.L. 1994. The effects of habitat complexity and light intensity on ambush predation
within a simulated seagrass habitat. Journal of Experimental Marine Biology and Ecology 176, 187-200.

Jani, J.M., Shahrudin, R., Chan, A.A., Ismail, M.N., Bahrin, B. & Jamaludin, S. 2019. Pulau Sibu scientific
expedition: Connecting the land and the sea for biodiversity management of a Marine Park island.
Malayan Nature Journal T1(3), 277-284.

Jaonalison, H., Mahafina, J. & Ponton, D. 2016. Fish post-larvae assemblages at two contrasted coral reef
habitats in southwest Madagascar. Regional Studies in Marine Science 6, 62—74.

Jayaneththi, H.B., Madurapperuma, P.L. & Herath, T. 2014. Some notes on the belly pipefish Hippichthys
heptagonus Bleeker, 1849 from Bolgoda Lake, Western Sri Lanka. Sri Lanka Naturalist — Journal of
Ecology and Nature 7(3—4), 15-17.

Jewitt, D., Goodman, P.S., Erasmus, B.E.N., O’Conor, T.G. & Witkowski, E.T.F. 2015. Systematic land-cover
change in KwaZulu-Natal, South Africa: Implications for biodiversity. South African Journal of Science
111, 1-9.

Jones, B.L. & Unsworth, R.K.F. 2020. The perverse fisheries consequences of mosquito net malaria prophy-
laxis in East Africa. Ambio 49, 1257-1267.

232


https://www.inaturalist.org
https://www.inaturalist.org
https://www.iucnredlist.org
https://www.iucnredlist.org
https://www.iucn-seahorse.org
https://doi.org/10.3389/fmars.2017.00158

SYNGNATHIDAE FAMILY IN SUB-SAHARAN AFRICA

Kamelan, T.M., Yao, S.S., Kouame, K.A., N°Zi, K. G. & Kouamelan, E.P. 2013. Ichtyofaune de la riviere
Dodo (Céte d’ivoire, Afrique de 'ouest): mise a jour et influence des variables environnementales sur la
distribution des especes. Journal of Applied Biosciences 71, 5773-5785.

Keith, P. 2002. Freshwater fish and decapod crustacean populations on Réunion island, with an assessment of
species introductions. Bulletin Frangais de la Péche et de la Pisciculture 364, 97-107.

Kelleher, G. & Kenchington, R. 1992. Guidelines for Establishing Marine Protected Areas. A conservation
and development report. Gland: TUCN.

Kelly, R., Fleming, A., Pecl, G.T., von Gonner, J. & Bonn, A. 2020. Citizen science and marine conservation: A global
review. Philosophical Transactions of the Royal Society B 375(1814), 20190461, doi: 10.1098/rstb.2019.0461

Kendrick, A.J. & Hyndes, G.A. 2003. Patterns in the abundance and size-distribution of syngnathid fishes
among habitats in a seagrass-dominated marine environment. Estuarine, Coastal and Shelf Science
57(4), 631-640.

Kendrick, A.J., Hyndes, G.A. 2005. Variations in the dietary compositions of morphologically diverse syn-
gnathid fishes. Environmental Biology of Fishes 72, 415-427.

Khalaf, M.A., Al-Rousan, S. & Al-Horani, F.A. 2012. Fish assemblages in seagrass habitat along the Jordanian
coast of the Gulf of Aqaba. Natural Science 4(8), 517-525.

Kitsos, M.S., Tzomos, T.H., Anagnostopoulou, L. & Koukouras, A. 2008. Diet composition of the sea-
horses, Hippocampus guttulatus Cuvier, 1829 and Hippocampus hippocampus (L., 1758) (Teleostei,
Syngnathidae) in the Aegean Sea. Journal of Fish Biology 72, 1259-1267.

Kleiber, D., Blight, L.K., Caldwell, IL.R. & Vincent, A.C.J. 2011. The importance of seahorses and pipefishes
in the diet of marine animals. Revision of Fish Biology 21, 205-223.

Kleynhans, C.J. 2007. Module D: Fish Response Assessment Index in River EcoClassification: Manual for
EcoStatus Determination (version 2) Joint Water Research Commission and Department of Water
Affairs and Forestry Report No. TT330/08. Gezina: Water Research Commission, doi:10.13140/
RG.2.1.1859.4000

Kloiber, U. 2013. Chumbe Island Coral Park — Conservation and Education, Status Report 2013. Zanzibar:
Chumbe Island Coral Park, Ltd. Online. http://www.reefresilience.org/wp-content/uploads/Chumbe-
Island-Coral-Park-Conservation-and-Education-Status-Report-2013.pdf (Accessed 21 December 2021).

Kone, T.S., Kamelan, T.M., Konan, Y.A., Etile, R.N., Lozo, R.N., Yao, K.M. & Kouamelan, E.P. 2021.
Fish distribution pattern and environmental influence in the Bandama River estuary (West Africa).
International Journal of Fisheries and Aquatic Studies 9(1), 6—13.

Krishnan, T.S., Kuiter, R.H. & Patterson, J. 2011. Occurrence of western Indian Ocean seahorse Hippocampus
borboniensis Dumeril, 1870 in the Gulf of Mannars, South-eastern India. Indian Journal of Geo-marine
Sciences 40(5), 642—-644.

Kuiter, R. 2004. A new pygmy pipehorse (Pisces: Syngnathidae: Idiotropiscis) from eastern Australia. Records
of the Australian Museum 56(2), 163-165.

Kuiter, R.H.K. 1998. Pipefishes of the syngnathid Genus Dunckerocampus (Sygnathiformes: Syngnathidae),
with a description of a new species from the Indian Ocean. Aqua, Journal of Ichthyology and Aquatic
Biology 3(2), 81-84.

Kuiter, R.H.K. 2009. Seahorses and Their Relatives. Seaford: Aquatic Photographics.

Kvarnemo, C., Moore, G.I. & Jones, A.G. 2007. Sexually selected females in the monogamous Western
Australian seahorse. Proceedings of the Royal Society B 274, 521-525.

Kyle, R. 2002. Interesting new record and further notes on the occurrence of marine fish in Nyamithi Pan,
Ndumo Game Reserve, South Africa. KOEDOE - African Protected Area Conservation and Science
45(2), 123-125.

Lawson, J.M., Foster, S.J. & Vincent, A.C.J. 2017. Low bycatch rates add up to big numbers for a genus of
small fishes. Fisheries 42(1), 19-33.

Lazic, T., Pierri, C., Gristina, M., Carlucci, R., Cardone, F., Colangelo, P., Desiderato, A., Mercurio, M.,
Bertrandino, M.S., Longo, C., Carbonara, P., Corriero, G. 2018. Distribution and habitat preferences
of Hippocampus species along the Apulian coast. Aquatic Conservation: Marine and Freshwater
Ecosystems 28(6), 1-12.

Le Cheminant, J.M. 2000. An investigation to establish the suitability of opalithplattchen (bee tag), Floy
and visible implant fluorescent elastomer (VIFE) tagging systems for marking the Knysna Seahorse,
Hippocampus capensis. MSc thesis, Bournemouth University, United Kingdom.

233


http://www.reefresilience.org
http://www.reefresilience.org
https://doi.org/10.1098/rstb.2019.0461
https://doi.org/10.13140/RG.2.1.1859.4000
https://doi.org/10.13140/RG.2.1.1859.4000

L. CLAASSENS ET AL.

Lessios, H.A. & Robertson, D.R. 2006. Crossing the impassable: Genetic connections in 20 reef fishes
across the eastern Pacific barrier. Proceedings of the Royal Society B: Biological Sciences 273(1598),
2201-2208.

Letourneur, Y., Chabanet, P., Durville, P.,, Taquet, M., Teissier, E., Parmentier, M., Quero, J.-C. & Pothin, K.
2004. An updated checklist of the marine fish fauna of Réunion Island, south-western Indian Ocean.
Cybium 28(3), 199-216.

Levine, A. 2006. Local Responses to Marine Conservation in Zanzibar, Tanzania. Berkeley: UC Berkeley,
Global, Area, and International Archive. Online. https://escholarship.org/uc/item/28r16147 (Accessed
21 December 2021).

Leysen, H., Jouk, P., Brunain, M., Christiaens, J. & Adriaens, D. 2010. Cranial architecture of tube-snouted
gasterosteiformes (Syngnathus rostellatus and Hippocampus capensis). Journal of Morphology 271(3),
255-270.

Lim, A.C.O., Chong, V.C., Wong, C.S. & Choo, C.K. 2011. Diversity, habitats and conservation threats of
syngnathid (Syngnathidae) fishes in Malaysia. Tropical Zoology 24, 193-222.

Lindén, O., Souter, D., Wilhelmsson, D. & Obura, D. (eds) 2002. Coral Reef Degradation in the Indian Ocean.
Status Report 2002. Kalmar: Cordio. Online. https://www.iucn.org/content/coral-reef-degradation-
indian-ocean-status-report-2002 (Accessed 21 December 2021).

Lockyear, J.F.,, Hecht, T., Kaiser, H. & Teske, P.R. 2006. The distribution and abundance of the endangered
Knysna seahorse Hippocampus capensis (Pisces: Syngnathidae) in South African estuaries. African
Journal Aquatic Science 31(2), 275-283.

Lockyear, J.F,, Kaiser, H. & Hecht, T. 1997. Studies on the captive breeding of the Knysna seahorse,
Hippocampus capensis. Aquarium Sciences and Conservation 1, 129-136.

Lourie, S.A., Foster, S.J., Cooper, EW.T. & Vincent, A.C.J. 2004. A Guide to the Identification of Seahorses.
Project Seahorse and TRAFFIC North America. Washington, DC: University of British Columbia and
World Wildlife Fund.

Lourie, S.A., Pollom, R.A. & Foster, S.J. 2016. A global revision of the seahorses Hippocampus Rafinesque
1810 (Actinopterygii: Syngnathiformes): Taxonomy and biogeography with recommendations for fur-
ther research. Zootaxa 4146, 66pp. doi: 10.11646/zootaxa.4146.1.1

Louw, S. & Burgener, M. 2020. Seahorse trade dynamics from Africa to Asia. TRAFFIC Bulletin 32(1),
37-44.

Lugendo, B.R. 2007. Utilisation by fishes of shallow-water habitats including mangroves and seagrass beds
along the Tanzanian Coast. PhD thesis, Radboud University, The Netherlands.

Machiwa, J.F. & Hallberg, R.O. 1995. Flora and crabs in a mangrove forest partly distorted by human activi-
ties, Zanzibar. Ambio 24(7/8), 492—-496.

Maeda, K. & Tachihara, K. 2010. Diel and seasonal occurrence patterns of drifting fish larvae in the Teima
Stream, Okinawa Island. Pacific Science 64(2), 161-176.

Maiz-Tomé, L., Sayer, C. & Darwall, W. (eds) 2018. The Status and Distribution of Freshwater Biodiversity
in Madagascar and the Indian Ocean Islands Hotspot. Gland: IUCN.

Mamonekene, V., Lavoue, S., Pauwels, O.S.G., Mve Beh, J.H., Mackayah, J.-E. & Tchignoumba, L. 2006. Fish
diversity at Rabi and Gamba, Ogooué-Maritime Province, Gabon. Bulletin of the Biological Society of
Washington 12, 285-296.

Manning, C.G., Foster, S.J. & Vincent, A.C.J. 2019. A review of the diets and feeding behaviours of a family
of biologically diverse marine fishes (Family Syngnathidae). Reviews in Fish Biology and Fisheries 29,
197-221.

Manning, C.G., Foster, S.J., Harasti, D. & Vincent, A.C.J. 2018. A holistic investigation of the ecological cor-
relates of abundance and body size for the endangered White’s seahorse Hippocampus whitei. Journal
of Fish Biology 93(4), 659-663.

Marcus, J.E., Samoilys, M.A., Meeuwig, J.J., Villongco, Z.A.D. & Vincent, A.C.J. 2007. Benthic status of near-
shore fishing grounds in the central Philippines and associated seahorse densities. Marine Pollution
Bulletin 54, 1483—1494.

Martin-Smith, K.M. & Vincent, A.C.J. 2006. Exploitation and trade of Australian seahorses, pipehorses, sea
dragons and pipefishes (Family Syngnathidae). Oryx 40(2), 141-151.

MasonJones, H.D & Lewis, S.M. 1996. Courtship behaviour in the dwarf seahorse, Hippocampus zosterae.
Copeia 3, 634—-640.

234


https://escholarship.org
https://www.iucn.org
https://www.iucn.org
https://doi.org/10.11646/zootaxa.4146.1.1

SYNGNATHIDAE FAMILY IN SUB-SAHARAN AFRICA

MasonJones, H.D., Rose, E., McRae, L.B. & Dixson, D.L. 2010. An examination of the population dynamics
of syngnathid fishes within Tampa Bay, Florida, USA. Current Zoology 56(1), 118—133.

Matsumoto, K. & Yanagisawa, Y. 2001. Monogamy and sex role reversal in the pipefish Corythoichthys hae-
matopterus. Animal Behaviour 61, 163-170.

Mbande, S. 2003. Fishes of the Mngazi and Mngazana Estuaries, with particular emphasis on the community
structure and primary carbon sources. MSc thesis, Rhodes University, Grahamstown.

McKenna, S.A. & Allen, G.R. (eds) 2006. A rapid marine biodiversity assessment of the coral reefs of north-
west Madagascar. Bulletin of the Rapid Assessment Program 31, Washington, DC: Conservation
International.

McPherson, J.M. & Vincent, A.C.J. 2004. Assessing East African trade in seahorse species as a basis for
conservation under international controls. Aquatic Conservation: Marine and Freshwater Ecosystems
14(5), 521-538.

Meeuwig, J.J., Hoang, D.H., Ky, T.S., Job, S.D. & Vincent, A.C.J. 2006. Quantifying non-target seahorse fish-
eries in central Vietnam. Fisheries Research 81, 149—-157.

Milton, D.A. 2009. Living in two worlds: Diadromous fishes, and factors affecting population connectivity
between tropical rivers and coasts. In Ecological Connectivity Among Tropical Coastal Ecosystems, 1.
Nagelkerken (ed.). Dordrecht: Springer, 325-355. doi: 10.1007/978-90-481-2406-0_9

Mirriam, W. 2010. Fish community structure of a mangrove creek, Tudor, Kenya. PhD thesis, Moi University,
Kenya.

Mkare, T.K., Jansen van Vuuren, B. & Teske, P.R. 2017. Conservation implications of significant population
differentiation in an endangered estuarine seahorse. Biodiversity Conservation 26, 1275-1293.

Mkare, T.K., Jansen van Vuuren, J. & Teske, P.R. 2021. Conservation priorities in an endangered estua-
rine seahorse are informed by demographic history. Scientific Reports 11, 4205, doi: 10.1038/
s41598-021-83754-4

Monteiro, N.M., Almada, V.C. & Vieira, M.N. 2005. Temporal patterns of breeding and recruitment in
Nerophis lumbriciformis (Pisces; Syngnathidae) related to seawater temperatures. Journal of Fish
Biology 67, 1475-1480.

Monteiro, N.M., Berglund, A., Vieira, M.N. & Almada, V.C. 2006. Reproductive migrations of the sex role
reversed pipefish Nerophis lumbriciformis (Pisces; Syngnathidae). Journal of Fish Biology 69, 66—74.

Monteiro, N.M., Carneiro, D., Antunes, A., Queiroz, N., Vieira, M.N. & Jones, A.G. 2017. The lek mating
system of the worm pipefish (Nerophis lumbriciformis): A molecular maternity analysis and test of the
phenotype-linked fertility hypothesis. Molecular Ecology 26(5), 1371-1385.

Monteiro, N.M., Vieira, M.N. & Almada, V.B. 2002. Activity rthythms and cyclical changes of microhabitat
preferences in the intertidal pipefish Nerophis lumbriciformis (Pisces: Syngnathidae). Acta Ethology 5,
39-43.

Moore, G.I., Morrison, S.M., Hutchins, B., Allen, G.R. & Sampey, A. 2014. Kimberley marine biota. Historical
data: Fishes. Records of the Western Australian Museum 84, 161-204.

Moreau, M.-A. & Vincent, A.C.J. 2004. Social structure and space use in a wild population of the Australian
short-head seahorse Hippocampus breviceps Peters, 1869. Marine and Freshwater Research 55, 231-2309.

Munro, R. 2017. Gabions. In Encyclopedia of Engineering Geology, P.T. Bobrowsky & B. Marker (eds). Cham:
SpringerLink. doi:10.1007/978-3-319-12127-7_131-1

Murase, A. 2015. Ichthyofaunal diversity and vertical distribution patterns in the rockpools of the southwest-
ern coast of Yaku-shima Island, southern Japan. Check List 11(4), 1-21.

Murugan, A., Dhanya, S., Rajagopal, S. & Balasubramanian, T. 2008. Seahorses and pipefishes of the Tamil
Nadu coast. Current Science 95(2), 253-260.

Mwale, M., Kaiser, H. & Heemstra, P.C. 2014. Reproductive biology and distribution of Syngnathus tem-
minckii and S. watermeyeri (Pisces: Syngnathidae) in southern Africa. African Journal of Marine
Science 36(2), 175-184.

Mwale, M., Kaiser, H., Barker, N.P., Wilson, A.B. & Teske, P.R. 2013. Identification of a uniquely southern
African clade of coastal pipefishes Syngnathus spp. Journal of Fish Biology 82(6), 2045-2062.

Mwaluma, J.M., Kaunda-Arara, B. & Rasowo, J. 2010. Alongshore distribution and abundance of fish larvae
off the coast of Kenya. African Journal of Marine Science 32(3), 581-589.

Mwandya, A.-W. 2019. Influence of mangrove deforestation and land use change on trophic organization of fish
assemblages in creek systems. African Journal of Biological Sciences 1(4), 42-57.

235


https://doi.org/10.1007/978-90-481-2406-0_9
https://doi.org/10.1038/s41598-021-83754-4
https://doi.org/10.1038/s41598-021-83754-4
https://doi.org/10.1007/978-3-319-12127-7_131-1

L. CLAASSENS ET AL.

Mwandya, A.W., Gustrom, M., Ohman, M.C., Andersson, M.H. & Mgaya, Y.D. 2009. Fish assemblages in
Tanzanian mangrove creek systems influenced by solar salt farm constructions. Estuarine, Coastal and
Shelf Science 82, 193-200.

Naidoo, M. 2021. Microplastic pollution in the estuarine environment and fauna of the Knysna Estuary,
Western Cape, South Africa. MSc thesis, University of KwaZulu Natal, South Africa.

Nairobi Convention. 2021. Nairobi Convention. Online. https://www.nairobiconvention.org/ (Accessed 18
February 2021).

Nakamura, Y., Horinouchi, M., Nakai, T. & Mitsuhiko, S. 2003. Food habits of fishes in a seagrass bed on a
fringing coral reef at Iriomote Island, southern Japan. Ichthyological Research 50, 15-22.

Naud, M.-J., Curtis, J.M.R., Woodall, L.C. & Gaspard, M.B. 2009. Mate choice, operational sex ratio,
and social promiscuity in a wild population of the long-snouted seahorse Hippocampus guttulatus.
Behavioural Ecology 20(1), 160-164.

Nel, L., Strydom, N.A. & Adams, J.B. 2018. Habitat partitioning in juvenile fishes associated with three veg-
etation types in selected warm temperate estuaries, South Africa. Environmental Biology of Fishes 101,
1137-1148.

Nguyen, V.L. & Do, H.H. 1998. Biological parameters of two exploited seahorse species in a Vietnamese
fishery. In The Marine Biology of the South China Sea IlI: Proceedings or the Third International
Conference on the Marine Biology of the South China Sea, 28 October — 1 November 1996, B. Morton
(ed.). Hong Kong: Hong Kong University Press, 449-464.

Nishida, T., Matsunaga, A., Onikura, N., Oikawa, S. & Nakazono, A. 2008. Fish fauna associated with drift-
ing sea weeds in the Chikuzen Sea, Northern Kyushu, Japan. Fisheries Science 74, 285-292.

Nordlund, L.M., Kloiber, U., Carter, E., & Riedmiller, S. 2013. Chumbe Island Coral Park—governance anal-
ysis. Marine Policy 41, 110-117.

Ntshudisane, O.K., Emami-Khoyi, A., Gouws, G., Weiss, S.E., James, N.C., Oliver, J.C., Tensen, L., Schnelle,
C.M., van Vuuren, B.J., Bodill, T. & Cowley, P.D. 2021. Dietary specialisation in a Critically Endangered
pipefish revealed by faecal eDNA metabarcoding. bioRxiv, doi: 10.1101/2021.01.05.425398

O’Brien, G.C., Swemmer, R. & Wepener, V. 2009. Ecological integrity assessment of the fish assemblages of
the Matigulu/Nyoni and Umvoti estuaries, KwaZulu-Natal, South Africa. African Journal of Aquatic
Science 34(3), 293-302.

Ohta, I. & Tachihara, K. 2004. Larval development and food habits of the marbled parrotfish, Leptoscarus
vaigiensis, associated with drifting algae. Ichthyological Research 51, 63—69.

Okeyo, D.O. 1998. Updating names, distribution and ecology of riverine fish of Kenya in the Athi-Galana-
Sabaki River drainage basin. NAGA: The ICLARM Quarterly 21(1), 44-53.

Olds, A.A., James, N.C., Smith, M.K.S. & Weyl, O.L.F. 2016. Fish communities of the wilderness lakes sys-
tem in the southern Cape, South Africa. KOEDOE - African Protected Area Conservation and Science
58(1), al364.

Onwuteaka, J. 2015. Fish association dynamics in three clearwater and- blackwater river systems in the east-
ern delta of Nigeria. Journal of Advances in Biology & Biotechnology 4(2), 1-16.

Ory, N.C. 2008. Study of the Biological Communities of Potential MPA Within the Bay of Ankilibe, Southwest
of Madagascar. Technical Report. Hawkswick: Reef Doctor.

Otero-Ferrer, F., Gonzéles, J.A., Freitas, M., Aratjo, R., Azevedos, J.M.N., Holt, WV,, Tuya, F. & Haroun,
R. 2017. When natural history collections reveal secrets on data deficient threatened species: Atlantic
seahorses as a case study. Biodiversity Conservation 26, 2791-2802.

Otero-Ferrer, F., Herrera, R., Tuset, V.M., Socorro, J. & Molina, L. 2015. Spatial and seasonal patterns of
European short-snouted seahorse Hippocampus hippocampus distribution in island coastal environ-
ments. African Journal of Marine Science 37(3), 395-404.

Paller, V.GV, Labatos Jr., BV., Lontoc, B.M., Matalog, O.E. & Ocampo, P.P. 2011. Freshwater fish fauna in
watersheds of Mt. Makiling Forest Reserve, Laguna, Philippines. Philippine Journal of Science 140(2),
195-206.

Palma, J., Magalhaes, M., Correia, M. & Andrade, J.P. 2019. Effects of anthropogenic noise as a source of
acoustic stress in wild populations of Hippocampus guttulatus in the Ria Formosa, south Portugal.
Aquatic Conservation: Marine and Freshwater Ecosystems 29(5), 175-759.

Palmqvist, G. 2013. Tropical seagrass fish assemblage composition: Importance of edge effect and seascape
context. Masters thesis, Stockholm University, Sweden.

236


https://www.nairobiconvention.org
https://doi.org/10.1101/2021.01.05.425398

SYNGNATHIDAE FAMILY IN SUB-SAHARAN AFRICA

ParCo. 2021. Seahorse Protection. Inhambane: ParCo. Online. https://www.parcomz.com/seahorseprotection
(Accessed 18 February 2021).

Parmar, H., Barad, D. & Parasharya, D. 2015. Reef dependent ichthyofauna of the Gulf of Kachchh, Gujarat,
Western India. International Journal of Fisheries and Aquatic Studies 2(6), 33-37.

Paterson, A.W. & Whitfield, A.K. 2000. The ichthyofauna associated with an intertidal creek and adjacent
eelgrass beds in the Kariega Estuary, South Africa. Environmental Biology of Fishes 58, 145-156.

Pattrick, P. & Strydom, N.A. 2008. Composition, abundance, distribution and seasonality of larval fishes
in the shallow nearshore of the proposed Greater Addo Marine Reserve, Algoa Bay, South Africa.
Estuarine, Coastal and Shelf Science 79, 251-262.

Pattrick, P., Strydom, N.A. & Wooldridge, T.H. 2007. Composition, abundance, distribution and seasonality of
larval fishes in the Mngazi Estuary, South Africa. African Journal of Aquatic Science 32(2), 113—123.

Perante, N.C., Pajaro, M.G., Meeuwig, J.J. & Vincent, A.J.C. 2002. Biology of a seahorse species, Hippocampus
comes in the central Philippines. Journal of Fish Biology 60, 821-837.

Pereira, M.A.M. 2000. Preliminary Checklist of Reef-Associated Fishes of Mozambique. Maputo: MICOA
(Ministry for the Coordination of Environmental Affairs), doi: 10.13140/RG.2.2.29560.70403

Pereira, M.A.M. 2008. Report on the Status and Trends of Rare Marine Fisheries Species in Mozambique: Reef
Associated Aquarium Fish, Seahorse and the Humphead Wrasse. Maputo: Centro de Desenvolvimento
Sustentdvel para as Zonas Costeiras, MICOA (Ministry for the Coordination of Environmental Affairs).

Perera, S.J., Ratnayake-Perera, D. & Proches, S. 2011. Vertebrate distributions indicate a greater Maputaland-
Pondoland-Albany region of endemism. South African Journal of Science 107(7-8), 52—66.

Perry, A.L., Vaidyanathan, T., Giles, B., Moreau, M.-A., Picco, C.M. & Vincent, A.C.J. 2020. The catch and
trade of seahorses in India pre-ban. Fisheries Centre Research Reports 28(3), 55p.

Pet, L., Leuna, M. & Batuna, A. 2006. Socio Economic Valuation of Demersal Fisheries in Bunaken National
Park — a Site Study Report. Denpasar: W W F-Indonesia.

Phair, N.L., Toonen, R.J, Knapp, I. & von der Heyden, S. 2019. Shared genomic outliers across two divergent
population clusters of a highly threatened seagrass. PeerJ 7, ¢6806. doi: 10.7717/peerj.6806

Pinault, M., Loiseau, N., Chabanet, P., Durville, P., Magalon, H., Quod, J.P. & Galzin, R. 2013. Marine fish
communities in shallow volcanic habitats. Journal of Fish Biology 82(6), 1821-47.

Pollom, R., Ralph, G., Pollock, C. & Vincent, A. 2021. Global extinction risk for seahorses, pipefishes and
their near relatives (Syngnathiformes). Oryx 55(4), 497-506.

Project Seahorse. 2021. iSeahorse: Saving Seahorses Together. Online. https://www.iseahorse.org/ (Accessed
18 February 2021).

Randall, J.E. & Lourie, S.A. 2009. Hippocampus tyro, a new seahorse (Gasterosteiformes: Syngnathidae)
from the Seychelles. Smithiana Bulletin 10, 19-21.

Randall, J.E., McKeon, C.S., Anker, A. & Bacchet, P. 2010. First records of the pipefishes Minyichthys myersi
and Micrognathus andersonii from the Society Islands. Cybium 34(3), 315-316.

Randall, R.M. & Randall, N.M. 1986. The diet of jackass penguins Spheniscus demersus in Algoa Bay, South
Africa, and its bearing on population declines elsewhere. Biological Conservation 37, 119-134.

Richardson, N., Whitfield, A.K. & Peterson, A.W. 2006. The influence of selected environmental param-
eters on the distribution of the dominant demersal fishes in the Kariega Estuary channel, South Africa
African Zoology 41(1), 89-102.

Riley, A.K. 1986. Aspekte van die soutgehalte toleransie van die Knysna seeperdjie, Hippocampus capensis
(Boulenger, 1900) in die Knysna estuarium. Kaapstad (Cape Town): Kaapse Technikon.

Rilov, G. & Benayahu, Y. 2000. Fish assemblage on natural versus vertical artificial reefs: The rehabilitation
perspective. Marine Biology 136, 931-942.

Rilov, G. & Benayahu, Y. 1998. Vertical artificial structures as an alternative habitat for coral reef fishes in
disturbed environments. Marine Environmental Research 45(4-5), 431-451.

Rochman, C.M., Browne, M.A., Underwood, A.J., van Franeker, J.A., Thompson, R.C. & Amaral-Zettler,
L.A. 2016. The ecological impacts of marine debris: Unravelling the demonstrated evidence from what
is perceived. Ecology 97(2), 302-312.

Rodrigues, A.S., Pilgrim, J.D., Lamoreux, J.F., Hoffmann, M. & Brooks, T.M. 2006. The value of the [IUCN
Red List for conservation. Trends in Ecology & Evolution 21(2), 71-76.

Roques, K.G., Jacobson, S.K. & McCleery, R.A. 2018. Assessing contributions of volunteer tourism to ecosys-
tem research and conservation in southern Africa. Ecosystem Services 30, 382-390.

237


https://www.parcomz.com
https://www.iseahorse.org
https://doi.org/10.13140/RG.2.2.29560.70403
https://doi.org/10.7717/peerj.6806

L. CLAASSENS ET AL.

Rosa, L.L., Oliviera, M.E., Castro, A.L., de Souza Moraes, L.E., Xavier, J.H.A., Nottingham, M.A., Dias,
T.L.P., Bruto-Costa, L.V., Araujo, M.E., Birolo, A.B., Mai, A.C.G. & Monteiro-Neto, C. 2007. Population
characteristics, space use and habitat associations of the seahorse Hippocampus reidi (Teleostei:
Syngnathidae). Neotropical Ichthyology 5(3), 405-414.

Rosenqvist, G. & Berglund, A. 2011. Sexual signals and mating patterns in Syngnathidae. Journal of Fish
Biology 78, 1647-1661.

Russell, [.LA. 1994. Mass mortality of marine and estuarine fish in the Swartvlei and Wilderness lake systems,
Southern Cape. Southern African Journal of Aquatic Sciences 20(1-2), 93-96.

Sambandamoorthy, P., Nagamuthu, J., Arumugam, S. & Perumal, M. 2015. Diversity and trophic level of ich-
thyofauna associated with the trawl bycatches of Cuddalore and Parangipettai, south-east coast of India.
Marine Biodiversity Records 8, ET8.

Sanaye, S.V., Rivonker, C.U., Ansari, Z.A. & Sreepada, R.A. 2016. A new distributional record of alliga-
tor pipefish, Syngnathoides biaculeatus (Bloch, 1785) along Goa, central west coast of India. Indian
Journal of Geo-Marine Science 45(10), 1299-1304.

SANParks 2020. Garden Route National Park Management Plan. Pretoria: SANParks. Online. https:/
www.sanparks.org/assets/docs/conservation/park_man/grnp/grnp-approved-plan.pdf  (Accessed 21
December 2021).

SeadragonSearch 2021. Welcome to SeadragonSearch. Online. https://wildbook.seadragonsearch.org/
(Accessed 18 February 2021).

Seegers, L., De Vos, L. & Okeyo, D.O. 2003. Annotated checklist of the freshwater fishes of Kenya (exclud-
ing the lacustrine haplochromines from Lake Victoria). Journal of East African Natural History 92(1),
11-47.

Sheppard, J.N., James, N.C., Whitfield, A.K. & Cowley, P.D. 2011. What role do beds of submerged macro-
phytes play in structuring estuarine fish assemblages? Lessons from a warm-temperate South African
estuary. Estuarine, Coastal and Shelf Science 95, 145-155.

Shokri, M.R., Gladstone, W. & Jelbart, J. 2009. The effectiveness of seahorses and pipefish (Pisces:
Syngnathidae) as a flagship group to evaluate the conservation value of estuarine seagrass beds. Aquatic
Conservation: Marine and Freshwater Ecosystems 19(5), 588-595.

Short, G. & Trnski, T. 2021. A new genus and species of pygmy pipehorse from Taitokerau northland,
Aotearoa New Zealand, with a redescription of Acentronura Kaup, 1853 and Idiotropiscis Whitley,
1947 (Teleostei, Syngnathidae). Ichthyology & Herpetology 109(3), 806—835.

Short, G., Claassens, L., Smith, R., De Brauwer, M., Hamilton, H., Stat, M. & Harasti, D. 2020. Hippocampus
nalu, a new species of pygmy seahorse from South Africa, and the first record of a pygmy seahorse from
the Indian Ocean (Teleostei, Syngnathidae). ZooKeys 934, 141-156.

Short, G., Harasti, D. & Hamilton, H. 2019. Hippocampus whitei Bleeker, 1855, a senior synonym of the
southern Queensland seahorse H. procerus Kuiter, 2001 (Teleostei: Syngnathidae): Molecular and mor-
phological evidence. Zootaxa 824, 109-133.

Short, R., Gurung, R., Rowcliffe, M., Hill, N. & Milner-Gulland, E.J. 2018. The use of mosquito nets in fisher-
ies: A global perspective. PLoS ONE 13(1), e0191519.

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 157, 104861.

Simpson, M., Morris, R.L., Harasti, D. & Coleman, R.A. 2019. The endangered White’s seahorse Hippocampus
whitei chooses artificial over natural habitats. Journal of Fish Biology 95, 555-561.

Sindorf, V., Cowburn, B. & Sluka, R.D. 2015. Rocky intertidal fish assemblage of the Watamu Marine National
Park, Kenya (Western Indian Ocean). Environmental Biology of Fishes 98, 1777-1785.

Sink, K. 2016. The Marine Protected Areas debate: Implications for the proposed Phakisa Marine Protected
Areas Network. Southern African Journal of Science 112(9/10), #a0179. doi: 10.17159/sajs.2016/
a0179

Skelton, P.H. 2019. The freshwater fishes of Angola. In Biodiversity of Angola Science & Conservation: A
Modern Synthesis, B.J. Huntley et al. (eds). Cham, Switzerland: SpringerOpen, 207-242.

Skelton, P.H., Whitfield, A.K. & James, N.P.E. 1989. Distribution and diversity of Mkuze Swamp fishes during
a summer flood. Southern African Journal of Aquatic Science 15(1), 50-66.

Smith, J.L.B. 1963. Fishes of the family Syngnathidae from the Red Sea and the Western Indian Ocean.
Ichthyological Bulletin: Department of Ichthyology Rhodes University, Grahamstown 27, 1-39.

238


https://www.sanparks.org
https://www.sanparks.org
https://wildbook.seadragonsearch.org
https://doi.org/10.17159/sajs.2016/a0179
https://doi.org/10.17159/sajs.2016/a0179

SYNGNATHIDAE FAMILY IN SUB-SAHARAN AFRICA

Smith, R. 2021. Code of Conduct for Diving with and Photographing Pygmy Seahorses. Online. https://ocean-
realmimages.com/pygmy-seahorses/code-of-conduct/ (Accessed 18 February 2021).

Smith, R.E., Grutter, A.S. & Tibbetts, .R. 2012. Extreme habitat specialisation and population structure of
two gorgonian-associated pygmy seahorses. Marine Ecology Progress Series 444, 195-206.

Snoeks, J. & Vreven, E.J. 2008. Syngnathidae. In The Fresh and Brackish Water Fishes of Lower Guinea,
West-Central Africa. Volume II. Collection Faune et Flore tropicales 42, M.L.J. Stiassny et al. (eds).
Paris, France: Institut de Recherche pour le Développement, 574—-582.

Sogabe, A. 2011. Partner recognition in a perennially monogamous pipefish, Corythoichthys haematopterus.
Journal of Ethology 29, 191-196.

Sogabe, A. & Takagi, M. 2013. Population genetic structure of the messmate pipefish Corythoichthys
haematopterus in the northwest Pacific: Evidence for a cryptic species. SpringerPlus 2, 408. doi:
10.1186/2193-1801-2—-408

Sogabe, A. & Yanagisawa, Y. 2008. Maintenance of pair bond during the non-reproductive season in a monog-
amous pipefish Corythoichthys haematopterus. Journal of Ethology 26, 195-199.

Spalding, M.D., Fox, H.E., Allen, G.R., Davidson, N., Ferdafia, Z.A., Finlayson, M., Halpern, B.S., Jorge,
M.A., Lombana, A., Lourie, S.A., Marin, K.D., McManus, E., Molnar, J., Recchia, C.A. & Robertson,
J. 2007. Marine ecoregions of the world: A bioregionalization of coastal and shelf areas. BioScience
57(7), 573-583.

Spinelli, A., Capillo, G., Faggio, C., Vitale, D. & Spano, N. 2020. Returning of Hippocampus hippocampus
(Linnaeus, 1758) (Syngnathidae) in the Faro Lake — oriented Natural Reserve of Capo Peloro, Italy.
Natural Product Research 34(4), 1-4.

Stiller, J., Wilson, N.G. & Rouse, G.W. 2015. A spectacular new species of seadragon (Syngnathidae). Royal
Society Open Science, 2(2), 140-458.

Stocks, A.P., Foster, S.J., Bat, N.K. & Vincent, A.C.J. 2017. Catch as catch can: Targeted and indiscriminate
small-scale fishing of seahorses in Vietnam. Fisheries Research 196, 27-33.

Strydom, N.A. 2003. Occurrence of larval and early juvenile fishes in the surf zone adjacent to two intermit-
tently open estuaries, South Africa. Environmental Biology of Fishes 66, 349-359.

Strydom, N.A. 2015. Patterns in larval fish diversity, abundance, and distribution in temperate South African
estuaries. Estuaries and Coasts 38, 268-284.

Strydom, N.A., Whitfield, A.K. & Paterson, A.W. 2002. Influence of altered freshwater flow regimes on abun-
dance of larval and juvenile Gilchristella aestuaria (Pisces: Clupeidae) in the upper reaches of two
South African estuaries. Marine and Freshwater Research 53(2), 431-438.

Strydom, N.A. & Wooldridge, T.H. 2005. Diel and tidal variations in larval fish exchange in the mouth region
of the Gamtoos Estuary, South Africa. African Journal of Aquatic Science 30(2), 131-140.

Subburaman, S., Murugan, A., Goutham, S., Kaul, R., Prem Jothi, PV.R. & Balasubramanian, T. 2014. First
distribution record of the giraffe seahorse, Hippocampus camelopardalis Bianconi 1854 (Family:
Syngnathidae) from Gulf of Kachchh waters, North west coast of India. Indian Journal of Geo-Marine
Sciences 43(3), 408—411.

Sunde, J. & Isaacs, M. 2008. Marine Conservation and Coastal Communities: Who Carries the Costs? A
Study of Marine Protected Areas and Their Impact on Traditional Small-Scale Fishing Communities in
South Africa. Chennai: International Collective in Support of Fishworkers. Online. https://www.icsf.net/
en/monographs/article/EN/93-a-study-of-mari.html?start=20 (Accessed 21 December 2021).

Sundin, J., Aronsen, T., Rosenqvist, G. & Berglund, A. 2017. Sex in murky waters: Algal-induced turbidity
increases sexual selection in pipefish. Behavioral Ecology and Sociobiology 71(5), 78, doi: 10.1007/
s00265-017-2310-8

Sundin, J., Berglund, A. & Rosenqvist, G. 2010. Turbidity hampers mate choice in a pipefish. Ethology 116(8),
713-721.

Sundin, J., Jacobsson, O., Berglund, A. & Rosenqvist, G. 2011. Straight-nosed pipefish Nerophis ophidion and
broad-nosed pipefish Syngnathus typhle avoid eelgrass overgrown with filamentous algae. Journal of
Fish Biology 78, 1855-1860.

Takahashi, E., Connolly, RM. & Lee, S.Y. 2003. Growth and reproduction of double-ended pipefish,
Syngnathoides biaculeatus, in Moreton Bay, Queensland, Australia. Environmental Biology of Fishes
67,23-33.

Tea, Y.-K., Plantard, P. & Greene, B.D. 2020. Notes on fishes of the mesophotic reefs of Réunion Island.
Journal of the Ocean Science Foundation 35, 1-7.

239


https://oceanrealmimages.com
https://oceanrealmimages.com
https://www.icsf.net
https://www.icsf.net
https://doi.org/10.1186/2193-1801-2%E2%80%93408
https://doi.org/10.1186/2193-1801-2%E2%80%93408
https://doi.org/10.1007/s00265-017-2310-8
https://doi.org/10.1007/s00265-017-2310-8

L. CLAASSENS ET AL.

Teijema, N. 2020. An initial assessment of abundance, diversity and impact of bycatch on seahorses in
Inhambane Bay, Mozambique. Honours Thesis, Stellenbosch University, South Africa.

Teixeira, R.L. & Musick, J.A. 2001. Reproduction and food habits of the lined seahorse, Hippocampus erectus
(Teleostei: Syngnathidae) of Chesapeake Bay, Virginia. Revista Brasileira de Biologia 61(1), 79-90.

Ter Morshuizen, L.D. & Whitfield, A.K. 1994. The distribution of littoral fish associated with eelgrass Zostera
capensis beds in the Kariega Estuary, a southern African system with a reversed salinity gradient. South
African Journal of Marine Science 14(1), 95-105.

Ternes, M.L.F., Gerhardinger, L.C. & Schiavetti, A. 2016. Seahorses in focus: Local ecological knowledge of
seahorse-watching operators in a tropical estuary. Journal of Ethnobiology and Ethnomedicine 12, 52,
doi: 10.1186/513002-016-0125-8

Teske, P.R., Cherry, M.I. & Matthee, C.A. 2003. Population genetics of the endangered Knysna seahorse,
Hippocampus capensis. Molecular Ecology 12, 1703-1715.

Teske, P.R., Cherry, M.I. & Matthee, C.A. 2004. The evolutionary history of seahorses (Syngnathidae:
Hippocampus): Molecular data suggest a West Pacific origin and two invasions of the Atlantic Ocean.
Molecular Phylogenetics and Evolution 30, 273-286.

Teske, P.R., Hamilton, H., Palsboll, P.J., Choo, C.K., Gabr, H., Lourie, S.A., Santos, M., Sreepada, A., Cherry,
M.I. & Matthee, C.A. 2005. Molecular evidence for long-distance colonization in an Indo-Pacific sea-
horse lineage. Marine Ecology Progress Series 286, 249-260.

Teske, P.R., Lockyear, J.F., Hecht, T. & Kaiser, H. 2007. Does the endangered Knysna seahorse, Hippocampus
capensis, have a preference for aquatic vegetation type, cover or height? African Zoology 42(1), 23-30.

Teugels, G.G., Geugan, J.-F. & Albaret, J.-J. (eds). 1994. Biological diversity of African fresh and brackish
water fishes. In Geographical Overviews Presented at the PARADI Symposium, Saly, Senegal, 15-20
November 1993. Annales Science Zoologique, 275, Tervuren, Belgium: Musée Royal de I'Afrique
Centrale.

Thollot, P. 1996. A list of fishes inhabiting mangroves from the south-west lagoon of New Caledonia.
Micronesica 29(1), 1-19.

Tipton, K. & Bell, S.S. 1988. Foraging patterns of two syngnathid fishes: Importance of harpacticoid cope-
pods. Marine Ecology Progress Series 47, 31-43.

Toeffie, Z. 2000. A preliminary examination of the morphology and genetic structure of populations of
the Knysna seahorse, Hippocampus capensis (Pisces: Syngnathidae), from within two South African
Estuaries. MSc thesis, University of the Western Cape, South Africa.

Tyler, E.H.M., Speight, M.R., Henderson, P. & Manica, A. 2009. Evidence for a depth refuge effect in artisanal
coral reef fisheries. Biological Conservation 142, 652—667.

Ukaonu, S.U., Mbawuike, B.C., Oluwajoba, E.O., Williams, A.B., Ajuonu, N., Omogoriola, H.O., Olakolu, F.C.,
Adegbile, O.M. & Myade, E.F. 2011. Volume and value of ornamental fishes in the Nigerian export trade.
Agriculture and Biology Journal of North America 2(4): 661-664. doi: 10.5251/abjna.2011.2.4.661.664

UNEP-WCMC (United Nations Environment Programme World Conservation Monitoring Centre). 2021.
Protected Area Profile for Africa from the World Database of Protected Areas, February 2021. Online.
https://www.protectedplanet.net/region/AF (Accessed 18 February 2021).

Van der Velde, G., Van Avesaath, P.H., Ntiba, M.J., Mwatha, G.K., Marguiller, S., Woitchik. & A.F. 1995. Fish
fauna of mangrove creeks, seagrass meadows and sand flats in Gazi Bay: A study with nets and stable
isotopes. In Monsoons and Coastal Ecosystems in Kenya, C.H.R. Heip et al. (eds). Netherlands Indian
Ocean Programme Cruise Reports Volume 5. Leiden: National Museum of Natural History.

Van Niekerk, L., Ramjukadh, C.-L., Weerts, S. & Taljaard, S. 2019a. Strategic Environmental Assessment for
Gas Pipeline Development in South Africa: Biodiversity and Ecological Impacts (Aquatic Ecosystems
and Species) — Estuaries. Pretoria: Coastal Systems Research Group, Natural Resources and the
Environment, Council for Scientific and Industrial Research.

Van Niekerk, L., Adams, J.B., Lamberth, S.J., MacKay, C.F.,, Taljaard, S., Turpie, J.K., Weerts S.P. &
Raimondo, D.C. (eds). 2019b. South African National Biodiversity Assessment 2018: Technical Report.
Volume 3: Estuarine Realm. CSIR report number CSIR/SPLA/EM/EXP/2019/0062/A. SANBI Report
Number SANBI/NAT/NBA2018/2019/Vol3/A. Pretoria: Council for Scientific and Industrial Research;
Pretoria: South African National Biodiversity Institute. Online. http://hdl.handle.net/20.500.12143/6373
(Accessed 21 December 2021).

Vincent, A.C.J. 1994a. Seahorses exhibit conventional sex roles in mating competition, despite male preg-
nancy. Behaviour 128, 135-151.

240


https://www.protectedplanet.net
http://hdl.handle.net
https://doi.org/10.1186/s13002-016-0125-8
https://doi.org/10.5251/abjna.2011.2.4.661.664

SYNGNATHIDAE FAMILY IN SUB-SAHARAN AFRICA

Vincent, A.C.J. 1994b. Operational sex ratios in seahorses. Behaviour 128, 153-167.

Vincent, A.C., Foster, S.J. & Koldewey, H.J. 2011. Conservation and management of seahorses and other
Syngnathidae. Journal of Fish Biology 78(6), 1681-1724.

Vincent, A.C.J. 1995. A role for daily greetings in maintaining seahorse pair bonds. Animal Behaviour 49,
258-260.

Vincent, A.C.J. 1996. The International Trade in Seahorses. Cambridge: TRAFFIC International. Online.
https://www.traffic.org/site/assets/files/9400/the-international-trade-in-seahorses.pdf  (Accessed 21
December 2021).

Vincent, A.C.J., Evans, K.L. & Marsden, A.D. 2005. Home range behaviour of the monogamous Australian
seahorse, Hippocampus whitei. Environmental Biology of Fishes 72, 1-12.

Vincent, A.C.J. & Giles, B.G. 2003. Correlates of reproductive success in a wild population of Hippocampus
whitei. Journal of Fish Biology 63, 344-355.

Vincent, A.C.J., Sadovy de Mitcheson, Y.J., Fowler, S.L. & Leiberman, S. 2013. The role of CITES in the
conservation of marine fishes subject to international trade. Fish and Fisheries 15(4), 563-592.

Vorwerk, P.D., Froneman, PW. & Paterson, A.W. 2007. Recovery of the critically endangered river pipefish,
Syngnathus watermeyeri, in the Kariega Estuary, Eastern Cape province. South African Journal of
Science 103(5-6), 199-201.

Vorwerk, P.D., Froneman, PW., Paterson, A.W. & Whitfield, A.K. 2008. Fish community response to increased
river flow in the Kariega Estuary, a freshwater-deprived, permanently open southern African system.
African Journal of Aquatic Science 33(3), 189-200.

Wallace, J.H., Kok, H.M. & Beckley, L.E. 1984. Inshore small-mesh trawling survey of the Cape south coast.
Part 2. Occurrence of estuarine-associated fishes. South African Journal of Zoology 19(3), 165-169.

Walsh, G., Jonker, M.N. & Mamonekene, V. 2014. A collection of fishes from tributaries of the lower Kouilou,
Noumbi and smaller coastal basin systems, Republic of the Congo, Lower Guinea, west-central Africa.
Check List 10(4), 900-912.

Warnell, L.J.K., Darrin, H.M. & Pierce, S. J. 2013. Threatened Marine Species in Mozambique: A Summary
of the Conservation and Legal Status. Tofo: Marine Megafauna Foundation.

Wasserman, R.J., Strydom, N.A. & Wooldridge, T.H. 2010. Larval fish dynamics in the Nxaxo-Ngqusi Estuary
Complex in the warm temperate—subtropical transition zone of South Africa. African Zoology 45(1),
63-77.

Weerts, S.P. & Cyrus, D.P. 2002. Occurrence of young and small-sized fishes in different habitats within
a subtropical South African estuary and adjacent harbour. Marine and Freshwater Research 53,
447-456.

Weerts, S.P., MacKay, C.F. & Cyrus, D.P. 2014. The potential for a fish ladder to mitigate against the loss of
marine—estuarine—freshwater connectivity in a subtropical coastal lake. Water SA 40(1), 27-38.

Weis, J.S., Weis, P., Macdonald, J. & Pearson, L. 2009. Rapid changes in fish utilization of mangrove habitat
in Western Madagascar. Wetlands Ecology and Management 17, 345.

West, K. 2012. Investigations into the Senegalese trade in CITES-listed seahorses, Hippocampus algiricus.
MSc thesis, Imperial College, United Kingdom.

Western Cape Government. 2017. Knysna River Estuarine Management Plan; Knysna Protected Environment.
Cape Town: Western Cape Government.

Whitfield, A.K. 1989. Ichthyoplankton interchange in the mouth region of a southern African estuary. Marine
Ecology Progress Series 54, 25-33.

Whitfield, A.K. 1992. A characterization of southern African estuarine systems. Southern African Journal of
Aquatic Sciences 18, 89-103.

Whitfield, A.K. 1995a. Threatened fishes of the world: Hippocampus capensis Boulenger, 1900 (Syngnathidae).
Environmental Biology of Fishes 44, 362 only.

Whitfield, A.K. 1995b. Threatened fishes of the world: Syngnathus watermeyeri Smith, 1963 (Syngnathidae).
Environmental Biology of Fishes 43(2), 152 only.

Whitfield, A.K. 2005. Preliminary documentation and assessment of fish diversity in sub-Saharan African
estuaries. African Journal of Marine Science 27(1), 307-324.

Whitfield, A.K. & Bruton, M.N. 1996. Extinction of the river pipefish Syngnathus watermeyeri in the Eastern
Cape Province, South Africa. South African Journal of Science 92, 59—60.

Whitfield, A.K., Mkare, T.K., Teske, PR., James, N.C. & Cowley, P.D. 2017. Life-histories explain the conser-
vation status of two estuary-associated pipefishes. Biological Conservation 212, 256-264.

241


https://www.traffic.org

L. CLAASSENS ET AL.

Wirtz, P., Ferreira, C.E.L., Floeter, S.R., Fricke, R., Gasparini, J. L., Iwamoto, T., Rocha, L., Sampaio, C.L.S.
& Schliewen, U.L. 2007. Coastal fishes of Sdo Tomé and Principe islands, Gulf of Guinea (Eastern
Atlantic Ocean)—an update. Zootaxa 1523, 1-48.

Wolff, W.J., Van Etten, J.P.C., Hiddink, J.G., Montserrat, F., Schaffmeister, B.E., Vonk, J.A. & De Vries, A.B.
2006. Predation on the benthic fauna of the tidal flats of the Banc d’Arguin (Mauritania). In Coastal
Ecosystems of West Africa: Biological Diversity-Resources-Conservation, J.-J. Symoens (ed.). Brussels:
Fondation pour Favoriser les Recherches Scientifiques en Afrique, 43-59.

Woods, M.C. 2002. Natural diet of the seahorse Hippocampus abdominalis. New Zealand Journal of Marine
and Freshwater Research 36, 655—660.

Wooldridge, T.H. 2010. Characterisation of the mesozooplankton community in response to contrasting estua-
rine salinity gradients in the Eastern Cape, South Africa. African Journal of Aquatic Science 35(2),
173-184.

Yildiz, T., Uzer, U. & Karakulak, F.S. 2015. Preliminary report of a biometric analysis of greater pipefish
Syngnathus acus Linnaeus, 1758 for the western Black Sea. Turkish Journal of Zoology 39, 917-924.

Yip, M.Y., Lim, A.C.O., Chong, V.C., Lawson, J.M. & Foster, S.J. 2015. Food and feeding habits of the sea-
horses Hippocampus spinosissimus and Hippocampus trimaculatus (Malaysia). Journal of the Marine
Biological Association of the United Kingdom 95(5), 1033—-1040.

Ziyadi, M.S.F.,, Jawad, L.A. & Al-Mukhtari, M.A. 2018. Halicampus zavorensis Dawson, 1984 (Syngnathidae):
New record for Iraqi marine waters and for the Arabian Gulf area. Cahiers de Biologie Marine 59,
121-126.

242



