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Chapter 1: General Introduction

are usually associated with mating and breeding (Vincent, 1995; Vincent and

Sadler, 1995; Moreau and Vincent, 2004).

Phylogenetic evidence suggests that seahorses shared a common ancestor with
the pygmy pipehorse genus /diotropiscis Whitley, 1947, 25-28 million years ago
(mya) (Teske and Beheregaray, 2009), while an age of 13 million years for
Hippocampus was estimated from fossil records (Zalohar et al., 2009). Seahorse
fossils have been found in ltaly (Sorbini, 1988) from the late Pliocene (3 mya), and
Slovenia (Zalohar et al,, 2009) from the middle Miocene (13 mya), the latter
including fossils of two new, and the only extinct, seahorse species (H. sarmaticus
and H. slovenicus) (Zalohar et al., 2009). Two opposing views of the evolutionary
origin of Hippocampus spp. exist. According to Teske et al. (2004) the genus has
an Australian origin owing to the fact that H. breviceps Peters, 1869 and H.
abdominalis, both at the most basal position in the main clade according to
molecular data, are Australian. Three potential sister genera of Hippocampus
(Amphelikturus Parr, 1930; Acentronura Kaup, 1853; and Idiotropiscis Whitley,
1947) are also found within Australian waters which supports an Australian origin
(Teske et al., 2004). Subsequent to the origin of the genus, the main clade split off
into three major lineages, two of which remained in Indo-Pacific waters and the
third dispersed on a global scale (Teske et al., 2004). By contrast, Casey et al.
(2004) found no evidence of an Indo-Pacific origin and argued that the high
seahorse diversity found within this area is rather owing to different speciation
events such as tectonic plate movements and sea level variability that occurred

during the Pleistocene and Miocene. An Atlantic origin is supported by the fact that
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most species of the closely related genus Syngnathus Linnaeus, 1758 are
associated with an Atlantic biome (Casey et al,, 2004). Two distinct seahorse
groups were also recognized by Casey et al. (2004): the first refers to species
found solely in the Indo-Pacific and the second, named the Kuda Complex, refers

to species with morphological features similar to H. kuda Bleeker, 1852.

Regardless of origin, seahorses are found circum-globally (see Foster and Vincent,
2004). Seahorse life histories and means of dispersal make founder dispersal an
important genetic divergence mode (Teske ef al., 2007a). The highest diversity of
seahorses is found in the Indo-Pacific region (see Foster and Vincent, 2004) and
41 species are currently officially recognized (Lourie et al., 2016). However,
seahorse taxonomy remains problematic owing to historical misidentification and

high morphological diversity (Lourie et al., 2016).

Most seahorse species are found in shallow coastal and estuarine environments
(see Foster and Vincent, 2004). Exceptions to this include H. kelloggi Jordan &
Snyder, 1901 recorded at depths of 90 m (Choo and Liew, 2003) and H. minotaur
Gomon, 1997 found in 100 m deep trawls off Australia (Gomon, 1997). Seahorses
predominantly inhabit seagrasses (temperate regions) and coral reefs (tropics)
(see Foster and Vincent, 2004). According to Lourie et al. (2016), Hippocampus
capensis Boulenger, 1900 (the Knysna seahorse) is the only known true estuarine
seahorse species. However, H. whitei Bleeker, 1855 has also been found to be
exclusively estuarine in eastern Australia (Harasti ef al.,, 2012). Furthermore, a
number of other species can occur in estuaries (H. reidi Ginsburg, 1933 — Rosa et

al., 2007; H. zosterae Jordan & Gilbert, 1882 — Mason-Jones ef al., 2010).
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The absence of caudal and pelvic fins leaves the seahorse with only one dorsal
fin, used for forward propulsion, and two small pectoral fins along the head for
stabilisation and steering, and consequently seahorses are slow swimmers. To
prevent unwanted dispersal by strong currents, seahorses depend on holdfasts to
secure themselves. Most species are exclusively found in habitats that provide
holdfasts of some type - although the density and type of holdfast vary. For
example, H. hippocampus Linnaeus, 1758 is associated with sparsely vegetated
areas (Curtis and Vincent, 2005), while H. bargibanti Whitley, 1970 is exclusively
associated with Muricella spp. gorgonian corals (Smith et al.,, 2012). Crypsis is

predominantly used as protection against predators (Foster and Vincent, 2004).

Suction feeding, a common feature in most teleost fish (Muller and Osse, 1984), is
used by seahorses (Branch, 1966; Van Wassenbergh et al., 2013). The prey
animal is sucked up via the widening of the mouth to create a buccal cavity volume
increase with a related inflowing current (Branch 1966; Bergert and Wainwright,
1997; Van Wassenbergh et al., 2013). What sets seahorses and other syngnathids
apart, is the tubular snout and small terminal mouth (Branch, 1966; Bergert and
Wainright, 1997). The size of the prey animal to be consumed and the size and
shape of the snout play an important part in feeding, as prey needs to fit through
the small mouth (Tipton and Bell, 1988; Teixeira and Musick, 2001). Larger
seahorses have been noted to feed on larger prey (Woods, 2002; Castro et al.,
2008; Yip et al., 2015), and ontogenetic changes in diet can occur as juveniles
tend to be able to only eat smaller animals (Teixeira and Musick, 2001; Castro et

al., 2008; Yip et al., 2015). Most common prey consumed by seahorses include
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isopods, amphipods, copepods and other small slow moving crustaceans (Tipton
and Bell, 1988; Teixeira and Musick, 2001; Woods, 2002; Kendrick and Hyndes,
2005; Castro et al., 2011; Yip et al., 2015). High numbers of nematodes were also
found in the gut of H. reidi in Brazil (Castro et al., 2011). Most seahorses are
generalist feeders and will consume any prey animal able to fit through the small
mouth opening, although, Yip et al. (2015) concluded that H. spinosissimus Weber,
1913 and H. trimaculatus Leach, 1814 are specialised predators that target slow-
moving, epibenthic, hyperbenthic, and canopy dwelling crustaceans. Most
seahorses are considered to be ‘sit and wait’ predators (see Foster and Vincent,
2004); however, hunting behaviour has been noted for H. erectus Perry, 1810 in
habitats devoid of holdfast structures (James and Heck, 1994), and for H. reidi
(Felicio et al., 2006). Seahorses are visual predators and a decrease in feeding
has been recorded in at least one species (H. reidi - Felicio et al., 2006) owing to

a decrease In light intensity.

Male parental care is common in many fish species (Blumer, 1982). Male
pregnancy, as found in the Syngnathidae, is however a unique feature of this family
(Herald, 1959; Wilson et al., 2001). Historically, the structure of the characteristic
male brood pouch was used in classification. George Duncker (1870 - 1953)
divided syngnathids into two major groups based on the location of the brood
pouch: Gastrophari for abdominal pouches and Uruphori for tail pouches (see
Wilson and Orr, 2011). Seahorses diverged into trunk brooding with an enclosed
brood pouch while pipefish were classified into monophyletic lineages according

to the method of pouch closure e.g. inverted, semi-inverted, overlapping, and
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everted (see Wilson and Orr, 2011). It was concluded that the fully enclosed brood
pouch of seahorses developed from pipefish ancestors with an everted pouch
(Herald, 1959). All syngnathids undergo male pregnancy where the female
transfers mature, yolk-rich eggs into the specialised brooding structure of the male
(Breder and Rosen, 1966; Wilson et al., 2003). The parent osmoregulates, aerates,
protects and nourishes the eggs within the brood pouch, for the duration of the
pregnancy (Linton and Soloff, 1964; Stélting and Wilson, 2007). In a recent study,
Van Look et al. (2007) found that fertilization in H. kuda takes place outside of the
brood pouch and suggests that spermatozoa are ejaculated into a mixture of
ovarian fluid and eggs during the mating process, where after the mixture is
transferred into the brood pouch. Many seahorse species are monogamous within
at least a single breeding season (H. fuscus Ruppell, 1838 - Vincent, 1995; H.
zosterae — Mason-Jones and Lewis, 1996) and monogamous behaviour in H.
whitei was recorded for three breeding seasons (Harasti ef al., 2012). It is
suggested that monogamy promotes increased reproductive efficiency which
leads to larger broods and reduces time spent on courtship and finding a suitable
mate (see Scales, 2010). Furthermore, the male has high paternal confidence and
the absence of sperm competition is suggested to be responsible for the reduced
sperm production in seahorses - the lowest found in any fish species (Van Look et
al., 2007). Promiscuous behaviour and polygamy have been found in some
seahorse species. For example, a wild population of H. breviceps in Australia,
showed no monogamous social behaviour (Moreau and Vincent, 2004).

Hippocampus subelongatus populations in western Australia were found to be both
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monogamous and polygamous. Males that switched mates over a breeding
season travelled further and had longer inter-brood periods compared to
monogamous males (Kvarnemo et al., 2000). Polygamy could be a consequence
of higher population densities and a higher rate of temporal movement (see Foster
and Vincent, 2004). Breeding seasons for seahorses are variable and can be
influenced by light, temperature and food availability (see Foster and Vincent,
2004). Many different breeding triggers have been observed which range from day-
light length (H. zosterae) to the phase of the moon (H. guttulatus Cuvier, 1829)
(see Foster and Vincent, 2004). Some seahorse species (e.g. H. trimaculatus)
breed throughout the year and peaks have been found to be related to the rainy

season (e.g. H. comes Cantor, 1849) (Perante et al., 2002).

1.2 Threats and conservation

Hippocampus spp. are vulnerable to anthropogenic impacts as they generally
occur in shallow, coastal systems and have a number of characteristics (sparse
distribution, low mobility, small home-ranges, and low fecundity) which leave them
susceptible to habitat destruction and overexploitation (see Foster and Vincent,
2004 and Scales, 2010). The three main anthropogenic threats to seahorses
include: Overexploitation in target fisheries, incidental take using non-selective
gear (by-catch), and threats from habitat degradation and loss (Vincent et al.,

2011; Harasti, 2016).

Seahorses are harvested for Traditional Chinese Medicine, the aquarium trade and
curiosities (McPherson and Vincent, 2004; Vincent ef al., 2011), and in 1995 it was

estimated that 20 million individual seahorses entered the international market
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(Vincent, 1996). The greatest percentage of harvested seahorses (95 %) is used
for Traditional Chinese Medicine (see Vincent et al., 2011). As much as 95 % of
seahorses used in trade come from shrimp trawl by-catch (see Vincent et al.,
2011). These seahorse by-catches can either be used to generate a secondary
income (seahorse trade), discarded, or used in low-grade fishery by-products such
as fishmeal. Individual seahorse by-catch per vessel is generally low (Meeuwig et
al., 2006) but the cumulative impact can be devastating with 2.2 million (Giles et
al., 2005) animals caught per annum in Vietnam in the late 1990s. In a recent
review, Lawson et al. (2017) estimated an annual seahorse by-catch rate of 37
million animals from 21 countries assessed. It is especially subsistence fishermen
in developing countries that turn to seahorse harvesting to make a living
(McPherson and Vincent, 2004). The impacts from fishing are numerous:
destruction of monogamous seahorse pairs that can lead to a reduction in
production, impact on population structure, and the destruction of habitats (see

Vincent et al., 2011).

Available data on the effects and impacts from habitat change and loss on
seahorse populations are poor (see Vincent et al., 2011) and only one study
specifically quantifies the direct impact from habitat loss on seahorse populations
(Harasti, 2016). Impacts on seahorse habitat can include physical alterations
and/or loss or the deterioration of habitat quality via pollutants, eutrophication,
noise or global warming (see Vincent et al, 2011). Decreasing seahorse
populations have been linked to habitat loss (Marcus et al., 2007) and the decline

of an H. whitei population in Australia was directly attributed to loss of essential
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The Knysna seahorse was first described by Boulenger in 1900 (Fig. 1.2). The type
specimen was found in Knysna’s harbour during low tide - a scenario still relevant
to this day (albeit in a somewhat modified harbour). The description of

by Boulenger has not been revised to date: 'ten to eleven body rings with thirty-
two to thirty-seven tail rings, a dorsal fin with seventeen rays which covers three
rings, and a very short snout” (Boulenger, 1900; Lourie 2004). Boulenger
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suggested that H. capensis is very similar to H. antiquorum (a synonym previously
used for H. hippocampus (Bailly, 2015)), an opinion shared by Lourie et al. (2004).

Figure 1.2. A copy of H. capensistype specimen drawing by Boulenger (1900).

The Knysna seahorse is part of the larger Hippocampus kuda clade (Lourie et al.,
2016), together with H. fuscus, H. borboniensis Dumeril, 1870, H. algiricus Kaup,
1856, and H. reidi. In the most recent taxonomic review of seahorses it was
decided to synonymize H. borboniensis and H. fuscus owing to a lack of
distinguishable morphological, genetic, or geographic differences from H. kuda
proper (from Southeast Asia) (Lourie et al., 2016). Hippocampus reidi and H.

12
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algiricus were retained owing to adequate morphological differences and wide
geographic separation. Hippocampus capensis was also retained as a separate
species owing to: “its noticeably and consistently smaller size, ecological
considerations (it appears to be one of the most brackish-water tolerant seahorses
and has only been found in estuaries), and conservation status” (Lourie et al.,

2016).

The genetic age of the Knysnha seahorse is estimated to be between 46 000 and
186 000 years old (Teske et al., 2003) and that a founder event took place during
the Pleistocene. Oceanic conditions during this time were, however, much colder
than today and it is unlikely that tropical or sub-tropical seahorses, which gave rise
to H. capensis, could survive this far south, which suggests the founder event
probably occurred during the Eemian interglacial period, 127 000 — 122 000 years

ago, a short warmer phase within the Pleistocene (Teske ef al., 2003).

The founder event is believed to have taken place within the Knysna estuary owing
to the high haplotypic diversity found in this population (Teske et al., 2003). The
large size, permanently open mouth and three distinct hydrographical regimes
(bay, lagoon and estuary - Largier et al., 2000) within the Knysna estuary would
have presented an optimal transitional environment between marine and estuarine
(Teske et al., 2003). The Knysna seahorse is perfectly adapted to estuarine
conditions with a salinity tolerance range of 1 to 59 (Riley, 1986). The extant
Knysna seahorse populations found in the Keurbooms and Swartvlei estuaries

(Lockyear et al., 2006) could be explained by a historic vicariance event or

13
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dispersal of juvenile seahorses through ocean currents and related recruitment

events (Whitfield, 1989; Teske ef al., 2003).

The Knysna seahorse has a maximum recorded standard length of 12.0 cm
(Whitfield, 1995) and is found in depths of 0.5 m to 20.0 m (Whitfield, 1995). This
smooth seahorse has a small coronet as a juvenile which is lost when maturity is
reached. This species is generally mottled brown with green, black and white
spots, but can range in colour from yellow (especially during the breeding season)
to black (Bell et al., 2003; Lourie et al., 2004). Epiphytic growths on the skin are
common (Bell et al., 2003). Sexual maturity is reached within a year at a standard
length of 6.5 cm (Whitfield, 1995). Breeding takes place from late September to
early April when water temperatures rise above 20 °C (Whitfield, 1995; Lourie et
al., 2004) and a gestation period of two to four weeks (dependent on water
temperature), has been recorded (Grange and Cretchley, 1995; Whitfield, 1995;
Lockyear et al., 1997, Lourie et al., 2004). Both Grange and Cretchley (1995) and
Lockyear et al. (1997) concluded that an increase in water temperature is the
principle environmental cue that governs reproduction. Courting commences when
a male and female pair off and the male indicates his intention to mate by grasping
the female with his tail. Between 7 and 95 juveniles are produced per incubation
(Lockyear et al., 1997). In an ex situ study, Fourie, (1997) found no sexual
dimorphism in seahorse length and males acted as suitor with a preference shown

for larger females.

Seahorse trade in South Africa is limited (McPherson and Vincent, 2004) and trade

in H. capensis deemed insignificant, although one specimen was found in a 2012

14
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survey of Traditional Chinese Medicine markets in Taiwan (N = 58) (Chang et al.,
2013). South Africa is a signatory of CITES and bound by this agreement.
Hippocampus capensis is protected under the National Environmental
Management: Biodiversity Act, 2004 and listed as an endangered and protected
species in Government Notice 389 of 2013 (publication of lists of species that are
threatened or protected, activities that are prohibited and exemption from
restriction). All three estuaries in which H. capensis is found, fall under protected
status (Knysna and Swartvlei estuaries fall under the protection of SANParks and

Keurbooms estuary under CapeNature).

1.4 Rationale and thesis structure

The last research on the Knysna seahorse population within the Knysna estuary
took place in 2001 (see Lockyear et al., 2006) and some major changes have since
occurred in this system in terms of estuarine habitat quantity and quality. Of
particular interest (and concern) with regards to the seahorse population within the
Knysna estuary, was the development of Thesen Islands Marina (90.6 ha), a
residential marina estate with 25 ha of canals. Since the completion of the marina
in 2005, anecdotal accounts suggested that seahorses could be found in this new
habitat, but the required research to confirm this remained absent. An initial aim at
the outset of this project was to evaluate the anecdotal claims and assess the
status of H. capensis populations — particularly in the light of new developments in
the estuary. Did these developments have any impact on the density and

distribution of this species?

15
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Development and the transformation and loss of habitat are major threats to
estuaries and estuarine inhabitants worldwide. This is particularly relevant to the
Knysna seahorse because one of the reasons for its endangered status on the
IUCN Red List of Threatened Species is the loss and damage of seagrass habitat
used by this species (Czembor and Bell, 2012). Even though the Knysna estuary
falls under the jurisdiction of SANParks and the Knysna seahorse is protected
under the National Environmental Management: Biodiversity Act of 2004, actions
taken to conserve this species are minimal. One of the reasons behind this lack
of conservation action could be ascribed to the poor understanding of the
behaviour, population dynamics and ecology of this species. What has happened
to the Knysna seahorse population within the Knysna estuary over the past fifteen

years?

The overarching objective of the Knysna Seahorse Status (KySS) project,
established in 2014, is to ensure the effective conservation of the endangered

Knysna seahorse. This objective will be achieved by:

e A population assessment of H. capensis — specifically focused on seahorse

populations found within Thesen Islands Marina,

¢ An investigation of the adaptability of this species, if any, to anthropogenic

additions to its natural environment and,

¢ An assessment of the habitat requirements of this species.

16
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A logical first step in this investigation was to explore and describe the habitats
and environmental conditions found within the marina canals, detailed in Chapter

2

Once a detailed understanding of the new environment was established, the
occurrence of H. capensis within the marina canals could be investigated. Focus
was placed on the density and distribution of seahorses within identified habitat
types across seasons. The larger habitat role of the marina within the estuary was
explored through monthly seahorse surveys within and outside the marina

development. These findings are presented in Chapter 3.

The observations made during the seahorse population assessment exposed the
need to further investigate the habitat choices made by H. capensis within the
marina estate — with a particular focus on the choice made between natural and
artificial habitat types. The findings of this investigation are presented in Chapter

4,

Not only did the marina environment present a ‘natural’ scenario to investigate the
role of estuarine developments in the provision of habitat (and the reaction of H.
capensis to such developments), but it also provided a perfect quasi-natural
environment (wild aquarium) to study the behaviour of this seahorse species in situ
using cameras. The behavioural study, detailed in Chapter 5, aimed to quantify
and document diel behavioural activities of H. capensis across time and attempted

to quantify the behavioural effects of external impacts such as boat activity.
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Chapter 1: General Introduction

Chapter 6 presents a synthesis and discussion of the findings from chapters 2 to
5 with an overall conclusion of the findings and outcomes of the study with a focus
on the international relevance of the research. Conservation recommendations are

made and future research needs discussed.
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Chapter 2: Seahorse habitat within a residential marina estate

than 50 % of its perimeter utilised for residential living” (Waltham and Connolly, 2011).
According to Harvey and Stocker (2015), marina estates share three common elements:
() used for residential purposes; (llI) located on artificial waterways made up of
interconnected canals to maximise waterside area; and (lll) a connection with a natural

water resource to enable flushing of the system.

Marina estates can be developed by the alteration of natural wetland, saltmarsh or
mangrove areas (heavily modified water body), or by the development of canals and the
related aquatic habitat in a terrestrial environment located beyond natural tidal levels
(artificial water body) (European Commission, 2003; Waltham and Connolly, 2011). The
habitat created by the latter development type is new additional aquatic habitat previously
unavailable to aquatic biota. The global extent of marina estates together with the
changes to the natural environment brought on by such developments make them
deserving of attention from ecologists to understand the ecological role they may play

(Waltham and Connolly, 2011; Rivero et al., 2013).

Marinas are commonly built in sheltered areas characterised by calm water (Rivero et al.,
2013), and canals within marinas are typically deep, straight and blind-ending which
usually contradicts the natural, physical character of the adjacent system (Davies and
Stewart, 1984; Maxted et al., 1997; Rivero ef al., 2013). It is these features that can lead
to poor water quality within marinas which may include: decreased flushing and higher
turbidity, temperature and pH, and suspended solids with elevated lead and copper
concentrations (Rivero et al., 2013). Features common to marinas such as anti-fouling
paint and the maintenance of jetties, can also contribute to poor water quality (Rivero et

al., 2013).
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Chapter 2: Seahorse habitat within a residential marina estate

Not only can marina developments have an impact on the physico-chemical features of
an estuary, but also on biological compositions (Rivero et al., 2013). Urban infrastructure
supports different epibiota and associated assemblages when compared to natural
habitats, which means that these structures do not function as natural habitat surrogates
(Connell and Glasby, 1999; Burt et al., 2009; Bulleri and Chapman, 2010). Existing
environmental features (hard bottomed or soft bottomed) of a system should be taken
into consideration in assessments to understand the mechanisms which regulate the
patterns of abundance and distribution of organisms (Bulleri, 2005). One universal
conclusion is thus not viable. The role of artificial structures in these systems is of
particular concern as they can have various adverse effects e.g. act as a ‘reservoir’ or
corridor for marine aliens (Arenas et al., 2006; Mineur et al., 2012). According to Dafforn
et al. (2015b) marine infrastructure includes: i) basic recreational infrastructure (marinas,
pilings, pontoons, boat ramps); ii) coastal and foreshore defence structures (seawalls,
groynes, breakwaters); iii) offshore energy installations (gas and oil extraction, wind
farms); and iv) fisheries infrastructure (artificial reefs, offshore aquaculture facilities).
Impacts (positive and negative) to marine systems from these artificial structures include:
1) direct physical disturbances; ii) addition of artificial habitat; iii) indirect physical

disturbances; and iv) noise and light pollution (Dafforn et al., 2015a).

Artificial structures associated with marinas, however, do attract fish (Clynick, 2008a),
and increases in the abundance and diversity of sub-tidal biota have been recorded
(Connell and Glasby, 1999). Sessile invertebrate growth on artificial structures can
provide complex habitats preferred by some fish species (Clynick, 2008a) owing to

increased shelter or protection and higher food availability (Hellyer et al., 2011). A marina
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Chapter 2: Seahorse habitat within a residential marina estate

development in the Kromme Estuary on the south coast of South Africa increased
plankton, benthic macro-invertebrate, and fish habitats (Baird ef al., 1981), and Rivero et
al. (2013) found increased recruitment within a marina on the south-eastern coast of
Australia of taxa with short-lived larval stages as opposed to those taxa with long-lived
larval stages. It is important to include water body type (artificial vs heavily modified) when
one considers the positive and/or negative effect of a development. For example, lakes
built on terrestrial land provide novel new fish habitats (Waltham and Connolly, 2013)
while lakes built on natural aquatic habitats would probably have a poor net outcome

(Waltham and Connolly, 2013). A direct comparison to assess this has not yet been made.

The Knysna estuary (Fig. 2.1) is located on the southern coast of South Africa (34°
4'56.19"S, 23° 3'34.85"E) and is regarded as the most important estuary in South Africa
in terms of biodiversity (Turpie ef al., 2002). This estuary is under pressure, even though
it falls within the boundaries of the Garden Route National Park, owing to development
pressures which result from a growing population and thriving tourism economy, all of
which place strain on the natural habitats found in the estuary. The Knysna estuary has
the greatest potential to ensure the longer-term survival of Hippocampus capensis owing
to the relatively large population found in this system and subdued impacts from

freshwater floods (Teske et al., 2003).

The construction of Thesen Islands Marina (Fig. 2.2), an artificial water body (European
Commission, 2003), was completed in 2005 and added 25 ha of new estuarine habitat to
the system. The last survey work on H. capensis within the Knysna estuary was

completed in 2001 — long before the completion of Thesen Islands Marina (Lockyear et

22



Chapter 2: Seahorse habitat within a residential marina estate

Figure 2.2. An aerial photograph of Thesen Islands Marina (photo by Duran de Villiers).
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Chapter 2: Seahorse habitat within a residential marina estate

2015 on a spring low and high tide. Sampling took place in the middle of the canal during
the day. Dissolved oxygen (DO) as percent saturation and temperature were measured
along a vertical gradient of 0.5 mwith a YSI 550A dissolved oxygen meter (Yellow Springs
Incorporated, Yellow Springs, Ohio). Surface turbidity (ntu) samples were taken at each
station and measured with a Eutech TN-100 bench-top turbidity meter (Thermo Scientific,
Singapore). Vertical conductivity, temperature and depth profiles were taken at each
station during high tide using a Sea-Bird Standard Electronic 19-03 CTD (Sea-Bird
Electronics, Seattle).

Figure 2.4. Ten water quality sampling stations (+) sampled in 2014 and 2015 within Thesen Islands Marina.
Numbers and shading as per Fig. 2.3.
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Chapter 2: Seahorse habitat within a residential marina estate

2.2.4 Habitat description

An aquatic vegetation survey took place in the summer and winter of 2014 to obtain an
overview of habitats found in the marina canals. Haphazardly located transects (N = 72)
with a mean length and search width of 35 m and 1 m respectively were surveyed by
snorkelling across the width of the canals. The dominant vegetation type and percentage

cover were estimated across each transect.

Major habitat types were assigned to one of the following four categories (Fig. 2.5):

I. Reno mattress habitat. This habitat type was located along the canal edges and only
included the horizontal Reno mattress structure and not the vertical gabion wall. The wire
and rocks used to fill the mattress were visible. The 2 m wide habitat was exposed to the
atmosphere every spring low tide for a period of up to two hours (pers. obs.). The
dominant vegetation found on the mattress included Asparagopsis taxiformis (Delile)
Trevisan de Saint-Léon, 1845 (an invasive red alga species from Indo-Pacific origin

(Bolton et al., 2011)) and Polysiphonia sp. Greville, 1823.

II. Codium tenue (Kutzing) Kutzing, 1856 beds. These macro-algal stands collected within
low water flow areas such as inlets and dead-end canals within the marina canals. The
dense vegetation layer lay unattached on the canal bottom and varied in density and
thickness. Large diurnal fluctuations in dissolved oxygen took place with super saturation

(120 % saturation) during the day and hypoxic (< 20 % saturation) conditions at night.

[ll. Mixed vegetation (Zostera capensis Setchell, 1933, A. taxiformis, Polysiphonia sp,
Caulerpa filiformis (Suhr) Hering, 1841, and Halophila ovalis (R. Brown) J.D. Hooker,

1858) on sediment. This habitat type was generally found in the middle of the marina
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Chapter 2: Seahorse habitat within a residential marina estate

2.2.5 Suitability of identified habitat types as seahorse habitat
2.2.5.1 Dissolved oxygen within identified habitat types

To determine the range of oxygen levels in the different habitat types in which seahorses
would potentially be found, percent saturation of dissolved oxygen was investigated using
a YSI 550A dissolved oxygen meter (Yellow Springs Incorporated, Yellow Springs, Ohio).
Samples were collected during two 24-hour sample periods in October 2014 and March
2015. Readings were taken at the surface of the water column and ‘within’ the various
habitat types. The probe was positioned within a dense C. fenue bed, within a mixed
vegetation stand, and in close proximity to the Reno mattress in the respective habitat
types. During the 24-hour period readings were taken at noon (12:00 — 14:00), dusk

(18:00 — 20:00), midnight (23:00 — 1:00), and dawn (5:00 — 7:00).
2.2.5.2 Potential seahorse prey animals within identified habitat types

Five samples (0.004 m3) were collected from the three habitat types in each of the three
marina zones respectively (N = 45) between March and May 2015. Each sample was
collected by vertically placing a 4.2 | plastic container (12.5 cm (w) x 12.5 cm (b) x 27.5
cm (I)) over the specific habitat type. Vegetation underneath the sample was manually
loosened and included in the sample. The container lid was slid into position prior to
retrieval of the sample. Samples were collected by snorkelling. The contents of the
container were deposited into a plastic bag and shaken to dislodge benthic invertebrates
from the vegetation. Each sample was washed three times through a 250 um sieve using
unfiltered estuarine water. Ten sub-samples (2 ml) from each collected sample were

examined microscopically and invertebrates were identified to major taxonomic groups
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Chapter 2: Seahorse habitat within a residential marina estate

and quantified. Each 2 ml subsample was replaced into the original sample after each
assessment. Focus was placed on invertebrates known to be consumed by seahorses
such as small crustaceans (Foster and Vincent, 2004; Kendrick and Hyndes, 2005; Felicio

2006) and nematodes (Castro 2008). All names were verified using the World
Register of Marine Species (http://www.marinespecies.org/).

2.2.6 Statistical analysis

The statistical programme R (R Development Core Team, 2014) was used in all analyses.
An ANOVA was used to test for any significant differences in physico-chemical features
and prey animal abundance spatially and temporally, and statistically significant results
were further assessed using a Tukey post hoc test. The assumptions of normality and
equal variance, tested using Shapiro-Wilk test and Bartlett's test respectively, were met
inall instances (p >0.05). The ggplot package was used to create all graphs (Wickham,
2009). The ddply function of the Plyr-package was used for all basic descriptive statistics
(Wickham, 2011). Table 2.1. provides a summary of all hypotheses tested, the applicable
sections within the chapter and the R codes used in each instance.

Table 2.1. A summary of all hypotheses tested in Chapter 2, the applicable sections in the chapter and the
R code used in each instance.
Hypothesis Section Formula
Assessment Name=aov(Feature~Season + Zone,)

summary.aov(Assessment Name)
TukeyHSD(Assessment Name)

HO: Physico-chemical features do notvary across marina zones
Y or on a seasonal bagis 223and 231

Assessment Name-aov(Dissolved oxygen %~Habitat type + Zong)

HO: Dissolved oxygen (% sat) does not vary in differenthabitat 9951 and 2331

\loes Or across marina zones Summary.aov(Assessment Name)

TukeyHSD(Assessment Name)

Assessment Name-aov(Prey animal density~Habitattype + Zone)

HG The densities of potential seahorse prey animalsdo notvar
oS Nabiat iyaes of TGS TS Y 2252and 2332 Summary.aov(Assessment Name)

TukeyHSD(Assessment Name)
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2.3 Results

2.3.1 Physico-chemical features

Physico-chemical features were assessed across seasons and marina zones (Fig. 2.6).
Canal water depth ranged from 0.6 m to 3.1 m with a mean (+ sd) depth of 2.0 £ 0.7 m.
Water temperature varied significantly across seasons (bottom water temperature: F =
16.0, df = 3, p < 0.01; surface water temperature: F = 38.5, df = 3, p < 0.01). Surface
water temperatures were significantly colder (F=7.9, df =2, p <0.01) in Zone 1 compared
to Zone 3 (Fig. 2.6). Bottom water temperatures were found to be significantly colder than
surface water temperature (F = 91.6, df = 1, p < 0.01). Significantly higher bottom (F =
8.4, df = 3, p < 0.01) and surface (F = 12.0, df = 3, p < 0.01) dissolved oxygen saturation
was found in autumn and winter. Dissolved oxygen saturation was found to be similar
across all marina zones (Fig. 2.6). Bottom dissolved oxygen saturation was significantly
higher than surface saturation, particularly during autumn and winter (F =182.3, df =1, p
< 0.01). Significantly higher turbidity (ntu) was found within Zone 3 (Fig. 2.7) (F = 5.5, df
=2, p < 0.01) compared to Zone 1. Salinity ranged from 28 to 37 with a mean (z sd) of

33.2+24.
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Chapter 2: Seahorse habitat within a residential marina estate

Figure 2.7. Seasonal changes in turbidity (ntu) (mean £ se) across the three marina zones within Thesen
Islands Marina recorded in 2014 and 2015. Pooled data showed that turbidity was significantly higher (p <
0.01) in Zone 3 compared to Zone 1 across all seasons.

2.3.2 Habitat description

Codium tenue was dominant during the summer 2014 vegetation survey with 32.9 %
coverage. Barren sandy areas and A. taxiformis had an overall coverage of 26.7 % and
21.9 % respectively. Other prevalent vegetation types included Z capensis (1.8 %), H.
ovalis (0.3 %), and C. filiformis (13.3 %). Only 31 % of Reno mattress habitat was
present. In winter C. tenue cover decreased to 23.0 % with a corresponding increase in
barren sandy areas (32.9 %), H. ovalis (1.8 %), and A. taxiformis (31.2 %). Caulerpa
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Chapter 2: Seahorse habitat within a residential marina estate

Figure 2.9. Seasonal variation in the percentage cover of the four major habitat types identified during the
2014 vegetation surveys.

The largest extent of Reno mattress habitat was found within the western section of the
marina characterised by higher water current velocities (Schumann, 2004). Habitat type
changed across marina zones and Reno mattress and mixed vegetation habitats were
mostly displaced by habitat in Zone 3 (Fig. 2.10 A, B).
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2.3.3 Suitability of identified habitat types as seahorse habitat

2.3.3.1 Dissolved oxygen within identified habitat types

Large diurnal fluctuations in dissolved oxygen saturation were found within C.
tenue habitat (Table 2.2) with a maximum of 152.0 % and a minimum of 12.1 %
recorded during noon and midnight respectively, although no significant
differences in mean dissolved oxygen saturation was found between habitat types
(F =0.02, df =1, p = 0.9). Reno mattress and mixed vegetation habitats showed
little diurnal variation. Codium tenue habitat also showed marked differences
between surface and bottom dissolved oxygen saturation, while the Reno mattress
and mixed vegetation habitats were well mixed with little change in dissolved

oxygen saturation across depth.

2.3.3.2 Potential seahorse prey animals within identified habitat types

Typical seahorse prey animals identified within the different habitat types are
summarized in Table 2.3. Prey densities did not vary significantly across marina
zones, but significant differences were noted between habitat types (F = 7.1, df =
2, p = < 0.01) with Reno mattress habitat containing the highest prey densities
(Fig. 2.11), particularly high densities of Copepoda. Habitat specific prey densities
only varied within Zones 1 and 2 (highest densities within the Reno mattress

habitat), whereas densities were similar across habitat types within Zone 3.
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Table 2.2. Dissolved oxygen saturation as percent saturation (mean t sd) within different habitat
types measured across 24 hours. Max refers to the maximum percent saturation measured and
Min to the minimum percent saturation measured. N refers to the total number of readings taken
during each sample.

Time

Dawn

Noon

Dusk

Midnight

Table 2.3.
= 45),

Habitat

1

Location
Surface
Bottom
Surface
Bottom
Surface
Bottom
Surface
Bottom
Surface
Bottom
Surface
Bottom
Surface
Bottom
Surface
Bottom
Surface
Bottom
Surface
Bottom

Mean + sd
77.0 405
76.8 £ 0.6
68.9 + 0.4
65.2 2.8
94.749.3
96.7 + 10.2
76.9 £ 4.3
114.2 + 16.1
85.3+ 0.9
85.2 £ 0.3
90.9 + 3.6
67.3+ 24.0
95.4 0.1
94.6 £ 0.2
78.6 0.5
76.1 t 1.4
83.2 +2.7
263t 13.7
89.4 0.4
88.6 ¢ 2.7

10
10
10
10
10
10
30
27

35
25

10
10
35
35
5
5

Max
78.1

77.9

69.3

67.8

104.5
107.0
97.2

152.0
86.1

85.5
100.6
94.3
95.6
94.8
79.2
78.5
87.5
68.6
89.7
90.0

Min
76.5
75.6
68.2
58.7
85.1
86.1
71.9
91.0
84.0
84.8
86.5
20.0
95.3
94.5
77.5
74.5
77.1
12.1
88.9
83.7

Summary of potential seahorse prey animals identified within Thesen Islands Marina (N

Phylum
Nematoda
Annelida
Arthropoda
Arthropoda
Arthropoda
Arthropoda
Arthropoda

Arthropoda

Class

Polychaeta

Malacostraca
Ostracoda
Malacostraca

Malacostraca

Subclass

Copepoda
Copepoda

Eumalacostraca

Eumalacostraca

Eumalacostraca

41

Order Suborder

Harpacticoida

Tanaidacea

Isopoda

Isopoda Asellota

Genus

Porcellidium
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Chapter 2: Seahorse habitat within a residential marina estate

Historic water quality data for the bay regime of the estuary found a well-mixed
system with high dissolved oxygen (82 to 97 % - Allanson et al., 2000) and salinity
similar to that of the adjacent ocean (= 35) (Allanson et al., 2000), although flooding
can result in a marked decrease in salinity throughout the entire estuary (DWA,
2009). Water temperature in the estuary range from 20 °C to 27 °C in summer (but
can drop to 10 °C during upwelling events) and from 12 °C to 15 °C in winter (DWA,
2009). Water quality within Thesen Islands Marina was comparable to the estuary
bay regime, although areas with a decrease in flow and circulation (Zone 3), similar
to conditions within the Ashmead channel as described by Switzer (2003), were

found on the eastern side of the marina.

Similarly, Baird et al. (1981) found that surface and bottom water temperature,
salinity and dissolved oxygen concentrations within a residential marina estate in
the Kromme Estuary, St Francis Bay, were similar to that of the adjacent estuary.
This marina development showed no signs of stratification and it was concluded
that the system was well mixed with high dissolved oxygen content. Marked salinity
and dissolved oxygen stratification was, however, found in the Da Gama
residential marina estate, another South African marina located in the Zandvlei
Estuary, False Bay, owing to specific design features (or rather flaws) of this
marina (dead-end canals, canals that are deeper than the adjacent estuary, limited

connection to the main estuary) (Davies and Stewart, 1984).

Suitable water flow is a key aim for successful canal developments (Lemckert,
2006) and Thesen Islands Marina’s design, with its two connections to the main

estuary, mostly achieves this. Reduced water flow within a marina environment

43



Chapter 2: Seahorse habitat within a residential marina estate

can lead to increased water retention (Rivero et al., 2013), and dead-end canal
systems are known to present adverse water quality problems that range from
severe oxygen and salinity stratification (Davies and Stewart, 1984) to higher
sediment contaminant concentrations (Maxted et al, 1997). Temperature
stratification (Fig. 2.6) was found to be pronounced within Zone 3 of the marina
and was particularly acute during autumn and summer, likely owing to upwelling
events that occur regularly during these seasons (Schumann, 2000). The
prominent stratification and higher turbidity in Zone 3 could potentially affect
seahorses, as high turbidity has been shown to affect prey capture rates (James
and Heck, 1994) and mating behaviour (Sundin et al., 2010). Hypoxic conditions
that were found to occur within dense C. fenue beds owing to large diurnal
dissolved oxygen fluctuations also have the potential to affect seahorse feeding

behaviour (Ripley and Foran, 2007).

The potential seahorse prey assessments provided evidence that the habitats
found in Thesen Islands Marina provide suitable food for H. capensis. The specific
diet of H. capensis is not known, but it is assumed that it would feed on similar
types of prey as other seahorse species e.g. small crustaceans (Tipton and Bell,
1988; Foster and Vincent, 2004; Kendrick and Hyndes, 2005; Castro ef al., 2008).
Harpacticoid copepods were found to be particularly important prey for
Hippocampus zosterae (Tipton and Bell, 1988) and H. subelongatus Castelnau,
1873 (Kendrick and Hyndes, 2005), while nematodes were found to be important

prey for H. reidi (Castro et al., 2008).
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The most abundant habitat type found within the canals of Thesen Islands Marina
was mixed vegetation. Past research found that this habitat type, particularly Z.
capensis and C. filliformis, is used by H. capensis (Bell et al., 2003, Lockyear et
al., 2006; Teske et al., 2007b). The suitability of Thesen Islands Marina’s canals
as seahorse habitat, therefore, is particularly promising because 67 % of the
subtidal area within the marina was covered by some type of vegetation — a
necessity for the occurrence of H. capensis (Teske et al., 2007b). By contrast, the
Knysna estuary has subtidal vegetation cover of a mere 23 % (238 ha) (Adams,
2016). Of particular concern is the threat to mixed vegetation beds, particularly Z.
capensis and C. filiformis, within the estuary owing to an extensive and lengthy
Ulva lactuca Linnaeus, 1753 bloom (Allanson et al., 2016) — known to displace Z.
capensis (Human et al., 2016) and saltmarsh vegetation (Watson et al., 2015). The
additional habitat found within Thesen Islands Marina have the potential to provide
a shelter against habitat loss and adverse environmental conditions for H. capensis

within a larger, very dynamic system.

Impacts from artificial structures on coastal and estuarine environments vary from
being positive (increased biodiversity and biomass (Clynick, 2006; Connell and
Glasby, 1999)) to negative (supports invasive species, results in habitat loss and/or
fragmentation, alteration of biodiversity (see Bulleri and Chapman, 2010)). A
recent review by Bulleri and Chapman (2010) did, however, conclude that artificial
structures do not function as surrogates for natural habitats and species
compositions on these structures differ from that found in adjacent natural habitats.

In many instances, artificial structures are built within a soft substrate system (an
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estuary), and the species that colonize these structures are non-native to the
system (Bulleri 2005). These changes can have adverse effects on the underlying

ecological processes of a system.

Most research on the ecological impact of artificial structures found in marinas and
harbours have focused on heavily modified water bodies, as opposed to artificial
water bodies (see Waltham and Connolly, 2011; Waltham and Connolly, 2013).
The latter provides new aquatic habitat to a system, whereas the former changes
one habitat type into something else (in many instances natural aquatic habitat is
lost). Only a limited number of studies were found that focused on the ecological
impact of artificial water bodies e.g. according to Waltham and Connolly (2013),
the Burleigh Lake system, Australia, excavated from land (artificial water body)
created completely novel fish habitat, and Chovanec (1994) concluded that
artificial wetlands can create refuges for endangered species, even in highly

frequented urban areas.

Thesen Islands Marina, an artificial water body, added 25 ha of new aquatic habitat
to the Knysna estuary, 67 % of which have potential to provide habitat to H.
capensis. Whether this development is in fact used by H. capensis and what role

it plays in this species density and distribution will be investigated in Chapter 3.
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and H. fuscus, both listed as Data Deficient, will now be subsumed under H. kuda, listed
as Vulnerable, while H. hendriki Kuiter, 2001 (Data Deficient) will be subsumed under
H. angustus Gunther, 1870, also listed as Data Deficient. According to Lourie et al.
(2016): “population surveys and on-going monitoring are urgently required to accurately

ascertain and effectively improve the conservation status of all seahorse species”.

Population density information does exist for some seahorse species: Hippocampus
guttulatus — Curtis and Vincent (2005), Correia et al. (2015a), Gristina et al. (2015),
Woodall et al. (2015); H. hippocampus — Curtis and Vincent (2005), Correia et al.
(2015a), Gristina et al. (2015), Otero-Ferrer et al. (2015); H. reidi — Freret-Meurer and
Andreata (2008); H. whitei — Harasti (2016); H. capensis — Bell et al. (2003), Lockyear
et al. (2006); H. comes - Marcus et al. 2007 and H. zosterae — Mason-Jones et al.
(2010). Many of these studies only presented a snapshot of the status of a population
(Bell et al., 2003; Curtis and Vincent, 2005; Lockyear et al., 2006; Gristina ef al., 2015),
which could lead to misleading conclusions. For example, numbers of H. guttulatus and
H. hippocampus within the Ria Formosa, Portugal, decreased by = 90 % between 2001
and 2009 (see Curtis and Vincent, 2005; Caldwell and Vincent, 2012), then started to
increase by 2013 (Correia et al., 2015a). In Tasmania, population numbers of H.
abdominalis fluctuated dramatically from year to year (Martin-Smith and Vincent, 2005).
Short term population density estimates, however, are necessary to provide population
base-lines, but it is only through long term monitoring that underlying processes

responsible for population variability can be understood.

Habitat use is an important aspect in seahorse population assessments (Curtis et al.,

2004), because seahorse abundance, density and distribution change across different
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habitats. Habitat use data are also helpful to understand possible reasons for population
variability, and many studies have focused on seahorse density and distribution within
different habitat types (e.g. Curtis and Vincent, 2005; Gristina et al., 2015; Otero-Ferrer
et al., 2015). Seahorse population declines in the Ria Formosa (Correia et al., 2015a)
was attributed to a decline in the number of holdfasts, and in Port Stephens, Australia,

(Harasti, 2016) to a decline in preferred habitat.

Seahorses that live in coastal habitats are particularly vulnerable to anthropogenic
impacts because human population densities along the coast are three times higher
than inland areas (Whitfield and Becker, 2014). The relatively sedentary lifestyle of
seahorses and specialised mating behaviour increases the threat from impacts to their
environment (see Foster and Vincent, 2004), and habitat alteration, degradation and
loss have been identified as a major threat to the Knysna seahorse (Hippocampus
capensis) specifically (Whitfield, 1995). How seahorses adapt to habitat alterations and
additions, if at all, is an important aspect that must be understood to ensure successful

future conservation (Vincent et al., 2011).

It was confirmed that the geographical distribution of H. capensis is restricted to the
Knysna, Swartvlei and Keurbooms estuaries (Bell ef al., 2003; Lockyear et al., 2006).
Only two published population assessments have been done for H. capensis in the
Knysna estuary (Bell et al., 2003; Lockyear et al., 2006), the last completed in 2001
(Lockyear et al., 2006). These assessments provided a baseline of the abundance and
distribution of this species within the Knysna estuary. Habitat specific density was,
however, not taken into consideration, although Teske et al. (2007b) concluded that H.

capensis is likely to occur throughout the system where vegetation is available. With the

49



Chapter 3: Population density, distribution, and structure of Hippocampus capensis within a residential marina
estate

high development pressures on the Knysna estuary and the construction of three
residential marina estates in the past ten years, there was a need to reassess the
Knysna seahorse population within this estuary and to focus on the adaptability of H.

capensis to anthropogenic impacts.

The previous chapter concluded that 67 % of the 25 ha canal system within Thesen
Islands Marina was covered by some type of vegetation and/or holdfast and thus
provides potential seahorse habitat. The physico-chemical environment within the
marina was deemed suitable for seahorse habitation and all habitat types identified as
potential seahorse habitat contained typical seahorse prey. The next step was to assess
whether seahorses utilize the habitats created by the development of the marina and if

so, which habitats.

This chapter aims to:

¢ Identify which habitat types, if any, are utilized by H. capensis within Thesen

Islands Marina.

o Assess spatial and temporal variability of seahorse density and population

structure within utilized habitat types.

o Assess and compare seahorse populations within the marina development and

within the bay regime of the Knysna estuary.

3.2. Materials and methods

3.2.1. At first glance: Seahorse abundance, distribution, and population structure within

Thesen Islands Marina
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During the habitat survey of the canals of Thesen Islands Marina, seahorses were
observed within three of the four habitat types identified (see Chapter 2), thus confirming
anecdotal reports. As it was not possible to survey C. fenue habitat using standard
seahorse survey methods as per Curtis et al. (2004), focus was first placed on Reno
mattress and mixed vegetation habitats. As stated in chapter 2, Reno mattress habitat
is made up of a 2 m wide Reno mattress found along the sides of the marina canals and
mixed vegetation habitat from various vegetation types (Zostera capensis, Caulerpa

filiformis, Asparagopsis taxiformis) located in the middle of the canals.

A preliminary seahorse survey took place from August (late winter) to October (early
spring) 2014. Underwater visual survey transects as per Curtis ef al. (2004) using
SCUBA were used. Twelve sites (Fig. 3.1) were surveyed (2230 m?2) during high tide in
depths that ranged from 1.5 — 3.0 m. Sites were chosen haphazardly along the west-
east gradient of the marina increasing in distance from the western marina entrance.
The total number of samples taken in each habitat type depended on the availability of
the specific habitat types at each site. Where possible, ten transects (100 m?2) were
surveyed per habitat type at each sample site using a stratified sample design. All
surveys were undertaken by myself. Each transect sample consisted of a 10 m long
transect line with a 0.5 m search width on either side (10 m?2). The coordinates of each
transect, taken with a handheld Garmin GPSmap 62, and direction, chosen arbitrarily,
were logged. Surface water temperature using a thermometer and turbidity (ntu) using
a Eutech TN-100 bench-top turbidity meter (Thermo Scientific, Singapore) were

measured at each site.
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The height of each observed seahorse, to the nearest 0.5 cm, was recorded, by
measuring the vertical distance from the tip of the head to the tip of the outstretched tail
(Lourie, 2003). During the measurement, the animal was held against a ruler with its
head at a right angle to the body and the tail stretched out. Seahorse sex, brood pouch
status for males only and holdfast used by each specimen found were recorded. A
distinction was made between a full brood pouch and an empty brood pouch (see Curtis
and Vincent, 2005). Males were identified by the presence of a brood pouch. To ensure
consistency with previous H. capensis surveys, animals larger than 4 cm with no brood
pouch were considered to be females and individuals that showed no sexual
differentiation and was smaller than 4 cm was considered to be juvenile as established

by Lockyear et al. (2006).
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Figure 3.1. The location of sample sites of Reno mattress and mixed vegetation (+) and Codium tenue
(+) habitats in Thesen Islands Marina. Sample site numbers and marina zone shading as per Figure 2.3.
(Zone 1: western high water currentvelocity zone (white); Zone 2: the middle cross-over zone (grey); and
Zone 3: eastern low water current velocity zone (hatched)).

%

53



Chapter 3: Population density, distribution, and structure of Hippocampus capensis within a residential marina
estate

Focus was thus rather placed on habitat types known to be used more extensively by
H. capensis. Seahorse populations vary temporally and spatially, in some instances
significantly (Correia et al., 2015a; Harasti, 2016), and longer term, as opposed to
snapshot assessments, are needed to really understand the status of a population. To
find out if the population density, distribution and structure of H. capensis within this
artificial water body remains stable over time, seasonal seahorse surveys took place
from January to February (summer) and June to July (winter) in 2015 and 2016 within
Reno mattress and C. tenue habitats. Animals were not tagged and the home-range of
H. capensis is not known, therefore, the possibility exists that animals were resampled

during repeated surveys.

The same survey method and seahorse parameters (height, sex, brood pouch status,
holdfast used) as described in section 3.2.1 were used for the population assessment
within Reno mattress habitat, and in addition the dominant vegetation type and
percentage cover were estimated for each 10 m? transect. Underwater visual survey
transects (Curtis et al., 2004) were not suitable for use in C. fenue habitat because
animals hid within the algal mass. To overcome this constraint an alternative sampling
method was established. A net (38 cm x 19 cm x 30 cm) was used to collect C. tenue
(two scoops per sample with a mean (x sd) weight of 3.4 £ 1.0 kg (N = 470)). The
unattached algae was carefully scooped to make sure the underlying anoxic mud was
not disturbed. The collected sample was placed on a floating platform and sorted. The
height of all seahorses found was measured, animals sexed and the brood pouch status
assessed. The C. tenue sample was weighed with a spring balance to the nearest 100

g to establish the drained wet weight. After a sample was processed the vegetation and
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seahorses were returned to the sample location. The overall percentage cover of C.
tenue per sample site was recorded. Sampling was done from a boat to prevent
disturbance of the C. tenue beds and underlying mud. An average seahorse density per

drained wet weight of C. fenue was established.

Ten transect samples from the Reno mattress habitat and ten samples from the C. tenue
habitat were collected from the 12 sample sites chosen for each habitat type (Fig. 3.1).

Surface water temperature and turbidity (ntu) were measured at each site.

3.2.3. Casting the net wider: Monthly seahorse population trends within the Knysna

estuary and Thesen Islands Marina

Different seasonal variations in both seahorse density and structure were noted in both
Reno mattress and C. fenue habitats (see Results 3.3.2). Does this variability persist
on a shorter time scale (monthly) and across all seasons? To answer this question,
monthly seahorse surveys were conducted from October 2015 to August 2016 at two
sample sites within Reno mattress and C. tenue habitat respectively. Sites were chosen
based on the highest seahorse densities found during the seasonal population
assessments (Sites 2 and 5 within Reno mattress habitat and Sites 4 and 17 within C.
tenue habitat) (Fig. 3.2). Survey methods as described in section 3.2.1. and 3.2.2. were
used within Reno mattress and C. fenue habitats respectively. Surface water

temperature and turbidity (ntu) were measured at each site.
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Figure 3.2. Sample sites within Reno mattress (+) and # $ habitats within Thesen Islands
Marina surveyed on a monthly basis from October 2015 to August 2016. Sample site numbers and
marina zone shading as per Figures 2.2 and 3.1.
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Figure 3.3. Two sample sites (Inter Island and Laguna Grove) within the bay regime of the Knysna
estuary, surveyed on a monthly basis from October 2015 to August 2016. (Images sourced from Esri,
DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AEX, Getmapping,
Aerogrid, IGN, IGP, swisstopo, and the GIS User Community).

The Inter Island site is located between Leisure Island and Thesen Island in the bay
regime of the estuary. The area is covered by Z capensis beds of varying density and
depth ranges from 1.0 to 2.7 m across the site during high tide. This area is impacted
by bait digging activity and large areas of Z capensis beds are damaged in the process.

Laguna Grove is located on the northern banks of the bay regime of the estuary.
Transects were located parallel to the estuary bank, adjacent to two large jetties. A pier
located on the eastern side of the site is a popular fishing spot and marine litter is a
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common sight. Depth ranges from less than 1.0 to 3.6 m across the site during high
tide. Vegetation cover is patchy across the site and includes Z. capensis, A. taxiformis,

and C. filliformis beds.

An exploratory assessment in September 2015 confirmed the availability of suitable
seahorse habitat at these two sites as well as the presence of seahorses. A similar
method as described in section 3.2.2. was used at the two sites with the following
adjustments: a 30 m transect line, marked in 10 m intervals, with a 1 m search width
was used. The dominant vegetation type and percentage cover per 10 m? section were
recorded. Sampling was done during high tide. Seven points were marked at each site
using a handheld Garmin GPSmap 62 and the survey direction, chosen arbitrarily,
recorded and all subsequent surveys used the same starting points and directions.
These points were chosen haphazardly within the sample site area. Surface water

temperature and turbidity (ntu) were measured at each site.

To compare seahorse densities between Reno mattress habitat within Thesen Islands
Marina and the two estuary sites a standard search effort unit had to be established,
seeing that the habitat types differed between sites (Reno mattress within the marina
and mixed vegetation in the estuary). This was done by recording the time spent
searching for seahorses along the transect {active search time = total search time per
tfransect - (average handling time per seahorse x total number of seahorses found in
transect)}. The average handling time (which included taking measurements,
photographing the specimen etc.) was estimated to be 1 min per seahorse. This
approach allowed a seahorse density per unit time per unit area (search effort unit) to

be established which was used to compare seahorse densities spatially and temporally.
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Seven transects (210 m?) at each estuary site (Laguna Grove and Inter Island) (Fig. 3.3)
and ten transects (200 m?2) within Reno mattress habitat in the marina (Sites 2 and 5)
(Fig. 3.2) were surveyed on a monthly basis from October 2015 to August 2016 (11-
month period). Ten samples were collected on a monthly basis from C. fenue habitat at
Sites 17 and 4 for the same time period (Fig. 3.2). Animals were not tagged and the
home-range of H. capensis is not known, therefore, the possibility exists that animals

were resampled during repeated surveys.
3.2.4. Statistical analysis

The statistical programme R (R Development Core Team, 2014) was used in all
analyses. The ddply function of the Plyr-package was used for all basic descriptive
statistics (Wickham, 2011). The ggplot package was used to create all graphs

(Wickham, 2009).

The distribution of H. capensis was found to be over-dispersed (variance > mean) and
followed a negative binomial distribution. A Negative Binomial Generalised Linear
Model (GLM) was used to assess seahorse population differences spatially and
temporally. Overall significance was tested using ANOVA. The Car (Fox and Weisberg,
2010) and Mass (Venables and Ripley, 2002) packages were used for Generalised
Linear Model analyses. Sex ratios were assessed with a Chi-square test. ANOVA was
used to compare temperature and turbidity spatially and temporally. Height differences
between males and females and seahorse height variability were assessed using
ANOVA. Significant results from all ANOVA analyses were further assessed using a
Tukey post hoc test. The assumptions of normality and equal variance, tested using

Shapiro-Wilk test and Bartlett's test respectively, were met (p > 0.05). Table 3.1.
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provides a summary of all hypotheses tested, the applicable sections within the chapter

and the R codes used in each instance.
3.3. Results

3.3.1. At first glance: Seahorse abundance, distribution, and population structure within

Thesen Islands Marina

From August to October 2014, surface water temperature was significantly warmer (F
=15.7, df =1, p < 0.01) within mixed vegetation habitat and ranged from 20.5 to 16.0
°C in both Reno mattress and mixed vegetation habitats, with a mean (+ sd) temperature
in Reno mattress habitat of 17.0 £ 1.2 °C and in mixed vegetation habitat of 17.7 £+ 1.4
°C. Turbidity (ntu) in mixed vegetation habitat (mean + sd = 2.2 + 1.2 ntu) was
significantly (F = 12.3, df =1, p < 0.01) higher compared to Reno mattress habitat (1.7

+ 0.8 ntu).

The mean (x se) seahorse density within Reno mattress habitat was 0.15 + 0.03
individuals/m2 and within mixed vegetation habitat it was 0.02 + 0.01 individuals/m?2.
Significantly lower (F = 33.2, df =1, p < 0.01) seahorse densities were found in mixed

vegetation habitat compared to Reno mattress habitat.
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Figure 3.5. A Grey heron (Ardea cinerea) feeding on H. capensis within Thesen Islands Marina (note the
seahorse in the beak).

Eighty-one percent of seahorses were found within Zone 1 of the marina, with 16 % and
3% in Zones 2 and 3 respectively. Sixty-five percent of seahorses used A. taxiformis,
24 % used C. filiformis, and 4 % used Z capensis, Ulva lactuca and C. tenue as a
holdfast within mixed vegetation habitat. Fifty-eight percent of seahorses used A.
taxiformis as a holdfast within Reno mattress habitat, 36 % used the wire of the Reno
mattress (Fig. 3.6) and 6 % used holdfasts which ranged from twigs to U. lactuca.
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3.3.2. Diving a hit deeper: Seasonal seahorse population trends within Thesen Islands
Marina

The summer surface water temperatures within Reno mattress habitat ranged from 26.0
°C to 16.0 °C with a mean (t se) of 211 + 0.3 °C, while winter surface water
temperatures ranged from 17.0 °C to 13.0 °C with a mean (t se) of 144 £ 0.1 °C
Turbidity (ntu) in summer ranged from 13.0- 0.5 ntu with a mean (£ se) of 1.9 £ 0.2 ntu
and decreased in winter with a range of 4.1 to 0.8 ntu and a mean (t se) of 1.5 0.1
ntu. Mean (+ se) summer surface water temperatures within C. tenue habitat were
slightly warmer 22.1 + 0.1 °C with a range of 25.0 °C to 18.0 °C. Winter temperatures
within C. tenue habitat were similar to that recorded in Reno mattress habitat with a
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Figure 3.8. Pooled mean (t se) surface waterturbidity (ntu) for Reno mattress and # habitats
across three marina zones recorded during seasonal seahorse surveys in 2015 and 2016.

Seahorse densities were significantly higher (F =115, df = 1, p=<0.01) within Reno mattress
habitat inthe winter of 2015 and 2016 (Table 3.2). Seahorse densities varied significantly across
sample sites within this habitat (F =6.9, df = 11, p <0.01) with the highest densities found at
Sites 2 and 5 near the western entrance (Zone 1) of the marina (Fig. 3.9) inthe summer of 2015
and winter of 2015 and 2016.
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Chapter 3: Population density, distribution, and structutret of Hippocampus capensis within a residential marina
estate

overall female biased sex ratio for Reno mattress habitat and an equal sex ratio for C
tenue habitat.

Table 3.3. Sex ratio information for I within Reno mattress and # habitats across
seasons for 2015 and 2016.
Habitat type Season Male/Female ~ Chisquare Degrees offreedom P value Sex ratio
Summer 2015 34162 8.2 1 <0.01 Female
. Winter 2015 88177 0.7 1 0.4 Equal
Habitat type 1
Summer 2016 16/36 1.7 1 <0.01 Female
Winter 2016 5977 2.4 1 01 Equal
_ 2015 and 2016
Pooled data Habitat type 1 197252 6.7 1 <0.01 Female
(all seasons)
Summer 2015 44/38 0.4 1 0.5 Equal
. Winter 2015 36/33 0.1 1 0.7 Equal
Habitat type |
Summer 2016 59/49 0.9 1 0.3 Equal
Winter 2016 39/74 108 1 <0.01 Female
. 2015 and 2016
Pooled data Habitat type | 178/194 0.7 1 0.4 Equal

(all seasons)

Inflated brood pouches (indicative of breeding) were only noted during the summer
surveys. The percentage of breeding males in the Reno mattress habitat decreased
from 70 % in the summer of 2015 to 50 % in 2016. The percentage of breeding males
in C. tenue habitat remained relatively constant at 71 % and 72 % for 2015 and 2016
respectively.

Codium tenue was exclusively used as a holdfast by seahorses in C. tenue habitat. A
number of holdfasts (different types of vegetation, tunicates, twigs, rocks, wire) was
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151,90 +5S L+ (10 /" #96% #r( 1HighoBed cadensis O #( 1,11 #1* &1#(1

used as holdfasts by seahorses within the Reno mattress habitat and the percentage of
use varied across seasons and years. The dominant holdfasts used by are
summarized in Table 34.

1%*1 98:8 11"+(1* 71, #1 #+( #( +*)1H taPehsBa#( !(+ &1 ,I"" 1%# 1 O# #( "I(
(M 1L )+, 3 ;13 < 16+, 1M 5L6I( 1. +) "L + "1 $UH(. 1 "516H)#6 +*)1" 8
11"+( C#,! Zostera Halophila Asparagopsis L
$&&!3R ; 3 4
C#(!'3 ; 4 3
$&&!,3 < @ @ 9
C#(!,3 < < 4

Seahorse height ranged from 1.0 to 11.0 cm with a pooled mean (t se) height of 6.8 £
0.1 and 6.9 £ 0.1 cm in Reno mattress and habitats respectively. Seahorses
were significantly (F =26.2, df =1, p<0.01) smaller inthe winter of both years compared
to the summer, and males were significantly (F = 66.3, df = 1 p <0.01) larger than
females in both habitats (Fig. 3.11). Pooled data for hoth years and seasons showed
no significant difference in seahorse height between Reno mattress and

habitats.
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