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Abstract 

Hong Kong provides a marginal marine environment for coral growth due to 
its high latitude in addition to massive freshwater run-off from the Pearl River 
Delta. Previous studies have reported that Hong Kong waters nurture 84 species 
of scleractinian corals in 28 families distributed in various locations, especially 
the protected bays in the eastern waters. However, very little is known about the 
benthic composition and health of coral communities. This study aimed to 1) 
determine the benthic composition of local coral communities and understand the 
environmental determinants of coral coverage and coral community composition; 
2) record coral colony size frequency distribution across these 33 sites to 
understand the patterns of coral recruitment in recent years; 3) quantify coral 
bioerosion and corallivory by the long-spined sea urchin and explore the 
feasibility of remediating the coral damage by a coral-associated portunid crab.

Surveys were conducted at 33 sites in Hong Kong, which cover sites with the
highest coral coverages that are mainly located in the north-eastern, east and 
south-eastern waters. A belt-transect photo quadrant method was applied. 22 hard 
coral genera were identified, among which the genera Porites, Platygyra and 
Pavona were found to be the most abundant. Most of the study sites were 
dominated by few genera of massive corals which led to a low diversity. Coral 
coverage was negatively associated with nutrient levels including nitrogen, 
phosphorus and organic matter deposition rates based on sediment trap data. Apart
from sedimentary parameters, coral coverage was also found to be strongly 
negatively correlated with the density of the long-spined sea urchin Diadema 
setosum. Study sites were categorized into four different conservation classes with
sites of higher diversity assigned a higher conservation value. These data could 
serve as a baseline for measuring changes in benthic composition in the future, 
and as a reference for management planning such as designating new marine 
parks. 

Determining the size structure can help predict how a population may change
in the future and whether conservation efforts are effective in promoting the 
increase in numbers of individuals. To determine coral size structure in local 
waters, a video transect method was adopted to capture videos on the benthic 
substrates of the 33 study sites. In the laboratory, the video clips were analyzed to 
extract information on the size and growth form of all coral colonies along the 
transects. Size-frequency distribution plots generally showed a highly positive 
skewness, which indicated a dominance of small-sized (i.e. 10 - 30 cm) colonies, 
yet low in recruitment-sized (i.e. 5 cm) colonies. An examination of the size 
distribution of the most common genera showed that the distribution patterns were
more genus-dependent rather than site-dependent. Also, massive corals were the 
most dominant growth form, while branching corals were the least common which
was different from healthy tropical reefs.

Apart from establishing a baseline of coral communities, coral bioerosion 
was further studied. Previous studies found that coral coverage and urchin density 
were negatively correlated in local waters. Further, severe coral bioerosion had 
been reported to cause community-level coral damage in several locations. 
Therefore, impact coral bioerosion by the sea urchin Diadema setosum and 
whether such impact could be remediated were further investigated in a series of 
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controlled experiments in the field. Although sea urchins were reported to prevent 
shifting from coral-dominant to algae-dominate phase elsewhere, they were found
to cause severe tissue loss and bioerosion at high densities in my study. Thalamita
prymna, a common portunid crab in local coral communities, was found to 
effectively reduce coral damages including bioerosion and surface mortality. Crab 
predation, an overlooked relationship in coral reefs, can thus be exploited to 
control urchin corallivory and bioerosion. Prohibiting fish trapping in reef areas 
could reduce the by-catch of these crabs and protect reefs against urchin attack.
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Chapter 1

General Introduction

Introduction to coral reefs

Scleractinia, also known as hard corals or stony corals, are marine organisms 

in the class Anthozoa and the Phylum Cnidaria. Corals usually appear in colonial 

form which consists of genetically identical polyp individuals closely connected 

to each other on a layer of live tissue known as coenosarc on top of a calcium 

carbon skeleton produced by the coral itself (Barnes and Hughes, 1999). Each 

polyp is an individual life which has a mouth surrounded by a crown of tentacles. 

They produce a hard skeleton of calcium carbon for the provision of solid 

protection and structural support (Chamberlain, 1978).

Fundamentally, corals maintain their growth and reproduction processes by 

either budding asexually or fertilization sexually (Fadlallah, 1983; Hoeksema, 

2004). For corals to grow, they adopt different modes of nutrition depending on 

the environment and the species’ evolutionary history. Corals can be autotrophs 

and/or heterotrophs. For autotrophy, polyps build a symbiotic relationship with 

zooxanthellates, which are certain types of algae known as dinoflagellates. These 

endosymbiotic dinoflagellates not only provide coral with colors but also enhance 

their calcification rates under sunlight (Muscatine, 1990; Muscatine et al, 2005). 

Corals could obtain photosynthetic products from the dinoflagellates, which allow

them to thrive in places with low concentrations of nutrients with less turbidity 

(Barnes et al., 1999; Muscatine et al., 2005). Therefore, zooxanthellate corals are 

usually found within 70 meters from the sea surface in clear, high visibility waters

where sunlight can penetrate to enable photosynthesis by the symbiotic algae 

(Barnes et al., 1999).

Heterotrophic corals do not host zooxanthellates and are thus called 

azooxanthellate corals. This type of coral can capture their prey in the water 

column using their tentacles which surround the mouth. In places of unfavorable 

conditions, such as dark or nutrient rich environment, azooxanthellate corals can 
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be found as deep as 1500 m (Stanley and Cairns, 1988). In this thesis, 

zooxanthellate scleractinian corals are discussed due to their significant 

contribution to the reef-building process and their distribution in the shallow-

water bodies of Hong Kong where the study was conducted. 

Coral growth forms are fundamentally dependent on their species 

characteristics. However, they could be altered by different environmental 

conditions (Rogers, 1990). Corals can mainly be categorized into 7 major types: 

1) branching, 2) massive, 3) foliaceous, which forms a whorl, 4) columnar, 5) 

free-living, 6) encrusting, and 7) laminar, also known as table or plating corals 

(Spalding et al., 2001). In Hong Kong, the major coral growth forms are massive, 

branching, laminar and encrusting. Coral skeletal morphology could modify under

different environment conditions even in the same coral colony (Hubbard, 1986). 

It might finally shift the assemblage of a certain coral community when 

environment changes. Light level, wave stress and sedimentation are the most 

critical factors that affect coral growth (Chappell, 1980; Rogers, 1990). When 

light intensity decreases and/or hydrodynamic stress increases, coral communities’

dominant growth forms may shift from branching corals to less branched ones and

eventually massive growth form (Chappell, 1980). High sedimentation rate might 

have small corals fused together to be a larger one since a larger colony would 

enhance survival rates (Hughes & Jackson, 1985; Rogers, 1990). Therefore, coral 

skeletal morphologies could be a good indicator of the environmental conditions.

Distribution of corals

Coral reefs are mainly categorized into 3 different types: fringing reefs, 

barrier reefs and atolls (Barnes and Hughes, 1999). Around the world there are 

1605 extant scleractinian species, which are classified into 304 genera in 40 

families (Hoekema & Carins, 2019). In the South China Sea, 571 species of 

scleractinian corals have been recorded (Huang et al., 2015). Corals are sensitive 

marine animals which exist only under environments with small fluctuations of 

water temperature, light intensity and salinity (Barnes and Hughes, 1999). They 

are mainly distributed around the equator in areas with a tropical climate (Barnes 

and Hughes, 1999; Veron et al., 2015). Veron et al. (2015) revealed that there is no

reef development in high latitude ecoregions due to the unfavorable water 
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temperatures. As a result of the subtropical climate with winter water temperatures

as low as 15 °C, corals in Hong Kong are able to develop into rather scattered and 

sparse fringing coral communities.  

Importance of coral reefs

Coral reefs are complex ecosystems which have multiple functions and 

provide various goods and services. They are habitats of highly diverse marine life

(Eddy et al., 2018). Coral reefs afford renewable resources to both marine animals

and terrestrial animals, especially for human beings, such as seafood products, 

raw materials, medicine, minerals, oil and gas (Moberg and Folke, 1999). They 

also offer numerous ecological services: physical structure provides coastal 

protection; biotic services such as the maintenance of habitats and biogeochemical

services, for instance, include nitrogen fixation and calcium and carbon dioxide 

budget control (Moberg and Folke, 1999; Cesar, 2000). Apart from their intrinsic 

ecological values, coral reefs also have recreational values as they are destinations

for various water sports such as diving, snorkeling and swimming (Brander et al., 

2007). They play an important part in financial incomes for some regions due to 

their provision of precious resources for fishery industries as well as encouraging 

relevant tourism, which all offer considerable financial values of 50 billion US 

dollars per year (Brander et al., 2007; Hilmi et al., 2019). 

Threats to coral reefs

Despite their importance, a continuous decline of coral coverage has been 

reported in recent decades mainly due to anthropological disturbances, bioerosion,

climate change and so on (Bellwood et al., 2004; Wilkinson, 2004). Degradation 

of coral communities has been reported since the 1980s (Brown, 1988; Ginsburg, 

1993). In 2017 an assessment of world heritage coral reefs conducted by 

UNESCO was released which reported that more than 75% of the monitored coral

reefs based on 29 properties were affected by stress of heat from year 2014 to 

2017. Global warming is happening at a faster pace than ever before (Hughes et 

al., 2018). CO2 in air is expected to be over 500 ppm and temperature will rise by 

two degrees Celsius before the year 2100 (Hoegh-Guldberg et al., 2007). Not only

does warming water bring unfavorable water temperature to corals, it also leads to

3



decreasing water quality by causing outbreaks of macroalgae and phytoplankton 

(Hoegh-Guldberg et al., 2007). UNESCO assessment study (2007) predicted that 

all coral reefs would experience severe bleaching event twice a year by 2040 

which would lead to rapid coral extinction (Heron et al., 2017).

Adding to the effects of climate change, bioerosion caused by excessive 

feeding activities of corallivores such as sea urchin, and internal bioeroders such 

as polychaetes has shifted a positive carbonate budget to negative, leading to a 

diminishment of coral development (Glynn, 1988; Martinell & Domènech, 2009; 

Glynn et al., 2015). Fishing industries across the world have contributed to the 

deterioration of coral communities’ health. Overfishing does not merely affect fish

populations, but also promotes bioerosion on reefs (Glynn et al., 2015). This 

creates a cascade effect when bioeroders’ predators are over-caught, which in-turn

leads to less predatory stress which contributes to an increase of their populations.

For instance, when the population of sea urchins’ predators, such as triggerfish, 

declines due to over-fishing, sea urchin populations increase and exert more 

grazing pressures on corals causing serious echinoid bioerosion (Glynn et al., 

2015). 

The current environmental circumstances are undoubtedly posing serious 

threats to this vulnerable ecosystem (Brander et al., 2007). However, there is a 

lack of understanding of coral reefs’ or communities’ population and structure 

(Done, 1992). In light of this, there is an urgent need to further understand the 

coral communities, specifically, their size-distribution and composition in order to

better understand their developing status and enable a short and long-term 

monitoring programs to trace their health status and to monitor any further 

deterioration. With increased understanding of coral community development and 

the underlying influences the relevant authorities can develop more appropriate 

long-term environmental management strategies and plans for conservation 

(Done, 1992).

Coral communities and reefs are widely spread around the equator and 

sustain an incredible number of marine lifeforms by providing shelter and 

breeding grounds, however, they are on a downward trend with continuous 

decline of either coverage and abundance. There is an urgent need for more 
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investigation in order to improve knowledge and develop better protective 

strategies in the future.

Hong Kong climates and marine environment

Hong Kong Special Administrative Region (Hong Kong) is located in a 

tropical region (22o09'-22o355N, 113o50'-114o305E) which is about 320 kilometers

from the south of the Tropic of Cancer to the South-East side of China next to the 

Pearl River Delta. Facing to the South China Sea, Hong Kong has a 1174-km long

coastline with more than 235 islands and around 1656 km2 sea area (Morton, 

1996). Hong Kong marine environment is complex due to its special location. 

Although Hong Kong lies in the tropical region, its climate is highly seasonal. The

summer (May to September) is the wet season in Hong Kong, which is 

characterized by high rainfall and high temperature. Hong Kong Observatory 

(2018) reported that summer temperature ranged from 27 to 28 °C on average and 

had 380 to 450 mm total rainfall between 1981-2010. The winter (November to 

February), in contrast, is the dry season which is characterized by low rainfall and 

temperature. Hong Kong Observatory showed that winter temperatures were on 

average 16 to 20 °C and a total rainfall of 15 to 50 mm on average between 1981-

2010 (Climate of Hong Kong, 2018)

Ocean currents that affect the hydrology of Hong Kong also exhibit 

seasonality (Cope, 1986). In summer, Hong Kong waters are mainly influenced by

the Hainan Current, which comes from the South China Sea and is characterized 

by high salinity (around 34 psu) and high water surface temperatures (up to 29 

°C). Although the salinity should also be high due to Hainan current, this is not 

the case in the nearshore waters, especially those in the western waters, due to the 

large amount of rainfall and the freshwater run-off from the Pearl River which 

will be further discussed shortly. In winter, Taiwan Current brings water from the 

East China Sea, which exerts great influence on Hong Kong waters. The Taiwan 

Current is characterized by reduced salinity levels (31-32 psu) and cold sea 

surface temperature waters (down to 15 °C) (Chiu et al., 1985; Guan, 1994; Tang 

and Ni 1996). In areas further offshore the Kuroshio Current, which is 

characterized by higher salinity (34-35 psu) and higher temperature (26-29°C), 
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makes waters considerably warmer than the inshore during the winter (Tang & Ni,

1996). 

Apart from ocean currents, Hong Kong’s hydrology is greatly influenced by 

freshwater discharge from the Pearl River, especially the west and north-west 

regions during the summer (Goodkin et al., 2011; Morton and Wu, 1975). With an 

annual water flow of 308 x 109 m3 freshwater which carries 86 million tonnes of 

sediment and organic particles, the Pearl River not only reduces the salinity of sea 

water in the Pearl River Estuary, but also increases the nutrient levels, turbidity 

and thus sedimentation rates, which increases the possibility of algae blooms, 

especially in the western and northwestern waters (Huang, Liu and Yin et al., 

2018; Shen, 1983; Goodkin et al., 2011).

In addition to the freshwater discharge and its associated sediment and 

nutrients from the Pearl River, certain local factors also contribute to the high 

sediment deposition in Hong Kong waters. The bottom substrates in Hong Kong 

are mainly composed of volcanic bedrocks along the shores and soft mud in 

deeper water. Water current can thus easily stir up the mud, resulting in high 

turbidity (Morton and Morton, 1983). Moreover, heavy rainfall during the wet 

season, which ranged from 380-450 mm monthly on average from 1981 - 2010 

(Climate of Hong Kong, 2018), can reduce the salinity to less than 25 psu in some

occasions (Environmental Protection Department, 2016). Heavy rainfall also 

contributes to substantial terrestrial runoff and thus high turbidity in coastal waters

(Cope and Morton, 1988; Morton and Morton, 1983). Hong Kong waters, 

especially the western regions, are thus characterized by high turbidity and high 

deposition of sediment.

As mentioned earlier, due to the influence of ocean currents and massive 

freshwater discharge from the Pearl Delta River, Hong Kong waters can be 

divided into three zones: 1), the estuarine environment in the west which is 

heavily influenced by the Pearl River; 2), the oceanic environment in the east and 

north-eastern which is mainly affected by oceanic water; 3), the central 

transitional zone between the estuarine and oceanic zones which is highly 

stratified between the surface and bottom waters during summer (Morton and 
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Morton, 1983). Coral communities were found in all three zones but were least 

diverse and abundant in the estuarine environment in the west. 

Status of Hong Kong corals 

Although Hong Kong accommodates a human population of more than 7 

million, a density of 6405 people km-2, less than 25% of land could be utilized due

to its mountainous characteristics (Grauwin et al., 2015). Because most people 

live on low lying areas, the Hong Kong marine environment is susceptible to the 

impacts of intense coastal developments like reclamation and sewage pollution 

(Lai et al., 2016). Consequently, Hong Kong waters do not form true coral reefs 

but scattered fringing coral communities (Goodkin et al., 2011). 

Despite the marginal environment, Hong Kong is home to 84 scleractinian 

coral species that belong to 28 genera and 12 families (DeVantier and McCorry, 

2003, Chan et al. 2005; Goodkin et al., 2011). Among them, reported by McCorry 

in 2002, the most dominant coral genera are Acropora, Porities and Goniopora 

(McCorry, 2002). Although several territory-wide coral surveys have been 

conducted, these were mainly based on mainly on spot checks, with only a few 

sites covered by detailed substrate surveys (Ang et al. 2005). For instance, 

Hodgson and Yau (1997) reported the results of surveys conducted between 1991 

and 1996 at a total of 99 sites. Among these sites 79 were qualitatively surveyed, 

whereas 20 were quantitatively surveyed. The qualitative surveys involved spot 

checks for substrate type, coral species and their relative abundances. The 

quantitative surveys adopted a photoquadrat method, and coral cover and species 

were determined based on photos taken along the transects. Nevertheless, only in 

four sites were the quantitative data on both coral cover and species number were 

reported (Hodgson and Yau 1997). DeVantier and McCorry (2003) reported the 

results of dives conducted across Hong Kong waters in 2001-2002, which 

involved 141 spot checks, approximately 24 km Rapid Ecological Assessment 

Methods (REA) surveys, and 10 quantitative video transects. For the quantitative 

video transects, video footages were analyzed to determine corals and other taxa 

to genus or species level. A report conducted on behalf of AFCD (2005) pointed 

out coral cover was the highest in the northeast and eastern waters, ranged from 

30-50%. In the report (2005), they have found around 20-30 species indicating a 
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intermediate level of coral diversity. Xie (2017) surveyed 33 sites across Hong 

Kong waters in 2012. At each site he conducted line-transect intercept surveys to 

determine substrate composition. Along the transects, he identified and 

enumerated each coral colony to genus level. 

Nevertheless, the above studies were either mainly based on qualitative 

surveys, or were conducted by in situ data collection, with only few photo or 

video data that are permanently achieved. From previous studies, it is clear that 

coral community distribution in Hong Kong is mainly structured by the freshwater

discharge from the Pearl River Delta. The discharge has resulted in an east-west 

gradient of water quality parameters (Morton, 1992; Hodgson and Yau, 1997; 

Goodkin et al., 2011). Major coral communities which have the largest coral 

population and the highest diversity are located far from the Pearl River discharge 

in the eastern waters of Hong Kong, whereas waters in the western side bordering 

the Pearl River estuary recorded the lowest diversity and smallest population of 

corals (Morton, 1992; Goodkin et al., 2011).

Although a relatively high diversity of reef-building corals has been 

identified under this unfavorable marine environment for coral reef development, 

a very low coral growth rate was also identified, with less than 4 mm linear 

extension rate per year for the massive coral Porites (Goodkin et al., 2011). It is 

suggested that Hong Kong coral communities are vulnerable due to its slow 

growth and thus low recovery rates after certain damages by both human-induced 

or nature events. 

Hong Kong coral communities are facing threats which adversely affect their

health. Low level of bleaching is often recorded in Hong Kong coral communities 

due to seasonal high and low water temperature for corals. In year 1997 when a 

large-scale global bleaching event was induced by El Niño, Hong Kong was also 

affected (McCorry, 2012). Late in 2014, a bleaching event affecting several sites 

in the Port Shelter area was also recorded (Xie et al., 2017). 

Apart from bleaching, bioerosion and corallivory also contribute directly to 

the damage of coral colonies. Coral bioerosion can occur as internal and external 

bioerosion. Internal bioeroders are usually polychaetes, bivalves, sipunculans and 
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sponges (Le Grand et al., 2010), whereas external bioeroders are oftern fishes 

(uncommon in Hong Kong due to over-fishing), mobile echinoids and mollusks 

such as Drupella (Morton et al., 2002; Le Grand et al., 2010; Xie et al., 2016). 

Although internal bioeroders could reach a density of more than 1000 individuals 

of polychaete per m2 on coral surface (Xie et al., 2016), external bioerosion should

also be studied as research across the world showed that urchins can cause 

significant damages on corals. Although sea urchins were thought to be beneficial 

to coral settlemen because they graze algae off and open up space for coral larvae,

they could cause coral damages at high densities. For example, sea urchins have 

been reported to remove as much as 22.8 kg m-2 calcium carbonate in Galapagos 

Islands (Reaka-Kudla, 1996). Tropical regions like Thailand, Gulf of Mexico, 

Kenya and so on have recorded an echinoid bioerosion ranging from 5 to 29 kg 

calcium carbon removal per meter per year (Reaka-Kudla, 1996; Ruengsawang 

and Yeemin, 2000; McClanahan et al., 2001). This is clearly a need of further 

investigation, especially when considering reported outbreaks of the long-spined 

sea urchin in Hoi Ho Wan Marine Park (Lam et al, 2007) and several non-park 

sites in Hong Kong (Qiu et al., 2014). Hence, in addition to understanding the 

population of sea urchins, it is also important to know the grazing effect that it has

caused to local corals, i.e. bioeriosion and corallivory. Therefore, effects of sea 

urchin would be thoroughly examined in this study (Chapter 4). 

In general, despite the imperfect marine environment in Hong Kong, coral 

communities are still of high diversity. Nevertheless, more effort should be paid to

better understand the underlying reasons of those threats that they are facing in 

order to develop appropriate long-term management strategies.  

Coral bioerosion and corallivory

Coral health can be measured by calculating the rates of calcium carbonate 

accretion and erosion (Le Grand et al., 2011). When accretion rate is greater than 

erosion rate, it results in a net positive carbonate budget indicating a net growth in

coral reefs; when erosion rate is higher than accretion rate, it implies degradation 

in the reef (Edinger et. al, 2000, Glynn, 1997). Bioerosion is a general term for all 

activities leading to coral and coralline algal erosion (Neumann, 1996; Glynn, 
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1997). Bioerosion is important to study as it is the major destructive force 

affecting the calcium budget balance (Le Grand et al., 2010). 

As mentioned earlier, coral bioeroders are divided into two main categories: 

internal and external. Internal bioeroders dwell inside the coral by removing 

calcium carbonate and therefore also weaken the structure of hard corals (Le 

Grand et al., 2011; Xie et al., 2015). Similar to other tropical regions, polychaetes 

and bivalves are the most common internal bioeroders in Hong Kong (Xie et al., 

2015). Compared to external bioerosion, internal bioerosion usually has a 

relatively slower erosion rate where polychaetes could cause 1.8 kg calcium 

carbonate removal per m2 per year (Davies and Hutchings, 1983) and bivalves can

reach 9 kg per m2 per year (Scott and Risk, 1988).

External bioerosion usually results from feeding activities of corallivores 

(Rotjan & Lewis, 2008). Grazing activities by parrotfishes and Echinoidea, i.e. sea

urchins are the most common forms of external bioerosion. Parrot fish bioerosion,

however, does not constitute a threat in Hong Kong due to their small numbers in 

Hong Kong waters. As far back as 1979, the number of captured fishes in north 

district of Hong Kong declined by 24% to 35% due to overfishing (Lai and Yu, 

1995). Hence, fish bioerosion does not constitute a serious concern in Hong Kong.

Instead, bioerosion by sea urchins requires immediate attention as it has been 

shown to cause serious coral damage and mortality. Glynn (1997) suggested that 

Diadema, Echinometra, Echinostrephus, and Eucidaris were the major genera 

causing severe calcium carbonate removal by their feeding and excavating 

burrows. 

Small numbers of sea urchins are necessary to maintain coral health by 

grazing off the overgrown algae and can positively impact by providing better 

substrate for coral juveniles to settle (Idjadi et al., 2010). However, their roles of 

being corallivores should not be neglected. Although they are facultative 

corallivores, which means they do not only depend on the coral as the major food 

source, a high density of urchins could be a threat to corals as they can graze off 

the live polyps of coral surface and cause direct mortality as well as adversely 

affecting recruitment rates resulting in destruction of corals by weakening their 

framework (Glynn and Colgan, 1992; Glynn, 1997). Lam et al. (2007) reported an
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outbreak of long-spined sea urchin Diadema setosum. They had caused serious 

bioerosion in roughly 300 colonies of Platygyra within a 700 m2 area. In many 

colonies the basal part was severely damaged, leading to a mushroom shape 

which would collapse easily (Lam et al., 2007). Lam et al. (2007) also suspected 

that the decline of predatory crabs and fishes could be the reason for such an 

outbreak. Hence, in this study, D. setosum and a suspected predatory crab, 

Thalamita prymna, would be the target species to be investigated, their 

interactions with corals was examined in order to understand the impacts of this 

predatory behaviour. 
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Chapter 2

Baseline of Hong Kong coral communities with environmental 

gradients

Introduction 

Hong Kong, with a high latitude compared to tropical regions, provides a 

subtropical climate affecting air and water temperatures. Optimal environment 

conditions for coral development decline in latitudes higher from the equator 

(Crossland, 1988). Attributed partly to this, Hong Kong corals do not form true 

coral reefs but scattered coral communities along some shores. Despite this, Hong 

Kong coral communities have a special niche among all coral ecosystems due to 

the comparatively tough environment compared to counterparts in tropical regions

(Morton, 1990). Therefore, as global environmental conditions change Hong 

Kong coral communities might provide refugia for coral reefs development in to 

the future, which is worthy of in-depth investigation. Substrate composition of 

Hong Kong local coral communities has been understudied due to considerable 

time and effort needed both underwater and in the laboratory. However, with the 

rapid development of camera to date, resolution and quality of video and image 

boost which allowed this study (Hodgson et al., 2006; McClanahan, 2008). It is 

now possible to shorten underwater survey time by analyzing videos and photos in

the laboratory. As a result, we could analyze and record the benthic composition 

using still images and videos taken on-site. This removes the barrier presented by 

limited underwater time as well as improving accuracy and reliability in which the

original video or image could be traced back to and discussed by different parties.

Baseline of substrate composition is important to reflect coral coverage, 

richness and diversity in certain local communities (Monteiro et al., 2008). With 

an organized and a transparent set of data, they serve as a reliable reference for 

long-term monitoring and thereby assessing coral community development as 

well as making dependable prediction, along with environmental parameters, 

towards upcoming changes in the coral community.
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In addition to the importance of coral coverage data, environmental 

parameters and biological factors are crucial in explaining coral coverage patterns 

(Duprey et al., 2016). Corals were proved to be adversely influenced by chronic 

stress from elevated sedimentation and nutrient level (Dikou & Woesik, 2006). 

Dikou and Woesik (2006) carried out a study in Singapore and suggested a 

negative correlation between sedimentation level and coral coverage as well as 

coral recruitment rates respectively. Further, Duprey et al. (2016) showed that 

nutrient level could be a determinant in coral species diversity through a long-

term monitoring study. Therefore, in this study, first-hand sedimentation data was 

collected and extracted into related nutrient data to investigate whether there was 

a site-specific or species-specific difference by Principal component analysis 

(PCA). 

Apart from environmental parameters, biological factors are also of concern 

in the coral ecosystem. To maintain the health of coral reefs, a strict equilibrium 

involving a variety of reef-associated organisms must be achieved and sustained. 

Coral phase shift occurs when this balance is interrupted. For example, when the 

number of herbivores declines considerably, the coral-dominant phase might shift 

towards algae-dominant phase (Lesser & Slattery, 2011). On the contrary, 

exceeding number of bioeroders such as grazers or even corallivores could lead to

substantial decrease of hard coral coverage (McClanahan & Shafir, 1990; Osborne

et al., 2011). Therefore, in this study, one of the most significant coral bioeroders 

in Hong Kong, the long-spined sea urchin (Lam et al., 2007), were monitored by 

recording their number along transect at all study sites. 

This chapter gives a thorough examination of the marine benthic composition

of 33 regular reef check sites in Hong Kong. Among all kinds of benthic 

categories, scleractinian corals were further identified down to genus level, in 

order to provide insights in to their growth forms and conversational value. In 

addition, certain water parameters and number of coral bioeroders, i.e. sea 

urchins, were quantified in order to explore the interrelationship between the 

aforementioned factors and the hard coral coverage.  
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Methodology

Study site

Thirty-three sites were selected and surveyed based on the reference of 

regular reef check sites in Hong Kong since year 2000. These sites are suggested 

to show the highest hard coral coverages in Hong Kong. These sites were mainly 

divided into 3 zones: North-eastern region, South-eastern region and South-central

region. 20 sites fall on North-eastern zone: A Ma Wan [1(mark on the map Figure 

1)], A Ye Wan (2), Wong Ye Kok (3), Kai Kung Tau (4), Tau Tun (5), Lai Chi Wo 

(6), Au Yue Tsui (7), Ngau Shi Wu Wan (8), Wu Pai (9), Crescent Island West 

(10), Crescent Island South (11), Tung Wan (12), Wong Chuk Kok (13), Chek 

Chau (14), Moon Island (15), Coral Beach (16), Hoi Ha Wan Pier (17), Gruff 

Head (18), Long Ke (19), and Siu Long Ke (20). 5 sites fall on South-east zone: 

Pak Lap Tsai (21), Fo Tau Fan Chau (25), Bluff Island (31), East Dam (32), and 

Nine Pin (33). 8 sites fall on South-central zone: Pak A (22), Tai She Wan (23), 

Tai Mong Tsai (24), Sharp Island East (26), Sharp Island North (27), Sharp Island 

South (28), Pak Ma Tsui (29), Shelter Island (30) (Figure 1).

All study sites were Hong Kong reef check sites which have been monitored 

by volunteer divers annually since 2000. With only basic information of these 

sites, there was a need of comprehensive surveys throughout these sites in order to

investigate the coral community composition and structure. Given that the water 

in western part of Hong Kong is highly influenced by freshwater discharges from 

the Pearl River Delta, limiting growth of hard corals, study sites were mainly 

selected on the Eastern side of Hong Kong. Taking into account limited research 

resources the study focused on the eastern, north-eastern and south-eastern waters 

of Hong Kong. These areas, with the highest hard coral coverages, could most 

represent the coral situation in Hong Kong (Figure 1). 

After processing data collected on-site across the 33 study sites some 

selected study sites showed exceptionally low coral coverage (<10%) were ruled 
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out from environmental parameter tests. Sites with remarkably low hard coral 

coverage might indicate that the marine environment was physically not suitable 

for hard corals’ survival which could bias results if the data were included in the 

environmental tests. 

Field method

Field surveys

Comprehensive field surveys were conducted from April to June 2017. Belt 

transect sampling method was applied in the 33 sites. A 100-meter transect was 

laid at the outer edge of those coral communities along the shore. The 100-meter 

transect was divided into 4 segments, each segment was 20-meter long followed 

by a 5-meter stop to which segment 1 was 0 – 20 m; segment 2 was 25 – 45 m; 

segment 3 was 50 – 70 m; segment 4 was 75 – 95 m. For each segment, 75 cm x 

75 cm quadrat was used to take 20 photos along the same side of the transect. 

Canon PowerShot G7X Mark II and Olympus Tough TG-5 were used for 

photographing and video taking. Photos were always taken on the near-shore side 

along the transect at every meter. Permanent tags were established by fixing 6 

steel reinforcing bars (rebar) throughout each transect at the start and the end of 

each segment for future reference.

Apart from photo records, we also took videos along transect of 33 sites. For 

the videos, we counted the number of long-spined sea urchins in each site within 

the belt transect. Correlation analyses were carried out to explore the relationship 

between urchin density and coral cover of coral communities at different sites. 

Sea urchin count

The number of sea urchins was counted along the same transect as photo 

quadrat across 33 sites. Videos were taken in each site to which the transect was 

divided into 4 segments as in photo quadrats. In the video, an exclusively 

designed apparatus which was fixed with a waterproofed laser pointer at each end 

respectively in a length of 65cm was used (Figure 2). Cameras, Canon G7X Mark 

II and Olympus TG-5, were attached to the middle of the apparatus by a screw 

whereas a level tool with air bubble was fixed on the apparatus to help obtain a 

parallel level between the camera and the substrates. The sea urchins counted 
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were mainly long-spined sea urchins, Diadema setosum, and purple sea urchins, 

Heliocidaris crassispina among which the former one was reported as one of the 

major coral bioeroders of Hong Kong coral communities (Lam et al., 2007).

Laboratory work

Photo investigation

A total number of 80 photos per site were examined by Coral Point Count 

with Excel Extensions 4.1 (CPCe 4.1). CPCe is scientific software designing for 

determination of coral cover and substrate composition conducted by belt-transect

method (Kohler & Gill, 2006). Photos were cropped to maximize the area inside 

of the quadrant and to standardize the scale, and then CPCe generated 100 points 

which were laid randomly on each photo. Each point was manually categorized 

into different kinds of substrates. For the substrate of hard corals, they were 

identified to genus level. Since the quadrat size was large (75cm x 75cm), photos 

were taken some distance from the surface. This restricted the photo quality due to

low water visibility. Also, it was technically not feasible to identify down to 

species level without exanimating coral skeleton and polyps under microscope for

some species. However, identification down to genus level could still provide 

high-value data showing dominant corals and their relative diversity.  

Hard coral coverage was calculated using the total number of points which 

were laid within hard corals on that 80 photos taken in one single site, divided by 

the total points of all 80 photos (i.e.8000).  

Environmental parameter

In addition to visual records, chemical contents of the sediments across these 

33 sites were also measured. This was done to determine sedimentation rate, 

carbon content, nitrogen content and phosphorus content of each site. A 

sedimentation trap was attached to a steel rebar which was stabilized upright by 

fastening to the sea bed. Sedimentation traps were located around 30 cm above the

seabed. The trap was in cylindrical shape with a height of 17.50 cm and a 

diameter of 6.50 cm. It was covered by a sieved baffle preventing small fishes or 
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marine organisms from getting into the trap. 3 replicates of sediment trap were set 

up closely (i.e. within 1 meter in diameter) at every site. 

Sedimentation rate

Sedimentation traps were retrieved in around 30 - 60 days depending on the 

weather and field schedule. After retrieval, sediment samples were freeze-dried, 

and the dry weight was measured by an electronic balance to 3 significant figures.

Sedimentation rate (g cm-2 d-1) was calculated as:

Nutrient level

After measuring the sedimentation rates, each sample was divided into 3 sub-

samples for use of nutrient-related parameter (i.e. organic carbon, nitrogen and 

phosphorus) analyses. Total carbon was determined by wet combustion method 

(Schnitzer, 1982); nitrogen content was determined by indophenol-blue method 

(Rowland, 1983; Searle, 1984); phosphorus content was determined by 

Molybdenum blue method (Murphy & Rilet, 1962). Each study site had 3 

replicates as per the number of sediment traps. 

Data and statistical analysis

Benthic structure, coral coverage data and hard coral composition across all 

study sites were gathered on Microsoft Excel. Substrate composition data were 

first normalized on PRIMER 6 for Windows. Then, also on PRIMER 6, Principal 

Component Analysis (PCA) was performed for the loading plot where a high 

variation value would be adopted. Loading plots generated by PCA visually 

demonstrated the tendency features of different types of substrates. A follow-up 

Pearson Correlation Test was performed on SPSS Statistics version 20.0 on 

Windows to explore any underlying correlations between different environmental 

parameters and hard coral coverage. 
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Apart from substrate composition data, environmental parameters, i.e. 

sedimentation, organic matter, total organic carbon, nitrogen and phosphorus 

rates, were also examined by PCA. PCA reflected the regional gradient of 

different environmental parameters. With some indications of the tendency, 

Canonical correspondence analysis (CCA) would be applied to explore any close 

relationships between those factors and selected variables. Pearson correlation test

would also be used to explore correlation between independent factors and the 

coral coverage and between hard coral coverage and sea urchin density.

Conservation classes were used as a reference for the study sites (Edinger & 

Risk, 2000). Ternary diagram was divided into 4 different conservation classes 

(CC). CC = 1 was dominated by stress-torlerators (s) (mainly Porites and 

Platygyra in Hong Kong); CC = 2 was dominated by foliose and/or branching 

non Acropora corals (K) (mainly Pavona. in Hong Kong); CC = 3 was dominated 

by branching Acropora (r) (Acropora in Hong Kong).
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Results

Substrate composition of 33 sites

A total of 2640 photo were processed, in other words, 264,000 points were 

generated by CPCe randomly and were identified into different types of substrate. 

Substrates were classified into 10 general types, which were hard coral, recent 

dead coral, sand, rubble, rock, crustose coralline algae, algae, sponge, urchin, sea 

cucumber and others. Hard coral, rock and sand were the 3 most common 

substrates over these 33 study sites which generally constituted 30.52%, 28.38% 

and 20.42% respectively of the substrate while sponge (1.31%), sea cucumber 

(3.00%) and crustose coralline algae (3.34%) were of the least percentage 

coverage (Figure 3). Tai Mong Tsai, Sharp Island East, Sharp Island North and 

Coral Beach had 70% or above in hard coral coverage.

Substrate characteristics

Substrate composition was analyzed by non-parametric multidimensional 

scaling (nMDS) (Figure 5). Data were logged for transformation. From the figure,

it was shown that substrate composition did not cluster or show any apparent 

tendency by their zones. Three zones were spread out and mixed. 

Hard coral composition at 33 study sites

General coral composition

Among all 2640 photos taken at 33 study sites, hard coral was the major 

substrate which contributed 30.52% of the 264,000 random points generated by 

CPCe. Since hard corals are one of the major study subjects in this chapter, they 

were identified in greater detail than other kinds of substrate. With the limitations 

of the water visibility and thus, the resolution of the photos, hard corals are 

identified down to their genus level only. A total of 22 genera were identified. 

Among all hard coral genera, Porites (29.76%), Platygyra (22.63%) and Pavona 
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(29.76%) were the most abundant genera, comprising almost 80% of all hard coral

coverage in these 33 study sites (Figure 6). Favites, Goniopora, Cyphastrea and 

Dipsastraea each contributed around 3% - 4% to the overall composition whereas 

other species provided less than 2%, respectively, on the overall composition. 

Among the 22 hard coral genera identified in this survey, Oulastrea (0.04%), 

Acanthastrea (0.06%) and Galaxea (0.07%), each contributed less than 0.1% to 

the overall composition. 

Coral genera distribution in each surveyed site was consistent with the 

overall coral genera distribution. Most of the study sites were mainly dominated 

by Porites, Platygyra or Pavona (Figure 7), exception for Bap Lap Tsai (32.12% 

of Acropora; 24.7% of Montipora; 31.67% of Porites) and Crescent Island South 

(58.53% of Hydnophora; 9.82% of Dipsastrea ; 8.73% of Acropora; 8.05% of 

Favites).

Coral coverage of all 33 study sites showed a gradual change from around 

2% to almost 80%. It ranged from 79.09% in Tai Mong Tsai to 2.06% in Wong 

Chuk Kok (Figure 4). Eight out of 33 sites had more than 50% of coral coverage 

of which Coral Beach, Sharp Island North, Sharp Island East and Tai Mong Tsai 

reached a level of 80% or above. Eight sites, however, had a coral coverage of less

than 10%. The average hard coral coverage was 31.49% with a high standard 

deviation of 23.27%. Data set of the coral coverage percentage of each site was 

presented on Table 1. 

Relationship between hard coral coverage and substrate characteristics 

Substrate composition was analyzed by nMDS (Figure 5). Each site was 

categorized into different zones, i.e. north-east, south-east and south-central. 

Substrate composition did not demonstrate difference which could be explained 

by their zonation’s variation. This indicated that characteristics of substrate 

composition could not be explained by their zonation. Influence of exposure or 

current might play a part to explain substrate distribution which need a further 

study in the future.

Among all kinds of substrate, analyzed by Pearson Correlation Test, it was 
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shown that coral coverage percentage was negatively correlated with rock 

coverage percentage (r = - 0.669, p < 0.001) as well as with urchin cover (r = - 

0.444, p = 0.010). Positive relationship was found between urchin percentage and 

rock percentage (r = 0.494, p = 0.003). Whereas dead coral percentage had a 

negative relationship with sand percentage (r = 0.335, p = 0.042) but a positive 

relationship with rubble percentage (r = 0.447, p = 0.009). 

Environmental parameter

Sediment traps were deployed and retrieved in 24 selected study sites for 

around 1 to 2 months. Some sites with substantially low hard coral coverage were 

screened out for the tests. Such sites might have some exceptional factors such as 

essential physical restriction for coral growth or other biological factors like 

excessive numbers of bioeroders which would be further explored in later 

research. From the collected sediment, sedimentation rates were calculated, and 

the sediment was further subsampled to quantify the nutrient factors, i.e. 

sedimentation, carbon matter, organic nitrogen and phosphorus rates. Principal 

Component Analysis (PCA) was applied to examine the associations of different 

sites among various environmental parameters (Figure 8). In the results, the first 

principal components explained 89.8% of the variation, together with the second 

component, they explained 99.4% variation. The plot visually demonstrates that 

sites in North East region are the most sensitive, having negative associations with

all environmental parameters whereas sites in south-central also showed a large 

extent of negative association. On the other hand, sites in south-east were 

relatively separated from the other sites, which demonstrated less sensitivity to the

measured environmental parameters. 

Canonical correspondence analysis on certain coral genera and environmental 

parameters

Porites, Pavona and Platygyra were the most abundant coral genera among 

all genera identified. These 3 genera represent 80% of all coral genera in the study

areas. Together with the general hard coral coverage, a canonical correspondence 

analysis (CCA) was applied in order to explore their association with the 

environmental parameter. F1 and F2 of the CCA explained 97.8% of the 
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frequency. From Figure 9, it was observed that most of the sites and the general 

coral coverage percentage were negatively associated with sedimentation rates 

and other nutrient factors such as organic matter, nitrogen, phosphorus, and 

carbon rates. Pavona was the most sensitive genus among these three to the 

sedimentation and/or nutrient-related factors while Platygyra demonstrated the 

least negative association with those environmental parameters tested. Porites, 

Pavona and Platygyra showed different tolerance to environmental parameters as 

shown in Figure 9. 

Relationships between coral coverage and nutrient levels

Results of PCA show some negative association between environmental 

parameters and coral coverage across the 21 selected sites. In order to get better 

understanding of the underlying interactions, Pearson correlation analysis was 

further applied to test the relationship between coral coverage and each 

environmental parameter. After test for compliance with the assumptions of 

parametric tests, results of Pearson correlation test suggested that coral coverage 

was negatively correlated with most environmental parameters. Significant 

negative relationships were found between coral coverage and organic matter (r = 

-0.432, p = 0.035), nitrogen (r = -0.433, p = 0.034) and phosphorus (r = -0.441, p 

= 0.031) deposition rate shown in Table 2.

Relationships between coral coverage and sea urchin

Sea urchin data, specifically, the actual number of urchins found along 4 

segments with a length of 65cm, were retrieved from the videos taken alone the 

same transect as was used for photo quadrats. All 33 sites’ data were used to 

explore the relationship with coral coverage. Pearson correlation test revealed that

there was a significant negative correlation between number of urchins and coral 

coverage percentage (r = -0.436, p = 0.033, correlation is significant at the 0.01 

level). 
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Discussion

In this study substrate composition was thoroughly examined from different 

perspectives. Despite the reef check survey conducted annually, Hong Kong’s 

coral communities have not had an up-to-date, comprehensive study in several 

decades. This is due mainly to time and effort required. The composition of the 

benthic substrate around coral communities was investigated to provide insights 

from the characteristics of each study site for further conservation strategy 

reference. 

Coral conservation value

Hard coral was the most abundant substrate among all kinds of substrate 

(30.52%). The coral coverage percentage showed that Hong Kong does not 

support a coral reef but communities (Goodkin et al., 2011). This figure, which 

revealed a relatively high percentage compared to other substrates, suggested that 

these selected study sites could be representative of Hong Kong’s coral 

communities. Examining the hard coral coverage, a gradual trend ranging from 

80% to less than 5% was shown. However, zonation could not explain the 

gradient of coral coverage in our study (Figure 10). As explained earlier, Hong 

Kong has an apparent gradient in water quality due to current and freshwater 

discharge from Pearl River Delta, however, differences between study sites from 

North and East were not consistent. A non-metric multidimensional scaling test 

was applied (Figure 10), and no apparent pattern of hard coral coverage could be 

explained by zonation. This suggested that regional difference might not be the 

most influential factor in Hong Kong’s coral coverage. It showed that the coral 

coverage was site-specific rather than regional specific. 

With coral identification undertaken down to genus level, the conservation 

value of Hong Kong coral communities was able to be determined. Edinger and 

Risk (2000) have suggested a triangular diagram based on coral morphologies in 

order to quantify the conservation value in terms of richness, marine environment 
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complexity and uncommon species frequency. They defined corals with different 

characteristics, mainly according to their growth form and growth rate, in 3 

general groups: ruderals (r), competitors (K), and stress-tolerators (S). Class r 

refers to corals that are fast-growing but could be fragile structurally and 

biologically, representing by branching Acropora corals (Karlson & Hurd, 1993). 

Class K usually refers to the most dominant coral in certain reefs which is often 

found to be foliose or non-Acropora branching corals (Edinger and Risk, 2000). 

These corals are usually with lower growth and recruitment rates than class r, e.g. 

Acropora corals. Additionally, corals of massive and sub-massive growth forms 

are classified as class S, the stress-tolerators. Namely, they are more tolerant to 

tough marine environment, such as high sedimentation rate or nutrient level, 

particularly when compared with class r and K (Veron, 1986). With reference to 

the coral morphology categories table suggested by Edinger and Risk (2000), 

although we did not record coral growth forms on CPCe, coral genera were 

recorded. Each coral could be classified to their morphology categories (r, K , or 

S). Briefly, across the 22 genera found in this survey, there were five main forms 

which were massive, sub-massive, branching, encrusting and plating. Massive 

corals, assigned as class S, were Porties, and Platygyra; sub-massive corals, 

assigned as class S, were Acanthastrea, Cyphastrea, Galaxea and Goniopora; 

Foliose coral, assigned as class K, were Montipora, Turbinaria and Pavona, 

whereas Acropora would be assigned as class r and other genera would be 

counted as encrusting corals under class K. 

A ternary diagram was produced (Figure 11). This diagram is useful in 

developing future management strategies because different conservation classes 

have different characteristics, both biologically and environmentally, leading to 

their own conservation value. Four conservation classes, according to Edinger and

Risk (2000), had different conservational priorities of which CC = 4 was of the 

highest diversity value, while CC = 1 would be more stress resistant compared to 

others classes. This diagram revealed the general situation of Hong Kong coral 

communities which was tended to be dominated by stress-tolerated corals in CC =

1. 15 study sites were laid on CC = 1 region; 10 study sites were laid on CC = 2; 

only 4 and 1 study sites were within CC = 4 and CC = 3 respectively.
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First of all, the result revealed that most of the coral communities in Hong 

Kong were degraded under the influence of pollution or/and sedimentation. CC = 

1 is usually of lower morphological diversity mainly dominated by massive corals

which are more tolerant under tough marine environment (Edinger et al., 1998; 

Edinger and Risk, 2000). This is consistent with Hong Kong’s marine 

environment with the fact that it is heavily influenced by the freshwater discharge 

from Pearl River Delta. Sedimentation and the related nutrient factor are discussed

in detail in the following section. There is a need to improve water quality and the 

health of coral cannot be improved if sedimentation is not remediated (Edinger 

and Risk, 2000). Apart from the sedimentation and/or pollution stress, Hong 

Kong’s water temperature could go up to 31 Celsius in wet season and down to 14

Celsius in dry season (Goodkin et al., 2011). These regular, extreme water 

temperature fluctuations are not optimal for coral growth which also explained 

why most of the study sites were being classified under CC = 1 with stress- 

tolerators being dominant. 

CC = 2 represented a domination of K, i.e. foliose and encrusting corals in 

this case. They have a higher coral surface area and moderate morphological coral

diversity; however, a low richness in the coral species because one single 

monospecific coral genus of foliose corals would likely to occupy one study site 

(Edinger and Risk, 2000). Compared to CC = 1, more effort should be put in 

protecting CC = 2 since they have faster development but are relatively fragile.

CC = 3 had a higher species richness and greater morphological diversity 

than CC = 2 and 1; whereas CC = 4 is with the highest morphological diversity, 

species richness as well as a moderate coral cover (Edinger and Risk, 2000). 

Within limited recourses, CC = 4 should be regarded as the top priority to be 

protected because of its high coral richness and diversity. CC = 3 should be more 

protected than CC = 2. CC = 2 mainly consists of ruderals which is usually 

branching Acropora indicating the fragility of the coral community structure. 

Therefore, due to their sensitivity, more attention should be paid to CC = 3 than 

CC = 2.
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It is important to note that the coral coverage should be considered together 

when interpreting the ternary diagram. Study site with low coral coverage (<10%)

should be ruled out since the sample size would be too small to be representative. 

In other words, Wong Chuk Kok Hoi (2.06%), Kai Kung Tau (2.86%), Tau Tau 

(2.86%), Ngau Shi Wu Wan (3.29%), Tung Wan (3.69%), Au Yu Tsui (4%), and 

Long Ke (5.33%), are suggested to be excluded from the interpretation from this 

diagram due to the remarkably low coral coverage percentage.  

Therefore, study site Wong Ye Kok, A Ma Wan, Sharp Island North, Bluff 

Island and Nine Pin are found to be of higher conservation value whereas Bak Lap

Tsai should also be protected, and prioritized ahead of other sites in CC = 1 and 

CC = 2.

Environmental parameter

Examination of the relationship between hard coral coverage and the 

environmental parameter, especially on water nutrient level, revealed consistent 

results; coral coverage was negatively associated with nutrient levels, as shown in 

CCA (Figure 8) and Pearson correlation test. 

Since sedimentation could hamper coral recruitment and survival, it 

explained the relationship between decreasing coral coverage and increasing 

sedimentation as well as nutrient levels (Fabricius, 2005). Figure 8 showed the 

coral coverage percentage was negatively associated to all nutrient related 

environmental parameters. Detailed Pearson Correlation revealed a significant 

negative correlation between coral coverage percentage and certain factors, i.e. 

organic matter, nitrogen and phosphorus rates. This could be explained by the 

stress that nutrient-rich sediment brought on the corals which jeopardized coral 

health (Weber et al., 2006).

Biological factor

Despite the fact that water nutrient levels have shown a gradient by different 

zonation, and the correlation between nutrient level and coral coverage, zonation 

factor was not a good indicator of coral coverage trend (Figure 10). This might be 
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attributed to each site’s own benthic characteristics and the corresponding 

biological factor, i.e. abundance of bioeroders and/or corallivores. 

Urchins, as algae grazers, usually aggregated on rocks because they provided

shelter area and food, that they could feed on (Wright et al., 2005). When they 

feed on algae, they open more space for coral settlement which is beneficial for 

coral reefs. However, in certain sites of Hong Kong, urchin explosion was 

reported. Lam et al. (2007) revealed coral bioerosion attributed to the large 

number of long-spine sea urchin as early as 2006. It is believed that a lack of 

predators of this urchin in Hong Kong has created a boom in population and this 

poses a threat to some coral communities. In this study, a significant negative 

correlation was revealed between sea urchin number and the coral percentage 

coverage. This implied that long-spined sea urchin might play a role of bioeroder 

in Hong Kong coral communities. In light of this, a further study was conducted 

in Chapter 4 in regard of the issue of urchin bioerosion presented. 

In short, Hong Kong coral community coverage percentage varied to a large 

extent. Although environmental parameters followed a zonation pattern, coral 

coverage did not have apparent trend with their location. However, coral coverage

has significant correlation with most of the nutrient-related factors which 

demonstrated the influence of sedimentation on coral. Bioeroders also have a role 

to play on the coral coverage which might lead to the site-specific coral coverage 

situation.
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Figure 1 Hong Kong Map showing the locations of study sites. 
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Figure 2 Camera apparatus with a level and two laser pointers (arrow) at each end. This was used 
for video recording.

29



Figure 31 Substrate composition across 33 study sites
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Figure 4 Hard coral percentage coverage across 33 study sites
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Figure 5 Non-parametric multidimensional scaling of substrate composition of 33 study sites
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Figure 6 Distribution of coral genera percentage of total 33 study sites
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Figure 7 Composition of different coral genera
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Figure 82 Loading plot of PCA showing PC1 and PC2 of the environmental data across 24 sites 
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Figure 9 CCA map of dominant coral genera with environmental vectors
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Figure 10 Non-parametric multi-dimensional scaling of coral coverage across 33 study sites did 
not show any trend of coverage percentage at different regions
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Figure 11 Ternary Diagram of rKS tendency and their corresponding conservation class
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Number Category Hard Coral Dead Coral Macroalgae Urchin Sponge Sea cucumber Rock Rubble Sand CCA Other 
1 A Ma Wan 58.88% 3.50% 26.95% 0.31% 0.00% 0.00% 1.56% 0.18% 7.15% 1.48% 0.00%
2 A Ye Wan 38.80% 9.11% 0.41% 0.20% 0.00% 0.05% 12.94% 10.88% 26.94% 0.68% 0.00%
3 Wong Ye Kok 28.11% 5.68% 18.91% 0.00% 0.10% 0.11% 0.84% 1.31% 43.71% 0.00% 1.23%
4 Kai Kung Tau 4.25% 0.19% 0.05% 3.54% 0.00% 0.00% 75.94% 6.64% 8.70% 0.11% 0.59%
5 Tau Tun 2.86% 1.93% 2.04% 5.59% 0.00% 0.13% 72.73% 1.26% 11.83% 0.00% 1.65%
6 Lai Chi Wo 54.18% 10.19% 0.00% 0.00% 0.00% 0.04% 3.58% 10.46% 21.56% 0.00% 0.00%
7 Au Yue Tsui 9.73% 9.98% 0.00% 0.00% 1.84% 0.11% 0.23% 4.48% 73.65% 0.00% 0.00%
8 Ngau Shi Wu Wan 3.29% 4.26% 0.15% 0.00% 0.09% 0.03% 47.63% 14.10% 30.46% 0.00% 0.00%
9 Wu Pai 29.83% 14.68% 0.11% 2.03% 0.00% 0.06% 7.29% 10.24% 35.50% 0.00% 0.28%

10 Crescent Island West 23.86% 14.19% 3.51% 0.04% 0.00% 0.00% 39.43% 1.58% 17.40% 0.00% 0.00%
11 Crescent Island South 9.16% 5.59% 0.13% 0.94% 0.00% 0.08% 42.44% 12.84% 28.84% 0.00% 0.00%
12 Tung Wan 3.69% 12.16% 0.00% 5.11% 0.06% 0.03% 34.93% 6.25% 37.78% 0.00% 0.00%
13 Wong Chuk Kok Hoi 2.06% 0.00% 0.00% 15.39% 0.00% 0.24% 71.35% 0.03% 10.88% 0.00% 0.06%
14 Chek Chau 14.19% 10.01% 0.00% 3.33% 0.00% 0.10% 46.29% 7.56% 18.49% 0.04% 0.00%
15 Moon Island 11.44% 12.55% 0.31% 4.08% 0.05% 0.46% 10.83% 35.69% 24.60% 0.00% 0.00%
16 Coral Beach 69.78% 14.88% 0.00% 0.53% 0.04% 0.15% 0.06% 8.31% 5.11% 0.00% 1.15%
17 HHW Pier 59.30% 13.29% 0.00% 0.00% 0.00% 0.04% 2.76% 4.24% 20.38% 0.00% 0.00%
18 Gruff Head 32.34% 24.94% 0.25% 0.08% 0.10% 0.05% 2.48% 12.60% 27.18% 0.00% 0.00%
19 Long Ke 6.01% 0.13% 30.10% 0.04% 0.00% 0.00% 59.61% 0.00% 1.73% 0.14% 2.25%
20 Siu Long Ke 24.39% 3.04% 4.49% 0.76% 0.01% 0.00% 50.51% 0.10% 16.66% 0.00% 0.04%
21 Bak Lap Tsai 19.54% 0.38% 15.90% 0.03% 0.00% 0.00% 48.74% 7.64% 7.44% 0.35% 0.00%
22 Pak A 51.35% 3.60% 10.01% 0.04% 0.00% 0.00% 21.86% 1.58% 11.41% 0.00% 0.15%
23 Tai She Wan 46.91% 14.59% 0.00% 0.33% 0.03% 0.06% 11.51% 0.46% 26.11% 0.00% 0.00%
24 Tai Mong Tsai 79.09% 1.38% 0.00% 1.03% 0.00% 0.00% 0.08% 0.76% 17.68% 0.00% 0.00%
25 Fo Tau Fan Chau 15.23% 0.65% 3.26% 6.06% 0.00% 0.00% 63.01% 0.11% 11.49% 0.19% 0.00%
26 Sharp Island East 73.40% 16.44% 0.00% 0.21% 0.05% 0.00% 2.53% 0.86% 6.51% 0.00% 0.00%
27 Sharp Island North 72.00% 5.73% 0.00% 0.43% 0.00% 0.05% 8.36% 3.83% 9.61% 0.00% 0.00%
28 Sharp Island South 47.38% 9.80% 0.01% 0.04% 0.00% 0.09% 4.21% 4.05% 34.43% 0.00% 0.00%
29 Pak Ma Tsui 39.40% 16.03% 1.91% 0.06% 0.09% 0.03% 7.21% 7.73% 27.55% 0.00% 0.00%
30 Shelter Island 27.78% 4.80% 26.45% 0.16% 0.33% 0.03% 31.21% 1.88% 6.05% 1.33% 0.00%
31 Bluff Island 35.60% 2.24% 4.41% 0.13% 0.00% 0.23% 11.20% 1.35% 44.81% 0.04% 0.00%
32 East Dam 30.63% 0.46% 0.00% 0.09% 0.06% 0.10% 66.20% 0.00% 0.33% 0.15% 1.99%
33 Nine Pin 14.61% 0.11% 0.04% 2.53% 0.01% 0.60% 80.73% 0.08% 1.21% 0.00% 0.09%

Table 1 Substrate composition of every study site
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Coral Coverage r value Sig.

Organic Matter -0.432* 0.035

Nitrogen content -0.433* 0.034

Phosphorus content -0.441* 0.031

* Correlation is significant at the 0.05 level (2-tailed).

Table 2 Correlation between coral coverage and relevant environmental parameters 
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Chapter 3

Demography of Dominant Coral Genera in Hong Kong 

Introduction

Coral reefs are ones of the most important yet sensitive ecosystems. Coral 

species are of high diversity and complexity which make it difficult to assess their

condition (Hughes et al., 2007; McClanahan, 1994). No one single function can 

demonstrate whether a reef is developing or degrading. A mix of physical and 

biological functions must be considered as a whole to assess reef status (Aronson 

& Precht, 1995). Coral reefs’ monitoring surveys usually focus on the diversity of 

corals in terms of hard coral coverage percentage and their richness at a certain 

point of time (DeVantier et al., 1998). Although it could be a very informative 

reference for the condition of that reef at that certain period of time, such 

reporting can portray reefs as a static system without fluctuations. Coral reef 

development depends on functions such as their growth rate, recruitment rate, 

mortality rate and growth morphology (McClanahan et al., 2008). Any changes in 

functions may influence one another and result in considerable changes to a reef. 

In order to reveal reef conditions, a more comprehensive analysis can be 

conducted by investigating coral size frequency distribution. 

Coral demography provides crucial information to understand a reef status. 

Although studying benthic composition can provide detailed datasets of current 

health status or features of a coral community at a point of time, demographic data

could further indicate coral maturity, recruitment status and structural 

development of a coral community (Ebert et al., 1993; Meesters et al., 2001). 

Coral demographic data could even assess a reef more accurately than by 

examining only corals’ age (Meesters et al., 2001). Evaluation of shapes and 

trendlines of frequency distribution histograms shows information which combine

all biological processes such as species- or site-specific survivorship, mortality 

rates as well as recruitment status (Ebert et al., 1993, Meesters et al., 2001). 

Despite the fact that coral demographic data can provide valuable 
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information about a reef there have been very limited studies conducted in tropical

regions (Bak & Meesters, 1998; McClanahan et al., 2008; Meesters et al., 2001). 

Not to mention marginal marine environments for coral growth situated at higher 

latitudes, where there were even fewer systematic surveys on coral communities’ 

demography (Celliers & Schleyer, 2008; Foster & Foster, 2013; Nozawa et al., 

2008). The present study would be the an up-to-date demographic survey on coral 

communities in the South China Sea. 

Marginal coral growth environment nurtures more stress-resistant and 

enduring corals under unfavorable environment such as fluctuating extreme water 

temperatures and high sedimentation (Goodkin et al., 2011). In other words, coral 

species which are able to manage to survive under these circumstances could be 

tougher and more stress-tolerant than their counterparts in tropical regions. With 

the increase of climate and anthropogenic disturbance, coral reefs might undergo a

structural shift becoming more similar to the structure of current coral 

communities at higher altitudes (Foster & Foster, 2013). Therefore, coral 

communities in sub-tropical regions are worthy of an all-round study in order to 

better understand their survival tactics and characteristics of the community’s 

structure. 

For this coral community demographic baseline research in Hong Kong there

were 2 objectives. First, conducting a quantitative assessment of local coral 

communities in terms of coral colony numbers within the belt transect. These data

can be reliable baseline information for future study comparison and monitoring. 

Since the method employed in this study, although time and effort consuming, 

was straight forward and easy to understand, future studies could follow the same 

protocol and carry out a short or long-term monitoring for a developmental status 

comparison. Second, this baseline can provide insights and prediction for future 

development patterns. Future coral growth form dominancy might be predicted 

based on the demographic data. Such data can indicate the structural changes for 

the communities. Relevant authorities could use this as an indicator and prioritize 

limited resources in marine conservation initiatives. It is hoped that this series of 

surveys and analyses can be a useful tool for establishing future marine 

management policies. 
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Methodology

Field method

Visual record

Data were collected from the same 33 study sites as Chapter 2, i.e. A Ma Wan

(1), A Ye Wan (2), Wong Ye Kok (3), Kai Kung Tau (4), Tau Tun (5), Lai Chi Wo 

(6), Au Yue Tsui (7), Ngau Shi Wu Wan (8), Wu Pai (9), Crescent Island West 

(10), Crescent Island South (11), Tung Wan (12), Wong Chuk Kok (13), Chek 

Chau (14), Moon Island (15), Coral Beach (16), Hoi Ha Wan Pier (17) and Gruff 

Head (18), Long Ke (19), Siu Long Ke (20), Pak Lap Tsai (21), Pak A (22), Tai 

She Wan (23), Tai Mong Tsai (24), Fo Tau Fan Chau (25), Sharp Island East (26), 

Sharp Island North (27), Sharp Island South (28), Pak Ma Tsui (29), Shelter Island

(30), Bluff Island (31), East Dam (32), and Nine Pin (33) (Figure 1). In these 

study sites we investigated coral communities from a different perspective and 

method for in-depth information with use of video recording equipment. Similarly

to the photo quadrat method, videos were taken along the transect which was laid 

at the edge of coral communities on the shore side in order to record a more 

representative overview of the coral communities.

A recording apparatus, same as the one which was used for the study in 

Chapter 2, was adopted to facilitate the process of standardized video recording 

(Figure 12) which was also used in the sea urchin video mentioned in the previous

chapter. This tailor-made tool was designed to attach to 2 laser pointers at both 

end which maintained a 75-centimeter length for size measurement reference.

Rugosity

Rugosity of coral community in each study site was measured for their 

communities’ structural complexity. As mentioned earlier, a 100-meter transect 

was laid in each study site. Along the transect, a metal chain made from stainless 

steel was carefully laid and it could sink to the bottom of different kinds of 

benthic substrate, such as sea bed or coral surface. At each meter, a nylon rope 

was tied on the chain and then the number of ropes was counted, which could tell 

the length, and then being recorded on slate (Alvarez-Filip et al., 2009). 
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Rugosity index was calculated as a ratio of length on the surface of corals 

along the transect to the actual horizontal length of that certain distance, i.e. 100 

meter in the present study. The lowest index would be 1 which indicated a totally 

flat area. When there are coral colonies, they would induce a longer length when 

measuring the surface distance and thus a larger rugosity index. In other words, 

the higher the rugosity index, the higher the reef complexity.

Laboratory work

A total of 33 videos have been examined in the laboratory. In this study every

coral colony we encountered along the transect and appeared within the 2 laser 

points would be recorded by their maximum diameters, genera, and growth forms.

The camera apparatus mentioned above (Figure 2) had a scaling feature. The 2 

laser points would serve as a reference of length in 75-centimeter in order to 

determine the size of each coral colony to the nearest 5-centimeter. If a colony 

was mostly located within the frame but slightly outgrown the length of the 2 laser

points, it would still be logged to their nearest approximate size. Yet, coral 

colonies appeared totally out of the range within the 2 laser points would not be 

recorded. Data were stored and organized at Microsoft Excel 2016 for Windows. 

Statistical analysis

To report and visualize the size distribution trends of different corals within 

the 33 study sites, Microsoft Excel 2016 was used for data storage, organization 

and basic preliminary calculations such as means and standard deviations. All 

statistical analyses were performed with SPSS Version 20 for Windows. It 

featured detailed data descriptions for the size distribution of different coral 

genera, i.e. 95% trimmed mean, median, skewness, kurtosis, and so on. Since data

were not normally distributed, it violated parametric analysis tool and thereby 

Kruskal-Wallis H Test, a non-parametric one-way analysis of variance, was 

carried out to investigate the variance among size distribution of the most 

abundant coral genera (Sokal & Rohlf, 1969; McClanahan et al., 2008).
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Result

Coral size frequency distribution in 33 sites

A total number of 6522 coral colony individuals were observed across 33 

study sites. Lai Chi Wo, Sharp Island East and Sharp Island North were the sites 

which have the greatest number of coral colonies (>350 colonies each) (Table 3). 

On the other hand, Wong Chuk Kok, Tau Tun and Kai Kung Tau had the lowest 

number of coral colonies found along the transect (<50 each) (Table 3). Nineteen 

hard coral genera were identified throughout 33 sites, of which Porites was the 

most dominant among all genera which had 1487 colonies (22.80%) in total. 

Platygyra (1257 colonies; 19.27%) and Pavona (1218 colonies; 18.68%) were 

also part of the most dominant genera in this survey followed by Dipsastraea 

(10%) and Favites (9%) (Figure 13). Since Porites, Platygyra and Pavona 

composed more than 60% of the whole distribution they were considered 

presentative of the coral communities among the 33 sites. Accordingly, these 3 

genera were selected to be used in the major analyses because they were 

representative of the majority of Hong Kong corals.

Maximum length, as in diameter or linear dimension, of coral colonies tend 

to be relatively short which indicated that they were small in size. Summing up 

data from 33 sites, the diameter ranged from 5cm to more than 100cm. Mean coral

diameter and 95% mean average diameter were 26.6 cm ± 8.9 cm (diameter ± 

Standard deviation) and 25.29 cm ± 9.14 cm respectively. When all size and 

frequency data of coral colonies from all sites were collated it demonstrated a 

highly positively skewed histogram (Figure 14). Thirty-three out of 33 sites had a 

mean diameter from 15 cm to 30 cm while Coral Beach and Tai Mong Tsai had 

considerably larger mean colony diameters (61.24 cm and 54.17 cm respectively).

The most common coral diameter size classes were 10 (16.1%), 15 (22.25%) and 

20 cm (26.47%) while 5-cm coral colonies were of a small portion (3%) among 

all colonies. Diameter classes of 15 to 20 cm each engaged more than 20% in 

overall distribution. Although there was an increase from 5cm to 20cm, there was 

a gradual decline in diameter from 20cm toward the larger size. Coral diameters 

equal or larger than 40cm were the minority of the whole distribution (<5% 
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respectively) (Figure 14). 

Distribution characteristics- skewness

Skewness is studied in detail in this chapter. Skewness 0 suggests a total 

symmetrical distribution whereas within 0 to ± 0.5 indicates a slight skewness 

towards positive or negative; if skewness is more than +1 or less than -1, that 

suggests a highly skewed distribution (Bulmer, 1979). Skewness of positive value 

suggests a distribution has a mode smaller than the number of median while a 

negative value indicates a distribution has a mode larger than the number of 

median. The major size distributions of surveyed sites were skewed toward 

positive except for sites Coral Beach, Tai Mong Tsai and Ngau Shi Wu (Figure 16-

18). Generally, sites showed a positive skewness of more than 1, of which the 

most skewed site was Crescent Island South with an extreme positive skewness of

4.981 (Table 4). For Coral Beach, Tai Mong Tsai and Ngau Shi Wu results were 

rather symmetrical with skewness within 0 to 0.5. However, sites with low 

number of coral colonies could be biased due to the low sample size. For example,

Ngau Shi Wu (skewness 0.195) had a considerably smaller number of corals at the

site, the symmetrical form of size distribution of this site did not necessarily 

amount to a normal distribution, nor did it indicate a trend of larger sized coral 

dominancy.

Recruitment sized corals

Five cm or smaller sized coral were considered as coral recruits 

(McClanahan et al., 2007). Although class of 5cm is not of a large proportion (215

colonies) among all size classes, this size class could provide important 

implication of coral recruitment status. Around half, 10 out of 19 coral genera had 

some recruitment size colonies (Table 3). Different from the foundings relating to 

the rank of most abundant coral genera, Porites, Dipsastraea, Favites, and 

Platygyra showed the highest number of recruitment sized corals (71, 56, 35, 25 

counts respectively).

Looking into the number of each site’s recruitment sized coral, they varied 

from 0 to 35 where 24 out of 33 sites had zero (Figure 16-18/ Table 3). Generally, 
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sites with a relatively high number of 5-cm sized corals were associated with high 

total coral colony number, such as East Dam, Shelter Island, and Lai Chi Wo. 

However, not all sites with high coral numbers showed a high number of 

recruitment sized corals such as Sharp Island North, Sharp Island South, and 

Wong Ye Kok, etc (Table 3).

The 9 sites with more than 10 individuals of 5-cm sized colony were rather 

scattered geographically. Among these nine sites, only East Dam and Siu Long 

Ke; Crescent Island South, Crescent Island West and Wu Pai are clustered on the 

map (Figure 1). 

Characteristics of the 3 most abundant coral genera

Genera Porites, Platygyra and Pavona were the most abundant (60%) among

all coral genera recorded in the study. Hence, they could be representative of 

Hong Kong coral communities and have been selected to be more 

comprehensively studied. The extreme 2.5% of each end was trimmed in order to 

minimize the influence of outliers. The 95% means of coral diameter of 3 different

genera in 33 study sites were integrated and visually presented in Figure 17. From

the figure, their size distributions were rather focused. Porites tend to be small 

and centered with a small standard deviation (20.37 cm ± 4.61 cm; 95% mean 

diameter ± SD) whereas Platygyra (27.96 cm ± 7.38 cm) was more spread out and

the size distribution was similar to Pavona (95% mean diameter 28.64 ± 13.72 

cm). Pavona in two sites, Tai Mong Tsai and Coral Beach, had exceptionally 

larger mean average sizes (Table 5). Kruskal-Wallis H Test was performed. It 

suggested there was a statistically significant variation in their 95% mean 

diameter between 3 coral genera, χ2
(2) = 14.135, p = 0.001, with a mean rank 95% 

max length size of 40.95 for Pavona, 22.4 for Porites and 40.87 for Platygyra. 

Despite these 3 genera’s abundance, their diameters did not show remarkable 

variance from the 95% mean diameter of all other corals recorded (Figure 18 and 

Figure 19).

Skewness

Skewness of these 3 genera, gathering data from 33 sites, was also examined 
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in order to understand the size distribution trend. Figure 20 revealed that the 

majority of sites showed a trend of positive skewness over all 3 coral genera. 

Comparing to the skewness including all coral genera data of each site, skewness 

of Pavona, Porites and Platygyra respectively suggested a more symmetrical 

distribution shape, and even a negatively skewed distribution (Table 6). Skewness 

of these three genera ranged from around -0.5 to 2.5. It was also considered 

focused with a few outliers of which Porites was the most concentrated. 

Growth form

Each coral colony appeared along a transect within the two laser points (75 

cm) in the videos produced. Coral was categorized into four growth forms which 

were branching, entrusting, massive and plating corals. In order to project a 

visually presentable figure, size was grouped into three sectors, i.e. 5 – 15cm 

(small), 20 – 25cm (moderate), and 30 to >100cm (large). Coral colonies size 

distribution was evaluated in two ways: distribution of different size classes 

within the same growth form (Figure 21) and distribution of different growth 

forms in different size classes (Figure 22). 

Four categories of coral growth forms had entirely different features between

different size classes of their own growth form (Figure 21; Table 7). Firstly, 

branching corals tended to be either small or large. The least percentage portion 

(16.2%) laid in the moderate size while more than 40% were of small and large 

group respectively. For encrusting corals, almost a half of them (47.32%) was of 

small sized group and a declining trend was shown toward the larger groups while

plating corals showed an increasing percentage toward larger size class. Massive 

corals demonstrated an even percentage on each size class. 

In addition to comparison of size distribution within their own growth 

form, size class abundance was also compared among each growth respectively 

(Figure 22). The most abundant growth form found was massive corals, they 

occupied more than 50% in every size class. In comparison, although branching 

corals had a higher percentage in large size class than medium and small classes 

within its own growth form, they had the lowest abundance percentage in every 

size class (< 1%). Encrusting and plating corals were of similar distribution, yet 

48



they showed opposite trend of size distribution. Encrusting corals had more small 

sized colonies (33.75%) and the least large colonies (14.36%) while plating corals

had the most of large class colonies (34.48%) and the least of small class (9.58%) 

(Figure 22; Table 8). 

Rugosity index was of low variability ranging from 1.03 to 1.33. Ngua Shi 

Wu possessed almost the flattest rugosity (1.03) while Nine Pin had the highest 

index of 1.33. 7 out of 33 sites had indexes slightly more than 1.2. A thorough 

table of each site’s rugosity index can be found in Figure 15.
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Discussion

Coral colony size frequency pattern provides accurate information on coral 

communities’ health condition as a changing ecosystem (Meesters et al., 2001). 

Size frequency patterns suggest insights of health and growth of a coral 

community which could be a powerful indicator for future development prediction

(Bak and Meesters, 1998; Hughes, 1984). Thus, by developing information such 

as this and establishing a baseline, relevant authorities can implement a better 

management strategy in the future. This study obtains size frequency distribution 

of all coral genera within and among sites. To note that, a high number of a certain

coral genus does not necessarily equal to a high coral coverage since it does not 

suggest the size of an individual coral colony.

Coral diversity and dominant colony size 

Results of coral distribution were consistent with the findings from the last 

chapter, of which Porites, Platygyra and Pavona remained the three most 

common genera to be found across 33 study sites. Among 19 recorded coral 

genera, these three coral genera comprised of more than 60% of the total in terms 

of their colony numbers. Hong Kong marine environment has been shown to be 

challenging for coral growth due to temperate climate and sedimentation (Duprey 

et al., 2016; Huang et al., 2011). Therefore, these 3 coral genera could be more 

stress-tolerant and less sensitive to water quality than other genera given their 

abundancy in Hong Kong.

Hong Kong coral communities tend to have a small colony size within their 

distribution. Overall coral colonies highly skewed toward to right with a mode at 

15cm maximum length in the range of 5cm to more than 100cm. Histograms of 

Hong Kong coral colony size distribution were highly positively skewed and 

peaked between 10 and 30 cm, however showed a sharp drop from 10 cm to 5 cm.

To be noted, despite the dominancy of small colonies, there was a considerably 

low colony number at the size of 5 cm (215 colonies). Since coral colony with a 

diameter of less than 5cm was considered to be of recruitment size (McClanahan 

et al., 2007), it revealed the pattern of Hong Kong coral communities lean towards
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small size distribution with a low recruitment rate. Coral recruitment is further 

discussed shortly.

Hong Kong coral communities are of a small-scale in terms of colony size 

and density. Although coral size frequency distribution pattern provides important 

evidence of the development and health status of coral reefs, massive time and 

effort for field work and data sorting are needed. This explained why there were 

only few studies and data were conducted and released (Bak and Meesters, 1998; 

Meesters et al., 2001; McClanahan et al., 2008). Apart from this, the different 

growth rate of corals in Hong Kong compared to other tropical area, makes the 

data not comparable. It is believed however that tropical regions accommodated 

corals of larger size on average than their counterparts in Hong Kong. According 

to a study conducted by Lough et al. (2000), coral annual linear extension rate 

reached 11.6 - 12.9mm per year in Great Barrier Reef while Hong Kong corals’ 

annual linear extension rate ranged from 2.3 – 7.4 mm per year (Xie et al., 

manuscript processing). On top of the remarkable difference of the coral extension

rate, the typical feature of sub-tropical regions’ climate, i.e. water temperature 

changing throughout the year, also makes Hong Kong a marginal marine 

environment for coral growth. Following this logic, it is reinforced that the 

average size of Hong Kong corals is considerably smaller than those in tropical 

regions. A study conducted in Kenya provided a detailed colony size frequency 

distribution of each taxon, which allowed a comparison between a tropical coral 

community and their sub-topical counterparts, like what is found in Hong Kong 

(McClanahan et al., 2008). From the study (2008), the mean coral colony sizes 

were varied ranging from 5 cm to 42.69 cm where the average mean colony size 

lied on around 30 cm with more than 4700 colonies within 2 sites. With an 

average mean of 25 cm and a total number of 6522 colonies throughout 33 sites in

Hong Kong, it was obvious that Hong Kong coral communities were 

comparatively smaller and less dense. 

Structural complexity 

it was hypothesized that in tropical regions the degrading coral reefs would 

shift the skewness from positive towards a more centralized distribution where big

coral colonies would dominate the site because of the decrease of coral 
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recruitment rate (McClanahan et al., 2008). However, it is different in Hong 

Kong. As corals in Hong Kong do not form true reefs, coral communities in Hong 

Kong tended to be scattered and distributed only along some shores within 

shallow waters. Rugosity of coral communities in Hong Kong did not vary a lot 

throughout 33 study sites (1.03-1.33), suggesting a rather simple community 

structure and low spatial complexity compared to other tropical regions like 

Caribbean reefs where had an index around 1.8 in the year of 1996 (Alvarez-Filip 

et al., 2009). Therefore, if Hong Kong marine environment degrades, relatively 

larger sized coral colonies might suffer from mortality. Degrading environment 

would not favor coral settling process which would turn out to have a tendency 

towards small sized distribution with less coral recruitment instead of having large

corals outcompeting coral larvae. 

Coral recruitment 

Besides the perspective of coral genus, it is important to examine the 

recruitment sized corals’ distribution in different sites. Recruitment rate provides 

important insights in to the development of the coral community in terms of their 

future composition and structure of the community (Birkeland et al., 1981). In 

general, there was a relatively small portion of 5-cm sized coral recorded in the 33

sites. Only nine out of 33 study sites had a record of more than 10 recruitment 

sized individuals. Distributional gradient could not be found from the surveyed 

sites.

Among the 5 cm class, surprisingly, apart from Platygyra and Porites, 

Dipsastraea and Favites contributed to a relatively large portion in the total count 

instead of Pavona (one of the most abundant corals). It could be reasoned by the 

current marine environment in Hong Kong more facilitate the growth of massive 

and encrusting corals. The dominance of massive corals has suggested that Hong 

Kong water might be subject to environmental stress (Roger, 1990). Similar to 

Singapore, where the waters are also prone to rapid cosmopolitan development 

with a dense human population, one of the dominant growth forms was also 

massive type (Dikou and Woesik, 2006). It could be attributed to the fact the these

coral types, especially Porties, could be more tolerant of sedimentation by 

secreting more mucous with its relatively large surface area and sloughing or even
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regenerating damaged tissue faster than others (Brown et al., 1990; Dikou and 

Woesik, 2006; Van Woesik, 1998). Since a larger adult density could induce a 

larger possibility of fertilization success it is evident why these 4 genera showed a

highly recruitment rates than others. 

Hong Kong and Singapore shared similar marine environment, both are 

heavily influenced by sedimentation problems resulting from anthropogenic 

disturbance such as shore development and land run-offs (Goodkin et al., 2011; 

Dikou & Woesik, 2006). Dikou and Woesik (2006) suggested that the further the 

distance from the mainland of Singapore Island, the higher the coral recruitment 

rates. Although Singapore lies within the area of tropical region, sedimentation 

was still a main factor affecting coral recruitment process adversely. This showed 

the importance of water quality on corals in addition to the climate itself. 

Coral recruitment was more site-specific than regional-specific. No obvious 

geographically clustered trend across all study sites, except for three sites in 

Crescent Island which showed a relatively high number of recruitment sized 

corals (Table 3). It may due to the relative abundancy of mature corals in the 

entire Crescent Island. Other sites with relatively high recruitment sized corals 

also demonstrated a higher coral colony number. Since more mature corals lead to

higher chance of fertilization success in a certain area, this explained this 

phenomenon (Dikou & Woesik, 2006).

Limitation

Nevertheless, 5cm sized coral might possibly due to partial mortality of 

mature corals instead of recruitment. Sites with relatively low number of mature 

coral but a relatively high number of 5-cm sized coral might not necessarily be 

indicating a high recruitment rate. Restricting from the video resolution, this 

might be due to a partial coral mortality and thus some big colonies diminished to 

a smaller sized coral. This hypothesis would need further study to prove. 

Nevertheless, it is suggested that both number of recruitment sized coral colony 

and the corresponding site’s size frequency distribution histogram should be read 

together (Table 3 and Figure 16 - 18). More resources should be put in sites with 

both high number of mature sized and recruitment sized coral colonies such as 
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East Dam and Shelter Island. 

Genus-specific size distribution 

Apart from recruitment sized coral distribution, size distribution of 3 most 

dominant corals, i.e. Porites, Platygyra, and Pavona, was also investigated. 

Gathering their 95% mean length from all 33 sites, it was suggested that there was

a significant difference between these 3 genera by Kruskal-Wallis Test. With the 

focused size distribution of each genus, the difference among genera indicated 

that coral size might be genus-dependent instead of site-dependent (Meesters et 

al., 2001). Accordingly, it suggested a need to assess coral communities’ status by 

site while understanding their status by their region would be less suitable.

Growth form distribution

To explore coral morphology, coral distribution within and among 4 different

growth forms respectively were investigated. It was shown that massive corals 

demonstrated an even distribution over small to huge size. It indicated a relatively 

healthy recruitment rate with sustainable survival rates, this helps explain the 

dominance of massive coral in Hong Kong coral communities. Although 

branching corals made up a relatively high percentage in small and large sized 

colonies, middle sized colony dropped considerably. Regarding the substantially 

small portion of branching corals among all growth forms, it can be suggested that

branching corals in Hong Kong had a high mortality rate. 

Plating corals showed a low percentage in small sized class but an increasing

percentage towards larger size classes, both middle and large class. This trend 

implied a high survivorship of this growth form. It explained the large percentage 

they obtained in the overall coral colonies recorded in terms of the large size class.

On the contrary, encrusting corals suggested a high percentage in small size class 

but decreased when size went larger which revealed a low survival rate. With 

these data, it is predicted that massive coral will continue to be the dominant 

morphology while plating coral could possibly outcompete encrusting corals 

when they occur in the same area. Accordingly, massive corals would possibly 

outgrow other forms of corals, especially the branching corals, which could lead 
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to a lower structural complexity in the future.

Nevertheless, a further long-term study in monitoring Hong Kong’s coral 

community utilizing a consistent method is needed. It would be informative to 

compare the coral demography data after certain years along with the changes of 

marine environmental parameters. This could provide insights of how water 

quality affects coral development and, in the interim, allow comparison of the 

coral composition and demographic data in order to see how well the management

strategy is working.
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Figure 12 Field photo showing a SCUBA diver taking video using the camera apparatus
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Figure 133 Coral genera distribution across 33 study sites
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Figure 14 Coral maximum length and a trendline over 33 study sites
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Figure 15 Rugosity with standard error bar of each site
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Figure 16 Histograms of coral maximum length of 12 sites

60



Figure 17 Histograms of coral maximum length of another 12 sites
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Figure 18 Histograms of coral maximum length of another 9 sites
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Figure 19 95% mean of colony max length in 33 study sites of Pavona, Porities and Platygyra

63



Figure 204 Skewness of the size frequency distribution of 33 study sites of Pavona, Porities and 

Platygyra
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Figure 21 Size distribution within growth form
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Figure 22 Size distribution among growth form
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Site
Count of 5cm 
sized coral

Total colony 
count

Percentage of 5cm colony

A Ma Wan 1 249 0.40%
A Ye Wan 3 248 1.21%
Au Yu Tsui 18 147 12.24%
Bak Lap Tsai 7 183 3.83%
Bluff Island 4 299 1.34%
Chek Chau 1 113 0.88%
Coral Beach 0 153 0.00%
Crescent Island 
South

11 128 8.59%

Crescent Island West 17 193 8.81%
East Dam 35 298 11.74%
Fo Tau Fan Chau 5 163 3.07%
Gruff Head 7 214 3.27%
HHW Pier 13 347 3.75%
Kai Kung Tau 7 41 17.07%
Lai Chi Wo 17 427 3.98%
Long Ke 3 65 4.62%
Moon Island 0 53 0.00%
Ngau Shi Wu 3 55 5.45%
Nine Pin 2 89 2.25%
Pak A 2 246 0.81%
Pak Ma Tsui 5 327 1.53%
Sharp Island East 2 402 0.50%
Sharp Island North 1 372 0.27%
Sharp Island South 0 178 0.00%
Shelter Island 20 258 7.75%
Siu Long Ke 10 293 3.41%
Tai Mong Tsai 0 180 0.00%
Tai She Wan 2 318 0.63%
Tau Tun 1 21 4.76%
Tung Wan 3 53 5.66%
Wong Chuk Kok 0 17 0.00%
Wong Ye Kok 1 177 0.56%
Wu Pai 14 215 6.51%

Table 3 Number of 5-cm recruitment sized corals and total count of coral colony in each study site
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Site Skewness
Coral Beach 0.152

Ngau Shi Wu Wan 0.195
Tai Mong Tsai 0.331
Au Yue Tsui 0.63
HHW Pier 0.927

Wong Chuk Kok Hoi 0.957
Wu Pai 1.048

A Ma Wan 1.086
Tau Tun 1.107
Long Ke 1.135

Lai Chi Wo 1.186
Moon Island 1.203

Crescent Island West 1.285
Gruff Head 1.299

Sharp Island East 1.327
Nine Pin 1.398

Fo Tau Fan Chau 1.505
Sharp Island South 1.582

Chek Chau 1.595
Siu Long Ke 1.603
Wong Ye Kok 1.686
Kai Kung Tau 1.717

A Ye Wan 1.823
Pak Ma Tsui 1.879

Pak A 2.063
Bluff Island 2.095

Sharp Island North 2.163
Bak Lap Tsai 2.245

East Dam 2.301
Tung Wan 2.314

Tai She Wan 2.74
Shelter Island 3.519

Crescent Island South 4.981
Table 4 Skewness of each study site
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Table 5 95% mean maximin length of Pavona, Porities and Platygyra, N/A indicates that no coral was recorded

Site Pavona 95% Mean Porites 95% Mean Platygyra 95% Mean

A Ma Wan 34.27 24.7354 37.7614

A Ye Wan 16.97 23.8791 30.7995

Au Yue Tsui N/A 19.8148 N/A

Bak Lap Tsai N/A 18.8948 N/A

Bluff Island 20.79 24.3700 30.4798

Chek Chau N/A 16.6667 29.0185

Coral Beach 67.29 N/A N/A

Crescent Island South 9.35 19.3519 18.3333

Crescent Island West 35.57 18.6111 N/A

East Dam N/A 18.1264 N/A

Fo Tau Fan Chau N/A 24.8600 42.5000

Gruff Head 19.17 26.0516 29.5940

HHW Pier 28.27 26.5063 21.3889

Kai Kung Tau N/A 8.0556 23.9899

Lai Chi Wo 16.94 15.5556 26.5957

Long Ke N/A 15.0000 24.3333

Moon Island 29.44 N/A N/A

Ngau Shi Wu Wan N/A 18.5380 N/A

Nine Pin N/A 20.5912 38.8889

Pak A 35.25 N/A N/A

Pak Ma Tsui 24.96 16.4918 23.8889

Sharp Island East 31.86 20.8716 29.4042

Sharp Island North 30.60 24.4719 27.1477

Sharp Island South 31.39 N/A 38.3333

Shelter Island 16.11 14.4298 29.9821

Siu Long Ke 24.17 25.9127 15.3663

Tai Mong Tsai 54.01 N/A N/A

Tai She Wan 17.70 18.2870 33.3696

Tau Tun N/A N/A 21.2037

Tung Wan N/A N/A 22.4242

Wong Chuk Kok Hoi N/A N/A N/A

Wong Ye Kok N/A 25.7540 33.0556

Wu Pai N/A 23.3187 15.1111
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Site Pavona Skewness Porites skewness Platygyra skewness
A Ma Wan 1.27 1.040 .695
A Ye Wan 1.32 .641 .773
Au Yue Tsui N/A 1.238 N/A
Bak Lap Tsai N/A 1.744 N/A
Bluff Island -0.34 1.075 .368
Chek Chau 1.73 -.434 1.224
Coral Beach -0.10 N/A N/A
Crescent Island South -2.45 -.668 1.168
Crescent Island West 0.52 .763 N/A
East Dam N/A 2.375 N/A
Fo Tau Fan Chau N/A 1.659 0.000
Gruff Head 2.11 .856 1.216
HHW Pier 0.59 .752 -.020
Kai Kung Tau N/A 2.294 .156
Lai Chi Wo 0.08 1.395 .865
Long Ke N/A 1.338 .840
Moon Island 1.27 N/A N/A
Ngau Shi Wu Wan N/A .471 N/A
Nine Pin N/A 1.172 .680
Pak A 1.12 N/A N/A
Pak Ma Tsui 1.97 2.462 1.040
Sharp Island East 1.03 .810 1.185
Sharp Island North 1.76 1.690 .702
Sharp Island South 1.66 N/A .483
Shelter Island 0.52 .448 2.728
Siu Long Ke 1.35 .866 2.180
Tai Mong Tsai 0.31 N/A N/A
Tai She Wan 0.93 2.248 2.287
Tau Tun N/A N/A -.839
Tung Wan N/A N/A 1.049
Wong Chuk Kok Hoi N/A N/A N/A
Wong Ye Kok N/A 2.306 1.170
Wu Pai N/A .718 2.039

Table 6 Skewness of Porites, Platgyra and Pavona in different study sites, N/A indicates that 
skewness is not able to be calculated for less than 3 coral colonies 
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　 Branching Encrusting Massive Plating
5-15cm 40.54% 47.32% 33.92% 15.44%
20-25cm 16.22% 32.54% 35.54% 28.95%

30- >100cm 43.24% 20.14% 30.54% 55.61%

Table 7 Percentage distribution within each growth form 

71



 

Table 8 Percentage distribution among growth forms
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　 5-15cm 20-25cm 30- >100cm
Branching 0.69% 0.28% 0.74%
Encrusting 33.75% 23.18% 14.36%
Massive 55.99% 58.60% 50.41%
Plating 9.58% 17.94% 34.48%



Chapter 4 

Portunid crabs can protect massive coral against the attack by 

long-spined sea urchins

Introduction

Sea urchins are generally known to be herbivores. Their feeding activities 

control macroalgal populations, preventing reefs from shifting towards an algal 

dominant state (Hughes et al., 1987; Davis, 2018). While feeding on macroalgae, 

sea urchins open up space on solid surfaces which may facilitate the settlement of 

coral larvae (Edmunds & Carpenter, 2001; Wright et al., 2005; Mumby et al., 

2006). Nevertheless, during outbreaks when their densities reach up to 40–60 

individual/m-2, sea urchin grazing can remove up to 40 kg m-2 CaCO3 per year 

(Glynn and Manzello, 2015), substantially higher than the annual CaCO3 accretion

rates of 0.3–12 kg m-2 in typical tropical reefs (Hutchings, 1986; Perry et al., 

2013; Glynn and Manzello, 2015), tipping the balance of calcium carbonate 

budget towards reef degradation. At high densities, sea urchins can also become 

corallivores feeding on coral tissues directly, escalating coral bioerosion (Bak and 

van Eys, 1975; Glynn et al., 1994; Qiu et al., 2014).

Overfishing of predators has been implicated as a cause of sea urchin 

population outbreak as high densities of sea urchins are often found on heavily 

fished reef sites with few predators; in healthy reefs, sea urchin densities are 

usually low, and they are restricted to cryptic locations (McClanahan, 1999; 

Harborne et al., 2009). Nevertheless, despite fishes and invertebrates both being 

common predators of sea urchins (McClanahan, 1999), most studies of urchin 

population control in reef areas have focused on predatory fishes especially 

porgies, triggerfishes and wrasses (Sala, 1997; Harborne et al., 2009; 

McClanahan, 1999; O'Leary and McClanahan, 2010; Rodríguez-Barreras, 2018); 

little attention has been paid to predatory invertebrates (Kintzing and Butler IV, 

2014). 

Here we report a field study quantifying how the long-spined sea urchin 

Diadema setosum eroded and removed the live tissue of the brain coral Platygya 
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carnosa, and exploring whether the portunid crab Thalamita prymna can reduce 

the negative effects of the urchin. The study was prompted by the observation that

an outbreak of D. setosum, reaching up to 21.1 individuals m-2, has caused 

community-wide destruction of corals in some of Hong Kong’s coral communities

(Lam et al., 2007; Qiu et al., 2014). Platygyra carnosa, the most severely 

impacted species by sea urchin bioerosion in Hong Kong, is a structure-forming 

species with colonies that can grow to 2 m above the volcanic substrate and 

sedimentary rocks in the eastern oceanic waters (Dumont et al., 2013; Qiu et al., 

2014). Thalamita prymna is widely distributed in the Indo-Pacific region 

(Stephenson, 1972). A previous study (Lai, 1996) and our personal observation 

showed that this crab is commonly found in local coral communities. However, no

study of its feeding habits has ever been conducted, except for a field observation 

showing that T. prymna was attracted to and fed on D. setosum that had been 

killed and placed on the sea floor of a coral community at Hoi Ha Wan (The 

Oceanways Corporation, 2007). Therefore, we hypothesized that T. prymna could 

feed on D. setosum directly or prevent it from grazing on corals, thereby 

protecting corals indirectly. Evaluating the potential of crabs in controlling sea 

urchin abundance can have management implications in places like Hong Kong 

where local fishes of commercial value, including potential urchin predators 

(Cornish, 2003), have been either “heavily over-exploited” or “fully exploited” 

(Morton, 2005).
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Material and Methods

Three mesocosm experiments were conducted. Experiment 1 examined 

whether Diadema setosum could cause density-dependent damage to Platygya 

carnosa. Experiment 2 tested the predatory effect of Thalamita prymna on D. 

setosum. Experiment 3 tested the effects of T. prymna on P. carnosa in the 

presence of a rock with fouling organisms, which mimicked the natural condition 

that both the crab and urchin have food sources alternative to urchins and corals 

respectively.

Study site

The study was conducted at Gruff Head (22° 28’555’’N, 114° 19’243’’E), 

Hoi Ha Wan Marine Park (Figure 23), a place where an outbreak of D. setosum 

and subsequent management actions involving the removal of this sea urchin and 

the predatory muricid snail Drupella rugosa have been reported (Lam et al., 

2007). Gruff Head, a coral community on the western side of the bay, covers 

roughly 300 m along the shore. This community, dominated by P. carnosa and 

Porities lutea, has a narrow depth distribution from 1 m to 4 m. A flat area 

immediately south to the coral community, with a depth of 3 m was selected as the

experimental site.

Material preparation and general experimental setup

The sea urchins D. setosum and the crabs T. prymna were both collected from

the site. The urchins had test diameters of 5–7 cm and spines as long as 25–30 cm,

whereas the crabs had carapace length and width of 3–4.5 cm and 4–6 cm, 

respectively. Rocks (~25 cm in diameter) with fouling algae and bivalves (Figure 

28) were also collected from the site. Fragmented live coral colonies of P. carnosa

used in this study were collected from Port Island, only around 5 km from the 

study site (Figure 23). A previous study found that Port Island was one of the four 

local sites which suffered from serious coral bioerosion, with >60% colonies of P.

carnosa being damaged (Qiu et al., 2014). Some of the larger coral colonies were 
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broken down into small fragments, thereby we collected those fragments of P. 

carnosa with a diameter of roughly 20 cm, which were alive and healthy by 

observation. The coral fragments were photographed along with a ruler using a 

Canon G10 digital camera for determination of coral surface area, blotted dry with

a paper towel and weighed to the nearest 0.1 g. Cylindrical cages with a mesh size

of 1 cm were constructed manually from rolls of steel wire mesh (Figure 29). 

Each cylindrical cage measured 0.79 m2, i.e. diameter of 1 m, in surface area and 

1 meter in height. The bottom edge was bent outward to allow for the use of sand 

bags to fortify the cage. The cages with different combinations of coral colonies, 

sea urchins, crabs and rocks as detailed in sections 2.3–2.5 were placed 2–3 m 

apart in the field. They were monitored every 3–4 weeks to check for the 

condition of the cages, the health status of the corals, and, when necessary, to 

remove fouling organisms developed on the cages. 

Experiment 1: Density-dependent bioerosion by sea urchins

This experiment aimed to determine whether D. setosum could damage P. 

carnosa in a density-dependent manner. It had four different urchin density 

treatments with one colony of P. carnosa, and each treatment having four 

replicates, totaling to 16 experimental cages. Cages in treatment 1, 2, 3 and 4 

contained no urchin (control), 1 urchin (1.3 individuals m-2), 2 urchins (2.6 

individuals m-2) and 4 urchins (5.1 individuals m-2), respectively. The experiment 

lasted 77 days from July 19 to October 4, 2016. At the end of the experiment, the 

urchins in each cage were counted. The coral colonies were photographed for 

determination of healthy and damaged surface area, then blotted dry and weighed 

to the nearest 0.1 g.

Experiment 2: Crab predation on sea urchin

Experiment 2 examined the predation of T. prymna on D. setosum. Before 

this field experiment, we conducted a preliminary laboratory in smaller glass 

aquaria (30 x 30 x 45 cm) that housed 1 urchin and 1 crab, which showed that the 

crabs would readily attack the urchins by first cutting the spines when they 

encountered; after roughly one week the crabs would be able to kill all the urchins

(Figure 30). We also conducted a preliminary field study by placing a T. prymna 
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(carapace width 5 cm, length 4 cm) and a D. setosum (test diameter 6 cm) in a 

cage; the crab was found to attack the urchin by cropping the spines. Experiment 

2 had two treatments and each treatment had six replicate cages. In Treatment 1 

each cage contained one colony of P. carnosa, two individuals of T. prymna and 

two individuals of D. setosum (2.55 individuals m-2). Treatment 2 was identical to 

Treatment 1 except that no crabs were included. The experiment lasted 38 days 

from November 15 to December 23, 2016. At the end of the experiment, the 

urchins and crabs in each cage were counted, the coral colonies were 

photographed, then blotted dry and weighed. 

Experiment 3: Indirect effects of crab predation on coral health in the 

presence of a rock

Experiment 3 studied effects of T. prymna on P. carnosa in the presence of a 

rock. The rocks, collected on site, were coated with fouling organisms including 

algae and bivalves which could possibly serve as a shelter and provided 

alternative food sources for urchins and/or crabs (Figure 28). This experiment had 

three treatments, with four replicates in each treatment. Each cage in Treatment 1 

contained one colony of P. carnosa and two individuals of D. setosum (2.55 

individuals m-2). Treatment 2 contained one colony of P. carnosa, two individuals 

of D. setosum and two individuals of T. prymna. Treatment 3 was identical to 

Treatment 2 except that one piece of rock was also included. The experiment 

lasted 56 days from June 16 to August 11, 2017. At Day 27 of the experiment, the 

cages were checked, and the number of urchins and crabs were counted. At the 

end of the experiment, the urchins and crabs in each cage were counted, the coral 

colony was photographed, then blotted dry and weighed. Experiment duration is 

dependent on the variation of the corals, if corals have showed difference from the

beginning, experiments would be ended shortly.

Statistical analyses

For each coral colony, live surface area and weight were determined before 

and after the experiment. Live surface area was quantified by comparing the 

photographs of coral colonies with a ruler served as the scale. The software 

ImageJ was applied to quantify total coral surface area and damaged area. Coral 
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weight was measured to 0.1 g using an electronic balance, after blot-drying the 

colony using a paper towel. In most of the statistical analyses, percentage was 

used as the unit avoiding biased comparison due to different sizes of live coral 

colonies used in our study.

Statistical analyses were conducted using SPSS version 20.0 for windows. 

Data from each experiment were tested for normality using the Shapiro-Wilk test 

and homogeneity using Levene’s test (Qiu and Qian, 1997). When they met the 

assumptions of these two tests, parametric tests including the t-test and analysis of

variance (ANOVA) were used. In Experiments 1 and 3, one-way ANOVA was 

conducted to determine whether the changes in coral weight and live coral surface

area were significant, followed by the Tukey HSD test to compare among the 

treatments. In Experiments 2, Student’s t-test was conducted to determine whether

the changes in coral weight and live coral surface area were significant between 

the treatments.
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Results

Experiment 1. Density-dependent coral damage by sea urchin

All of the urchins in the four treatments survived through the 77-day 

experiment. There were significant treatment effects for coral weight loss (one-

way ANOVA, F = 4.069, p = 0.025) and live coral surface mortality (one-way 

ANOVA, F = 26.88, p < 0.001). In Treatment 1 without urchins, there was only a 

slight reduction in coral weight (2.6 ± 1.4%) and coral surface area change (-9.1 ±

9.2%) during the experimental period (Figure 24 and 25). In Treatment 2 which 

included one urchin per cage, the reduction in coral weight and live coral surface 

was 4.65 ± 3.15% and 14.53 ± 10.04%, respectively. However, they were not 

significantly different from the corresponding values in Treatment 1. In 

Treatments 3 and 4 that included two and four urchins per cage respectively, coral 

weight loss (15.3%; 14.9%) and surface area change (-63.9%; -83.3%) were more 

serious, and the values were significantly different from those in Treatments 1 and

2. 

Experiment 2. Crab predation on sea urchin

In Treatment 1 of Experiment 2, all of the crabs but none of the urchins 

survived to the end of the 38-day experiment. Urchins were presumably consumed

by urchins. In treatment 2 where no crabs were included, all the urchins survived 

to the end. The t-test results showed that coral colonies in Treatment 1 had 

significantly lower surface mortality when compared with those in Treatment 2 

(2.05% vs. 13.71%, t10 = 3.042, p = 0.012) (Figure 26). Coral weight reduction in 

Treatment 1 was also lower than that in Treatment 2 (1.03% vs. 4.39%), and the 

difference was significant between treatments (t10 = 3.35, p = 0.010).

Experiment 3. Effects of crab predation on coral health in the presence of a 

rock 

The number of live urchins and crabs survived through the experiment 

differed among the cages and between the treatments (Table 9). In Cages 6 

(Treatment 2, Replicate 2) and 9 (Treatment 3, Replicate 1), both urchins survived

through the experiment, which was probably due to the missing of crabs during 
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the experiment as no crabs were found during the monitoring on Day 27. 

Therefore, data collected from these two cages were not included in statistical 

analyses because we could not determine whether the urchin survival was due to 

the escape of the crabs. In other cages, reduced number of urchins was noted by 

the end of the experiment, which indicated the predatory activity of crabs (Table 

9).

There were significant treatment differences in change in live coral surface 

area (one-way ANOVA, F = 22.528, p = 0.001) (Figure 27). Specifically, 

Treatment 1 had more reduction in live coral surface (-10.57% vs. 1.37% and 

5.44%) when compared with Treatments 2 and 3. Among these 3 treatments, Post 

Hoc Tukey HSD showed that the percentages of Treatment 1 in live coral surface 

difference were significantly lower than Treatment 2 and 3 (p = 0.003; p < 0.001 

respectively). Although Treatment 2 and 3 showed a slight positive weight change

while Treatment 1 had a negative weight change, significant difference in weight 

change was not found between Treatments 2 and 3.
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Discussion

Lam et al. (2007) reported severe coral bioerosion at Hoi Ha Wan, Hong 

Kong, and suggested that the bioerosion was caused by corallivory of coral tissue 

by the muricid gastropod Drupella rugosa, followed by grazing of coral skeleton 

by D. setosum. However, these snails were not considered as a severe threat to 

corals in Hong Kong as they usually occur in low densities (< 2 individuals m-2), 

and they mainly attacked and consumed coenenchyme instead of coral polyps, 

therefore the tissue could regrow after being attacked (Morton et al., 2002). Our 

three caging experiments were consistent in showing that D. setosum significantly

damaged the coral surface tissue, indicating the involvement of D. rugosa is not 

necessary for such coral damage. In addition, Experiments 1 and 2 both revealed 

that D. setosum also caused bioerosion. 

Long-spined sea urchins, being mainly algae grazers, have been well-

recognized for their role in preventing the ecological phase shifting from coral 

dominant to algae dominated habitat (Hughes, 1994; McManus & Polsenberg, 

2004). Diadema antillarum in Caracao and Bonaire, with a density of 8.5 

individuals m-2, were reported to cause a severe coral damage. We tested serval 

densities in Experiment 1, ranging from 1.3 to 5.1 individuals m-2, to explore the 

density needed to exert such coral damage effect. Our study showed that even at 

densities lower than 8.5 individual m-2, as in Treatment 3 (2.6 individual m-2) and 

Treatment 4 (5.1 individual m-2), D. setosum were able to cause considerable 

bioerosion and corallvory by their grazing activities. 

Crabs have been shown to be beneficial to corals in several ways (Glynn, 

2013): defense against predators such as muricid snails and sea stars (Pratchett et 

al., 2000; Vogler et al. 2008); removal of sediment (Stewart et al., 2006), and 

removal of waste products and mucus from vermetid snails (Stier et al., 2010). 

Nevertheless, the crabs used in these previous studies all belong to the genus 

Trapezia, which are symbionts living directly on the colonies of branching corals 

such as Pocillopora and Acropora (Glynn, 2013; Samsuri et al., 2018). The 
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portunid crab T. prymna we used in this study is a common species in Hong 

Kong’s coral communities (Lai, 1996) as well as other Indo-Pacific coral habitats 

(Spiridonov and Neumann, 2008), and has a higher mobility than Trapezia. In the 

present study, Experiment 2 showed that T. prymna could prey on D. setosum in 

the field whereas Experiment 3 demonstrated that it reduced live coral tissue 

damage significantly.

Although some crabs in Experiment 3 were found missing at the end of the 

experiment, in all cages with at least one surviving individual of T. prymna during

the mid-term monitoring on Day 27, the predatory effect was clear: there were 

none or only one urchin remaining at the end of the experiment, indicating 

predation had occurred; even in cages with one urchin remaining in the end, the 

coral did not show detectable live tissue damage or bioerosion where Treatment 2 

and 3 showed a statistically lower surface tissue damage than Treatment 1. These 

results indicated that the crab could prey on the urchin directly, or affect the 

behavior of the urchin by preventing it from feeding on the coral, thereby 

reducing coral corallivory. On the other hand, urchin-caused bioerosion was only 

demonstrated in the first two experiments, indicating that bioerosion might take a 

longer exposure time to show, at least in the case of Experiment 3. When 

compared with Treatment 1 in Experiment 3, the reduction in coral corallivory in 

Treatments 2 and 3 could be explained by crabs’ activity pattern that they tend to 

favor sheltered areas (Vezzosi et al., 1994), i.e. under corals and rocks in this 

experiment. Consequently, crabs could be able to readily attack urchins when they

approach the coral, thus remediating grazing activities by urchins even if they did 

not kill all urchins.

Thalamita are omnivores with algae, bivalves and small crustaceans as their 

common food (Williams, 1981; Lai, 1996; Cannici et al., 1996). Although 

Experiment 2 showed a clear predatory effect of the crab on the urchin, because 

no alternative food source was provided, the results might not reflect the natural 

situation where the urchin could have access to alternative food items (Siddon and

Witman, 2004). To remediate this artifact, in Experiment 3, we included a 

treatment, i.e. Treatment 3, that had a piece of rock with foulings of algae and 

other organisms including bivalves in the cage (Figure 28). Presumably the rock 
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could serve as an alternative food source for both the crab and the urchin. This 

experiment showed a statistically significant difference in live surface area where 

the difference was mainly attributed to the variance between Treatment 1 and the 

other two treatments. The result that there was no significant difference in change 

in weight nor live surface area between Treatments 2 and 3 suggested that crabs 

would still prey on urchins when alternative food (rock with fouling organisms) 

was available. In other words, crabs’ preying behavior on the urchin would not be 

affected by the presence of alternative food sources.

In conclusion, our study has clearly demonstrated that D. setosum, at 

densities that can be found in local waters, caused coral tissue damages, i.e. 

corallivory and bioerosion, and that T. prymna could remediate the damage even 

under circumstances where alternative food source to urchins are present. 

Management measures alternative to urchin removal (McClanahan and Shafir, 

1990) can be developed in coral communities where high densities of D. setosum 

are reported. For instance, T. prymna could be trapped from other local coral 

communities that are not affected by urchin outbreak for relocation to the affected 

ones. In addition, fish trapping in affected coral communities should be banned to 

reduce the by-catch of T. prymna, as this small crab is often a by-product of fish 

trapping. In other regions where severe coral bioerosion has been reported 

(Ruengsawang and Yeemin, 2000; Muthiga and McClanahan, 2007), different 

species of portunid crabs should be evaluated for their potential in controlling 

echinoid bioerosion. Sea urchin abundance should be monitored, given that coral 

bioerosion caused by internal eroders (Xie et al., 2016), and other stressors such 

as bleaching (Xie et al., 2017) and corallivory (Morton et al., 2002) have the 

potential to interact with urchin-induced bioerosion to escalate the damage.
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Figure 23 A map of Hong Kong showing the locations of Gruff Head – the study site within Hoi 
Ha Wan Marine Park (shaded area), and Port Shelter where coral fragments were collected for use 
in the field experiments.
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Figure 24 Experiment 1. Representative photographs showing the pre-deployment (a) and post-deployment (b) conditions in Treatments 1 (no urchin), 2 (1 urchin), 3 (2 
urchins) and 4 (4 urchins). Area of damaged tissue is circled in red.
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Figure 25 Experiment 1. Changes in weight (%) and live surface area (%) in the four urchin density 
treatments. Upper- or lower-case letters distinguished columns from different parameters, whereas 
different letters indicated there was a statistically significant difference between treatments. Data are 
mean ± standard deviation.
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Figure 26 Experiment 2. Changes in weight (%) and live surface area (%) in the four urchin density 
treatments. Upper- or lower-case letters distinguished columns from different parameters, whereas 
different letters indicated there was a statistically significant difference between treatments. Data are 
mean ± standard deviation.
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Figure 27 Experiment 3. Changes in weight (%) and live surface area (%) in the three experimental 
treatments. Upper- or lower-case letters distinguished columns from different parameters, whereas 
different letters indicated there was a statistically significant difference between treatments. Data are 
mean ± standard deviation.
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Table 9 Experimental design and changes in the number of crabs and urchins during Experiment 3. In each cage there was one colony of Platygyra carnosa. NA, not 
applicable because no crabs were enclosed. *, data for these two cages were not used in analyses due to reasons provided in Results.

Cage
Treatment/
Replicate

Design
Number of crabs Number of urchins

beginning day 27 end (day 56) beginning day 27 end (day 56)
1 1/1 2 urchins NA NA NA 2 2 2
2 1/2 2 urchins NA NA NA 2 2 2
3 1/3 2 urchins NA NA NA 2 1 1
4 1/4 2 urchins NA NA NA 2 2 1
5 2/1 2 urchins + 2 crabs 2 1 1 2 0 0
6* 2/2 2 urchins + 2 crabs 2 0 0 2 0 0
7 2/3 2 urchins + 2 crabs 2 1 1 2 2 1
8 2/4 2 urchins + 2 crabs 2 2 2 2 0 0
9* 3/1 1 rock + 2 urchins + 2 crabs 2 0 0 2 2 2
10 3/2 1 rock + 2 urchins + 2 crabs 2 1 0 2 0 0
11 3/3 1 rock + 2 urchins + 2 crabs 2 1 1 2 0 0
12 3/4 1 rock + 2 urchins + 2 crabs 2 2 1 2 1 1

89



Figure 28 A rock coated with fouling organisms to be collected for use in Experiment 3.
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Figure 29 A photograph showing one of the cylindrical cages used in field experiments.
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Figure 30 A photograph taken during a preliminary field experiment showing that T. pyrmna trying
to break the urchin test when most of the spines had been removed.
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Chapter 5

General Discussion

Hong Kong provides a marginal marine environment for coral growth due to 

its high latitudes. As a result, Hong Kong corals do not form true reefs but 

dispersed coral communities along some shores. However, these local coral 

communities might serve as an important coral reservoir because of its 

adaptations to extreme climate for coral growth. Therefore, there is a need to 

understand these coral communities’ conditions and their growth patterns. They 

can serve as a reliable reference for the government to implement well-rounded 

conservation policies. 

 Although Hong Kong accommodates only coral communities, they have a 

high biodiversity up to 84 hard coral species of 28 genera (Chan et al.,2005). In 

the baseline study (Chapter 2), 33 study sites, which have been regular reef check 

sites since 2000, were surveyed. 2640 quadrat photos taken along transects at 

these 33 sites were investigated and identified down to genus level. 22 coral 

genera were identified in this study, of which Pavona, Porites and Platygyra had 

the highest distribution among all genera. The highest benthic composition was 

consisted of hard coral (30.5%) followed by rock (28.4%) and sand (20.4%). 

Based on their genus and the corresponding growth form, 33 sites have been 

categorized into 4 different conservation classes according to Edinger and Risk 

(2000). Each conservation class had different conservative values. As a result, Bap

Lap Tsai, Wong Yeh Kok, A Ma Wan, Sharp Island North, Bluff Island and Nine 

Pin were concluded to have the highest conservation value among all 33 study 

sites.

Aside from benthic composition, correlation between hard coral coverage 

and environmental parameters as well as biological factors were also examined. It 

was found that hard coral coverage was negatively correlated to organic matter, 

nitrogen, and phosphorus depositary rates. These results demonstrated the higher 

the nutrient level in water, the higher possibility it could bring adverse influence 
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on coral growth or survival. Also, the effect of long-spined sea urchin was studied,

one of the most common bioeroders found in certain local waters. Number of 

urchins showed a negative correlation to the coral coverage which suggested a 

possibility of carallivory by urchins. Another experimental study, see chapter 4, 

was conducted to explore this hypothesis. 

In Chapter 3, demography of Hong Kong coral communities was analyzed. 

In general, histograms of coral size frequency distribution showed a high positive 

skewness in most study sites. A positive skewness suggested a distribution with 

relatively few large sized coral colonies but dominated by small sized corals. 

Despite the dominance of small sized corals, low number of recruitment sized 

corals (5cm) were recorded. Although some sites showed a less skewed tendency, 

i.e. Coral Beach, Tai Mong Tsai, Hoi Ha Wan Pier, positive skewness with few 

recruitment sized corals were found common across all study sites. According to 

this, it was concluded that most study site might be undergoing a slow 

development or even a diminishing phase. Apart from site-wise examination, we 

also investigated the most abundant coral genera, i.e. Porites, Pavona and 

Platygyra. The integration of size distributions of 33 sites were focused which 

might be indicating a genus-specific characteristic instead of being site/regional-

specific. 

Apart from the above, among 4 most common coral growth forms in Hong 

Kong, massive corals were dominated. They are likely to outcompete other 

growth forms in the future. Corals of massive growth form had an even 

percentage over small, medium and large colony size class as well as the highest 

proportion among all forms of corals. On the contrary, the most nutrient sensitive 

but fast-grow branching corals were of the least portion. This might reveal that the

water quality in Hong Kong could be a concern for coral growth since branching 

corals are the not as stress-resistance as massive coral as discussed in Chapter 3. 

Branching corals are important for reef function due to their structural complexity.

On the other hand, massive corals are slow-growing which provide less structural 

complexity. These suggested that Hong Kong coral communities were undergoing

a slow development. Together with the influence of bioerosion, the outlook of 

coral community development was not optimistic. 
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Since a negative correlation between the number of sea urchins and coral 

coverage was revealed, sea urchin-induced bioerosion was investigated in-depth 

in Chapter 4. An experimental set-up was carried out to quantify the damages that 

long-spined sea urchin brought, in terms of coral bioerosion and coralliory. 

Furthermore, we also suggested that the crab Thalamita prymna, might protect the

corals from the urchin. It was concluded that urchins could be important 

corallivores which caused removal of live coral surface tissue when they reached 

a high density. Therefore, attention should be paid on monitoring urchin density. If

their density exceeds 2.55 individuals per square meter in a coral community, they

could bring coral bioerosion. By maintaining the number of this crab, it might 

protect coral from urchins and even balance the exceeding number of urchins. 

This study not only provided a clear baseline of the benthic composition 

across 33 reef check sites, it also provided insights on the status and outlook of 

Hong Kong coral communities. Such a reliable baseline could serve as a reference

for further study such as long-term monitoring comparison. In addition, relevant 

authorities might take this as a tool to adjust the conservation policy by 

prioritizing limited resources for the best use, such as considering new candidate 

for marine protected zone. In this thesis, it revealed that Hong Kong coral 

communities were not of an optimal status where communities were not 

developing or even degrading. Environmental parameters such as nutrient level 

and biological threat, hampered the growth or even the survival of corals. The 

current condition raised an urgent need for better management of our waters and 

corals. 

 Last but not least, our study showed that the water quality was a main 

concern for Hong Kong corals’ health. Dominance of massive corals indicated 

that the marine environment allowed more stress-tolerant corals to grow while 

water quality-sensitive branching corals tended to be uncommon in Hong Kong 

coral communities. This situation could lead to a low community structural 

complexity and coral diversity. 

In short conclusion, this study has demonstrated a thorough substrate 

composition baseline of 33 sites in Hong Kong. Further, the second chapter also 

revealed that coral coverage might also be affected by depositary nutrient level 
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and biological factor. Demographic survey suggested that Hong Kong corals 

tended to be relatively small with low recruitment rates. Also, massive corals were

dominated at most sites which indicated a low structural complexity. Bioerosion 

chapter showed that sea urchin, which was reported to be beneficial for coral 

settlement elsewhere, could be an important bioeroder at a high density. 

There is an urgent need to improve the water quality in terms of nutrient 

level in order to provide a better environment for coral growth. Short-term and 

long-term monitor should be conducted in the future in order to keep track of the 

condition of coral communities in Hong Kong. On top of this, bioerosion and 

corallivory were the issues that needed to be concerned and tackled. Aside from 

Thalamita pyrmna, other potential urchin predators should also be studied in order

to control urchin numbers in Hong Kong.
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