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Abstract 

Coral communities play critical roles in the marine ecosystem as habitats and food 

sources to support a variety of life. Massive coral destruction by corallivory has been reported 

since 1998. Among the corallivorers in Hong Kong waters, the sea urchin Diadema setosum 

and the snail Drupella rugosa are common and have been studied. Several corallivorous 

nudibranch species have been recorded from Hong Kong, but their corallivory and the impact 

of this small group of nudibranchs are poorly known. To fill in this knowledge gap, this study 

aimed to determine the diversity, distribution, host-specificity, impact, and potential biological 

control of corallivorous nudibranchs in Hong Kong.  

In field surveys covering a total of 56 sites, I found four species of corallivorous 

nudibranch: Phestilla fuscostriata feeding on the leave coral Pavona decussata, Phestilla 

goniophaga feeding on several species of the flowerpot coral Goniopora, Phestilla 

melanobrachia feeding on several genera of the tree coral family Dendrophylliidae, including 

Tubastraea and Dendrophyllia , and Phestilla subodiosa feeding on the pore coral Montipora. 

Among the four species of coral-eating nudibranchs, P. subodiosa, a tiny species with a length 

of ~3.5 mm in the adults, was rarely found, therefore was not quantified. Only P. fuscostriata, 

P. goniophaga and P. melanobrachia were enumerated in the field, with very low mean 

densities:  0-0.050m-2 for P. fuscostriata, 0-0.001m-2 for P. goniophaga:, and  0.002-0.004m-2 

for P. melanobrachia. No seasonal changes in nudibranch density were found in my study. P. 

fuscostriata and P. goniophaga were found in both sheltered and exposed habitats, but P. 

melanobrachia was found in exposed habitats only. 

For P. melanobrachia, previous studies reported only black and orange colour morphs 

and they feed on non-reef forming genera of Dendrophylliidae that live in relatively deep 

waters. In this study, I discovered a beige morph of P. melanobrachia that fed on the disc coral 

Duncanopsammia peltata (Dendrophylliidae) in shallow waters, indicating that this species can 

utilise members of Dendrophylliidae in both shallow-water and deep-water as its prey, 

therefore this species has a broader food spectrum than previously thought. Moreover, a 

previous study found P. subodiosa on Montipora colonies in an indoor aquarium. In this study, 

I discovered Montipora-eating P. subodiosa in the field for the first time and provided 

morphological description that supplement for the type specimens, especially in the coloration 

pattern and larval development. I also found that the four species of corallivorous nudibranchs 

exhibit different levels of host specificity: while P. fuscostriata and P. subodiosa was found to 

feed on Pavona decussata and Montipora peltiformis respectively, P. goniophaga was found 
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to feed on Gonipora spp., and P. melanobrachia was found to feed on several genera of the 

family Dendrophylliidae including Tubastraea, Dendrophyllia and Duncanopsammia.  

My laboratory experiment showed that the feeding rate of the corallivorous nudibranch 

on their most favoured host varied with their body sizes: 1.44-8.33 polyps/day/individual in P. 

goniophaga; 0.10-2.75 polyps/day/individual in P. melanobrachia; 0.031 polyp/day/individual 

in P. fuscostriata; and 3.2 polyps/day/individual in P. subodiosa:). Due to their small body 

sizes and small feeding rates, P. fuscostriata and P. subodiosa should not be able to cause 

significant harm on their respective host coral, but aggregates of the large sized P. goniophaga 

and P. melanobrachia should be able to remove large area of coral tissues. My laboratory 

culture experiment showed that the shortest time it took for the veliger larvae to settle was in 

general shorter and more variable among the species:  1 day for P. goniophaga, 2 days for P. 

melanobrachia, 3 days for P. fuscostriata, and 6 days for P. subodiosa. Also, the chemical cues 

released from their host can induce the larval metamorphosis of P. goniophaga, P. 

melanobrachia and P. subodiosa; but in P. fuscostriata the inductive effect of chemical cues 

was not clearly demonstrated. I also conducted field and laboratory experiments to determine 

the potential predators of the corallivorous nudibranchs. In the field, I only found predation of 

the P. goniophaga egg masses by Chocolate hind Cephalopholis boenak; I did not observe 

predation of the egg masses or adults of other nudibranchs. In the laboratory, I found that 

Cephalopholis boenak and Scissortail sergeant Abudefduf sexfasciatus attacked the adults of P. 

goniophaga and P. melanobrachia, respectively. Although they did not ingest the nudibranchs, 

the preys were found dead after the attacks. I also found that eight-banded butterflyfish 

Chaetodon octofasciatus ingested the adults of P. subodiosa, Chaetodon octofasciatus and 

pearl-spot chromis Chromis notata were found to feed on P. fuscostriata in the laboratory. 

Overall, my study indicates that aggregates of the bigger P. goniophaga and P. 

melanobrachia are capable to cause significant impact on the coral colonies, but P. fuscostriata 

and P. subodiosa are too small to exert significant impact on coral health. The natural fish 

communities have the potential to keep the nudibranch populations in check, but further studies 

should be conducted to understand the drivers of population changes in corallivorous 

nudibranchs. Coral community survey programmes, such as Reef Check Hong Kong, should 

include corallivorous nudibranch as one of the indicators in order to better conserve coral 

communities in Hong Kong. Management actions may be warrant should there be outbreaks 

of corallivorous nudibranchs in the future. 
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Chapter 1 General Introduction 

1.1. Importance of Coral Ecosystems 

Coral ecosystems are highly diverse and productive ecosystems in tropical and 

subtropical oceans. They have many important functions: a repository of carbon in the global 

carbon cycle, spawning, nursery and living grounds for many economically important species, 

protectors of coastlines from storm damage, and a potential source of natural chemical 

substances of medical importance. Coral ecosystems have been a focus of ecological research 

in recent decades around the world because of their vulnerability to natural and anthropogenic 

disturbances such as coastal development, overfishing, pollution, global warming, ocean 

acidification and bleaching (Hughes et al., 2003). 

 

1.2. Hong Kong Coral Communities 

High latitude coral communities, including those in Hong Kong, are of special scientific 

interest due to their potential to serve as climate change refuges for tropical coral species 

(Glynn, 1996; Beger et al., 2014). Studying high latitude coral communities that are living in 

marginal environments will aid informed management of coral ecosystems (Riegl, 2003; 

Goodkin et al., 2011). In Hong Kong, despite the small marine area (1600 km2), coral diversity 

remains high, especially in the eastern waters where the influence of freshwater discharge from 

the Pearl River is limited (Morton & Morton, 1983; DeVantier & McCorry, 2003; Lun, 2003; 

Chan et al., 2005; Chow et al., 2016). A total of 84 species of hard corals (Ang et al., 2004; 

Chan et al., 2005), 67 species of soft corals and gorgonians (Fabricius & McCorry, 2006; 

Yeung et al., 2014; Environmental Bureau, 2016), and over 200 species of coral-associated 

fish (Sadovy & Cornish, 2000) have been reported from local waters. Reef Check surveys 

reported that local coral communities are in general healthy. Nevertheless, coral communities 

in Hong Kong have been reported to face various threats such as coastal development, 
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sedimentation and pollution (e.g., Morton & Morton, 1983; Morton, 1994; Hodgson & Yau, 

1997; Ang et al., 2004; Lam et al., 2015; Duprey et al., 2016). In recent years, coral bioerosion 

by the sea urchin Diadema setosum (Lam et al. 2007, Dumont et al. 2013, Qiu et al. 2014, Xie 

et al. 2016) and coral bleaching (McCorry 2002, Xie et al. 2017) have also been identified as 

potential threats to corals in Hong Kong. 

 

1.3. A Need for this Study 

Recognizing the threats to local corals, the Government Hong Kong Special 

Administrative Region has identified corals as one of the five priority groups for which species 

action plans will be formulated in its Biodiversity Strategy and Action Plan (BSAP) 2016-

2021 (Environment Bureau, 2016). The corals of Hong Kong have been studied extensively 

since the 1980s, covering many areas of coral biology such as taxonomy, distribution, 

community composition, bioindicators of pollution, embryonic development and recruitment 

(e.g., Morton, 1994; McCorry, 2002; Lam & Morton, 2003; Ng & Morton, 2003; Fabricius & 

McCorry, 2006; Lam et al., 2007; Morton & Blackmore, 2009; Benayahu & Fabricius, 2010; 

Yeung et al., 2014; Chui & Ang, 2015; Lam et al., 2015; Duprey et al., 2016). Nevertheless, 

very limited information is available on corallivory, an important force that can tip the balance 

between reef growth and destruction (reviews by Rotjan & Lewis, 2008; Enochs & Glynn, 

2017; Rice et al., 2018). 

 

Corallivory refers to the eating of coral tissue, skeleton and mucus by animals (Rice et 

al., 2018). Some corallivores such as the coral crab Trapezia spp. can defend the hosts against 

predators; they mainly feed on coral mucus and will unlikely cause appreciable coral damage 

(McKeon & Moore, 2014). Other corallivores can cause substantial tissue removal. For 

instance, fish corallivory can consume 13.5 kg live coral m–2 yr–1 (Bellwood et al., 2003), and 
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an individual of the crown-of thorn starfish A. planci can remove 5 to 6 m2 coral tissues yr–1 

(Birkeland, 1989). Because corallivores often prey on corals repeatedly, they exert a chronic 

stress which may affect the growth, reproduction of corals (Rotjan & Lewis, 2008; Enochs & 

Glynn, 2017; Rice et al., 2018). A number of studies have shown that prevention from access 

by corallivores can enhance coral growth (Lenihan et al., 2011; Shantz et al., 2011; Hamman, 

2018), indicating corallivory can exert negative effects on coral growth. Regenerated coral 

colonies from damaged ones had significantly lower percentages of fertile polyps than healthy 

ones (Rinkevich & Loya 1989), and some fish specialize in feeding on coral polyps with more 

gonads, indicating corallivory can reduce coral reproductive output (Rotjan & Lewis 2008).  

 

Furthermore, corallivory can interact synergistically with other stressors. For instance, 

coral bleaching events often reduce the fitness of corals, which may make corals more 

susceptible to predation (Rotjan & Lewis 2008). In addition, the wounds generated by 

corallivory may invite pathogens attack to further compromise coral heath (Nicolet et al. 2018). 

Given the potential that the various threats to coral reefs can interact to escalate the damage, it 

is thus imperative to understand corallivory and its controlling mechanisms.  

 

1.4. Related Overseas Studies  

Nudibranchs are shell-less marine gastropods classified in the order or suborder of 

Nudibranchia. As a diverse group with >3,000 species, nudibranchs commonly inhabit various 

coastal habitats including corals (Turnbull, 2016). While some nudibranchs are grazers feeding 

on algae attached on solid surfaces, most nudibranchs are predators of various animals such as 

hydroids, bryozoans, corals and even small fish. 
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Several species of nudibranchs are known as corallivores (Rotjan & Lewis, 2008; Enochs 

& Glynn, 2017): Aeolidia edmondsoni (accepted name in WoRMS: Phestilla sibogae) feeds 

on Porites in Hawaii (Ostergaard, 1955); Phestilla melanobranchia feeds on Tubastrea in 

tropical western Pacific (Robertson, 1970; Dalton & Godwin 2006); and Phestilla minor 

consumes Porites in tropical western Pacific and western Indian Ocean (Ritson-Williams et al., 

2003). Furthermore, an undescribed species of Phestilla has been reported to consume 

Goniopora (Faucci et al., 2007). These previous studies thus have mainly found that various 

species Phestilla are predators of Porites, Tubastrea or Goniopora. Field observation and 

laboratory studies have revealed the specificity between corals and their nudibranch predators, 

with a particular species of Phestilla feeding on only one genus of coral, which implies host 

shift associated with speciation (Faucci et al., 2007).  

 

Some nudibranchs can be voracious predators, with an individual consuming up to 6.4 

cm2 coral tissues per day (Haramaty, 1991). In indoor aquaria where natural predators are 

missing, it has been observed that Phestilla can build up a population quickly and eventually 

kills Porites colonies (Gochfeld & Aeby, 1997; Faucci et al., 2007). Together with the fact the 

nudibranch outbreak has not been reported in the natural environment, this laboratory result 

implies that, in healthy reefs, the abundance of nudibranchs may be controlled by predators. 

Field observation and laboratory experiments found that fishes (i.e., the carnivorous wrasse 

Thalassoma duperrey and the omnivorous butterflyfish Chaetodon auriga), crabs (Pilodius 

aerolatus, Thalamita sp. and Phymodius monticulosus) and mantis shrimp (Gonodactylus 

falcatus) feed on P. sibogae and support the hypothesis that these predators control the 

nudibranch population in the field (Gochfeld & Aeby, 1997).  
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In addition to directly removing coral tissues, Phestilla spp. can promote the 

transmission of coral disease. Following the predation of the coral Turbinaria mensenterina 

by Phestilla sp. in Australia, the wound was quickly infested by various microbes including 

rod-shaped and filamentous bacteria and ciliates including Paramecium, causing further tissue 

decade (Dalton & Godwin, 2006). 

 

Given the forth-mentioned potential adverse impacts posed by corallivorous nudibranchs, 

Enochs & Glynn (2016) stated that “These small, cryptic, and poorly known corallivores 

should therefore not be dismissed as unimportant to reef ecosystem health, and further 

investigation is necessary”. 

 

1.5. Related Studies Undertaken in Hong Kong 

Previous studies of corallivory in local waters have focused on the gastropod Drupella 

rugosa and the long-spined sea urchin Diadema setosum. Lam et al., (2007) suggested that 

feeding of the gastropod Drupella rugosa on coral tissue might expose the skeleton of 

Platygyra carosa to bioerosion by Diadema setosum, leading to severe external bioerosion, 

especially at the base of the colony. However, laboratory experiments showed that Drupella 

rugosa did not feed on Platygyra carnosa or the other three species of massive corals 

(Leptastrea purpurea, Pavona decussata and Favia speciosa) tested (Morton, 2002). Further, 

field surveys indicated that aggregations of Drupella rugosa were rare and “pose little, if any, 

threat to local coral communities” (Morton & Blackmore, 2009). Recent studies have found 

that, even without the presence of Drupella, D. setosum can cause substantial damage by 

removing live tissues and coral skeleton, especially those of Platygyra carnosa (Dumont et al., 

2013; Qiu et al., 2014).  
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Nudibranchs in Hong Kong waters have been studied since the 1980s by a number of 

biologists. Among the earlier publications are several checklists (Orr, 1980; Tsi & Ma 1982, 

Jensen, 1985), and a colour book that includes 54 species (Orr, 1981), and an account on their 

biogeography (Jensen, 1998). Brian Darvell collected opisthobranchs extensively from Hong 

Kong in the 1980s and deposited the specimens in the Australian Museum, Sydney. Based on 

this collection, Rudman & Darvell (1990) estimated that there are a total of 230 species 

opisthobranchs including nudibranchs in Hong Kong. However, among these 230 species, only 

46 species of dorid nudibranchs in the families Goniodorididae, Onchidorididae, Polyceridae 

(Triophinae), Gymnodorididae and Chromodorididae have been formally reported (Rudman 

& Darvell, 1990).  

 

Despite the forth-mentioned studies of nudibranchs, little is known about their potential 

to consume coral in local waters. The only formal publication on this issue is a brief report 

(Wong et al., 2017), which revealed that the nudibranch Tenellia sp. consumed the tissues of 

the hard coral Pavona decussata. They discovered the nudibranch on transplanted coral 

fragments of P. decussata in Chek Chau. Subsequently they observed this nudibranch as well 

as its feeding scars on natural P. decussata colonies. They also found their egg clutches on the 

coral colonies. In the laboratory they found that “high densities (>1 individual cm–2) of Tenellia 

caused rapid and heavy mortality of P. decussata colonies”.  

 

Previous studies in our laboratory indicated the nudibranch identified as Tenellia sp. by 

Wong et al., (2017) should belong to Phestilla. Hu et al. (2020a) conducted detailed 

morphological and molecular phylogenetic analyses showed that this Povona-eating 

nudibranch was an undescribed species, thus they described it as Phestilla fuscostriata. Hu et 

al. (2020b) also conducted detailed morphological and phylogenetic analyses of a nudibranch 
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that was found to feed on Goniopora in the field. They described the species as Phestilla 

gioniophaga.  I was involved in Hu et al. (2020b) by contributing to field observation. In both 

papers, the authors also described the larval development. However, there was no detailed 

study of the larval and adult substrate preference, or determination of the predators of these 

nudibranchs. 

 

Given the knowledge gaps mentioned above, I conducted comprehensive field and 

laboratory studies of corallivorous nudibranchs in local waters. My field surveys covered a 

total of 56 sites, which aimed to determine the diversity, distribution, and host association of 

corallivorous nudibranchs. In the laboratory, I studied the host preferences of the adults and 

larval and determined the feeding rates of the adults on their host corals. I also conducted field 

and laboratory experiments to determine the potential predators of corallivorous nudibranchs. 

Overall, my study will fill in a gap of knowledge in the diversity and ecological function of 

nudibranchs in local coral communities and will lay a foundation for management of these 

coral predators. 
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Chapter 2 Biodiversity, Spatial and Temporal Variation of 

Corallivorous Nudibranchs in Hong Kong waters 

2.1 Introduction 

Hong Kong has high diversity of scleractinain corals that mainly distributed in eastern 

waters (Chan et al., 2005; Goodkin et al., 2011). The reef building species inhabit in shallow 

and confined area (Morton, 1994) due to the photosynthesis in need. the non-reef building 

species do not require the light for photosynthesis, but they are heterotrophic to lead living in 

deeper and exposed area (Lam et al., 2008). Due to the monsoon, ocean currents changing and 

freshwater discharge, the temperature and salinities of Hong Kong waters varied from 14 to 

31°C and salinities 24 to 25 psu (Tang & Ni, 1996; Lee & Liu, 1998).  

According to the previous studies, there were four corallivorous nudibranchs occur in 

Hong Kong waters. They are Porites eating Phestilla lugubris (Bergh, 1870), Dendrophylliidae 

eating P. melanobrachia Bergh 1871, Goniopora eating P. goniophaga Hu et al, 2020, Pavona 

eating P. fuscostriata Hu et al, 2020 (Orr, 1981; Morton & Morton, 1983; Jensen, 1998; Wong 

et al., 2017; Hu et al., 2020a 2020b). Based on my personal observation in diving experience. 

P. melanobrachia and P. goniophaga are common in local waters, they usually aggregate on 

one coral colony by two to three individuals. They had been spotted due to apparent feeding 

scar or egg masses. However, it should be not high density because I usually found one to three 

individuals in a dive.  

Previous studies mainly focus on the host specificity of several Phestilla spp. including 

the feeding rate, diet preference, settlement preference. (Ritson-Williams et al., 2003 2007 

2009). There are no previous studies that investigate the seasonality, spatial distribution, and 

reproduction season. Since we do not know the impact of Phestilla spp. on local coral 

communities, Therefore, the comprehensive survey of Phestilla spp. in local waters is 
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necessary. The survey will cover the sheltered and exposed sites that are the habitat for reef 

building and non-reef building scleractinain corals, respectively. The selected sites are mainly 

at eastern waters since higher coverage of scleractinain coral occur there. Quantitative survey 

will be conducted in both wet and dry seasons to determine the abundance of the nudibranchs 

and egg masses in the field. Besides, qualitative survey will also be conducted to maximise the 

sites number and increase the possibility of new findings. This survey will provide the insight 

about the spatial and temporal variation in distribution, and reproduction season.  

 

2.2 Materials and Methods 

2.2.1 Quantitative survey  

The survey was conducted once in wet season (April to Sept) and dry season (Oct to Mar) 

by two SCUBA divers from 2020 to 2021. Selected sites were shown in Fig 2.1 and the detail 

was listed in Table 2.1. 100m transect was laid down (3-5m: habitat (8 sites) for Phestilla 

fuscostriata and Phestilla goniophaga; 15-17m: habitat (6 sites) for Phestilla melanobrachia) 

parallel to shoreline and divided into 4 sections, 20m each section and 5m interval between 

sections. The number of nudibranchs and egg were counted by belt transect method, 1m 

distance to transect each side. The data was expressed as mean density (individuals m-2). 

 

2.2.2 Qualitative survey 

29 sites and 22 sites (Fig 2.1; Table 2.2) were surveyed in wet season (April to Sept) and 

dry season (Oct to Mar) by two SCUBA divers from 2020 to 2021, respectively. The sites were 

actively searched for the nudibranchs and eggs and the coral associated with nudibranchs and 

egg. The number of nudibranchs were recorded. The duration was 45-60mins. The data was 

expressed as presence and absence.  
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2.2.3 Reproduction Period 

The encountered egg masses were recorded during quantitative and qualitive survey in 

both wet and dry season. The data was transformed to presence and absence. The data was then 

calculated by total number of presences divided by total number of dives in both wet and dry 

season. The results were expressed as probability of encounter. 

 

2.2.4 Statistical analysis 

The mean density of corallivorous nudibranchs from quantitative data was analysed by 

season and region using two ways-ANOVA if the data did not meet the assumptions of two 

ways-ANOVA, Kruskall Wallis test was then applied. The analysis was performed using SPSS 

17.0. The occurrence of corallivorous nudibranchs from combined quantitative and qualitive 

data was expressed as encounter probability that the percentage showing the number of 

encounters in total of the number of dives in total each season. For the reproduction period, the 

occurrence of egg masses of corallivorous nudibranchs from combined quantitative and 

qualitive data was expressed as encounter probability that the percentage showing the number 

of encounters in total of the number of dives in total each season. 

 

2.3 Results 

2.3.1 Spatial and Temporal Variation of Density of Corallivorous 

Nudibranchs 

In the field survey, I encountered three nudibranch species which were P. fuscostriata, 

P. goniophaga and P. melanobrachia (Fig 2.2). In quantitative survey (Fig 2.3), 0 m-2of P. 

fuscostriata, 0.001±0.001 m-2 of P. goniophaga and 0.004±0.002 m-2 of P. melanobrachia were 

found in wet season. 0.050±0.033 m-2 of P. fuscostriata, 0 m-2 of P. goniophaga and 
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0.002±0.002 m-2 of P. melanobrachia were found in dry season. The results of Kruskall Wallis 

test revealed the density of three nudibranch species had not significantly seasonal difference 

(Table 2.3). In sheltered habitat, 0.058±0.038 m-2of P. fuscostriata, 0.002±0.001 m-2 of P. 

goniophaga and 0 m-2 of P. melanobrachia were found. In exposed habitat, 0 m-2of P. 

fuscostriata, 0 m-2 of P. goniophaga and 0.005±0.002 m-2 of P. melanobrachia were found. 

The results of Kruskall Wallis test revealed the density of three nudibranch species had 

significantly habitat difference (Table 2.3). P. fuscostriata and P. goniophaga occurred in 

sheltered habitat but P. melanobrachia occurred in exposed habitat.  

 

2.3.2 Spatial and Temporal Variation of Presence of Corallivorous 

Nudibranchs 

Combined with quantitative and qualitative data (Table 2.4-5), three Phestilla species 

also present in both wet and dry seasons. P. fuscostriata and P. goniophaga also can be found 

in both sheltered and exposed habitat. P. melanobrachia presented in exposed habitat only. 

Moreover, Fig 2.4 revealed P. fuscostriata and P. goniophaga mainly occurred at northeast to 

east zone but P. melanobrachia mainly occurred at east to southeast zone.  

 

2.3.3 Reproduction Period (Fig 2.5) 

P. fuscostriata was observed to have similar probability of encounter for egg masses in 

both wet (4.26%) and dry (5.26%) seasons. The probability of encounter for egg masses of P. 

goniophaga in wet (6.38%) season was higher than that in dry (2.63%) season. The egg masses 

of P. melanobrachia was encountered in wet season only that the encounter probability was 

12.77%.  
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2.4 Discussion 

Our field survey found that there is no seasonal difference for the densities of P. 

fuscostriata, P. goniophaga and P. melanobrachia in general. Their densities were not high in 

the field that one to three individuals of P. goniophaga and P. melanobrachia could be usually 

found in 100m transect per site. Sometimes they were absent in the field even a lot of host 

corals inhabited there. The amount is usually huge (>100 individuals) in a Pavona colony while 

P. fuscostriata was present. However, most of time it was absent or very low density in the 

field. Except this study, P. fuscostriata was not reported that present in the field but only found 

from Pavona colonies collected from Hong Kong waters in the aquarium (Wong et al., 2017; 

Hu et al., 2020a). The low density and absence of these nudibranchs in the field resulted the 

data were highly variable. Therefore, the abundances of these nudibranchs do not be influenced 

by the seasonal change. However, there is apparently habitat preference for these three 

nudibranchs based on the data by combining with quantitative and qualitative survey.  P. 

fuscostriata and P. goniophaga were present in both sheltered and exposed habitat since their 

host are zooxanthellate scleratinian Pavona and Goniopora that they also occur in both type of 

habitat but mainly inhabited shallower (<10m) and sheltered area at northern east to east zone 

(Morton 1994). P. melanobrachia is present at exposed habitat because azooxanthellate 

scleratinain dendrophylliids are its common host and mainly occurred at exposed and deeper 

area (10-25m) at east to southern east zone (Lam et al., 2008).  Apart from azooxanthellate 

scleratinain dendrophylliids, I discovered zooxanthellate scleratinain D. peltata is also the host 

of P. melanobrachia. However, D. peltata as a host of P. melanobrachia is not common in the 

field because there was one sighting only in our extensive survey. Therefore, P. melanobrachia 

also can occur in sheltered habitat. Regarding their reproduction period, there was no seasonal 

preference to lay egg masses for P. fuscostriata, but P. goniophaga and P. melanobrachia 

mainly lay egg masses in wet seasons. 
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Figure 2.1 Map showing the sites for quantitative and qualitative surveys. 
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Figure 2.2 Selected photographs showing the nudibranchs in the field. A. A colony of P.  

decussata was feeding by numerous P. fuscostriata; B. Several individuals of P. fuscostriata 

on a fragment of P. decussata; C. One individual of P. goniophaga feeding on G. lobata; D. 

Two individuals of white morph of P. goniophaga feeding on bleached G. columna; E. orange 

morph of P. melanobrachia feeding on D. arbuscula; F. Two individuals of dark green morph 

of P. melanobrachia feeding on T. diaphana. White arrows indicate the nudibranchs.  
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Figure 2.3 Bar charts showing the density of corallivorous nudibranchs in different season 

(A) and different habitat (B). 
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Figure 2.4 Map showing the distribution of three Phestilla spp in Hong Kong waters.  
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Figure 2.5 The probability of encounter of egg masses in the field. 
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Table 2.1 Selected sites for quantitative survey 

No. Region Habitat Site Depth 

1 Northeast Sheltered Crescent island Shallow 

2 Northeast Sheltered Port island Shallow 

3 Northeast Exposed Wong Mau Chau Deep 

4 Northeast Exposed Shek Ngua Chau Deep 

5 East Sheltered Pak Lap Tsai Shallow 

6 East Sheltered Bluff island Shallow 

7 East Sheltered Sharp Island Shallow 

8 East Sheltered Sharp Island East Shallow 

9 East Exposed North Ninepin Deep 

10 East Exposed South Ninepin Deep 

11 Southeast Exposed Pa Pai Deep 

12 Southeast Exposed Sung Kong Deep 

13 South Exposed Shum Wan Shallow 

14 West Exposed Sunshine island Shallow 
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Table 2.2 Selected sites for qualitative survey 

No. Region Habitat Site 

1 Northeast Sheltered A Ma Wan 

2 Northeast Sheltered Kat O 

3 Northeast Exposed Kung Chau 

4 Northeast Sheltered Mun Wan 

5 Northeast Sheltered Nam She Wan 

6 Northeast Sheltered Port island 

7 Northeast Sheltered Port island 2 

8 Northeast Sheltered Sham Wan 

9 Northeast Exposed Shek Ngua Chau 

10 Northeast Exposed Shek Ngua Chau 2 

11 Northeast Exposed Ta Long Pai 

12 Northeast Sheltered Tap Mum 

13 Northeast Sheltered Wu Pai 

14 East Exposed Basalt island 

15 East Exposed Basalt island 2 

16 East Exposed Basalt island 3 

17 East Exposed Basalt island 4 

18 East Sheltered Bluff island 

19 East Exposed Chu La Pai 

20 East Exposed East Dam 

21 East Exposed East Dam 2 

22 East Sheltered Ha Mum Wan 

23 East Sheltered Lobster bay 
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24 East Exposed Long Ke 

25 East Exposed South Ninepin 

26 East Exposed South Ninepin 2 

27 East Exposed Steep island 

28 East Exposed Steep island 2 

29 East Exposed Steep island 3 

30 East Exposed Trio island 

31 East Exposed Trio island 2 

32 East Exposed Trio island 3 

33 East Exposed Tsim Chau 

34 Southeast Exposed Lo Chau 

35 Southeast Exposed Lo Chau 2 

36 Southeast Exposed Lo Chau 3 

37 Southeast Exposed Sung Kong 

38 Southeast Exposed Wang Lang island 

39 Southeast Exposed Wang Lang island 2 

40 Southeast Exposed Wang Lang island 3 

41 South Exposed Shum Wan 2 

42 South Exposed Shum Wan 3 

43 South Exposed Tung O Wan 1 

44 South Exposed Tung O Wan 2 

45 West Exposed Kau Yi Chau 

46 West Exposed Peng Chau 

47 West Exposed Siu Kau Yi Chau 
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Table 2.3 Results of Kruskall Wallis test for spatial and temporal variations of each 

nudibranch in density 

Season P. fuscostriata P. goniophaga P. melanobrachia 

Chi-Square 3.05 0.34 1.28 

df 1 1 1 

Asymp.Sig 0.08 0.56 0.26 

Habitat    

Chi-Square 4.07 4.07 5.54 

df 1 1 1 

Asymp.Sig 0.04 0.04 0.02 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



22 
 

Table 2.4 Summary of nudibranchs present in both quantitative and qualitative survey. + 

indicates presence; - indicates absence. 

  P. fuscostriata P. goniophaga P. melanobrachia 

Season    

Wet  + + + 

Dry  + + + 

    
Habitat 

   
Exposed + + + 

Sheltered + + - 
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Table 2.5 Summary of nudibranchs present in both quantitative and qualitative survey. + 

indicates presence; - indicates absence. 

No. Region Habitat Site P. fuscostriata P. goniophaga P. melanobrachia 

1 Northeast Sheltered A Ma Wan - + - 

2 Northeast Sheltered Crescent island - + - 

3 Northeast Sheltered Kat O - - - 

4 Northeast Exposed Kung Chau - - - 

5 Northeast Sheltered Mun Wan - - - 

6 Northeast Sheltered Nam She Wan - - - 

7 Northeast Sheltered Port island - + - 

8 Northeast Sheltered Port island 2 - - - 

9 Northeast Sheltered Sham Wan + - - 

10 Northeast Exposed Shek Ngua Chau + + + 

11 Northeast Exposed Shek Ngua Chau 2 - - - 

12 Northeast Exposed Ta Long Pai - - + 

13 Northeast Sheltered Tap Mum - - - 

14 Northeast Exposed Wong Mau Chau - - - 

15 Northeast Sheltered Wu Pai - + - 

16 East Exposed Basalt island - - - 

17 East Exposed Basalt island 2 + - - 

18 East Exposed Basalt island 3 - - - 

19 East Exposed Basalt island 4 - - - 

20 East Sheltered Bluff island - + - 

21 East Exposed Chu La Pai - - - 

22 East Exposed East Dam + + - 

23 East Exposed East Dam 2 - - + 

24 East Sheltered Ha Mum Wan - - - 

25 East Sheltered Lobster bay - - - 

26 East Exposed Long Ke - - - 
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27 East Exposed North Ninepin - - + 

28 East Sheltered Pak Lap Tsai - - - 

29 East Sheltered Sharp Island + - - 

30 East Sheltered Sharp Island East + - - 

31 East Exposed South Ninepin - - + 

32 East Exposed South Ninepin 2 - - + 

33 East Exposed Steep island - - + 

34 East Exposed Steep island 2 - - - 

35 East Exposed Steep island 3 - - - 

36 East Exposed Trio island - - + 

37 East Exposed Trio island 2 - - - 

38 East Exposed Trio island 3 - - - 

39 East Exposed Tsim Chau - - - 

40 Southeast Exposed Lo Chau - - + 

41 Southeast Exposed Lo Chau 2 - - - 

42 Southeast Exposed Lo Chau 3 - - - 

43 Southeast Exposed Pa Pai - - + 

44 Southeast Exposed Sung Kong - - - 

45 Southeast Exposed Wang Lang island - - + 

46 Southeast Exposed Wang Lang island 2 - - - 

47 Southeast Exposed Wang Lang island 3 - - - 

48 South Exposed Shum Wan - - - 

49 South Exposed Shum Wan 2 - - - 

50 South Exposed Shum Wan 3 - - - 

51 South Exposed Tung O Wan - - - 

52 South Exposed Tung O Wan 2 - - - 

53 West Exposed Kau Yi Chau - - - 

54 West Exposed Peng Chau - - - 

55 West Exposed Siu Kau Yi Chau - - - 

56 West Exposed Sunshine island - - - 
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Chapter 3 New Colour Morph of Phestilla melanobrachia 

found in the field 

3.1 Introduction 

The superfamily Fionoidea Gray, 1857 (Gastropoda: Nudibranchia) is one of the most 

diverse groups of nudibranchs which includes 21 families, 52 genera and 324 species 

(MolluscaBase, 2020). Recent molecular phylogenetic studies have provided insights into the 

systematic relationship of this clade, but there are still some unresolved issues (Carmona et al., 

2013; Cella et al., 2016; Korshunova et al., 2017, 2021).  When the phylogenetic relationship 

between the genera in this superfamily is considered, one area of uncertainty is whether the 

genera Catriona Winckworth, 1941, Phestilla Bergh, 1874, Trinchesia Ihering, 1879 and some 

species under Cuthona Alder & Hancock, 1855 should be incorporated into the genus Tenellia 

A. Costa, 1866. This classification scheme was proposed by Cella et al. (2016), based on the 

results of phylogenetic analyses using two mitochondrial and one nuclear gene markers. Their 

results suggested that the expanded Tenellia formed a clade with a strong support, but 

Korshunova et al. (2017) argued that, while the proposed changes were supported by molecular 

evidence, they largely omitted morphological, ontogeny and ecological evidence, a limitation 

also mentioned by Cella et al. (2016). Several later studies of Phestilla all agreed with 

Korshunova et al. (2017) on the basis of morphological, dietary and molecular evidence 

(Goodheart et al., 2017; Hu et al., 2020a, b; Mehrotra et al., 2020; Wang et al., 2020). Therefore, 

in this study we consider Phestilla as a valid genus. 

The genus Phestilla (Trinchesiidae) is a small group of nudibranchs that feed on 

scleractinian corals (Mehrota et al., 2020); the only exception is P. chaetopterana, which lives 

inside the tube of an annelid (Ekimova et al., 2019). Morphologically, members of this genus 

are characterized by the absence of cnidosacs at the large granular cerata tips (Rudman, 1981). 
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They flourish in the tropical and subtropical waters of the Indo-Pacific region along with their 

coral hosts (Faucci et al., 2007; Goodheart et al., 2017; Fritts-Penniman et al., 2020). Previous 

studies have reported corallivory of Phestilla on seven genera of scleractinian corals: 

Dendrophyllia, Gardineroseris, Goniopora, Montipora, Pavona, Porites and Tubastraea 

(Gosliner et al., 2018). Experimental tests of dietary preference revealed that the different 

species of nudibranchs in this genus each favoured a particular coral species or genus (Ritson-

Williams et al., 2003). With regard to the specialization of Phestilla, coral association is not 

only reflected in the diet of the adults, but also in other life stages. Mature individuals typically 

reside on their coral host for the entire adult life and exhibit only limited mobility (Krug, 1999). 

Adults usually aggregate, mate and lay eggs on the same host that is large enough to 

accommodate a small colony of nudibranchs (Hu et al., 2020a, 2020b; Wang et al., 2020). 

Hatched veliger larvae respond to the chemical signals of the particular coral host to 

metamorphose and settle (Ritson-Williams et al., 2007 2009). The fidelity of Phestilla to 

specific coral species or genus has made them an ideal group of molluscs to study host shift as 

a factor modulating speciation (Faucci et al., 2007).  

Currently there are 11 valid species of Phestilla around the world (Hu et al., 2020; 

Mollucabase, 2021). Four Phestilla spp. have been recorded in Hong Kong and these are P. 

lugubris (Bergh, 1870), P. melanobrachia Bergh, 1874, P. fuscostriata Hu et al., 2020 and P. 

goniophaga Hu et al., 2020 (Morton & Morton 1983; Hu et al., 2020a, 2020b). While P. 

melanobrachia and P. lugubris have been widely reported from the tropical Pacific (Harris, 

1968; Faucci et al., 2007), P. fuscostriata and P. goniophaga have been reported only from 

Hong Kong (Hu et al., 2020a, 2020b).  

In 2020, several beige coloured Phestilla were observed feeding on Duncanopsammia 

peltata (Former name: Turbinaria peltata) and laying eggs on a coral skeleton in the waters off 

eastern Hong Kong during an underwater survey. To date, no known species of Phestilla has 



27 
 

been reported to use Duncanopsammia as the substrate and prey in the field. Only Dalton & 

Godwin (2006) noted an undescribed Turbinaria-feeding Phestilla sp. in Australia causing 

significant tissue loss in healthy Turbinaria mensenterina fragments in the aquarium. Hence, 

the collected specimens were suspected to belong to an undescribed species.  

I therefore aimed to determine the specific status of the Phestilla individuals feeding 

on zooxanthellate Duncanopsammia peltata through morphological and molecular analyses. 

Our results indicated that these individuals are a new colour morph of P. melanobrachia, and 

previous studies of this species have only revealed that it is a predator of azooxanthellate 

dendrophylliid corals Dendrophyllia and Tubastraea. I, therefore, collected the beige, orange 

and dark green colour morphs of P. melanobrachia and used them to conduct a series of 

experiments in the laboratory, with the aim of determining the dietary spectrum as well as the 

natural history of this nudibranch. 

This chapter had been published in Journal of Molluscan Studies, with the title of New 

observations on the corallivorous nudibranch Phestilla melanobrachia: morphology, dietary 

spectrum, and early development (Yiu, S.K.F., Chung, S.S.W. & Qiu, J.W. (2021). New 

observations on the corallivorous nudibranch Phestilla melanobrachia: morphology, dietary 

spectrum, and early development. Journal of Molluscan Studies, 87, eyab034.). 

 

3.2 Materials and Methods 

3.2.1 Sample collection 

In August 2020, four individuals of a beige coloured Phestilla and their egg mass were 

collected on a Duncanopsammia peltata colony from Trio Island (22°18'04.3"N 114°19'09.0"E) 

at 10 m water depth during an underwater SCUBA diving survey. The specimens were reared 

in an aquarium for observation of their feeding and reproductive behaviour. After performing 

the experiments, they were preserved in 95% ethanol for morphological and molecular analysis. 
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The specimens are deposited the Swire Institute of Marine Science (SWIMS), the University 

of Hong Kong (reg. nos SWIMS-MOL-20-034 to SWIMS-MOL-20-037). On confirmation of 

their identity as P. melanobrachia using molecular markers as shown below, six individuals of 

the orange and dark green colour morphs of P. melanobrachia and their respective host 

dendrophylliid corals were collected from the field in September 2020 by SCUBA from a few 

sites in the eastern waters off Hong Kong. They were also reared in an aquarium for observation 

of their feeding and reproductive behaviour. In addition, single specimens of each of the orange 

and dark green morphs of P. melanobrachia were preserved in 95% ethanol for morphological 

and molecular analysis after performing the experiments; these specimens are also deposited 

in SWIMS (reg. nos: orange morph, SWIMS-MOL-20-038; dark green morph: SWIMS-MOL-

20-039). 

 

3.2.2 DNA extraction, sequencing, and analysis 

Genomic DNA was extracted from the cerata of five specimens (SWIMS-MOL-20-034 

to 036 and SWIMS-MOL-20-038 to 039) using the CTAB method (Stewart & Via, 1993). 

DNA quantity was measured, and purity determined using a NanoDrop ND-1000 

spectrophotometer (Thermo Fisher Scientific, USA). DNA quality was checked by 1% agarose 

gel electrophoresis. The products were processed and submitted to Novogene (Beijing, China) 

for commercial sequencing on an Illumina Novaseq 6000 platform to produce 10 GB paired-

end sequencing data with an average read length of 350 bp. 

Raw sequences were first quality checked using Trimmomatic v. 0.38 (Bolger et al., 2014) 

using the following settings: Illuminaclip: TruSeq2-PE. fa: 2:30,10; leading, 5; trailing, 5; 

slidingwindow, 4:15; MINLEN, 40. Sequence assembly was conducted using SPAdes v. 3.13 

(Bankevich et al., 2012). BLAST+ v. 2.2.26 was used to extract the scaffold outputs that 

matched the mitochondrial cytochrome c oxidase subunit I (COI) and 16S rRNA (16S rRNA), 
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and the nuclear histone H3 (H3) genes from a query file containing the corresponding gene 

sequences of P. melanobrachia downloaded from NCBI’s GenBank. The sequences of these 

three genes in 30 nudibranch species belonging to 12 genera of Trinchesiidae were downloaded 

from GenBank (Table 3.1) for determination of the phylogenetic position of the collected 

specimens. The three genes were aligned separately with MUSCLE v. 3.8.31 (Edgar, 2004) 

and trimmed manually to 658 bp for COI, 436 bp for 16S rRNA and 328 bp for H3, using 

Unipro UGENE v. 36.0 (Okonechnikov et al., 2012). Sequences were concatenated using 

SequenceMatrix v. 1.7.8 (Vaidya et al., 2011) and then maximum likelihood (ML) tree 

reconstruction carried out on the IQ-Tree webserver (http://iqtree.cibiv.univie.ac.at/; Nguyen 

et al., 2015) with 1,500 ultrafast bootstrap pseudoreplicates (Hoang et al., 2017). Model 

selection using ModelTest (Kalyaanamoorthy et al., 2017) within IQ-Tree v. 1.6.12 was carried 

out for each partition of the concatenated sequences, with TVM+F+I+G4 being selected as the 

best model for both COI and 16S rRNA, and TIM2e+G4 as the best model for H3. MrBayes v. 

3.2.7a (Ronquist & Huelsenbeck, 2003) was used to perform Bayesian inference with four 

MCMC chains; each programme run consisted of 10 million generations, sampled every 1,000 

generations with a 25% burnin. Since the model selected for the concatenated dataset by 

ModelTest in IQ-TREE was not available in MrBayes, it was substituted by GTR+I+G, the 

closest over-parameterized model (Huelsenbeck & Rannala, 2004). Pairwise genetic distances 

for the COI, 16S rRNA and H3 genes were estimated with MEGA X (Kumar et al., 2018) 

based on the nucleotide substitution type and using the p-distance method following the 

bootstrap method with 10,000 pseudoreplicates for variance estimation. Rates among sites were 

gamma distributed with invariant sites (G+I) and the gamma parameter was set to 4. A COI 

haplotype network was constructed based on the sequences given in Supplementary Material 

Table S2; this was done using the TCS network in PopART v. 1.7 (Clement, Posada & Crandall, 

2000; Leigh & Bryant, 2015). 
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3.2.3 Morphological analyses 

Specimens and egg masses were photographed using a Canon Mark IV camera (Canon, 

Japan) fitted with an EF 100mm f/2.8L macro lens (Canon, Japan). External morphological 

characteristics and egg masses were examined under a Motic SMZ-171 stereomicroscope 

(Motic, China). Five specimens (SWIMS-MOL-20-034 to 036 and SWIMS-MOL-20-038 to 

039) were dissected to extract the buccal mass and reproductive system. Cerata were also 

collected from the specimens to examine the inner content. The buccal masses were dissolved 

in 20% diluted bleach for 30 min at room temperature to remove connective tissues and muscles. 

The retrieved jaws and the radula were dehydrated with absolute ethanol, dried, coated with 

gold, mounted on a stub, examined and photographed under a LEO 1530 field emission 

scanning electron microscope (SEM) (Zeiss, Germany). The reproductive system was observed 

under the stereomicroscope. All images were edited and annotated with Photoshop CC 2018 

v.19.1.9. 

 

3.2.4 Natural history 

The reproductive seasonality and prey of local P. melanobrachia were described, and the 

egg masses of the beige morph P. melanobrachia were reared to observe its early development. 

The larvae were gently taken out from the jelly ribbon by forceps and maintained in a 1-l plastic 

container with the wall replaced with 50 µm mesh; the container was placed in a 10-l glass tank 

with filtered seawater and aeration. Small colonies of different dendrophylliids were put in that 

1-l beaker to encourage larvae settlement. The water temperature was kept at 24 ± 0.5 °C. The 

status of the larvae was monitored daily.  

 

3.2.5 Potential coral hosts 
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Additional observation of this nudibranch species was made in the field and a preliminary 

laboratory experiment was conducted to determine the potential coral hosts of P. 

melanobrachia. A total of eight species of scleractinian corals (six genera) were used to test 

for the nudibranch’s host fidelity. These consisted of several azooxanthellate dendrophylliids 

(Balanophyllia sp., Cladopsammia sp., Dendrophyllia arbuscula, Tubastraea coccinea, 

Tubastraea diaphana and Tubastraea sp.), one zooxanthellate dendrophylliid 

(Duncanopsammia peltata) and one poritid (Goniopora lobata). Four individuals of each of 

beige (SWIMS-MOL-20-034 to 037), orange (SWIMS-MOL-20-038) and dark green 

(SWIMS-MOL-20-039) morphs of P. melanobrachia were selected for the experiment. The 

beige morph was tested only for its preference for Duncanopsammia peltata and Goniopora 

lobota because none of the four individuals survived long enough for further testing. For the 

other colour morphs, all individuals were tested for their preference for all the coral species 

provided. A fragment/colony of one coral species was placed in an 800-ml plastic container 

covered with mesh, and the nudibranchs were also put in the container. Only one species of 

coral was offered to one colour morph of nudibranch in each experiment. The containers were 

placed in a flow-through seawater aquarium to maintain an ambient water temperature of 24 ± 

0.5 °C. A coral species was considered as a host species if the coral fragment showed evidence 

of tissue loss from predation by the nudibranch after 24–72 h. 

 

3.3 Results 

3.3.1 Molecular analyses 

Three gene sequences were obtained from each of the five sampled specimens of 

Phestilla melanobrachia. Alignment and concatenation resulted in a dataset of 1440 bp (COI: 

658 bp; 16S rRNA: 454 bp; H3: 328 bp). A GenBank MEGABLAST search of our sequences 

revealed the GenBank P. melanobrachia sequence KY129076 to closely agree (99.85%) with 
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and therefore to be conspecific with our samples. Our phylogenetic analyses showed that the 

genus Phestilla formed a monophyletic clade (Fig. 3.1).  Among the ten species of Phestilla 

included in the phylogenetic analysis, P. goniophaga was sister to P. melanobrachia. Together, 

these two species formed a clade that was sister to P. lugubris. The other species of Phestilla 

were more distantly related.  

The p-distances among the five individuals of P. melanobrachia (three beige inds, one 

orange ind. and one dark green ind.) were small for the three genes: 0.9% for COI, 0.2% for 

16S rRNA and 0.3% for H3 (Table 3.1-3.3). A COI haplotype network constructed based on 

P. melanobrachia samples from five locations (Fig. 3.2) showed that the Hong Kong, Palau 

and Papua New Guinea samples were very similar, differing by only 1 bp. The sequences from 

Hawaii, although more divergent, differed by only 4 substitutions from those from other 

localities. 

 

3.3.2 Morphological analyses 

Examined Materials:  SWIMS-MOL-20-034 to SWIMS-MOL-20-039. 

 

The body is elongated and dorsoventrally flattened, with a blade-like foot as broad as the 

width of notum (Figs 3.3, 3.4). Mature living specimens measure up to 4.6 cm in length, 

excluding the cerata. The rhinophores are simple, smooth and stand close together; they are 

similar in length and shape to the oral tentacles. The oral tentacles arise from the edge of the 

rounded oral veil. The cerata are finger-shaped with tapering tips and are densely packed, 

covering the notum while resting; the ceratal region does not extend beyond the rhinophores; 

The cerata are arranged in transverse rows, with a total of 12 rows, each composed of 10–14 

cerata. The cerata are 0.1–1.7 cm in length. The genital aperture and acleioproctic anal opening 
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are located on the right side of the body and lies beneath the fourth and fifth and the sixth and 

seventh ceratal rows, respectively. 

In the beige morph, both the body and cerata are beige, but the tip of the cerata is yellow. 

In the dark green morph, the basal body colour is beige and the cerata are dark green with 

yellow tips. In the orange morph, both the body and the cerata are bright orange. The colour of 

the nudibranch may reflect that of its coral prey, with the pigments obtained from its diet first 

reaching the foot and then the cerata. We have observed all three colour morphs in Hong Kong; 

the beige morph occurs in shallower waters and the orange and dark green morphs in deeper 

waters (Figs 3.3, 3.4). 

In the beige morph, the cerata of the newly collected specimens contains dinoflagellates 

in the apical granular region (Fig. 3.5A, D, G). The dinoflagellates likely originated from the 

zooxanthellae in the host coral, T. peltata, which the nudibranch was feeding on. Based on a 

previous analysis of ITS2 gene sequences (Zhang et al., 2019), T. peltata in Hong Kong 

harbours subclade C1 of Symbiodinium. Fewer dinoflagellates were found in the orange morph 

(Fig. 3.5B, E, H) as compared with the beige morph, while none was found in the dark green 

morph (Fig. 3.5C, F, I). Nematocysts were absent from the apical granular region of the cerata. 

The buccal mass contained a pair of thin and triangular jaws (Fig. 3.6C). The radula formula 

was 31× 0.1.0 (Fig. 3.6A, B), which deviated slightly from that of a previous study (35 × 0.1.0) 

(Rudman, 1981) and may be related to the smaller size of our specimen. Each row of teeth had 

a larger central cusp and five to eight primary denticles on each side and two to five secondary 

denticles between the primary denticles; the number, however, on the left and right sides are 

not always identical (Fig. 3.6B, C). The reproductive system (Fig. 3.6D) consists of an ovotestis, 

a big female gland, an ampulla, a penial bulb and allosperm receptacle, consistent with the 

description of Rudman (1981). Apart from the cerata, the internal morphology of the three 

colour morphs is identical. 
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3.3.3 Natural history 

Phestilla melanobrachia can be found in Hong Kong all year round. It mainly occurs at 

depths of 15–25 m at exposed sites off the eastern coast of Hong Kong. Its colour resembles 

that of the dendrophylliid corals that are the host of this nudibranch. Across the tropical Pacific, 

P. melanobrachia has been reported to feed on a range of azooxanthellate dendrophylliid corals: 

Dendrophyllia arbuscula, Rhizopsammia serpentina, Tubastraea aurea, Tubastraea coccinea, 

Tubastraea diaphana, Tubastraea micrantha and some unidentified dendrophylliid species 

(Table 3.2). In the field, I found P. melanobrachia to prey on the azooxanthellates 

Dendrophyllia arbuscula, Tubastraea coccinea and Tubastraea diaphana, as well as on the 

zooxanthellate Duncanopsammia peltata, with several nudibranchs aggregating on the same 

coral colony, feeding on the polyps and laying eggs that glued on to the coral skeleton (Fig. 

3.3A). The newly laid eggs were enclosed in a translucent membrane, forming a coiled, ribbon-

shaped egg mass which was c. 1.5 cm in diameter, with thousands of radially distributed white 

eggs (Fig. 3.7A). Development from the egg to the planktonic veliger with a functioning 

swimming velum (Fig. 3.7B) took 3 to 5 d at 24 ± 0.5 ℃. The juveniles developed cerata and 

rhinophores around 3 weeks after settlement (Fig. 3.7D).  

 

3.3.4 Potential coral hosts 

Six species of azooxanthellate dendrophylliids (Balanophyllia sp., Cladopsammia sp., 

Dendrophyllia arbuscula, Tubastraea coccinea, Tubastraea diaphana and a Tubastraea sp.) 

along with a species of zooxanthellate dendrophylliid (Duncanopsammia peltata) were tested. 

To determine the possibility of cross family host switching, Goniopora lobata (Poritidae), 

which is the host of P. goniophaga, the most closely related species to P. melanobrachia, was 

also included. Phestilla melanobranchia did not feed on Cladopsammia sp. or G. lobata, but 
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readily fed on the other six coral species, suggesting that its diet encompasses various members 

of Dendrophylliidae (Table 3). Phestilla melanobranchia does not feed on stony corals outside 

the family Dendrophylliidae. Individuals of this species of nudibranch would crawl repetitively 

in the container during the experimental period when these corals were put in the container but 

did not move towards the corals that were seemingly unpalatable to them. The colour of P. 

melanobrachia may change when the individuals were allowed to feed on a dendrophylliid that 

is different in colour to their previous food source. For instance, when I fed P. melanobrachia 

collected from the dark green colonies of Tubastraea diaphana in the field with the beige 

Duncanopsammia peltata colonies in the laboratory, the nudibranch’s colour would change 

from dark green to beige, although a complete change was not achieved (Fig. 3.4C) even after 

rearing the nudibranch under this condition for 1.5 months. Regardless of the colour of the 

adults, the colour of the juveniles would match that of the coral host, indicating the food 

pigments dictate the colour morph of the nudibranch. 

 

3.4 Discussion 

Bergh (1874) described Phestilla melanobrachia as the type species of the genus after 

collecting two specimens of the black morph of this nudibranch from the Philippine Sea by 

dredging. The original description provided a detailed account of the external morphology, 

including the body length, colour, rhinophores, oral tentacles, number of cerata and ceratal 

rows. The internal morphology, including the mouth cavity and the inner structure such as 

buccal mass, jaws, radula, denticles, position of inner organs and the layout of the reproductive 

system, was also well catalogued. Illustrations of the cerata, jaw, radula, denticles, part of the 

reproductive system and the ventral view of the posterior part of the animal were provided. 

However, there was a lack of documentation on the distribution and ecology of the species, 

including its association with members of the coral family Dendrophylliidae. Harris (1968) in 
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a later study of the biology and distribution of P. melanobrachia reported numerous sightings 

of this species from Japan, Singapore and Hawaii, indicating that this species is widely 

distributed in the Western Pacific. Thereafter, Rudman (1981) provided detailed study of the 

anatomy of P. melanobrachia since the first description, as well as reporting its dendrophylliid 

hosts. Both Harris (1968) and Rudman (1981) noted the orange and dark green colour morphs 

of P. melanobrachia and Harris (1968) also provided a photographic record of the nudibranch. 

Despite the detailed description of the external and internal morphology of the adults, previous 

studies have not properly documented the early life history stages of this species. Neither have 

they reported the association of this species with zooxanthellae dendrophylliid corals in the 

field, nor the beige colour morph. The present study has provided new observations on P. 

melanobrachia, especially of its larval development, association with host corals and dietary 

spectrum. 

Previous studies have documented the associations between Phestilla spp. and their 

specific prey, including members of the genera Dendrophyllia, Goniopora, Gardineroseris, 

Montiopora, Pavona, Porites and Tubastraea (Gosliner et al, 2018; Fritts-Penniman et al., 2020; 

Hu et al., 2020a, 2020b; Metrotra et al., 2020; Wang et al., 2020). However, none of these 

nudibranchs has been reported to feed on members of the coral genus Duncanopsammia. Our 

observation of P.  melanobrachia feeding on Duncanopsammia provided new insight into its 

host specificity since this species has only been reported to feed on azooxanthellate corals 

Dendrophyllia and Tubastraea in the family Dendrophylliidae. Our preliminary laboratory 

feeding tests also revealed P. melanobrachia to feed on a Balanophyllia sp., which is also a 

new finding. Our experiments suggest that the diet of P. melanobrachia is restricted to 

Dendrophylliidae hard corals, as it did not feed on Goniopora. Unlike most other molluscs that 

possess a shell that protects them from predators, nudibranchs are known to uptake chemical 

compounds from their food source and store them for self-defence, and this may have 
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contributed to speciation within this group (Putz et al., 2010). In a previous study of the natural 

products in P. melanobrachia, Okuda et al. (1982) noted that this nudibranch selectively 

retained the chemical compounds of its prey Tubastraea coccinea. They also noted the 

presence of aromatic compounds inside the nudibranch; these were absent in Tubastrea 

coccinea, which they believed was the sole diet of the species. While it is not known whether 

this nudibranch can produce its own aromatic compound, our finding of P. melanobrachia 

feeding on a zooxanthellate coral improves our understanding of its food spectrum, suggesting 

the possibility of its selective retention of chemical compounds acquired throughout the feeding 

history of the nudibranch that may switch its prey. 

While Harris (1968) and Rudman (1981) have supplied many details of the anatomy and 

biology of P. melanobrachia, they have not mentioned the existence of dinoflagellate cells in 

the cerata of this species. Moreover, Wägele & Johnsen’s (2001) review of Opisthobranchia 

with symbiotic chloroplast or zooxanthellae does not include this species. Wägele & Johnsen 

(2001), however, have indicated that zooxanthellae are present in P. lugubris, P. panamica and 

P. sibogae. Zooxanthellae cells have also been observed in the cerata of other recently 

described Phestilla, including P. subodiosa, P. viei, P. fustcostriata and P. goniophaga (Hu et 

al., 2020a, 2020b; Mehrotra et al., 2020; Wang et al., 2020). These studies have proposed that 

the dinoflagellates were taken up by the nudibranch from its host coral during feeding, which 

is consistent with our discovery that zooxanthellae were abundant in the individuals that were 

observed feeding on the zooxanthellate Duncanopsammia in the field. Nevertheless, some P. 

melanobrachia that were observed feeding on T. coccinea also had low numbers of 

zooxanthellae cells in the cerata, indicating that their previous diet might have included corals 

hosting symbiotic dinoflagellates. This inference is supported by our experimental results that 

P. melanobrachia accepted alternative host corals in the genera Dendrophyllia, Tubastraea and 

Duncanopsammia, and that the dark green morph only partially changed its body colour when 
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Duncanopsammia was the food source for more than 1 month. The role of zooxanthellae cells 

in nudibranchs has been investigated in a number of studies. Some nudibranchs are known to 

form a kleptoplastic relationship with the algae they ingest, with the algae translocating fixed 

carbon to the hosts, thus allowing the hosts to cope with food shortage (Kempf, 1984; Burgardt 

& Wägele, 2014). At least one study has also suggested that the presence of algal cells in 

nudibranchs is a transitional stage and that they are subsequently digested by the host (Monteiro 

et al., 2019). Whether the zooxanthellae cells derived from the diet of this and other Phestilla 

species continues to fix inorganic carbon and supply the products of photosynthesis to the hosts 

remains unknown. However, nematocysts are absent in the cerata tips from the three colour 

morphs, and this is consistent with the observations of Harris (1968) and Goodheart et al. 

(2018), which were based on fewer colour morphs of this species than our study. 

In the wild, most Phestilla spp. are known to prey on one or several species of a single 

scleractinian coral genus (Ritson-Williams, Shjegstad & Paul, 2003). Being able to utilize 

several genera of azooxanthellate and at least one genus of zooxanthellate Dendrophylliidae 

may have provided more opportunities for P. melanobrachia to settle, although it is unknown 

whether this wider substrate generality is related to its wide distribution in the tropical Pacific. 

In Hong Kong waters, the host coral genera of P. melanobrachia differ in their habitat. The 

photosynthetic Duncanopsammia are widely distributed in shallow areas (< 10 m depth), 

whereas Dendrophyllia and Tubastraea are dominant in sites exposed to strong waves (15–25 

m depth). Given these differences, together with the limited ability of P. melanobrachia to 

move about (Krug, 1999), I believe that the four adult individuals of the beige morph 

discovered in the field in this study have been associated with the Duncanopsammia colony 

since their settlement. Previous field observations showed that local populations of P. 

melanobrachia are orange or dark green in colour and occurred in deeper waters (Orr, 1981). 

Our study indicated that P. melanobrachia occurs in both areas and it is possible for them to 
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settle in deep as well as shallow waters (Faucci et al., 2007), although it was rarer in our field 

surveys to find P. melanobrachia on Duncanopsammia than on Dendrophyllia and Tubastraea. 

Corallivory and bioerosion are among the major threats to coral health (Rotjan & Lewis, 

2008). In Hong Kong, corallivory by muricid snails Drupella rugosa and Drupella 

margariticola have been reported, although their impact has in general been considered to be 

localized (Morton, 2002). Bioerosion by Diadema setosum has been known to cause substantial 

loss of coral skeleton (Dumont et al., 2013), and tissue loss and damage of the whole coral 

community in some locations (Qiu et al., 2014). Compared with the muricid snails and 

Diadema sea urchins, little is known about the impact of Phestilla predation on corals. 

Although the densities of Phestilla are generally low in local waters, in some colonies 

aggregation of several individuals can be found, it is possible that tissue loss could occur on a 

large proportion of these coral colonies. Therefore, at the colony level the potential impact of 

Phestilla predation should not be overlooked. Besides the feeding scars left by these 

nudibranchs, the wounded corals could be more susceptible to pathogenic infection, and this 

may subsequently lead to the deterioration of coral health and resilience to environmental 

change (Bettarel et al., 2018; Nicolet et al., 2018). More attention should therefore be directed 

to monitoring the distribution, abundance, feeding behaviour and other biological aspects of 

these coral-eating nudibranchs in order to answer questions related to their threats to coral 

communities. 
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Figure 3.1 Phylogenetic trees of the concatenated COI+16S rRNA+H3 sequence dataset 

constructed using the ML (A) and BI (B) for P. melanobrachia. Inferred ML bootstrap values 

(> 50) and Bayesian posterior probabilities (> 0.7) are shown at the nodes. Scale bars indicate 

substitutions per site. (*) Asterisk indicated the specimens of this study. 
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Figure 3.2 Haplotype network of Phestilla melanobrachia based on COI sequence data, with 

acc. or voucher no.s of the respective sequence shown within parentheses. Sizes of circles 

correspond to the number of samples sharing the same haplotype. 
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Figure 3.3 The three colour morphs of P. melanobrachia (SWIMS-MOL-20-034 to 037), as 

observed in the field. A. Beige morph feeding on D. peltata, with egg masses. B. Orange morph 

(SWIMS-MOL-20-038) feeding on D. arbuscula. C. Dark green morph (SWIMS-MOL-20-

039) feeding on T. diaphana. White arrows indicate the nudibranch. 
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Figure 3.4. Variations of body colour in P. melanobrachia. A, B. Beige morph (SWIMS-MOL-

20-034) in dorsal (A) and ventral (B) view. C. Individual undergoing colour transition;dark 

green morph fed with Duncanopsammia for more than 1 month. D. Orange morph (SWIMS-

MOL-20-038). E. Dark green morph (SWIMS-MOL-20-039). F. Individual undergoing colour 

transition; orange morph fed with dark green colour Tubastraea or dark green morph fed 

orange colour Tubastraea/Dendrophyllia after one week). Scale bar = 1 cm. 
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Figure 3.5. Variations in the cerata of the three colour morphs of P. melanobrachia. A–C. Tips 

of the cerata of the beige (A; SWIMS-MOL-20-034), orange (B; SWIMS-MOL-20-038) and 

dark green (C; SWIMS-MOL-20-039) morphs D–F. Granules inside the tips of the cerata from 

the beige (D; SWIMS-MOL-20-034), orange (E; SWIMS-MOL-20-038) and dark green (F; 

SWIMS-MOL-20-039) morphs. G–I: Tissue inside the cerata from the beige (G; SWIMS-

MOL-20-034), orange (H; SWIMS-MOL-20-038) and dark green (I; SWIMS-MOL-20-039) 
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morphs. White arrows indicate intact dinoflagellate cells. Scale bars: A–C = 1 mm; D–F = 

300µm; G–I = 75µm. 

 

 

 

 

 

 

 

 

 

 

 

 



46 
 

 

Figure 3.6 SEM images of the jaws and radula, and a line drawing of the reproductive system 

of P. melanobrachia (SWIMS-MOL-20-034). A, B. Radula. C. Jaw. D. Reproductive system. 

Abbreviations: fmg, female gland; amp, ampulla; ov, ovotestis; pb, penial bulb; ar, allosperm 

receptacle. Scale bars: A = 20 µm; B = 20 µm; C = 100 µm; D = 1 mm. 
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Figure 3.7 Early life stages of P. melanobrachia. A. Embryos inside the egg mass. B. 

Rudimentary veligers. C. Hatched veliger (the inner white circle is a reflection of the light 

source). D. Juvenile, 3 weeks after hatching. Scale bars: A–B, D = 1 mm; C = 250 µm. 
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Table 3.1 GenBank accession numbers of the sequences used in phylogeny reconstruction and 

species delimitation retrieved from NCBI.  

Species COI 16S H3 

Phestilla melanobrachia (SWIMS-MOL-20-

034) 

MW401778 MW403486 MW413749 

Phestilla melanobrachia (SWIMS-MOL-20-

035) 

MW401779 MW403487 MW413750 

Phestilla melanobrachia (SWIMS-MOL-20-

036) 

Phestilla melanobrachia (SWIMS-MOL-20-

038) 

Phestilla melanobrachia (SWIMS-MOL-20-

039) 

MW401780 

 

MW750437 

 

MW750438 

MW403488 

 

MW750416 

 

MW750415 

MW413751 

 

MW762639 

 

MW762638 

Abronica abronia KY128917 KY128712 KY128504 

Catriona columbiana KY128906 KY128698 KY128493 

Catriona gymnota KY128907 KY128699 KY128494 

Diaphoreolis flavovulta KY128947 KY128742 KY128535 

Diaphoreolis lagunae KY128955 KY128748 KY128542 

Diaphoreolis viridis KY129027 KY128818 KY128613 

Eubranchus tricolor KY129032 KY128823 KY128618 

Fiona pinnata KY129047 KY128838 KY128486 

Phestilla chaetopterana MF458314 MF458308 MF458310 

Phestilla fuscostriata MN065806 MN065808 MN065810 

Phestilla goniophaga MW158914 MW158917 MW158920 

Phestilla lugubris KY129075 KY128866 KY128660 



49 
 

Phestilla melanobrachia KY129076 KY128867 KY128661 

Phestilla minor DQ417304 DQ417256 - 

Phestilla poritophages KY128968 KY128759 KY128554 

Phestilla sibogae DQ417287 DQ417241 - 

Phestilla subodiosa MN255477 MN255475 MN255482 

Phestilla viei MN239112 MN257606 MN257608 

Rubramoena amoena KY128904 KY128696 KY128491 

Rubramoena rubescens KY128916 KY128710 KY128503 

Tenellia adspersa KY129085 KY128876 KY128668 

Tergipes tergipes KY129087 KY128878 KY128670 

Tergiposacca longicerata KY129086 KY128877 KY128669 

Trinchesia foliata KY128912 KY128704 KY128499 

Trinchesia lenkae KY129093 KY128884 KY128676 

Trinchesia ornata 

PhestillaTrinchesia sibogae 

KY128967 

KY128975 

KY128758 

KY128767 

KY128553 

KY128562 

Trinchesia speciosa KY128996 KY128788 KY128583  

Zelentia fulgens KY128951 KY128746 KY128539 

Zelentia ninel KY952178 MH614967 MH614979 

Zelentia willowsi MH614986 MH614978 MH614998 
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Table 3.2 Uncorrected COI  p-distances calculated based on individual gene of 10 described Phestilla species. 1 

  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1 Phestilla_chaetopterana 

              
2 Phestilla_fuscostriata 0.545 

             
3 Phestilla_goniophaga 0.688 0.476 

            
4 Phestilla_lugubris 0.740 0.711 0.779 

           
5 Phestilla_melanobrachia 0.857 0.503 0.364 0.805 

          
6 SWIMS-MOL-20-034 0.846 0.494 0.357 0.795 0.003 

         
7 SWIMS-MOL-20-035 0.846 0.494 0.372 0.815 0.003 0.006 

        
8 SWIMS-MOL-20-036 0.846 0.494 0.357 0.795 0.003 0.000 0.006 

       
9 SWIMS-MOL-20-039 0.835 0.485 0.350 0.785 0.006 0.003 0.009 0.003 

      
10 SWIMS-MOL-20-038 0.857 0.503 0.364 0.805 0.000 0.003 0.003 0.003 0.006 

     
11 Phestilla_minor 0.600 0.388 0.576 0.618 0.556 0.547 0.547 0.547 0.537 0.556 

    
12 Phestilla_poritophages 0.571 0.543 0.696 0.734 0.718 0.708 0.708 0.708 0.698 0.718 0.523 

   
13 Phestilla_sibogae 0.808 0.760 0.821 0.043 0.834 0.824 0.844 0.824 0.814 0.834 0.680 0.822 

  
14 Phestilla_subodiosa 0.501 0.298 0.402 0.672 0.561 0.551 0.570 0.551 0.542 0.561 0.413 0.473 0.758 

 
15 Phestilla_viei 0.656 0.307 0.605 0.822 0.557 0.548 0.566 0.548 0.539 0.557 0.421 0.657 0.874 0.460 

 2 
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Table 3.3 Uncorrected 16S  p-distances calculated based on individual gene of 10 described Phestilla species. 3 

  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1 Phestilla_chaetopterana 

              
2 Phestilla_fuscostriata 0.119 

             
3 Phestilla_goniophaga 0.130 0.114 

            
4 Phestilla_lugubris 0.125 0.116 0.078 

           
5 Phestilla_melanobrachia 0.128 0.103 0.053 0.068 

          
6 SWIMS-MOL-20-034 0.128 0.103 0.053 0.068 0.000 

         
7 SWIMS-MOL-20-035 0.128 0.103 0.053 0.068 0.000 0.000 

        
8 SWIMS-MOL-20-036 0.130 0.105 0.055 0.071 0.002 0.002 0.002 

       
9 SWIMS-MOL-20-039 0.128 0.103 0.053 0.068 0.000 0.000 0.000 0.002 

      
10 SWIMS-MOL-20-038 0.128 0.103 0.053 0.068 0.000 0.000 0.000 0.002 0.000 

     
11 Phestilla_minor 0.121 0.110 0.091 0.094 0.086 0.086 0.086 0.089 0.086 0.086 

    
12 Phestilla_poritophages 0.133 0.111 0.102 0.099 0.097 0.097 0.097 0.100 0.097 0.097 0.107 

   
13 Phestilla_sibogae 0.122 0.116 0.086 0.012 0.076 0.076 0.076 0.079 0.076 0.076 0.102 0.086 

  
14 Phestilla_subodiosa 0.117 0.097 0.089 0.086 0.076 0.076 0.076 0.079 0.076 0.076 0.081 0.081 0.081 

 
15 Phestilla_viei 0.147 0.053 0.115 0.123 0.099 0.099 0.099 0.102 0.099 0.099 0.118 0.108 0.126 0.102 

 4 
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Table 3.4 Uncorrected H3  p-distances calculated based on individual gene of 10 described Phestilla species. 5 

  

1 2 3 4 5 6 7 8 9 10 11 12 

1 Phestilla_chaetopterana 

            
2 Phestilla_fuscostriata 0.071 

           
3 Phestilla_goniophaga 0.089 0.071 

          
4 Phestilla_lugubris 0.082 0.064 0.034 

         
5 Phestilla_melanobrachia 0.094 0.071 0.038 0.045 

        
6 SWIMS-MOL-20-034 0.094 0.071 0.038 0.045 0.000 

       
7 SWIMS-MOL-20-035 0.094 0.071 0.038 0.045 0.000 0.000 

      
8 SWIMS-MOL-20-036 0.094 0.071 0.038 0.045 0.000 0.000 0.000 

     
9 SWIMS-MOL-20-039 0.094 0.071 0.038 0.045 0.000 0.000 0.000 0.000 

    
10 SWIMS-MOL-20-038 0.090 0.068 0.034 0.041 0.003 0.003 0.003 0.003 0.003 

   
11 Phestilla_poritophages 0.104 0.079 0.060 0.038 0.075 0.075 0.075 0.075 0.075 0.071 

  
12 Phestilla_subodiosa 0.088 0.046 0.079 0.076 0.079 0.079 0.079 0.079 0.079 0.076 0.093 

 
13 Phestilla_viei 0.060 0.010 0.059 0.052 0.060 0.060 0.060 0.060 0.060 0.056 0.072 0.042 

 6 

 7 

 8 

 9 
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Table 3.5 Reports of predation of dendrophylliid species by Phestilla melanobrachia in the field. 10 

Host species Azooxanthellate/zooxanthellate Locality Reference 

Dendrophyllia arbuscula Azooxanthellate Hong Kong This study 

    

Rhizopsammia serpentina Azooxanthellate Hawaii  Harris (1968) 

    

Tubastraea aurea Azooxanthellate Hawaii Edmondson (1933) (as Dendrophyllia manni) 

  Japan Harris (1968) 

  Philippines Harris (1968) 

  Singapore Harris (1968) 

    

Tubastraea coccinea Azooxanthellate Hawaii  Harris (1968); Faucci, Toonen & Hadfield (2007) 

  Guam Faucci, Toonen & Hadfield (2007) 

  Hong Kong Scott (1984); this study 

    

Tubastraea diaphana  Azooxanthellate Singapore Harris (1968) 

  Hong Kong  Lam, Morton & Hodgson (2008); this study 

    

Tubastraea micrantha Azooxanthellate Palau Faucci, Toonen & Hadfield (2007); Fritts-Penniman et 

al. (2020) 

  Hawaii Fritts-Penniman et al. (2020) 

  Guam Fritts-Penniman et al. (2020) 

  Philippines Fritts-Penniman et al. (2020) 

  Papua New Guinea Fritts-Penniman et al. (2020) 

    

Unidentified dendrophylliid sp. Azooxanthellate Hong Kong Orr (1981); Morton & Morton (1983) 

  Papua New Guinea Cella et al. (2016) 

  Philippines Cella et al. (2016) 

    

Duncanopsammia peltata Zooxanthellate Hong Kong This study 

11 
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Table 3.6. A list of corals used to test the potential host coral of Phestilla melanobrachia 

Family Species Azooxanthellate/ Zooxanthellate Host criteria met (yes/no) 

Dendrophylliidae Balanophyllia sp. Azooxanthellate Yes 

 Cladopsammia sp. Azooxanthellate No 

 Dendrophyllia arbuscula Azooxanthellate Yes 

 Tubastraea coccinea Azooxanthellate Yes 

 Tubastraea diaphana Azooxanthellate Yes 

 Tubastraea sp. Azooxanthellate Yes 

 Duncanopsammia peltata Zooxanthellate Yes 

Poritidae Goniopora lobata Zooxanthellate No 
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Chapter 4 New occurrence of Phestilla subodiosa in Hong 

Kong waters 

4.1 Introduction 

Phestilla Bergh, 1874 is a small group of nudibranchs that feed on scleractinian corals 

(Mehrotaa et al., 2020) except P. chaetopterana, which lives inside the tube of an annelid 

(Ekimova et al., 2017). Absence of a cnidosac at the cerata tip is the key character that 

distinguishes Phestilla from other genera of Trinchesiidae (Rudman, 1981). Currently there are 

11 valid species of Phestilla (Mollucabase, 2021) including P. chaetopterana (Ekimova et al., 

2017), P. fuscostriata Hu et al., 2020, P. goniophaga Hu et al., 2020, P. lugubris (Bergh, 1870), 

P. melanobrachia Bergh, 1874, P. minor Rudman, 1981, P. panamica Rudman, 1982, P. 

poritophages (Rudman, 1979), P. sibogae Bergh, 1905, P. subodiosa Wang et al., 2020, and P. 

viei, Mehrota et al., 2020. Member of Phestilla have been widely found in the tropical and 

subtropical waters of the Indo-Pacific region (Faucci et al., 2007; Goodheart et al., 2017; Fritts-

Penniman et al., 2020). Previous studies have reported the corallivory of Phestilla on seven 

genera of scleractinian corals: Dendrophyllia, Gardineroseris, Goniopora, Montipora, Pavona, 

Porites and Tubastraea (Gosliner et al., 2018). Four Phestilla spp. have been recorded in Hong 

Kong, with P. lugubris feeding on Porites spp., P. melanobrachia feeding on members of 

Dendrophylliidae, P. fuscostriata feeding on Pavona decussata, and P. goniophaga feeding on 

Goniopora spp. (Morton & Morton, 1983; Hu et al., 2020a 2020b). While P. melanobrachia 

and P. lugubris have been widely reported from the tropical Pacific (Harris, 1968; Faucci et al., 

2007), P. fuscostriata and P. goniophaga have been reported only from Hong Kong (Hu et al., 

2020a 2020b). 

While implementing this project in January 2021, we found a tiny nudibranch species 

feeding on Montipora peltiformis colonies collected in Bluff Island. After that, it was 
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discovered in the Bluff Island in Nov 2021. This was the first record of a corallivorus 

nudibranch associated with Montipora in the field. Our specimens look somewhat different in 

the gross shape and coloration pattern from the original description of P. subodiosa – the only 

currently known nudibranch that feeds on Montipora spp. (Wang et al., 2020). Phestila 

subodiosa was described based on the holotype and ten paratypes were collected from 

Monitpora fragments brought from an aquarium shop, whereas a paratype was collected from 

Koh Tao, Thailand. The aims of the present study are therefore to determine the species identity 

of the Phestilla specimens collected from Montipora in Hong Kong waters by morphological 

and molecular analyses, and to provide information on the biology and ecology of this 

nudibranch.  

 

4.2 Materials and Methods 

4.2.1 Sample collection 

Samples of Phestilla were collected from Montiopora peltiformis fragments at Bluff Island 

(22°19'30.0"N 114°21'14.8"E) at 5 m depth by SCUBA diving in January 2021. The 

nudibranch samples were preserved in 95% ethanol for molecular and morphological analyses. 

All specimens examined in this study are deposited in the Tropical Marine Biodiversity 

Collections of the South China Sea (TMBC), Chinese Academy of Sciences, Guangzhou. 

 

4.2.2 DNA extraction, sequencing, and analysis 

Genomic DNA was extracted from two specimens using the CTAB method (Stewart & 

Via, 1993). DNA quantity was measured, and purity determined using a NanoDrop ND-1000 

spectrophotometer (Thermo Fisher Scientific, US). DNA quality was checked by 1% agarose 

gel electrophoresis. The products were processed and submitted to Novogene (Beijing, China) 
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for commercial sequencing on an Illumina Novaseq 6000 platform to produce 10 GB paired-

end sequencing data with an average read length of 150 bp. 

The sequences were assembled de novo using CLC v7. BLAST+ v2.2.26 was used to 

extract the scaffolds that matched the mitochondrial cytochrome c oxidase subunit I (COI), 

mitochondrial 16S rRNA subunit (16S rRNA) and nuclear Histone H3 (H3) genes from a query 

file containing the corresponding gene sequences of P. melanobrachia downloaded from 

NCBI’s GenBank. The sequences of these three genes in 35 nudibranch species belonging to 

12 genera of Trinchesiidae were downloaded from GenBank (Table 4.1) for determination of 

the phylogenetic position of the collected specimens. Alignments of the three genes were 

conducted separately and trimmed manually to 548 bp for COI, 435 bp for 16S rRNA and 327 

bp for H3 using MEGA 7. Sequences were concatenated using SequenceMatrix v.1.7.8 (Vaidya 

et al., 2011) and then imported to the website version of IQ-Tree 

(http://iqtree.cibiv.univie.ac.at/; Nguyen et al., 2015) for Maximum Likelihood tree 

reconstruction with 1,500 ultrafast bootstrap pseudoreplicates (Hoang et al., 2017). ModelTest 

(Kalyaanamoorthy et al., 2017) incorporated in IQ-Tree was applied for each partition of the 

concatenated sequences, which detected TVM+F+I+G4 as the best model for COI and 16S 

rRNA and TIM2e+G4 for H3 based on Bayesian Information Criterion. MrBayes v.3.2.7a 

(Ronquist & Huelsenbeck, 2003) was used to perform the Bayesian Inference analysis with 

four Metropolis-coupled Markov Chain Monte Carlo applied to 10 million generations, 

sampled at every 1,000 generations with a 25% burn-in. Since the model detected for the 

concatenated dataset by ModelTest was not available in MrBayes, it was substituted by 

GTR+I+G –the closest over-parameterized model (Huelsenbeck & Rannala, 2004). The 

phylogenetic trees were visualized and edited using FigTree v1.4.4. Pairwise p-distances for 

the respective COI, 16S rRNA and H3 genes were estimated using MEGA 7 separately using 
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the bootstrap method with 10,000 pseudoreplicates for variance estimation. Rates among sites 

were gamma distributed with invariant sites (G+I) and the gamma parameter was set to four.  

 

4.2.3 Morphological analysis 

Specimens and their egg masses were photographed using an Olympus OM-D 

EM1markII with a M. Zuiko Digital ED 60mm f2.8 Macro lens. Morphological characteristics 

were examined under a Motic SMZ-171 stereomicroscope (Motic, China). Four specimens 

were dissected to extract the buccal mass and reproductive system. Cerata were also collected 

from the specimens and the inner contents were examined. The buccal masses were dissolved 

in 20% diluted bleach for 30 minutes at room temperature to remove connective tissues and 

muscles. The jaws and the radula were examined and photographed under a Motic BA210 

compound microscope. The reproductive system was observed under the stereomicroscope and 

line-drawing was made to show the key structures.  

 

4.2.4 Natural history 

The egg masses laid on the underside fragments of M. peltiformis that were kept in a 

laboratory at Hong Kong Baptist University were taken and kept in artificial seawater at 30 psu 

to observe the early development. When the embryos developed into swimming veliger larvae, 

the transparent membrane enclosing the egg masses were gently broken using forceps to allow 

the larvae to escape. The larvae, collected using pipettes, were maintained in a 1-L plastic 

container with ~ 25% of the wall replaced with 50 µm mesh placed in a 10-L glass tank with 

filtered seawater and aeration. A 12.5 cm2 fragment of M. peltiformis was put in that beaker to 

encourage larval settlement. The water temperature was kept at 24 ± 0.5 °C. The status of the 

larvae was monitored daily.  
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4.3 Results 

4.3.1 Molecular Analysis  

Three gene sequences were obtained from each of the two specimens. Alignment and 

concatenation resulted in a dataset of 1419 bp (658 bp for COI, 433 bp for 16S rRNA and 328 

bp for H3). Our phylogenetic analyses showed that the two specimens we collected from the 

field are P. subodiosa (Fig 4.1). The p distance among two specimens were identical and 

exhibited very small genetic distances with other specimens of P. subodiosa, including two 

collected from Montipora spp. in an aquarium (0.4% for COI, 0% for 16S and 0% for H3) 

(Wang et al. 2020), and one from an unknown habitat in Jeju Island, South Korea (1.1% for 

COI, 0.3 % for 16S) (Cho et al. 2018). The clade that is most closely related to P. subodiosa 

consists of two species – P. viei and P. fuscostriata. The p distance between P. subodiosa and 

these two species are much larger: 13.2-17.4% for COI, 12.0-12.8% for 16S and 4.1-4.5% for 

H3 (Table 4.2-4.4). 

 

4.3.2 External morphology (Fig 4.2) 

Mature live specimens are elongated, measuring up to 5 mm in length and 0.5 mm in 

width. Body is white, with patches of rusty pigments inside cerata and the tissue next to cerata. 

Both rhinophores and oral tentacles are short digitiform. One pair of light black eyes are located 

slightly posterior to the base of rhinophore. There are 5 to 6 rows of cerata, and each row 

comprise one to three pairs of cerata, with larger individuals having more pairs.  Cerata of 

bigger individuals have swollen bulbs that are spherical. Cerata tip lacks a cnidosac.  
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4.3.3 Internal morphology (Fig 4.3) 

Inside the cerata and the body next to the cerata, there are many symbiotic dinoflagellate 

cells which give the rusty coloration of the nudibranch. Jaws are translucent and thin, around 

0.3 mm in width in a 3 mm long individual. Radula are located inside the jaw, with a formula 

of 8 x 0.1.0. There are three to four primary denticles on each side of radula, and the denticles 

are of similar lengths. Reproductive system consists of a large female gland mass, a small 

penial gland, a vas deferens bridging penile gland and female gland, and a tubular ampulla on 

the opposite side of the penial gland.  

 

4.3.4 Egg mass and veliger larvae  

Egg masses are oval shaped, roughly 1 mm x 0.5 mm in size, with a translucent 

membrane enclosing around 20 eggs. Each egg is light yellow in colour, roughly 0.2 mm in 

diameter (Fig. 4.4A). At 24℃, eggs developed into embryos (Fig. 4.4B) and then veliger larvae 

(Fig. 4.4C) in 2 days without feeding. Veliger larvae have a pair of black eyes and a well-

developed swimming velum. After 8–10 days, the veliger larvae lost the velum and shell, and 

metamorphosed into more elongated juveniles that do not yet have tentacle or cerata (Fig. 4.4D).  

 

4.5 Discussion 

Based on phylogenetic and morphological analyses, we provide evidence that the 

Phestilla samples we collected from M. peltiformis colonies from the field in Hong Kong 

belong to P. subiodiosa. The DNA sequences of our specimens are very closely related to the 

sequences from the type specimens of P. subiodiosa, and such differences should be considered 

as intraspecific. Another nudibranch collected from Jeju Island, South Korea (Cho et al., 2018) 

also has very small genetic distances with the types and our samples, which also indicates that 

they are conspecific. Although Montipora millepora has been reported from Jeju (Sugihara et 
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al., 2014), the coral host of this nudibranch remains unknown as this was not reported (Cho et 

al., 2018).  

Morphologically, our specimens are similar with most of the type specimens in being 

associated with Montipora and being small in body size. Nevertheless, the type specimens used 

from morphological description were collected from Montipora spp. from an aquarium whose 

origin could not be determined (Wang et al., 2020), while our specimens were collected from 

M. peltiformis were collected from the field in Hong Kong. One of the paratypes was collected 

from Koh Tao, Thailand, but there is no specific morphological description of this specimen in 

Wang et al., (2020). Our fully grown specimens differed substantially from the described types 

in that the ceratal bulbs are diamond-shaped and there are brown spots on cerata, ceratal bulbs 

and the body immediately posterior to cerata. In contrast, the type specimens have spherical 

swollen ceratal bulbs, and light brownish speckles on cerata only (Wang et al., 2020). Moreover, 

the radula formula and number of denticles on each side of a tooth row are slightly different 

between our specimens and the types.  

The discovery of P. subodiosa expands its distribution record, adds this species to the list 

of corallivorous nudibranchs in Hong Kong waters. Montiopora spp. in local water might have 

an additional threat, the conservation awareness of local Montiopora spp. should be raised. 
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Figure 4.1 Phylogenetic trees constructed using concatenated COI/16S rRNA/H3 sequence of 

P. subodiosa. Left: Maximum Likelihood tree with bootstrap values >50 shown in the node. 

Right: Bayesian Inference tree with posterior probability values > 0.7 shown in the node.  
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Figure 4.2 Selected photographs showing P. subodiosa in the field. A: several adult individuals 

of P. subodiosa feeding on a fragment of M. peltiformics. White arrows indicate the 

nudibranchs, yellow arrows indicate their egg masses; B: One juvenile and one adult 

individuals of P. subodiosa feeding on a fragment of M. peltiformics. White arrows indicate 

the nudibranchs, yellow arrows indicate their egg masses; C: A juvenile individuals of P. 

subodiosa feeding on a fragment of M. peltiformics. White arrows indicate the nudibranchs. 

Scale bar: A-C = 1 mm.  
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Figure 4.3 Selected photographs showing P. subodiosa. and its coral host. A: several 

individuals of P. subodiosa. feeding on a fragment of M. peltiformics, with a clear feeding scar 

along the lower edge. B: Dorsal view of paratype; C-D: Dorsal view and ventral view of 

paratype, respectively; E: Dorsal view of paratype. Scale bar: A = 5 mm; B-E = 1 mm.  
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Figure 4.4 Internal morphology of P. subodiosa. A: Close-up of a section of the dorsum and 

two cerata; note that there is no cnidosac at the tip; B: dinoflagrllates inside the cerata and the 

body (indicated by white arrows indicated); C: Jaw; D: Radula; E: Drawing of reproductive 

system; fm: Female gland; am: ampulla; pg: penile gland; vd: vas deferens. Scale bar: A = 500 

µm; B = 250 µm; C = 150 µm; D = 25 µm; E = 120 µm. 
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Figure 4.5  Early development in P. subodiosa. A: Newly laid egg mass attached to denuded 

coral skeleton; B: Developing embryos in the egg mass; C: A veilger; D: a post-metamorphosis 

juvenile. Scale bar: A-B = 500 µm; C = 200 µm; D = 300 µm.  
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Table 4.1 GenBank accession numbers of the sequences used in phylogeny reconstruction and 

species delimitation retrieved from NCBI.  

Species COI 16S H3 

Phestilla subodiosa HKBU_1 ON142393 ON142395 ON156353 

Phestilla subodiosa HKBU_2 ON142394 ON142396 ON156354 

Abronica abronia KY128917 KY128712 KY128504 

Catriona columbiana KY128906 KY128698 KY128493 

Catriona gymnota KY128907 KY128699 KY128494 

Diaphoreolis flavovulta KY128947 KY128742 KY128535 

Diaphoreolis lagunae KY128955 KY128748 KY128542 

Diaphoreolis viridis KY129027 KY128818 KY128613 

Eubranchus tricolor KY129032 KY128823 KY128618 

Fiona pinnata KY129047 KY128838 KY128486 

Phestilla chaetopterana MF458314 MF458308 MF458310 

Phestilla fuscostriata MN065806 MN065808 MN065810 

Phestilla goniophaga MW158914 MW158917 MW158920 

Phestilla lugubris KY129075 KY128866 KY128660 

Phestilla melanobrachia KY129076 KY128867 KY128661 

Phestilla minor DQ417304 DQ417256 - 

Phestilla poritophages KY128968 KY128759 KY128554 

Phestilla sibogae DQ417287 DQ417241 - 

Phestilla subodiosa Hong Kong Aquarium MN255477 MN255475 MN255482 

Phestilla subodiosa_Steinhart Aquarium KY129074 KY128865 KY128659 

Phestilla subodiosa_Jeju island, South Korea MG878397 MG878396 - 

Phestilla viei MN239112 MN257606 MN257608 
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Rubramoena amoena KY128904 KY128696 KY128491 

Rubramoena rubescens KY128916 KY128710 KY128503 

Tenellia adspersa KY129085 KY128876 KY128668 

Tergipes tergipes KY129087 KY128878 KY128670 

Tergiposacca longicerata KY129086 KY128877 KY128669 

Trinchesia foliata KY128912 KY128704 KY128499 

Trinchesia lenkae KY129093 KY128884 KY128676 

Trinchesia ornata 

PhestillaTrinchesia sibogae 

KY128967 

KY128975 

KY128758 

KY128767 

KY128553 

KY128562 

Trinchesia speciosa KY128996 KY128788 KY128583 

Trinchesia morrowae MK587927 MK587941 MK587911 

Trinchesia cuanensis MK587922 MK587935 MK587906 

Trinchesia diljuvia MK587917 MK587934 MK587903 

Trinchesia caerulea MK587928 MK587932 MK587899 

Zelentia fulgens KY128951 KY128746 KY128539 

Zelentia ninel KY952178 MH614967 MH614979 

Zelentia willowsi MH614986 MH614978 MH614998 
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Table 4.2 Uncorrected COI  p-distances calculated based on individual gene of 10 described Phestilla species. 

 

 

  

1 2 3 4 5 6 7 8 9 10 11 12 13 

1 Phestilla subodiosa HKBU_1 

             
2 Phestilla subodiosa HKBU_2 0.000 

            
3 Phestilla chaetopterana 0.189 0.189 

           
4 Phestilla fuscostriata 0.132 0.132 0.197 

          
5 Phestilla goniophaga 0.164 0.164 0.235 0.183 

         
6 Phestilla lugubris 0.224 0.224 0.246 0.243 0.261 

        
7 Phestilla melanobrachia 0.210 0.210 0.275 0.191 0.152 0.265 

       
8 Phestilla minor 0.159 0.159 0.208 0.158 0.207 0.219 0.203 

      
9 Phestilla poritophages 0.183 0.183 0.205 0.200 0.238 0.250 0.245 0.192 

     
10 Phestilla sibogae 0.242 0.242 0.258 0.252 0.267 0.024 0.270 0.230 0.268 

    
11 Phestilla subodiosa_Steinhart_Aquarium 0.005 0.005 0.187 0.135 0.164 0.222 0.208 0.157 0.184 0.239 

   
12 Phestilla subodiosa_Jeju_island_South_Korea 0.011 0.011 0.183 0.132 0.159 0.236 0.205 0.156 0.183 0.248 0.017 

  
13 Phestilla subodiosa_Hong Kong Aquarium 0.004 0.004 0.189 0.132 0.164 0.231 0.204 0.164 0.183 0.248 0.009 0.011 

 
14 Phestilla viei 0.174 0.174 0.231 0.135 0.219 0.271 0.207 0.170 0.232 0.280 0.172 0.177 0.180 
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Table 4.3 Uncorrected 16S  p-distances calculated based on individual gene of 10 described Phestilla species. 

  

1 2 3 4 5 6 7 8 9 10 11 12 13 

1 Phestilla subodiosa HKBU_1 

             
2 Phestilla subodiosa HKBU_2 0.000             

3 Phestilla chaetopterana 0.151 0.151            

4 Phestilla fuscostriata 0.120 0.120 0.168           

5 Phestilla goniophaga 0.097 0.097 0.164 0.139          

6 Phestilla lugubris 0.090 0.090 0.135 0.135 0.097         

7 Phestilla melanobrachia 0.082 0.082 0.159 0.121 0.068 0.082        

8 Phestilla minor 0.098 0.098 0.143 0.141 0.117 0.117 0.109       

9 Phestilla poritophages 0.087 0.087 0.159 0.126 0.118 0.111 0.115 0.129      

10 Phestilla sibogae 0.090 0.090 0.135 0.135 0.097 0.000 0.082 0.117 0.111     

11 Phestilla subodiosa_ Jeju_island, South Korea 0.003 0.003 0.155 0.123 0.100 0.094 0.085 0.101 0.091 0.094    

12 Phestilla subodiosa_Hong Kong Aquarium 0.000 0.000 0.151 0.120 0.097 0.090 0.082 0.098 0.087 0.090 0.003   

13 Phestilla subodiosa_ Steinhart Aquarium 0.003 0.003 0.155 0.123 0.100 0.094 0.085 0.101 0.091 0.094 0.005 0.003  

14 Phestilla viei 0.128 0.128 0.204 0.055 0.156 0.160 0.127 0.167 0.130 0.160 0.131 0.128 0.131 
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Table 4.4 Uncorrected H3  p-distances calculated based on individual gene of 8 described Phestilla species. 

  

1 2 3 4 5 6 7 8 9 10 

1 Phestilla subodiosa HKBU_1 

          
2 Phestilla subodiosa HKBU_2 0.000 

         
3 Phestilla chaetopterana 0.086 0.086 

        
4 Phestilla fuscostriata 0.045 0.045 0.070 

       
5 Phestilla goniophaga 0.078 0.078 0.088 0.070 

      
6 Phestilla lugubris 0.075 0.075 0.081 0.063 0.034 

     
7 Phestilla melanobrachia 0.078 0.078 0.092 0.070 0.037 0.045 

    
8 Phestilla poritophages 0.091 0.091 0.101 0.078 0.059 0.038 0.074 

   
9 Phestilla subodiosa_Hong Kong Aquarium 0.000 0.000 0.086 0.045 0.078 0.075 0.078 0.091 

  
10 Phestilla subodiosa_Steinhart Aquarium 0.000 0.000 0.086 0.045 0.078 0.075 0.078 0.091 0.000 

 
11 Phestilla viei 0.041 0.041 0.059 0.010 0.059 0.052 0.059 0.071 0.041 0.041 
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Chapter 5 Feeding Rate, Dietary Preference and Larval 

Settlement Preference 

5.1 Introduction 

Among Phestilla species, all species are corallivorous except P. chaetopterana, which 

lives inside the tube of an annelid (Ekimova et al., 2017). Previous studies have reported the 

corallivory of Phestilla on seven genera of scleractinian corals: Dendrophyllia, Gardineroseris, 

Goniopora, Montipora, Pavona, Porites and Tubastraea (Gosliner et al., 2018). Some studies 

on host specificity (Ritson-Williams et al., 2003 2007 2009) revealed that several Phestilla 

species including P. melanobrachia, P. minor, P. sibogae, P. goniophaga and one undescribed 

Porites eating species (Phestilla sp. 1 in Ritson-Williams et al., 2003) favoured a particular 

coral species or genus. Veliger larvae of these nudibranchs would settle or terminate their 

swimming phase of the life cycle in response to chemical signals of the particular coral host 

(Ritson-Williams et al., 2003 2007 2009). After settlement, some larvae also require chemical 

cues to induce metamorphosis – the physiological and morphological transformation from a 

larva to a juvenile (Ritson-Williams et al., 2007 2009). Very little is known about the larval 

development and ecology of Phestilla, except for P. sibogae (Hadfield, 1977; Hadfield & Paul, 

2001), whose settlement is initiated in response to a water-soluble cue released from the host 

coral Porites compressa (Hadfield & Scheuer, 1985; Hadfield & Pennington, 1990); it can 

detect the inductive cue in the water column and stop swimming and settle on the coral surface 

(Hadfield & Koehl, 2004).   

Given the lack of data on corallivorous nudibranchs in Hong Kong’s fringing coral 

communities (Yeung et al., 2021), we proposed this project and have found four Phestilla 

species in local waters. Their host specificity would provide us the insights to better understand 

their biology and ecology. Hence, this study would investigate their 1) feeding rate to see how 
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impact caused by their coralivory; 2) dietary preference to see their feeding behaviour; and 3) 

settlement preference to see how larvae response the chemical cues released from corals.  

 

5.2 Materials and Methods 

5.2.1 Nudibranchs maintenance 

Numerous individuals of P. fuccustriata, P. goniophaga, P. melanobrachia and P. 

subodiosa their host corals were collected in local waters. They were kept in a 70L tank with 

filtration system at 25℃ separately. Their host coral was provided as food source to keep 

healthy. The feeding was stopped once perform the experiment prior to 2 days.  

 

5.2.2 Feeding Rate and Dietary Preference 

5.2.2.1 No choice assays 

5.2.2.1.1 P. goniophaga  

Corals Goniopora spp. (G. columna, G. lobata, G. dijiboutiensis and G. planulata) and 

other corals (Duncanopsammia peltata and Porites lutea) were cut into smaller colonies for 

standardize the size (5 cm2). The cut corals were ready to perform the experiment when the 

wound of edge was recovered. The coral associated with nudibranchs and the healthy cut corals 

were separately adopted in the tank prior to perform the experiment. The nudibranchs were 

placed on the healthy cut corals, one coral was offered one nudibranch to test. At least three 

replicates each coral species. Each treatment was conducted in a ~800ml plastic box enclosed 

with 50µm mesh. A treatment without nudibranch as a control. The number of eaten polyps for 

72h were count. The daily feeding rate on the coral was calculated by the mean number of 

eaten polyps for 72h divided by 3 days.  
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5.2.2.1.2 P. melanobrachia 

Azooxanthellate dendrophylliids (Balanophyllia sp., Cladopsammia sp., Dendrophyllia 

arbuscula, Tubastraea coccinea, T. diaphana and T. megacorallita) and zooxanthellate 

dendrophylliids Duncanopsammia peltata were selected to test. The colonies of 

azooxanthellate dendrophylliids contained around 10 polyps. D. peltata and non-

dendrophylliids G. lobata was cut into fragments for standardize the size (5 cm2). The setup 

and the operation were same as P. goniophaga.  

 

5.2.2.1.3 P. fuscostriata 

A colony of Pavona decussata was cut into fragments for standardize the size (~1.5cm2). 

The cut corals were ready to perform the experiment when the wound of edge was recovered. 

The coral associated with nudibranchs and the healthy coral were separately adopted in the 

tank. The nudibranchs were placed on the healthy coral, one coral was offered five nudibranchs 

to test. Four replicates were performed. Each side photos of the fragment were taken for 96h. 

The fed area of the fragment was measured using CPCe 4.0. The daily feeding rate per 

individual on the coral was calculated by the mean fed area for 96h divided by 4 days and 5 

individuals.  

 

5.2.2.1.4 P. subodiosa 

A colony of Monitpora peltiformis was cut into fragments for standardize the size 5 x 

2.5cm). The cut corals were ready to perform the experiment when the wound of edge was 

recovered. The coral associated with nudibranchs and the healthy coral were separately adopted 

in the tank. The nudibranchs were placed on the healthy coral, one coral was offered twenty 

nudibranchs to test. Four replicates were performed. Each side photos of the fragment were 

taken for 96h. The fed area of the fragment was measured using CPCe 4.0. The daily feeding 
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rate per individual on the coral was calculated by the mean fed area for 96h divided by 4 days 

and 20 individuals.  

 

5.2.2.2 Choice assays 

The nudibranch was placed in the tank which the healthy host corals had been placed, 

one nudibranch was offered four coral species. The exposure time was 24h. The preferred coral 

species was recorded. The recorded species was removed and placed the nudibranch in tank 

again.  Repeat this step until the last two preferred coral was recorded. The order of preferred 

corals was sorted by the record sequence. This assays only applied on P. goniophaga and P. 

melanobrachia but not on P. fuscostriata since there is only one species of Pavnoa occurs in 

Hong Kong waters.  

 

5.2.3 Larval Settlement Preference  

5.2.3.1 Veliger preparation 

The eggs ribbon was destroyed in a dish and the eggs can be relieved. The eggs were 

cultured in a small container with 50um mesh and placed in a bigger tank with filtration system. 

The development of the eggs was observed daily to reach veliger were hatched. 

5.2.3.2 Corals chemical cue preparation 

The host/non-host coral fragment (5cm2) was submerged in sea water with aeration for 

72h. The sea water containing chemical cue was filtered using 0.22um filter paper. They were 

stored in -20C freezer for ready to use. 

5.2.3.3 Metamorphic rate determination 

There were at least two groups which were sea water containing coral chemical cue and 

sea water as control. The detail of the selected coral species for each nudibranch species was 
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listed in Table 5.1. 6 wells plate was used to perform the experiment. Each well contained 6ml 

of sea water and chemical cue. 15-20 veligers each group and at least 3 replications each group. 

The number of empty shells was count daily. 

5.2.4 Statistical Analysis 

For no choice assays, the mean of consumed polyps/area each treatment was compared 

by one way-ANOVA with post hoc SNK test. If the data did not meet the assumptions of one 

way-ANOVA, Kruskall Wallis test was then applied. The analysis was performed using SPSS 

17.0. For larval settlement preference experiment, the mean of metamorphic rate each treatment 

each day was compared with the identical protocol as mentioned above.  

5.3 Results 

5.3.1 Feeding Rate and Diet Preference 

5.3.1.1 P. goniophaga 

In Goniopora spp. groups, P. goniophaga averagely consumed 1.44±0.16, 3.72±3.14, 

5.33±4.27 and 8.33±3.09 polyps daily on G. columna, G. djiboutiensis, G. lobata and G. 

planulata, respectively. It did not feed on the other corals provided (P. lutea and D. peltata) 

(Table 5.2). The mean daily feeding rate of P. goniphaga on host coral G. planulata was 

significantly higher (p<0.05) than that on G. columna, G. djiboutiensis and G. lobata. The mean 

daily feeding rate of P. goniphaga on G. columna was the significantly lowest among all 

Goniopora species. Regarding choice assays, the results revealed the feeding order was G. 

djiboutiensis, G. lobata, G. planulata and G. columna (Table 5.3).  

 

5.3.1.2 P. melanobrachia 

In dedrophylliids group, P. melanobrachia averagely consumed 0.85±0.41, 0.92±0.60, 

0.79±0.47, 0.10±0.14, 0.17±0.29 and 2.75±0.93 polyps daily on T. diaphana, T. coccinea, T. 
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megacorallita, Balanophyllia, sp., D. arbuscula, and D. peltata, respectively. It did not feed 

on the Cladopsammia sp. and other corals provided (i.e., G. lobata) (Table 5.4). Dendrophylliid 

Cladopsammia sp. and other corals G. lobata were not the host of P. melanobrachia. Among 

the fed dendrophylliids, the mean feeding rate of P. melanobrachia on D.peltata was the 

highest significantly (p<0.05). It fed on other corals with a similar rate (p>0.05). Regarding 

choice assays, Table 5.5 revealed the feeding order of P. melanobrachia was T. diaphana > T. 

megacorallita> T. coccinea> D. arbuscula.  

 

5.3.1.3 P. fuscostriata 

The results revealed Pavona decussata is the host of P. fuscostriata, it consumed 0.01 

cm2 of Pavona decussata daily averagely in no choice assays (Table 5.6). Since Hong Kong 

has one species of Pavona only, therefore choice assay cannot be performed. Moreover, all 

individuals of P. fuscostriata were killed by the other corals P. lutea, D. peltata and M. 

peltiformis (Fig 5.1).  

 

5.3.1.4 P. subodiosa 

The results revealed M. peltiformis is the host of P. subodiosa, it consumed 0.05 

cm2/day/individual averagely in no choice assays (Table 5.7). In Non-host coral test 

All nudibranchs transferred to the surfaces of the other three coral species were found dead 

within one hour, but the method of nudibranch killing appeared to differ. Pavona deccussta 

killed the nudibranch by extruding the mesenterial filaments entangling the prey (Fig 5.2A). 

Porites lutea killed the prey using the tentacles outside the body, then slowing digested the 

prey after it became a slurry (Fig 5.2B).  Duncanopsammia peltata killed the prey after 

secreting mucus to trap the nudibranch (Fig 5.2C, 7D).  
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5.3.2. Larval Settlement Preference 

5.3.2.1 P. goniophaga (Fig 5.3) 

The larvae exposed to seawater conditioned with G. lobata reached competent at day 1 

that had a significant metamorphic rate of 11.94%±13.28% (p<0.05) among all groups. It 

reached maximum metamorphic rate of 28.15%±19.43% at day 6. The larvae exposed to 

seawater conditioned with G. columna reached competent at day 5 that had a significant 

metamorphic rate of 24.27%±22.91% (p<0.05). It reached maximum metamorphic rate of 

36.22%±34.28% at day 6. The metamorphic rate in other groups remained lower all the time.  

 

5.3.2.2 P. melanobrachia (Fig 5.4) 

The larvae exposed to seawater conditioned with T. diaphana reached competent at day 

2 that had a significant metamorphic rate of 18.06%±11.45% (p<0.05) among all groups. The 

larvae exposed to seawater conditioned with D. arbuscula and T. megacorallita reached 

competent at day 3. D. arbuscula group reach maximum metamorphic rate of 49.88%±23.70% 

at day 6. The larvae exposed to seawater conditioned with T.coccinea required 6 days to reach 

competent and maximum metamorphic rate of 53.50%±28.40%. D. arbuscula and T.coccinea 

groups had a significantly higher rate (p<0.05) of metamorphosis among all groups at the end 

of the experiment.  

 

5.3.2.3 P. fuscostriata (Fig 5.5) 

The larvae of P. fuscostriata reached metamorphic competent at day 3 that its larvae in 

seawater had significant higher metamorphic rate of 10.01%±3.16% (p<0.05) than that in host 

and non-host coral groups. It reached maximum metamorphic rate of 55.56%±19.19% at day 

6. In host coral group, the significant metamorphic rate (29.91%±14.63%) occurred at day 7and 
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reached maximum metamorphic rate (35.47%±16.97%) at day 8. The metamorphic rate in non-

host groups remained lower all the time.  

 

5.3.2.4 P. subodiosa (Fig 5.6) 

There only no to very small percentage of metamorphosed larvae in the first five days, and 

the values were not significantly different among the three treatments. Starting from day 6, 

there were significant differences among the three treatments, with the metamorphic rate in the 

M. peltiformis conditioned seawater being significantly higher than in the other two treatments. 

By the end of the experiment at day 10, the metamorphic rate in the M. peltiformis conditioned 

seawater reached 31.11%, compared to only 11.11% in the P. lutea conditioned seawater, and 

6.06% in the control seawater.  

 

5.4 Discussion 

            Our finding revealed the high host specificity of P. goniophaga, P. melanobrachia, P. 

fuscostriata and P. subodiosa. P. decussata is the host of P. fuscostriata but we do not know 

whether this nudibranch species can also feed on other Pavona species since there is no other 

species of this genus in Hong Kong. The feeding rates of P. fuscostriata (0.10 

cm2/day/individual ~ 0.031 polyp /day/individual) and P. subodiosa (~ 0.05 cm2/day/individual 

~ 3.2 polyps day/individual) on P. decussata and M. peltiformis were low, therefore these two 

species may not cause significant impact on the coral colonies when compared with the bigger 

P. goniophaga (feeding rate 1.44-8.33 polyps/day/individual) and P. melanobrachia (feeding 

rate 0.10-2.75 polyps/day/individual). The higher consumption rate of the bigger nudibranchs 

resulted in significant feeding scars on the coral colonies, which might be harmful on the coral 

health. Dalton and Godwin (2006) reported that the tissue adjacent to the feeding scar caused 

by Phestilla sp. became detached from the coral skeletons, and provided the evidence that 
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Phestilla sp. might act as vectors for disease transmission between colonies. Therefore, due to 

the smaller body sizes, P. fuscostriata and P. subodiosa may have a negligible impact on coral 

health. These results are consistent with our field observation that the host colonies of these 

two nudibranchs did not have obvious wounds caused by nudibranchs, although we found 

occasional tissue damage of these coral species by the corallivorous snails Drupella spp. 

Nevertheless, under laboratory conditions, P. subodiosa and P. fuscostriata outbreaks have 

been observed, causing whole colony damage to M. peltiformis and P. decussata, respectively. 

These results support the hypothesis that the populations of such nudibranchs may be controlled 

by predators in the field (Gochfeld & Aeby, 1997). Nevertheless, P. melanobrachia and P. 

goniophaga are much bigger than P. subodiosa and P. fuscostriata, and their feeding scars on 

their respective coral hosts are often easy to see in Hong Kong waters. 

Moreover, the killed P. subodiosa and P. fuscostriata in no choice assay was possibly 

resulted by the self-defence or predation of other genera of corals. Tsang et al. (2019) reported 

P. fuscostriata was eaten by G. lobata in the laboratory. Fig 4.1 apparently showed D. peltata 

ate the nudibranch, the polyps of P. lutea and M. peltiformis might attack the nudibranch by 

cnidocytes. The host of P. goniophaga and P. melanobrachia is Goniopora spp. and 

dendrophyllids, respectively. No choice and choice assays showed they had different feeding 

rate and prey preference on various host. Non host corals did not kill or eat these nudibranchs. 

The feeding rate and prey preference might be not positive correlation.  

Refer to Table 5.8, the host of P. fuscostriata and P. goniophaga observed in the field 

and laboratory were consistent. P. melanobrachia was observed that it was usually found on T. 

diaphana, T. coccinea, D. arbuscula and rarely on D. peltata in the field. However, apart from 

the above dendrophyllids, it also likely fed on T. megacorallita and Balanophyllia sp. in 

laboratory. T. megacorallita and Balanophyllia sp. are also common dendrophylliids in the 

field but never observed they associated with nudibranch. Besides, D. arbuscula is one of 
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common host for P. melanobrachia in the field but it was not likely feed on D. arbuscula once 

transfer to the laboratory. The reason for the inconsistent observation is unknown and might 

need to further investigation.  

The experiment of larval settlement preference showed the chemical cues released from 

host can induce the metamorphosis except P. fuscostriata. P. fuscostriata required 3 days to 

reach metamorphic competence. The highest metamorphic rate of P. fuscostriata occurred in 

seawater, the second highest and the lowest metamorphic rate occurred in seawater conditioned 

with host P. decussata and non-host corals, respectively. It indicated the chemical cues from 

P. decussata did not induce the metamorphosis but that from non-host inhibit the 

metamorphosis. For P. goniophaga and P. melanobrachia, the chemical cues from hosts had 

positive effect on their larval metamorphosis, however, not all host also had an inducible effect.  

P. goniophaga larvae required 1 day to reach metamorphic competence in seawater conditioned 

with G. lobata that are the earliest among all treatments. It is different from a previous study 

that reported P. sp. 2. (Former name of P. goniophaga) took 5 days to be competent in exposure 

to G. fruitcosa polyps and waterborne metabolites (Ritson-Williams 2007). The time required 

to reach competent that depends on the species of host. At the end of the experiment, G. lobata 

and G. columna treatments reached the maximum metamorphic rate (G. lobata: 28.15%; G. 

columna: 36.22%) and did induce the metamorphosis significantly but G. djiboutiensis and G. 

planulata did not. It is not like the performance of P. goniophaga collected from Guam that 

had an 80% of maximum metamorphic rate that might be due to the different species of 

Goniopora. P. melanobrachia larvae required 2 days to reach metamorphic competence in 

seawater conditioned with T. diaphana that are the earliest among all treatments. It is much 

shorter than the one took >12 days to be competent in T. aurea polyps and waterborne 

metabolites (Ritson-Williams et al. 2007). At the end of the experiment, D. arbuscula and T. 

coccinea treatments reached the maximum metamorphic rate (D. arbuscula: 49.88%; T. 
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coccinea: 53.50%) and had significantly positive effect on the metamorphosis among all 

treatments. Ritson-Williams et al. (2007) and Harries (1975) reported that P. melanobrachia 

had a 39% and 13.4% of maximum metamorphic rate, respectively. However, these previous 

findings were exposed to T. aurea that is different species from our treatments. Hence, the time 

required to reach competent that depends on the species of host. Moreover, our findings are 

consistent to the field observations that P. melanobrachia usually found from D. arbuscula and 

T. coccinea in the field. The lower metamorphic rate (8.57%) of D. peltata explained the rarity 

of the begie morph of P. melanobrachia in the field. These findings indicated that not all host 

corals might release an includible chemical signal to trigger the larval settlement and 

metamorphosis. The three nudibranchs’ species had one to three days to reach competence that 

are a shorter period to retain a plankton form in the water column. Therefore, the local 

individuals of these three nudibranchs are estimated that their larvae cannot travel a longer 

distance through ocean current and are widely distributed the places around Hong Kong. 

Moreover, the results also indicate that a chemical cue released from host coral M. 

peltiformis is an inducer to the larval metamorphosis of P. subodiosa. The larvae take 6 days 

to reach metamorphic competence. In other species of Phestilla, both shorter (3 days in P. 

minor 5 days in P. sibogae and P. goniophaga) and longer (> 12 days in P. melanobrachia) 

periods to reach the metamorphic competence have been reported (Ritson-Williams et al., 

2003). Since the veliger larvae of Phestilla develop in the water column, the ability to remain 

competent to undergo metamorphosis after 6 days indicates that the P. subodiosa can travel 

with current to places tens of kilometres from its natal locality. Nevertheless, field populations 

of P. subodiosa have only been reported from Thailand (Wang et al., 2020), South Korea (Cho 

et al., 2018) and Hong Kong, and it is not sure how populations of this species are connected 

by ocean currents.  
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Figure 5.1 Selected photographs showing P. fuscostriata was killed by non-host coral in no 

choice assay. A: P. fuscostriata was dead on the surface of P. lutea; B: P. fuscostriata avoided 

contacting the polyps of M. peltiformcis; C: P. fuscostriata was eaten by one polyp of D. peltata. 

White arrows indicate the nudibranch. 
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Figure 5.2 Photographs showing the individuals of Phestilla subodiosa were killed by non-

host coral species. A: Pavona decussata; B: Porites lutea; C-D: Duncanopsammia peltata. 
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Figure 5.3 Metamorphic rate of P. goniophaga larvae response on the chemical cues from host 

and non-host. 
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Figure 5.4 Metamorphic rate of P. melanobrachia larvae response on the chemical cues from 

host and non-host. 
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Figure 5.5 Metamorphic rate of P. fuscostriata larvae response on the chemical cues from host 

and non-host. 
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Figure 5.6 Metamorphic rate of P. subodiosa larvae response on the chemical cues from host 

and non-host. 
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Table 5.1 Chemical cues of selected host and non-host corals for each nudibranch species 

Species Host coral species Non-host coral 

species 

Control 

P. goniophaga G. lobata 

G.djiboutiensis 

G. planulata 

G. columna 

 Seawater 

P. melanobrachia T. diaphana  

T. coccinea  

T. megacorallita 

D. arbuscula  

D. peltata 

Cladopsammia sp. Seawater 

P. fuscostriata P. decussata D. peltata  

G. columna 

M. peltifomis 

P. lutea 

Seawater 

P. subodiosa M. peltifomis P. lutea Seawater 
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Table 5.2 Feeding rate of P. goniophaga on host and non-host corals. 

Coral species 

Consumed 

polyps/day/individual 

SD n Significance 

Goniopora lobata 5.33 4.27 4 ab 

Goniopora djiboutiensis 3.72 3.14 6 ab 

Goniopora planulata 8.33 3.09 4 b 

Goniopora columna  1.44 0.16 3 a 

Porites lutea 0.00 0.00 4 a 

Duncanopsammia peltata 0.00 0.00 4 a 
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Table 5.3 Results of choice assays of P. goniophaga 

n Feeding order 

1 G. djiboutiensis > G. lobata > G. planulata > G. columna 

2 G. lobata > G. djiboutiensis > G. planulata > G. columna 

3 G. djiboutiensis > G. lobata > G. planulata > G. columna 
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Table 5.4 Feeding rate of Phestilla melanobrachia on host and non-host corals. 

Coral species 

Consumed 

polyp/day/individual 

SD n Significance 

Tubastraea diaphana  0.85 0.41 6 a 

Tubastraea coccinea  0.92 0.60 4 a 

Tubastraea megacorallita 0.79 0.47 4 a 

Balanophyllia sp.  0.10 0.14 4 a 

Dendrophyllia arbuscula  0.17 0.29 4 a 

Cladopsammia sp.  0.00 0.00 4 a 

Duncanopsammia peltata  2.75 0.93 4 b 

Goniopora lobata  0.00 0.00 3 a 
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Table 5.5 Results of choice assays of Phestilla melanobrachia 

n Feeding order 

1 T. diaphana > T. megacorallita > T. coccinea > D. arbuscula 

2 T. diaphana > T. megacorallita > T. coccinea > D. arbuscula 

3 T. diaphana > T. coccinea > D. arbuscula > T. megacorallita 

4 T. megacorallita > T. diaphana > T. coccinea > D. arbuscula 
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Table 5.6 Feeding rate of P. fuscostriata on host and non-host corals 

Coral species 

Consumed areas 

(cm2)/day/individual 

SD n 

Pavona decussata  0.10 0.07 4 

Porites lutea Dead - 3 

Duncanopsammia peltata Dead - 3 

Montipora peltiformis Dead - 3 
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Table 5.7 Feeding rate of P. subodiosa on host and non-host corals 

Coral species 

Consumed areas (cm2)/day 

/individual 

SD n 

Montipora peltiformis 0.05 0.03 4 

Porites lutea Dead - 3 

Duncanopsammia peltata Dead - 3 

Pavona decussata Dead - 3 
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Table 5.8 The preys of four nudibranchs species observed in the field and in the laboratory 

 Species Corals eaten in field Corals eaten in laboratory 

Phestilla fuscostriata Pavona decussata Pavona decussata 

   

Phestilla subodiosa Montipora petiformis Montipora petiformis 

   

Phestilla goniophaga Goniopora lobata  Goniopora lobata  

 Goniopora djiboutiensis  Goniopora djiboutiensis 

 Goniopora planulata Goniopora planulata  

 Goniopora columna Goniopora columna 

   

Phestilla melanobrachia Tubastraea diaphana  Tubastraea diaphana  

 Tubastraea coccinea  Tubastraea coccinea  

 Dendrophyllia arbuscula  Tubastraea megacorallita  

 Ducanopsammia peltata Dendrophyllia arbuscula 

  Balanophyllia sp. 

  Ducanopsammia peltata  
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Chapter 6 Potential Predators 

6.1 Introduction 

In Hong Kong, outbreak event of corallivorous invertebrates causing massive coral 

destruction had been reported since 1998 (Cumming & McCorry, 1998; Lam et al., 2007). 

Those invertebrates were muricid gastropod Drupella rugosa and long spined urchin Diatema 

setosum that were common in local waters. In 2006, at Coral Beach, Hoi Ha Wan Marine Park, 

Hong Kong, approximately 300 colonies of Platygyra acuta and P. carnosus were severely 

bio-eroded by the two invertebrates. Lam et al. (2007) suggested the natural predators had 

decreased due to overfishing to resulted in outbreak population of the two invertebrates.  

According to the results from field survey, the density of the four nudibranchs found 

from my study were low in the wild. Till now, there were not any outbreak event of 

corallivorous nudibranchs had been reported. My dietary experiment revealed single bigger 

nudibranch P. goniophaga and P. melanobrachia were able to cause significant harm on the 

coral colony. Besides, my observation in the laboratory also showed the coral colony 

aggregated very high density (>50 individuals) of tiny P. fuscostriata or P. subodiosa in the 

tank without predators. The coral colony was dead within one week. These insights gave us a 

warning whatever big or tiny size of nudibranch which is capable to cause coral dead. Therefore, 

a strategy for control population of the four nudibranchs in local water is necessary to protect 

the local coral communities.  

There was a previous study that investigated the predation for P. sibogae using crustacean 

and fish (Gochfeld & Aeby, 1997).  They found two fish species and four crustacean species 

(i.e., the carnivorous wrasse Thalassoma duperrey and the omnivorous butterflyfish Chaetodon 

auriga), crabs (Pilodius aerolatus, Thalamita sp. and Phymodius monticulosus) and mantis 

shrimp (Gonodactylus falcatus) as the predators of P. sibogae. However, there are not any 

relevant studies for the local Phestilla species. I had preliminary test for several local common 
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crustacean species (Portunidae and Trapeziidae) which associated with coral, and nudibranch 

eating nudibranch (Gymnodoris inornate) but all was negative. Hence, I mainly focused on fish 

for the predation test in this chapter. This study aimed to look for the potential predators for 

the four nudibranchs species in the field and in the laboratory.  

 

6.2 Materials and Methods 

6.2.1 Field observation 

A colony associated with one to two individuals of P. goniophaga and P. melanobrachia 

was actively searched in Bluff Island and Steep Island, respectively. Two individuals of P. 

fuscostriata and P. subodiosa were transferred onto a fragment of P.  decussata and M. 

peltiformis in the laboratory, respectively. Those coral fragments with nudibranchs were 

transported to coral communities in Bluff Island by SCUBA. A camera was fixed to maintain 

its stability and took a 1.5-hour video to record the potential predators. Besides, the fish survey 

in selected sites was also performed to determine the fish composition. A 100 m transect was 

laid near the deployed fragments, the fish species and the fish abundance were recorded by 

swimming every 5 m and staying 3 mins. 

 

6.2.2 Laboratory assay 

Common carnivorous, omnivorous fishes and recorded potential predators were selected 

to test the potential of predation on the corallivorous nudibranchs in laboratory. The fishes were 

caught in field or bought from local fishermen. The fishes were reared and maintained in tank 

with filtration system and kept healthy prior to experiment. One fish was transferred to a 50 L 

glass tank with filter for 2 days before starts the experiment. A coral fragment with one 

nudibranch was provided to the tank. The presence of nudibranch was recorded after 24 h. 

Control was performed as same setting without fish. Three replications each treatment was 



99 
 

performed.  

 

6.3 Results 

6.3.1 Field Observation 

Except P. goniophaga, we did not find any potential predators from the video footage for 

the other three Phestilla species. The 1.5-h video of P. goniophaga revealed one Cephalopholis 

boenak actively eat the egg masses attached on the colony but did not attack or eat P. 

goniophaga (Table 6.1; Fig 6.1). 

 

6.3.2 Fish composition 

In Bluff Island, there were 14 fish species were record (Table 6.2). The abundant fish 

species were Chromis notata (32.56%), Pempheris oualensis (27.02%) and Neopomacentrus 

bankieri (23.01%). In Steep Island, there were 4 fish species were recorded (Table 6.3). The 

abundant fish were Siganus canaliculatus (29.46%) and Sebastiscus marmoratus (20.54%).  

  

6.3.3 Laboratory assay (Table 6.4) 

We found bigger nudibranchs P. goniophaga and P. melanobranchia did not be ingested 

but be attacked in the experiment. Chocolate hind Cephalopholis boenak and Scissortail 

sergeant Abudefduf sexfasciatus were observed to attack P. goniophaga and P. melanobranchia, 

respectively. The nudibranchs were finally dead. Moreover, tiny nudibranchs P. fuscostriata 

were ingested by Eight-banded butterflyfish Chaetodon octofasciatus and Pearl-spot chromis 

Chromis notata. Also, Chaetodon octofasciatus was observed to feed on P. subodiosa.  
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6.4 Discussion 

We successfully found some potential fish predators for the four nudibranchs. Our field 

observations showed that the fishes did not likely ingest the bigger nudibranchs but attacked 

them. The nudibranchs apparently vulnerable to predation, which is consistent with the result 

on P. sibogae studied previously by Gochfeld and Aeby (1997). The reason for the fishes to 

reject the ingested nudibranchs is unknown. Perhaps there is some chemicals defence in the 

cerata of the nudibranchs due to their ingestion of the cnidocytes of the prey. In addition, P. 

fuscostriata and P. subodiosa were predated in our laboratory experiments, which might be 

due to their tiny size. Chaetodon octofasciatus is a corallivore reported to frequently feed on 

the polyps of scleractinain corals (Madduppa et al., 2004); it is thus not surprising that it can 

locate and feed on the small nudibranchs.  Moreover, Chromis notata is one of abundant fish 

species inhabiting local coral communities based on the data from fish surveys and my diving 

observation. Fish predation on P. fuscostriata may explain the rarity of P. fuscostriata in the 

field. Therefore, butterflyfish and demoselfish are important fish species in the local coral 

communities that can control the population of Phestilla species. Moreover, in addition to 

butterfly fishes, Gochfeld and Aeby (1997) found that crustaceans and wrasse fed on P. sibogae. 

These results are not totally consistent with my findings that no crustaceans ingested the 

nudibranch in the experiment but only fish species did it. I only found the grouper 

Cephalopholis boenak to actively ingest the egg masses of the nudibranchs, a result that had 

not been reported in previous studies of fish-nudibranch relationships.  

In fact, these four kinds of fish species are very common in local waters. Grouper, 

butterflyfish and demoselfish are often found in wet markets because they are popular seafood 

for human. Besides, butterflyfish is also popular in aquarium due to its colour. Therefore, the 

abundance of these fish species cannot be declined in the field. Otherwise, the density of 

Phestilla species might be increase and even reach to outbreak. My previous chapter had found 
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the corallivory of single bigger nudibranch P. goniophaga and P. melanobrachia can lead 

significant impact on the coral. Besides, high density of tiny P. fuscostriata and P. subodiosa 

were also able to cause significant harm on the coral. Furthermore, we also performed 

preliminary laboratory assays using several coral crab species (Portunidae and Trapeziidae) 

and nudibranch eating nudibranch (Gymnodoris inornate) but all results were negative. Hence, 

the fish is a potential predator for controlling the Phestilla species in local waters at the moment. 

Better fish resources conservation might help to protect the coral communities by avoid the 

outbreak event of Phestilla species occur. Although there has not been outbreak event reported 

in local waters or oversea, however, it is possible to occur the outbreak population of Phestilla 

spp. once absence of their predators. Like outbreak population of Diadema setosum due to lack 

of predators. Hence, this study can provide us the precaution strategy when outbreak population 

of Phestilla spp happens in the future.  
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Figure 6.1 Video footage showing chocolate hind Cephalopholis boenak actively eat the egg 

masses of P. goniophaga.  
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Table 6.1 Predation observation in the field 
 Phestilla 

goniophaga 

Phestilla 

melanobrachia 

Phestilla 

fuscostriata 

Phestilla 

subodiosa 

Site Bluff island Steep island Bluff island Bluff island 

No. of nudibranchs 2 1 2 2 

No. of eaten nudibranchs 0 0 0 0 

Potential Predators 

 

 

Cephalopholis 

boenak 

NA NA NA 

Remarks Cephalopholis 

boenak ate the egg 

masses of 

nudibranch 
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Table 6.2 Relative abundance of fish species in Bluff Island  

Fish species Mean SE 

Chromis notata 32.56% 5.62% 

Pempheris oualensis 27.02% 2.88% 

Neopomacentrus bankieri 23.01% 7.61% 

Sphyraena jello 7.69% 6.66% 

Fistularia commersonii 2.28% 1.64% 

Halichoeres nigrescens 2.13% 1.67% 

Cephalopholis boenak 1.97% 1.71% 

Thalassoma lunare 0.81% 0.54% 

Chaetodon octofasciatus 0.78% 0.54% 

Apogonichthyoides pseudotaeniatus 0.66% 0.57% 

Stethojulis trilineata 0.66% 0.57% 

Labroides dimidiatus 0.21% 0.11% 

Parupeneus barberinoides 0.12% 0.10% 

Epinephelus fasciatomaculosus 0.10% 0.08% 
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Table 6.3 Relative abundance of fish species in Steep Island 

Fish species Mean SE 

Siganus canaliculatus 29.46% 9.65% 

Sebastiscus marmoratus 20.54% 11.74% 

Halichoeres nigrescens 12.50% 10.83% 

Chromis notata 12.50% 10.83% 
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Table 6.4 Predation of local reef fish species on nudibranch on the coral colony after 24 h 

Phestilla goniophaga With Predator 
 

Without Predator 

Fish Species 

Nudibranch 

Absence (Y/N) 

Remarks Nudibranch 

Absence (Y/N) 

Chaetodon octofasciatus N  N 

Chaetodon lunula N  N 

Chaetodon melannotus N  N 

Chromis notata N  N 

Cephalopholis boenak N Attacked N 

  
  

Phestilla melanobrachia With Predator  Without Predator 

Fish Species 

Nudibranch 

Absence (Y/N) 

Remarks Nudibranch 

Absence (Y/N) 

Abudefduf sexfasciatus N Attacked N 

Chromis notata N  N 

Cephalopholis boenak N  N 

Sebastiscus marmoratus N  N 

Siganus canaliculatus N  N 

    

Phestilla fuscostriata With Predator  Without Predator 

Fish Species 

Nudibranch 

Absence (Y/N) 

Remarks Nudibranch 

Absence (Y/N) 

Chaetodon octofasciatus Y  N 

Chromis notata Y  N 

Halichoeres nigrescens N  N 

    

Phestilla subodiosa With Predator  Without Predator 

Fish Species 

Nudibranch 

Absence (Y/N) 

Remarks Nudibranch 

Absence (Y/N) 

Chromis notata N  N 

Chaetodon octofasciatus Y  N 
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Chapter 7 General Conclusions  

7.1 General Conclusions 

I found four Phestilla species in Hong Kong waters in the field. Except P. subodiosa 

whose density was too low to quantify, the density of the other three Phestilla species were 

low in the field. Their densities did not show seasonal change, the reproduction period was 

maninly occur in wet season. However, exhibited clear habitat preference, with P. fuscostriata 

found only on Pavona, P. subodiosa found only on Montipora, P. goniophaga found on 

Goniopora, and P. melanobrachia having a broader substrate preference, using several genera 

(Tubastraea, Dendrophyllia, Balanophyllia and Duncanopsammia) of the Dendrophylliidae as 

its hosts. I found a new colour morph of P. melanobrachia and a new record of P. subodiosa 

in local waters by morphological and molecular analyses. The beige morph of P. 

melanobrachia was associated with a previously unreported prey Duncanopsammia peltata, 

which lives in shallow waters. My study thus has expanded our knowledge on the diet spectrum, 

habitat niche, and potential impact of P. melanobrachia. Phestilla subodiosa was previously 

only reported from aquarium, Thailand and South Korea. My finding based on molecular 

analysis that a nudibranch species associated with Montipora in Hong Kong is P. subodiosa 

that has enhanced our knowledge on the diversity of local corallivorous nudibranchs. With the 

field-collected P. subodiosa, I conducted morphological analyses, which provided new 

knowledge about the shape and pigmentation patterns of this species. My laboratory study 

showed that the feeding rate is correlated with the nudibranch’s body size. The small P. 

fuscostriata and P. subodiosa fed very little, therefore they should not capable to cause 

significant impact on the coral health, but the bigger P. goniophaga and P. melanobrachia, 

when occurring in aggregates, were capable to cause substantial tissue loss. My laboratory 

experiments also showed that chemical cues from host corals, at least in the case of 

Dendrophyllids, Goniopora spp. and Montipora peltiformis, might induce the larval 
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metamorphosis. The time to reach metamorphic competence varied with the nudibranch, with 

P. goniophaga, P. melanobrachia and P. fuscostriata having a shorter period (1 to 3 days of 

planktonic life, whereas P. subodiosa having a longer larval stage, therefore may be capable of 

longer travel distance during the larval development.  Furthermore, I performed field 

observation and experiment in the laboratory to seek potential predators for the four 

nudibranchs. In the field, except P. goniophaga, there was not any potential predators found 

from the video footage for the other three Phestilla species. The 1.5-h video of P. goniophaga 

revealed one Cephalopholis boenak actively eat the egg masses attached on the colony but did 

not attack or eat P. goniophaga. Regarding predation experiment in the laboratory, 

Cephalopholis boenak and Abudefduf sexfasciatus were observed to attack P. goniophaga and 

P. melanobranchia but did not ingest them, respectively. Moreover, tiny nudibranchs P. 

fuscostriata were ingested by Chaetodon octofasciatus and Chromis notata. P. subodiosa was 

fed by Chaetodon octofasciatus. Since all results were negative from the preliminary test using 

several coral crab species (Portunidae and Trapeziidae) and nudibranch eating nudibranch 

(Gymnodoris inornate). Hence, the fish is a potential predator for controlling the Phestilla 

species in local waters at the moment. The findings support that better fish resources 

conservation might help to protect the coral communities by avoid the outbreak event of 

Phestilla species occur.  
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