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CHAPTER 1. INTRODUCTION 

With approximately 3000 species, the Nudibranchia is the largest order within the 

Opistobranchia (Thompson 1976; Todd 1981; Waegele and Klussmann-Kolb 2005). 

Nudibranchs are all carnivorous, feeding on an array of sessile, benthic animals, such as 

sponges, tunicates, bryozoans, hydroids, anemones or comls, which are not exploited heavily 

by other invertebmte taxa (Thompson 1976; Todd 1981, 1983; Bertsch and Johnson 1981; 

Waegele and Klussmann-Kolb 2005). The genus Phyllodesmium Ehrenberg 1831 (Suborder 

Aeolidoidae, Family Facelinidae) includes 19 currently described species (see Baba 1949, 

1991, 1991 b; Rudman 1981, 1991 ; Avila et al. 1998, Ortiz and Gosliner 2003; Burghardt and 

Waegele 2004; Burghardt and Gosliner 2006) (Table I). The different species of 

Phyllodesmium are similar in that they (1) prey exclusively on alcyonarian comls, (2) 

exclusively occur in the Indo-Pacific, (3) lack oml glands, (4) possess salivary glands, (5) 

have cemta that autotomize readily when disturbed, (6) lack defensive nematocysts in their 

cnidosacs, (7) have sparse epidermal ceratal glands, (8) possess nearly identical reproductive 

systems, and (9) posses an unique tooth shape among aeolids (Rudman 1981, 1991; Avila et 

al. 1998; Burghardt and Waegele 2004; Burghardt and Gosliner 2006). This genus is also 

quite unique in that most of its member species house symbiotic zooxanthellae within their 

digestive gland cells (Rudman 1981, 1991) (Table 1). Additionally, mostPhyllodesmium 

species are relatively stenophagus, relying on one or a few species of alcyonarians as their 

food source (Rudman 1981, 1991; Waegele 2004). Stenophagy is common among the 

Nudibranchia (Todd 1981, 1983), however, alcyonarian prey is unusual among aeolid 

nudibranchs which feed most commonly on hydroids or sea anemones (Edmunds 1975; 

Rudman 1981). The individual species of Phyllodesmium are distinguished based on 
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differences in the externa1 color pattern, shape and arrangement of the cerata, digestive gland 

branching pattern, radular morphology and anal position (Rudman 1981, 1991; Burghardt 

and Gosliner 2006). 

Most of the published literature on the genus Phyllodesmium has centered on 

taxonomic descriptions, with scarce information available on the ecology and life history of 

these animals. As specialized predators, Phyllodesmium species have intimate ecological 

relationships with their alcyonarian prey (Rudman 1981, 1991); however, such relationships 

have thus far not been investigated thoroughly. I became interested in this question after 

finding Phyllodesmium poimiimiei (Risbee 1928) apparently feeding on Carijoa riisei 

(Duchassaing and Michelotti 1860) in Hawaii (Wagner et aI. 2007). 

C. riisel is an azooxanthellate, shallow-water octocoral (Order Alcyonacea, Family 

Clavulariidae) originally described from the Caribbean and tropical Atlantic (as Telesto 

riisei) (Bayer 1961). C. riisei was first seen in Hawaii in 1966 (Kahng 2006; Kahng et al. 

2008) and the frrst published record was in 1972, when it was discovered within the fouling 

community of Pearl Harbor (Evans et aI. 1974). Prior to this, C. riisei had not been seen in 

Hawaii, despite several surveys of invertebrate fauna in areas that now form habitat for C. 

riisei (Edmonson 1944; Edmonson & Ingram 1939). Since these initial discoveries, C. riisei 

has spread throughout the Main Hawaiian Islands where it has become common in habitats 

with hard substrata, low light and moderate current flow (Devaney and Eldredge 1977; 

Thomas 1979; Coles and Eldredge 2002; Kahng 2006). At depths below 70 m it has been 

found overgrowing large fields of black corals Ant/palhes cf. dichotoma and A. grandis, as 

well as scleractinian plate corals Leptoseries spp. (Kahng and Kelley 2007; Kahng and Grigg 

2005; Grigg 2004; Grigg 2003). Similarly, in favorable shallow-water habitats (shallower 
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than 70 m), C. riisei commonly overgrows cup corals and bivalves and attains high densities 

thereby saturating the substrata to the exclusion of native benthic fauna (Kahng 2006). 

However, recent molecular work has revealed the presence of at least 2 different species of 

Carijoa in Hawaii, and exposed that this genus is in need of taxonomic revision (Concepcion 

et al. in press). Pending such taxonomic revision I continue to use the accepted name of 

Carijoa riisei here. 

Management strategies to address biological invasions include: (I) prevention of the 

spread of the potentially invasive species in the first place; (2) eradication of the invasive 

populations when these are small; (3) use of mechanical or chemical methods when invasive 

populations are established; or (4) the use ofbiocontrol agents (Secord 2003; Sax et al. 

2005). Given the large spread and abundance of C. riisei in Hawaii (Kahng & Grigg 2005; 

Kalmg 2006; Kalmg et al. 2008), there is interest in identifying potential biocontrol agents 

against C. riisei. The basic premise of biological control is the use of a pest organism's 

natura1 enemies, such as parasites, parasitoids, pathogens or predators, to reduce the 

abundance of the pest organism (Laffurty & Lafferty 1996; Kareiva 1996; Murdoch & Briggs 

1996; Simbeloff & Stiling 1996; Secord 2003; Sax et al 2005). There are three fundamentally 

different strategies within biocontrol (Secord 2003): (I) classical biocontrol where the natural 

enemy from the pest's native range is introduced into the pest's new range; (2) neoclassical 

biocontrol where a non-indigenous species in introduced to control a native pest; and (3) 

augmentative biocontrol where the already established natural enemy populations of a pest 

are enhanced. 

Biocontrol has been used successfully in terrestrial agricultura1 systems for a long 

time (Funasaki et al. 1988; Murdoch & Briggs 1996; Simbeloff & Stiling 1996; Secord 
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2003), however, in marine systems biocontrol is still in its infancy (Simbeloff & Stiling 

1996; Seeord 2003). In estuary and marine systems only few proposals to identify and test 

potential biocontrol agents have been put forward (reviewed by Secord 2003). These include: 

(1) pathogenic microorganisms (viruses, bacteria and protozoa) against harmful algal 

blooms; (2) the predatory butterfish Peprilus triacanthus and the parasitic larval sea anemone 

Edwardsia lineata against the ctenophore Mnemiopsis leidyi in the Black Sea; (3) the 

castrating barnacle Sacculina carcini against the crab Carcinus maenas; (4) the 

spermiphagous ciliate Orchitophyra stel/arum against the starfish Asterias amurensis; (5) 

sacoglossan opistobranchs against the green alga Caulerpa taxifolia in the Mediterranean 

Sea; and (6) the planthopper Prokelesia marginata against the saltmarsh cordgrass Spanina 

altemiflora. 

Besides the shorter history of marine biological control, as opposed to terrestrial 

biocontrol, there are several fundamental differences between terrestrial and marine 

ecosystems that directly influence organismal biology. These differences include life 

histories, taxonomic relationships and biodiversity, larval and adult dispersal strategies, 

biomechanics of the medium and relative system openness (Strathmann 1990; Lafferty and 

Kuris 1996; Kareiva 1996; Seeord 2003). Together, the uncertainty in predicting marine 

systems is much greater, making it harder to identify and test potential biocontrol agents 

(Lafferty and Briggs; Seeord 2003). 

Decisions on the identification of potential biocontrol agents are guided by host 

specificity and seek to maximize damage to the pest populations, with both of these factors 

being important (Murdoch and Briggs 1996; Secord 2003; Sax et aI. 2005). For instance, 

studies with sacoglossan opistobranchs as potential biocontrol agents against the alga 
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CauJerpa taxi/olia in the Mediterranean Sea revealed that several slug species are specialized 

feeders of C. taxi/olia; however slugs were ineffective biocontrol agents due to low feeding 

rates (Williams and Walker 1999; Coquillard et al. 2000; Thibaut et al. 2001). Ideally, a 

biocontrol agent should maximize damage to a specific pest without affecting non-target 

species. Additionally, the life histories of potential biocontrol agents need to be considered 

(Simberloff and Stiling 1996; Secord 2003). For example, the sacoglossans Oxynoe olivacea 

and Lobiger seradiflaci are unsuitable biocontrol agents against CauJerpa because of low 

feeding rates and planktotropic larval development, which typically leads to dispersal away 

from the biocontrol's local target pest (Lafferty and Kuris 1996; Secord 2003). 

The only reported predators of Carijoa outside of Hawaii are ovullids in Indonesia 

(Calcinai et al. 2004), and an endemic tritoniid nudibranch Tritonia sp. (Kahng 2006), the 

aeolid nudibranchs Phyllodesmium serratum and P. pointiimiei, all from southern Australia 

(Rudman 1981, 1991). In Hawaii, studies on the associated microcommunity of C. riisei 

conducted in the 1970's failed to identify any predators ofC. riisei (Thomas 1979). In 1995, 

the dendronotid nudibranch Tritoniopsis elegans (Audoin 1826) and the aeolid nudibranch 

Phyllodesmium pointiimiei (Risbec 1928), were first seen in Hawaii apparently feeding on C. 

riisei (Wagner et al. 2007). Laboratory assays with the native Hawaiian octocorals Sinularia 

densa (Whitelegge 1897) and Sarcothelia edmonsoni (Verrill 1928) in the presence and 

absence of C. riisei, demonstrated that T. elegans is a generalist octocoral predator which 

preys readily on C. riisei, but also feeds on S. edmonsoni and S. densa when C. riisei is 

absent (Wagner et al. 2007). The generalist nature of T. elegans feeding makes it an 

undesirable biocontrol agent against C. riisei in Hawaii. In contrast, P. pointiimiei quickly 

starved in the absence of C. riisei even when offered alternative octocoral prey (Wagner et al. 
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2007; current study). Prior to these studies, P. poindimiei had only been observed from a 

variety of Western Pacific locations from New Caledonia to southern Australia (Rudman 

1981,1991; Burn 2006; Slack-Smith & Bryce 2004) in close association with Carijoa 

(Rudman 1991). 

Given the rapid proliferation and ecological impact of C. riisei in Hawaii (Kahng and 

Grigg 2005), there is interest in the potential use of P. poindimiei as a biocontrol agent. 

However, little is known about the basic biology of this nudibranch species. The purpose of 

this study was to: (1) confirm the specialized nature of P. poindimiei feeding; (2) quantitY the 

impacts of P. poindimiei on C. riisei; and (3) answer basic life history questions of P. 

poindimiei including adult longevity, fecundity and larval type, by using both laboratory 

cultures and time-series observations of field sites. 
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Specl .. Authority Previous nam •• L,:~h Food Zoo,,- Known distribution Referenc •• 
P. briareum (Bergh. 1896) Ennois briareus 7· 25 Briaridae Ve. Indo-Pacific, Australia Avila et aI. 1998, Burghard1 et aI. 

200S,Rudman 1991, Waegele & 
Johnsen 2001 

P. coIemani Rudman, 1991 !>-18 T ubipora musica Ves Co.aI Sea Awe et aI. 1998, Rudman 1991 

P. crypticum Rudman, 1981 Phyflodesmum cryptiCB 45-60 Xenia Ve. Australia Avila et aI. 1998, Burghardt & 
Waegele 2004, Rudman 1981 , 
Rudman 1981 

P. guamensis Avila, BaUesteros, 8-48 Sinularia poIydactyfa, Ves Guam Aws et ai, 199B, Car1soo & Hoff 2003, 
Slattery, Stanner & Paul S. maxima, S. sp. Slattery et aI. 1998 
1998 

P. hom'dum (Macnae, 1954) Favorinus horridus, 8-27 MeJitodes No S. Africa, Australia Avila et aI. 199B, Rudman 1981 , 
Phyflodesmiopsis Rudman 1991 , Burghardt & Gosliner 
horridus. P . hom'dus 2006 

P. hyaJinum Ehrenberg, 1831 P. Xenf88. Favorinus 14-45 Xenia, Xenia Ves Paciflc. Red Sea, Tanzania, Avila et at 1998, Gohar & Aboul-Ba 
horridus brevitentaculatus umbe//ata,Heteroxenia Australia, Japan, Philippines, 1957, Rudman 1981 , Rudman 1991 

fuseem Marshall Islands 

P. iriomotense Baba, 1991 20 Found on thread like No Japan Baba 1991b, Burghardt & Gosliner 
81cyonarian 2006 

P. jakobsenae Burghardl & Waegele, <30 Xenia Ves N. Sulawesi Burghardt & Waegele 2004 
2004 

P. kabiranum Baba. 1991 38 ? Ve. Japan Baba 1991b 

P. /ongicirrum (Bergh, 1905) Myrrhine fongicirra 33-140 Sarcophyton Ves Australia, Indonesia Avila et aI. 1998. Col et aI . 1985. 
tr&cheliophorum Burghardt & Gosliner 2006 

P. macphersonae (Bum. 1962) Cratena macphersooae 4-35 unknown Ves Australia, Tanzania, Japan Avila et aI. 1998, Rudman 1981 . 
Rudman 1991 , Baba 1991 

P. magnum Rudman, 1991 12-130 Sinu/aria sp. Ves Australia, New Caledonia, Marshall Avila el aI. 1998, Brook 1998, Carbon 
Is., Hor.g Kong, N. Kermadec, & Hoff 2003, Rudman 1991 
Guam 

P. opafescens Rudman, 1991 8-1. ? No Hong Kong Avila e1 aI. 1998. Rudman 1991 

P. orientale Baba. 1991 P. hyalinum 25 Found on Xenia Yes Japan Saba 1991b 

P. pBrangatum Ortiz & GosIiner, 2003 8-20 ? Ve. N. Philippines Ortiz & Gosfiner 2003, Burghardt & 
GosIiner 2006 

P. pecten Rudman , 1981 4-22 Xenia Ves Tanzania AVIla et aI. 1998. Rudman 1981 

P. poIndmiei (Risbec. 1928) Aeolidia poindimiei, 12-50 Carijoa $p. No Australia, New caledonia Avila e1 al. 1998. Bum 2006, Rudman 
~Stilla poindimiei, 1981 ,Burghardt & Gosliner 2006 
? Ph/diana tenuis 

P. ttJdmani Burghardl & Gosliner <45 Xenia Ve. N. SulaweSi, Phillipines Burghardt & Gosliner 2006 
2006 

p, serratum (Baba, 1949) Hervis semlta, era/ena '''0 Comu/aria sp., No Australia, Japan, Tanzania Avila et aI. 1998, Baba 1991 , Bum 
serrata, Babaiel/a Clavu/aria sp" Catijoa 2006,Rudman 1991 , Burghardt & 
serrata, P. serrata sp" Steronephtia sp. Gosliner 2006 

-~---

Ta ble I. Summary of published ecological info rmation for the 19 described Phyl/odesmillm species. 
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CHAPTER 2. MATERIALS AND METHODS 

2.1 Nudibranch coUections 

In Hawaii, we found Phyllodesmiurn poindimiei living in close association with 

Carijoa riisei on the islands of Oahu, Kauai and Maui. During the day, nudibranchs were 

very cryptic tending to hide at the bases of colonies, whereas at night they were observed 

actively crawling over the entire colony, and aggregating near the tips of polyps (Figure 1). 

Three sites on the island of Oahu were chosen as the primary study sites due to their 

contrasting environments and their large popUlations of C. riisei (Figure 2). The Hawaii Kai 

site (N 21' 17.108' W 157' 43.120') is located under a bridge in a sheltered, lagoon channel, 

in which C. riisei colonies grow on a variety of hard substrata shaded from direct sunlight in 

0.5-3 m of water and are exposed to diurnal tidal currents. The Y0-257 site (N 21' 15.633' 

W 157' 50.217') is a sunken ship in 24-30 m of water on which C. riisei grow on shaded 

metal surfaces. In the Shark's Cove site (N 21' 39.305' W 158' 03.807'), C. riisei grows in 

9-15 m of water on the undersides of caves and shaded rocks. At each of these three sites the 

biomass of C. riisei to displace 2.0 liters of water, was collected in roughly monthly intervals 

for one year and the number of P. poindimiei individuals found within the coral were 

counted. Density measurements were made as point estimates, as no data on the variahility of 

density at a given sample date was recorded. The body length of individual nudibranchs was 

measured to the nearest 5 mm while actively crawling as described by Folino (1993). For the 

Shark's Cove site, P. poindimiei densities across time were plotted against wave height and 

sea surface temperature data collected by the Waimea Bay Buoy (N 21' 39.970' W 158' 

07.340') maintained by the University of Hawaii. Cross correlation analyses were performed 

using nudibranch density vs. average wave height on the date of nudibranch collection, and 
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Figure 1a. P. poindimiei near tip of C. riisei polyp at night; b. P. poindimiei aggregation 
near tip of C. riisei polyp at night. 
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a Shark'. 
c..., · 

Figure 2a. Map of time-series study sites on Oahu, Hawaii ; b. C. riisei growing on 
undersides of caves at Shark's Cove site; c. C. riisei growing on shaded metal surfaces at 
YO-2S7 site; d. Hawaii Kai site. 
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nudibranch density vs. average sea surface temperature on the date of nudibranch collection. 

For the Y0-257 site, P. poindimiei densities across time were plotted against sea surface 

temperature data collected by the Kailua Buoy (21' 25.020' W 157' 40.630') maintained by 

the University of Hawaii. Cross correlation analyses were performed using nudibranch 

density vs. average sea surface temperature on the date of nudibranch collection. The 

collected nudibranchs were brought back to the Hawaii Institute of Marine Biology and used 

for a variety of experiments as described below. 

2.2 Life history 

10 pairs of Phyllodesmium poimiimiei individuals of approximately similar size were 

isolated into aerated 9-liter aquaria and observed over time (fable 2). At roughly weekly 

intervals, the body length of individuals was measured as described above, and the number of 

egg masses found in each aquarium was recorded. The approximate number of egg masses 

laid per individual was calculated by dividing the number of egg masses found in each tank 

by the number of live individuals of that tank. Spawning was analyzed for lunar periodicity 

by converting each observation date to the nearest full moon (-14 to + 14) and plotting the 

data against the lunar period as described by Kahng et al. (2008). Some of the egg masses 

were removed from aquaria using a pipette and observed under a Nikon SMZ-U binocular 

microscope to count the number of eggs per mass. Freshly laid egg masses were removed 

from aquaria using a pipette and placed into aerated 800mL beakers with filtered seawater 

(50 ).Un). In these, 100% water changes were performed daily and eggs were inspected using 

a Nikon SMZ-U binocular microscope. Once larvae hatched, these were daily fed Shellfish 

Diet 18000 (Instant Algae®, Reed Mariculture, 25% Isochrysis, 20% Pavlova, 20% 

Tetroselmis, 30% Thalossiosira weissflogii, 5% Nannochloropsis) at concentrations of 
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10,000cellslL. and daily water changes were performed. Larvae were kept in both the 

presence and absence of C. riisei fragments to see whether larvae would settle. 

2.3 Feeding assays 

2.3.1 Prey species preference 

Species within the genus Phyllodesmium are specialized on feeding on octocorals 

(Rudman 1991. 1981). In Hawaii. only six octocoral species are reported in shallow-water: 

Carijoa riisei. Sareothelia edmonsoni (Whitelegge 1897). Sinularia densa (Verrill 1928). S. 

molokaiensis (Verseveldt 1983), Aeabaria hieolor (Nutting 1908) and an undescribed brown 

soft coral from Maui (p. Alderslade and C. Pittman pers comm.); of these only C. riisei, S. 

edmonsoni and 8. densa are relatively common (Hoover 2005; Fenner 2005). Due to 

difficulty obtaining source colonies of the rarer octocoral species (8. molokaiensis and A. 

hieolor), feeding assays were only performed with the more common ones (C. riisei, S. 

edmonsoni and S. densa). For each octocoral species, colonies were placed in both the 

presence (treatment) and absence (control) of adult P. poiwiimiei individuals and observed 

for any signs of coral tissue damage. For each experimental treatment 5 P. poindimiei 

individuals (30-35mm) were placed in an aerated 9-liter aquarium with an octocoral colony 

(25cm2
). Control aquaria without the nudibranchs were set-up in the same manner. Every two 

days coral colonies were photographed, tissue damage was noted, and the nudibranchs were 

measured and inspected for reduction in size or autotomy of cerata (Le. signs of starvation). 

Experiments lasted for a total of four weeks and were repeated in the same manner above 

described on a second occasion. 
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2.3.2 Feeding rates on Carijoa rlise; 

Phyllodesmium pointiimiei suctorially feeds on Carijoa riisei, meaning that it sucks 

the tissue out of polyps without destroying the body wall (Figure 3). This mode of feeding 

allows for assessment of feeding rates by counting individual polyps based on their level of 

disintegration (Pratt and Garson 2007). After exposure to nudibranchs, polyps were scored as 

either preyed upon (intact body wall but missing polyp tissue) or intact (POlyp full). Feeding 

rates of P. pointiimiei on C. riisei were quantified as the number of polyps preyed upon over 

time and were then standardized to nudibranch size as descnbed above. Individual 

nudibranchs were placed into separate aerated 800 mL beakers with a 6 cm fragment of C. 

riisei selected to have similar number and size oflateral polyps. The number of polyps 

preyed upon was recorded every two days, at which time C. riisei fragments were replaced 

with fresh specimens. 

2.3.3 Feeding rates on sponge overgrown Carijoa riisei 

A number of sponges are frequently observed overgrowing Carfjoa riisei in Hawaii. 

Feeding rates of Phyllodesmium pointiimiei (30-35mm) were measured as described above, 

but with sponge overgrown fragments of C. riisei. Four different sponges that are frequently 

observed on Oahu were used during the trials (Figure 4). For these assays C. riisei fragments 

were chosen in which live polyps were almost completely surrounded by overgrowing 

sponge. 
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Figure 3a. C. riisei fragment before being exposed to P. poindimiei predation; h. C. riisei 
fragment 48 hours after exposure to P. pOindimiei predation. 
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Figure 4. C. riisei epizo ic sponges; 3. wh ite sponge; b. yellow sponge; c. red sponge; d. grey 
sponge. 
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2.4 Predators 

Fish fauna commonly found near Carijoa riisei colonies in the field were tested as 

potential predators of Phyllodesmium poindimiei. Assays were performed at the YO-257 field 

site. Fish were attracted using pieces of bread and then offered live P. poindimiei. Fish 

species that mouthed P. poindimiei were noted and observed for regurgitation of the 

nudibranchs. Based on initial observations, laboratory assays were subsequently performed 

with the butterflyfish Forciper longrirostris (Broussonet 1782) and F. jlavissimus (Jordan 

and McGregor 1898), which are the dominant browsers among large C. riisei aggregations; 

and the portunid crab Tholamita integra Dana 1852, which is commonly found within C. 

riisei colonies. Three adults of each of the two butterflyfish species and the crab species were 

kept in separate tanks and fed frozen clams once a day. While feeding, pieces of P. 

poindimiei (cerata, mantle and viscera) were mixed in with slices of clams. The animals were 

observed for consumption or uptake and regurgitation of P. poindimiei pieces. Additionally 

live individuals of P. poindimiei were placed in tanks with F. longrinostris, F. jlavissimus, 

and T. integra and the nudibranchs were observed daily for any sigos of attacks (i.e. missing 

body parts or nudibranchs). 
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CHAPTER 3. RESULTS 

3.1 Nudibranch densities across time 

The densities of P hyllodesmium poindimiei were significantly different among the 

three sites (Kruskal Wallis: H = 6.71, P = 0.035). However, measurements represent point 

estimates as no data on the variability of density within a sample site was recorded for a 

given date. At the Hawaii Kai site, densities were continuously low and did not appear to 

follow any patterns (Figure 5). At the YO-257 site, densities fluctuated more, but these 

fluctuations did not coincide temporally to seasonal fluctuations in sea surface temperature 

(Figure 6). No statistically significant cross correlations were recorded at any lag phase 

between sea surface temperature and nudibranch density (highest correlation at lag phase 

5=0.612). However, cross correlation analysis assumes that data is collected in uniform time 

intervals, which was not done at the YO-257 site. Therefore results of the analysis should be 

interpreted with caution. For the Shark's Cove site, densities were highest in the summer 

(May-September) and lowest during the winter. The high nudibranch densities in the summer 

roughly coincided with periods of reduced wave height, elevated sea surface temperature 

(Figure 7a and 7b), and increases in C. riisei biomass. The low nudibranch densities in the 

winter roughly coincided with periods of elevated wave height, reduced sea surface 

temperature (Figure 7a and 7b), and decreases in C. riisei biomass. No statistically significant 

cross correlations were recorded at any lag phase between sea surface temperature and 

nudibranch density (highest correlation at lag phase 2=0.637), or wave height and nudibranch 

density (highest correlation at lag phase 2=-0.652). The cross correlation assumption of equal 

periods between data points was violated at the Shark's Cove site, and hence results of the 

analysis should be interpreted with caution. 
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Figure 5. Time-series P. poindimiei densities at study sites. P. poindimiei densities were 
recorded by counting number of individuals found within C. riisei biomass to displace 2.0 
liters of water. 
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3.2 Life history 

In the laboratory Phyllodesmium poindimiei deposited egg masses on the glass of 

aquaria (Figure 8a and 8b) or on the surface ofCarijoa riisei colonies (Figure 8c). 

Oviposition was observed only after animals reached a minimum body length of 15 mm. The 

maximum number of egg masses laid by one individual was 16 with a mean of6 (± 5.3 SD) 

(Table 2). Egg masses were found continuously throughout the study with no evidence of any 

lunar periodicity (one-way ANOVA p=O.873). In no case did death ofindividuals 

immediately follow oviposition, and individuals lived for up to 79 days after the last egg 

mass was laid. 

Egg masses were white to opaque, and eggs were deposited in single sheets (Figure 

8b). Individual egg capsules were -100!lll1 at oviposition. The number of eggs per egg mass 

ranged from 6,750-11,260. Eggs hatched 5-6 days after oviposition, giving rise to free

swimming veligers (Figure 8d and 8e), which were observed ingesting individual 

phytoplankton cells on multiple occasions under the microscope. The free-swimming larvae 

remained in motion for up to 13 days after hatching, at which time the veligers measured 

-150-156 !lll1. In no case did larvae settle or metamorphose. P. poindimiei remained alive in 

the laboratory for up to 318 days with a mean ofl22 days (± 77.3 days SD) (Table 2). Note 

that P. poindimiei were collected from the field as post juveniles of unknown age, and 

therefore total nudibranch longevity is higher than the above values. Most of the animals 

showed reductions of body length (shrinking from 5-15 mm over 3 weeks) and autotomy of 

cerata prior to death. 
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Figure Sa. P. poindimiei adult (3Smm) laying eggs in tank; b. P. pOindimiei egg mass on 
glass of tank (d=ISmm); c. P. poindimiei egg mass on C. riisei d. P. poindimiei larvae 6 days 
after oviposition (1IS-122 ).Ul1) ; e. P. poindimiei larvae 7 days after oviposition (122 ).Ul1); f. 
P. pOindimiei juvenile (S mm). 
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TaddD &li1ia1 Fm.! ~Ly Emm ..... 
size (mm) "'.(mm) ~~ loid 

1 ,s 10 2D\I D 
,s ,s 18 0 

2 .s .s 6 0 
10 10 110 0 

3 10 1:l :m 12 
10 U 134 11 

4 10 3D 318 12 
10 .s 100 11 

S 10 411 201 6 
10 U 152 6 

6 U 20 114 2 
U 10 !13 2 

1 U 10 114 2 
20 20 6S 2 

8 20 .s 100 8 
20 10 !13 8 

9 2,S U 114 16 
2,S 10 !13 16 

ID 3D 20 6S 'sj 

3D 20 6S jj 

Table 2. Longevity and fecundity for 10 pairs of P. poindimiei kept in separate tanks. 
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3.3 Feeding assays 

3.3.1 Prey species preference 

In both experimental trials with Carijoa riisei all 5 Phyllodesmium poindimiei adults 

survived. Abundant tissue damage was recorded on polyps of the experimental C. riisei 

colony, whereas none was ever observed in the control colony. Tissue damage was noted 

exclusively on polyps of C. riisei, whereas the body wall and stolons remained intact. In 

contrast, no signs of P. poindimiei predation were observed in trials with Sinularia densa and 

Sarcothelia edmonsoni, and the nudibranchs showed progressive signs of starvation 

including reduction in body size, autotomy of cerata and eventually death. For assays with S. 

densa and S. edmonsoni, all P. poindimiei apparently starved after 20-28 days and 14-20 days 

respectively. 

3.3.2 Feeding rates on Carijoa riisei 

Phyllodesmium poindimiei individuals exhibited an initial positive relationship 

between body length and feeding rate on Carijoa riisei that eventually reached an asymptote 

at -35mm (Figure 9). In no case was C. riisei tissue damage observed for P. poindimiei 

individuals of the smallest size class (5mm), however only few observations were made for 

this class (n=4). 
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3.3.3 Feeding rates on sponge overgrown Car/joa riisei 

The feeding rates of Phyllodesmium poindimiei adults on Carfioa riisei fragments 

overgrown by the different sponges were all significantly lower than on sponge-free C. riisei 

(all t-tests with overall Bonferroni error mte of 0.05: p<O.OOI) (Figure 10). However, sponge 

cover did not completely suppress P. poindimiei predation, because feeding was still 

observed but at much lower rates. In geneml predation occurred on portions of C. riisei 

polyps with lowest sponge cover. These assay results were consistent with observations in 

the field, where P. poindimiei individuals were only observed on sponge free C. riisei and 

never on colonies that had substantial sponge overgrowth. 

3.4 Predators 

No fish species were observed to consume Phyllodesmium poindimiei in field assays. 

Chaetodon miliaris (Quoy and Gaimard 1825). LUljanus kosmira (ForsskdlI775). 

Thalassoma dupe"ey (Quoy and Gaimard 1824). Forciper longrirostris and F. jlavissimus 

all mouthed but did not consume the nudibranchs. In the labomtory assays with F. 

longrirostris and F. jlavissimus, these fish species bit on nudibranchs on several occasions 

but quickly spat them back out and then avoided other pieces of food. Additionally there was 

no evidence of attacks when F. longrirostris and F. jlavissimus were left in tanks with P. 

poindimiei. In contrast, Thalamita integra did consume pieces and whole P. poindimiei 

individuals. These cmbs readily attacked P. poindimiei in tanks and were never observed 

regurgitating after consuming the nudibranchs. 
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CHAPTER 4. DISCUSSION 

The presented data provide evidence that Phyllodesmium poindimiei is a specialized 

predator on Carijoa riisei, because individuals perished in the absence of C. riisei even when 

offered alternative prey. These results are consistent with previous reports of P. poindimiei in 

southern Australia, which associate exclusively with Carijoa sp. (Rudman 1981, 1991). 

Furthermore, the obligate association between P. poindimiei and C. riisei suggest that P. 

poindimiei likely followed its octocoral prey in colonizing Hawaii. Interestingly, C. riisei 

predation was not observed for the smallest P. poindimiei (5 mm) individuals (Figure 9), 

even though these were found in association with C. riisei both in the field and in the 

laboratory. These results suggest that the feeding rates of small juveniles is either so minimal 

that it remained undetected with the above described methodology, or that juveniles subsist 

on an alternate food source before switching to C. riisei at a larger size. Ontogenetic prey 

switching is common among many marine animals includiilg the Nudibranchia (perron and 

Turner 1977; Nybakken and McDonald 198 I; Bickell and Kempf 1983; Chia and Koss 

1988). Prey switching makes sense from a mechanical perspective, because small juveniles 

often lack the full development of the feeding structures required to prey on the adult prey 

(Hadfield 1963; Nybakken and McDonald 1981), as well as from an evolutionary 

perspective, because it reduces intraspecific competition among different sized conspecifics. 

Observations of P. poindimiei larvae are consistent with planktotrophic development. 

The diameter of individual eggs at the time of oviposition (-100)lJll) is similar to those 

observed for other nudibranch species with planktotrophic development (e.g. Todd and 

Doyle 1981; Todd 1983). Additionally, developing larvae were observed ingesting individual 

phytoplankton on several occasions under the microscope. Veligers remained in the free 
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swimming stage for up to 13 days, which is roughly comparable to 20 days reported for the 

congeneric P. hyalinum (=P. unidoe) (Gohar and Aboul-Ela 1959; Hadfield 1963; Soliman 

1987). Unfortunately, as in studies with P. hyalinum (Gohar and Aboul-Ela 1959), settlement 

and metamorphosis was not observed during this study. The lack of settlement and 

metamorphosis in the laboratory might have been caused by absence of necessary settlement 

cues. Larvae were raised in both the presence and absence of C. riisei fragments without 

successful settlement. The adult food source has been reported as a settlement cue for a 

number ofnudibranch larvae (Bonar and Hadfield 1974; Harris 1975; Perron and Turner 

1977; Chia and Koss 1978; Arkett et al. 1989). However, it has also been argued that 

metamorphic induction by the adult prey organism would be detrimental in cases where 

larvae are so small that they run the risk of being ingested by the animals which will 

eventually become their prey, because this would mean that larvae are chemically attracted to 

their predators (Hadfield 1963). In this latter case, alternative intermediate settlement 

substrates have been proposed (Hadfield 1963). The size of P. poindimiei larvae is consistent 

with the size range of zooplankton found in gut content analyses of C. riisei (Kahng 2006). 

Therefore if P. poindimiei larvae were indeed chemically attracted to C. riisei for settlement 

cues, the larvae would run the risk of being ingested by C. riisei prior to settlement and 

metamorphosis. P. poindimiei juveniles were not observed to actively feed on C. riisei 

(Figure 9), suggesting that juveniles subsist on an alternate food source before switching to 

C. riisei at a larger size. If juveniles have an alternative prey to C. riisei, such results would 

be consistent with settlement on an alternate substrate. 

There does not appear to be any lunar pattern in spawning periodicity of P. 

poindimiei (one-way ANOYA p=0.873). Furthermore, egg masses were found both in the 
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laboratory and in the field throughout the year indicating that spawning occurs year round for 

this species. Egg masses analyzed in this study contained between 6,750-11,260 eggs that 

hatched 5-6 days after oviposition. Gohar and Aboul-Ela (1959) report between 8,600-11,200 

individual eggs in egg masses of P. hyalinum (=P. xeniae), which hatched 4 days after 

oviposition. An egg hatching time of 5-6 days is also reported for P. jakobsenae (Burghardt 

and Waegele 2004). 

The life cycles of several nudibranch species are related to the availability of their 

prey (Miller 1962; Thompson 1976; Eyster 1981; Todd 1981). In Hawaii, the octocoral C. 

riisei has been described as being abundant year-round and forming part of the climax 

community that dominates mvorable habitat after succession of other fouling organisms 

(Thomas 1979). However, significant fluctuations in biomass have been observed in shallow 

water populations due to large rainfall events or seasonal changes in wave energy (Kahng 

2006). After collection from the field, P. poimiimiei individuals survived between one and 

more than 10 months, suggesting that this species is capable of having an annual life cycle. 

The field density measurements of P. poindimiei indicate different population cycles among 

the sites (Figure 5). No data was collected on the density variability at a given sample date, 

and hence density differences might represent differences in the patchiness of nudibranchs 

among sites or sampling periods. At the YO-257 and Hawaii Kai study sites P. poimiimiei 

densities were relatively low throughout the year. In contrast, at the Shark's Cove site 

nudibranch densities were highest in the summer and lowest in the winter. These trends 

coincided temporally with variability of sea surface temperature and wave height. Consistent 

with observations made during this study, previous research at the site indicates that C. riisei 

biomass fluctuates seasonally, with highest biomass observed in the summer and lowest 
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biomass in the winter when large swells remove C. riisei from the substrata (Kahng 2006). 

Thus, P. poindimiei densities and C. riisei biomass appear to be related at the Shark's Cove 

site, suggesting a relationship betweeo nudibranch densities and the biomass of their prey. 

The site is located in relatively shallow water (9-15m) and therefore is impacted by the large 

differences in wave energy betweeo summer and winter months. In contrast, the Hawaii Kai 

site is located in a sheltered lagoon with very low wave energy throughout the year. While 

previous research at the Hawaii Kai site has revealed reductions of C. riisei biomass after 

large minfall events (Kahng 2006), these were not observed in the time period of this study. 

C. riisei biomass was relatively constant throughout the study. Consistent with this, P. 

poindimiei densities did not show any large tempoml fluctuations (Figure 5). The YO-257 

site is located deeper than the other sites (24-3Om), and benthic communities are therefore 

less likely impacted by seasonal fluctuations of wave height or minfall events. Consistent 

with this, no large fluctuations of C. riisei biomass was observed at the site as part of this 

study. 

Nudibranchs possess elabomte defensive strategies including aposematic coloration, 

autotomy, camouflage, mimicry, crypsis and nocturnal activity (Thompson 1976; Todd 1981; 

Behrens 2005). These elabomte defensive mechanisms suggest that visual predation has been 

an important fuctor in the evolution of nudibranch defensive strategies (Harris 1987). 

Morphological and/or behavioml adaptations that are discussed in the published Iitemture as 

possible defensive mechanisms of Phyllodesmium include autotomy, camouflage. crypsis and 

nocturnal activity (Gohar and Aboul-Ela 1957; Slattery et al. 1998; Burghardt and Gosliner 

2006). which were all observed for P. poindimiei during this study. However, such 
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discussions of defense mechanisms of Phyllodesmium are mostly hypothetical for there are 

very few observations of animals preying on these nudibranchs (Rudman 1981). The few 

exceptions are feeding experiments with P. guamensis, which suggest that different fish 

species prey on or avoid this nudibranch species (Slattery et al. 1998), and a sole observation 

of P. serratum being ingested by Octopus vulgaris in False Bay, South Africa (Smith 2003). 

The results of this study exposed at least one potential predator of P. pointiimiei, the portunid 

crab Thlamita integra. The crab was observed ingesting both pieces and whole individuals of 

P. pOintiimiei in laboratory studies. This crab was frequently observed living directly within 

C. riisei colonies in the field, particularly at the Hawaii Kai site, perhaps helping to explain 

the lower nudibranch densities observed at the site (Figure 5). In Hawaii, fish and crustacean 

predators have been identified for the coraIIivorous aeolid nudibranch Phestilla sihogae, and 

proposed as factors explaining the lack of strong impacts of the nudibranch on its coral prey 

in the field (Gochfeld and Aeby 1997). The fish species Thalassoma duperrey, T. hallieui 

and Chaetodon auriga, the crab species Pi/odius aerolatus, Phymodius monticulosus and 

Thalamita sp., and the stomatopod Gonodactylus falcatus are reported as predators of the 

nudibranch P. sihogae (Gochfeld and Aeby 1997). Gochfeld and Aehy propose that 

nudibranch predation by fish outside coral colonies, in combination with crustacean 

predation inside coral colonies, may control populations of P. sihogae (1997). 

The fish species Chaetodon miliaris, Lutjanus kasmira, Thalassoma duperrey, F. 

longrinostris and F. jlavissimus all mouthed P. pointiimiei individuals, then quickly 

proceeded to spitting them out, suggesting that P. pointiimiei is distasteful or defended. The 

incorporation of diet derived secondary metabolites for defensive purposes has been reported 

for P. longicirra (CoIl et aI. 1985; Sammarco and CoIl 1992; McClintock et aI. 1994, 
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Gavagnin and Fontana 2000) and P. guamensis. (Slattery et aI. 1998; Gavagnin and Fontana 

2000). Both of these Phyllodesmium species possess highest concentrations of the secondary 

metabolites in the cerata, as opposed to other body parts, which indicates potential defensive 

uses, as cerata are more exposed to predation. 

While the results of this study only exposed one predator of P. poindimiei in Hawaii, 

predation may be an important factor in controlling the abundance of these nudibranchs. In 

August of2006, high P. poinciimiei densities (16) were recorded at the Shark's Cove site 

(Figure 5), and evidence of predation was noted on C. riisei colonies. The site was revisited 

10 days after, and a much lower P. poinciimiei density (2) was recorded. While movement of 

individuals away from the site cannot be ruled out, the reduction in densities may have been 

caused in part by nudibranch predation. 

Species of the ocotocoral genus Carijoa (=Telesto) have frequently been observed 

associated with a number of sponges (Calcinai et aI. 2004). Sponges are well known to deter 

predation by a number of marine predators (Chanas et aI. 1996; Becerru et al. 2004). 

Previous studies of the relationship between C. riisei and the demosponge Desmapsamma 

anchorata in Indonesia revealed that sponge covering protected C. riisei from predation by 

ovulids and nudibranchs (Calcinai et al. 2004). Both of these predators were sometimes 

observed on C. riisei colonies that were not covered by D. anchorata, but not on C. riisei 

overgrown by the sponge. The nudibranchs observed during that study were not described; 

however they were not P. poinciimiei (B. Calcinai pers. comm.). In Hawaii a number of 

different sponges are associated with C. riisei and sponge overgrowth can occur in large 

portions of C. riisei biomass, especially in shallow-water (Kahng 2006). The presented data 
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provide evidence that various sponges protect C. riisei from P. pointiimiei predation, because 

the feeding rates of P. pointiimiei on sponge overgrown C. riisei were significantly lower 

than those on sponge free C. riisei (all t-tests with overall Bonferroni error rate ofO.OS, 

p<O.OOI). Thus sponge overgrowth provides C. rUsei a refuge from nudibranch predation. 

This has important implications for the potential use of P. poindimiei as a biocontrol agent 

against C. riisei, as biocontrol is most efficient when there is little refuge of the target species 

(Hawkins et al. 1993; Murdoch and Briggs 1996). 

Another form of predation refuge arises from the fact that P. pointiimiei adults were 

only observed preying on fleshy polyps of C. riisei and not on stolons or the body wall of the 

octocoral (see above). When C. riisei colonies were kept in aquaria with high P. pointiimiei 

densities, most of the C. riisei polyps disappeared fairly rapidly, eventually leading to the 

starvation of P. pOintiimiei individuals. Stolons were always left behind in aquaria even after 

large predation events, which eventually regenerated giving rise to new polyps and colonies. 

These observations are consistent with studies of other aeolid nudibranchs that suggest that 

these are often partial predators (see Harris 1987). 
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CHAPTER 5. CONCLUSION 

Since its initial discovery in 1966, Carijoa riisei has rapidly spread and proliferated 

throughout the Main Hawaiian Islands (Kahng and Grigg 2005; Kahng and Kelley 2007; 

Kahng et al. 2008). The specialized association between P. pointiimiei and C. riisei (Rudman 

1981, 1991), and the fact that P. pointiimiei popUlations are already established in Hawaii 

(Wagner et aI. 2007), make this nudibranch a logical candidate for an augmentative 

biocontrol agent of C. riisei in Hawaii. Ideally biocontrol agents should be host specific in 

order to minimize impact on non-target species, and maximize damage to the target pest 

species (Murdoch and Briggs 1996; Secord 2003; Sax et al. 2005). The results of this study 

indicate that P. pOintiimiei is a specialized C. riisei predator. However, several factors appear 

to limit the effectiveness of P. pointiimiei at controlling C. riisei and hence its applicability as 

a biocontrol agent: (1) P. pointiimiei has a planktotrophic larval phase, which might disperse 

larvae away from their parents, and hence away from local C. riisei popUlations; (2) there is 

at least one natural predator of P. pointiimiei in Hawaii, and hence artificial augmentation of 

P. pointiimiei populations can be counteracted by predation on this nudibranch; (3) epizoic 

sponges provide C. riisei with an effective predation refuge, and consequently portions of C. 

riisei populations that are sponge overgrown, which are typically abundant in shallow water 

(Kahng 2006), cannot be controlled through nudibranch predation; (4) P. pointiimiei 

predation on C. riisei is incomplete as portions of C. riisei colonies (i.e. stolons) are left 

unharmed after nudibranch predation. Thus C. riisei is able to regenerate even after large 

predation events. These factors taken together indicate that P. pointiimiei would be a poor 

biocontrol agent, and hence biocontrol of C. riisei using P. pointiimiei should not be pursued. 
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