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l1BSTRACT 

Tl,'lenty-seven species of known or suspected coral .skeletal 

borers were identified from shallow Hawaiian reefs. In 

comnarison to inventories of the borer communities collected 

from other tronical areas Hawaiian corals had an abundance 

of nolychaetous annelids, fewer species of sipunculans,and 

acrothoracican barnacles, and far fewer boring sponges. 

Polychaetes were responsible for the majority of the 

bioerosion of dead coral in Kaneohe Bay, Oahu. 

Comparisons of living and dead sections of coral colonies 

indicated. that the borer community vms more diverse and 

abundant in areas of the skeletons lacking living tissue. 

Skeletal densities of three common coral species with branching 

growth form were found to influence the abundance of coral 

borers. The least dense skeletons had greater population 

densities of borers. It is suggested that these three species 

of corals can coexist in close proximity due, in part, to the 

development of varying abilities to withstand invasion by 

skeletal borers ~ 

In order to determine rates, site preference and seasonality . . . 

of settlement a series of settlement plates were cut from coral 

and placed in the field at ten sites in Kaneohe Bay, Oahu. 
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Extrapolating from the surface area of the settlement plates, 

mean recruitment rates of coral borers were found to be 

10,000 - 50,000 individuals m-2 month-1 .- The recruitment 

rates and species composition of epibiotic and borer faunas 

settling; on the dead coral plates differed dramatically between 

areas in Kaneohe Bay due to the effects of differences in 

physical and biological factors caused by sewage and slltation. 

The larvae of coral borers generally lacked clear 

seasonal settlement periods, suggesting that one or more 

mechanisms (e.g. continuous reproduction, long pelagic phase, 

etc.) functioned to assure the presence of larvae throughout 

the year. The ultimate cause for the development of such a 

strategy may be that the time and location of the production of 

suitable settlement sites on the reef surface is. unpredictable. 

Some of the larvae of both epibiotic and borer species exhibited 

settlement selectivity with respect to the position of the 

settlement surface. This finding indicates that the distribution 

of borers in coral skeletons might be due, in part, to active 

selection by the laryae for particular conditions. 

Development of the epibiotic and borer communities of dead 

coral was monitored using sequentially collected blocks cut 

from the coral Porites lobata. The abundance and species 

composition of these communities were found to differ between 

sites in Kaneohe Bay because of several biological and physical 
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factors •. In the south bay increased food supplies (in the 

form of plankton and plankton-derived detrital material). 

due to sewage enrichment, support extensive populations of 

filter and deposit-feeding invertebrates including coral 

borers. Sewage diversion did not appear to have had any 

dramatic effect on these communities by the end of the study 

period. In the north bay, where food availability is:lower, 

fewer borers and epibiotic organisms were collected. 

The effects of fish grazing are considered to be another 

important factor determining the species composition and 

abundance of the coral borer community. Grazing fish were 

rare in south Kaneohe Bay during the study period, which may 

help to explain the abundance of sessile epifaunal species. 

In the north bay fish grazing is extensive and contributes 

to the growth of encrusting coralline algae on the test blocks 

and the benthois. 

Based on the results of the long term block study it was 

found that in Hawaii sessile filter-feeding invertebrates do 

not exclude coral borers from the substratum or inhibit their 

growth. In south Kaneohe Bay, where conditions caused 

increased abundances and growth rates of filter and deposit

feeding invertebrates, bioerosion rates were accelerated .. 

Encrusting coralline algae, \vhich flourish on re·ef's exposed to 

f'ish grazing (eg. north Kaneohe Bay), inhibit settlement of 

borers and grow over burrow apertures, thus reducing the 

vi 



population of borers within the dead coral. Bioerosion rates 

of exposed, coralline algal· covered, dead coral substrata 

are very low on pristine shallow Hawaiian reefs. 
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Chapter I 

INTRODUCTION 

Throughout the history of man's interest in tropical 

coral reef biology there have been references to the comnrunlty 

of organisms that reside in coral rock and consolidated 

reef limestone. 'tIithin recent years there has been increased 

interest in the study of bioerosion of tropical coral reefs .. 

Species of borers have been described, mechanisms of burrow 

formation have been examined and bioerosion rates have been 

measured. Quantitative studies of the biology of the borer 

community have been lacking. This treatise is a compilation 

and discussion of the results of a series of field observations 

and experiments designed to quantitatively explore the ecology 

of the borer community. 

A series of hypotheses were developed based on trends 

observed during initial observations of the borer community 

on Hawaiian reefs. For example, knowing that coral species 

differ in skeletal density (see Chapter II), I hypothesized 

that these variations could affect the abundances of borers, 

specifically that coral species with high skeletal porOSity 

(low density) should have greater abundances and diversities of 
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borers than species with less porous skeletons. To 

ascertain the extent of these differences, the borer 

communities in corals with similar growth forms but 

different skeletal densities were comuared (see Chapter 

II). It was hypothesized that the living coral surface 

would inhibit the settlement of borers and, therefore. 

2 

that the dead sections of coral colonies would have greater 

populations and suecies diversities of borers than the 

live sections. The borer community in living and dead sections 

of the same coral colonies from three species of corals 

were quantified and compared to test this hypothesis (see 

Chapter II). 

Several aspects of the development of the borer 

community in dead coral were examined. In order to gather 

the quantitative information necessary to determine the 

developmental sequence of the borer community, recruitment 

rates of juvenile borers, seasonality of settlement and 

preferences for settlement sites on newly provided coral 

substrata were recorded (see Chapter III). I hypothesized 

that the epibiotic community of dead coral would affect 

the settlement and development of the borer community by 

either attracting, or in some way deterring the settlement 

of the juvenile borers. This relationship was studied, 

by providing cleaned coral substrata and observing the 

~rowth of both communities through time {see Chapter IV}. 



The study area was located in Kaneohe Bay, Oahu, an 

area recently under the influence of extensive sewage input 

and siltation from stream runoff (see Section 1.3). Sewage 

was diverted from the bay in December 1977, after the present 

study had be.gu:n in August of the same year, thus affording the 

opportunity to observe any changes that md.ght have occurred 

3 

after the diversion. Due to the effects of sewage and siltation 

the coral borer commttni ty wi thin Kaneohe Bay was studied under 

several different enviroY'JTlental conditions (see Chapters III, IV). 

Chapter V presents a summary of all the findingsf' 

discussion of the distribution, recr'lli tment and development 

of the coral borer community on shallow HaNaiian reefs and 

the relevance of these findings as applied to the results of 

previous studies on the effects of borers on tropical 

coral reefs. 

1.1 THE I~lPORTANCE OF CORAL BIOEROSION IN THE TROPICAL 
- REEF ECOSYSTEM - -

The breakdoT,-J'n of calcareous material, resulting in 

sediment production on tropical coral reefs, is considered 

to be a predominately biological process (Swinchatt 1965). 

The importance of bioerosion has been recognized by 

sedimentologists interested in the movement of calcarous 

sediments, by paleobiologists who have attempted to 

reconstruct the evolution of tropical reefs from the remains 

of calcareous organisms and by ecologists studying the 



structure of coral reef communities (Goreau and Harman 

1963, Swinchatt 1965, Scoffin 1972, Glynn 1973, Bromley 

1976, Warme 1976). The process of bioerosion is an integral 

part of the development of a tropical reef and the effects 

4 

of bioerosion on the structural maintenance of reefs and on the 

development of benthic communities have been mentioned by 

several authors. For example, clionid sponges weaken the 

bases of coral colonies which are then readily broken from the 

substratum, often resulting in avalanches of reef material 

which cascade down the reef slope (Goreau and Hartman 1963). 

One of the major causes of mortality of Caribbean gorgonians 

is thought to be due to the effects of bioerosion loosening 

the substratum to which the gorgonians attach (Gareau and 

Hartman 1963, Kinzie 1973). Scoffin (1972) :found that the 

rates of growth of massive corals and of boring sponges and 

bivalves were of the same magnitude and operated together 

prodUCing reef rock having a unique internal structure. 

1 .2 THE C ORAL SKELETAL BORERS 

1.2.1 Mechanisms of burrow formation 

Bioeroding organisms occur in most major phyla, but the 

methods of boring are known for only a few of these groups. 

Chemical dissolution of calcareous substrata (via the 

organic matrix and/or the crystalline skeletal components) 

is the most common method of burrow formation utilized by 

bacteria (DiSalvo 1969), blue-green algae (Golubric 1969), 



sponges O;arburton 1958, Cobb 1969, Pomponi 19(7) t some 

polychaetes (Jones 1967, Haigler 1969, Jones 1969. Zottoli 

and Carriker 19(4), and phoronids (Silen 1954). Both 

chemical a.nd mechanica.l methods are utilized in burrow 

formation by sipunculans (Rice 1969, Williams and Margolis 

19(4), and boring barnacles (Utinomi 1964). At least one 

species of alpheid shrimp forms burrows mecb~nically using 

modified chelae (Va.ughan 1973), and it is thought that some 

echinoids form burrows by scraping the substratum with their 

teeth and spines (McLean 1967). Boring mechanisms are unknown 

for the few species of marine fungi (Kohlmeyer 1969) and 

bryozoans (Soule and Soule 1969) that penetrate carbonate 

substrata. 

1.2.2 Distribution and abundance of coral skeletal borers 

The presence of bacteria in coral skeletons is 

characterized by brown pigmented areas of the corallum. 

These bacteria have been reported in the skeletons of Porites 

lobata in Kaneohe Bay, Oahu (DiSalvo 1969), but there is no 

information on the degree of infestation or the amount of 

damage to the coral. 

Purdy and Kornicker (1958) reported that blue-green algae 

were the most important agents of bioerosion of coastal 

limestone in Bermuda, and it is known that the rates of 

infestation and the species involved vary with depth and 

other physical factors {Perkins and Tsentas 1976, Kobluk and 
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Risk 1977). Green algae, predominately of' the genus 

Ostreobium, and some red algae also bore into car.bonate 

material, and their distribution appears to be determined by 

light intensity (Perkins and Tsentas 1976). 

The presence of boring sponges in carbonate material, 

including coral skeletons, has been widely repo:r.t,~d" (Hartman 

1957, Goreau and Hartman 1963, ,Neumann 1966. Bromley and 

Tendsl 1973, Pang 1973. Hutzler and Rieger 1973, Hein and 

Risk 1975, Rutzler 1975, Bak 1976, Guida 1976, Hudson 1977. 

Pomponi 1977, Stearn and Scoffin 1977). The boring sponges 

are known to excavate large anastomosing caverns and 

channels in coral skeletons contributing greatly' to the 

destruction of the reef framework in the Caribbean (Goreau 

and Hartman 1963, MacGeachyand Stearn 1976). 

The importance of polychaetes as coral borers was first 

noted by Gardiner (1903), and latter Hartman (1954) described. 

polychaetes as the most effective agents in the destruction 

of coralline rock. Fossil records show traces of polychaeta 

borings in coral and other carbonate material from the 

Paleozoic (Cameron 1968). Among the recent polychaetes 

that are known borers, the spionids are probably the most 

well-studied group (Blake and Evans 1968, Haigler 1969, 

Zottol! 1974), but representatives of the families Sabellldae 

(Jones 1969, Gibbs 1971), Cirratulidae(Day 1967, Knox 1971), 

and Eunicidae (Gibbs 1971, Zibrowius et ale 1975) are 

also known to bore into carbonate SUbstrata. Some estimates 



of the population of these worms are available f'rom 

various tropical habitats (Kahn and Lloyd 197), Brock and 

Brock 1977, Kahn and White 1979, Bailey-Brock et a1. 1980). 

Sipunculans are common coral bioeroders o Williams (1972) 

estimated the population density of Themiste lagenif.ormis on 

Hawaiian reefs to be 300-400 individuals 1m2 of dead coral, . 

but rates of bioerosion and the effects of their boring are 

not known. 

Phoronids are filter-feeding, worm-like lophophorates, 

and some species bore into carbonate material (Silen 1954). 

Two boring species have recently been discovered in Hawaiian 

reefs (Emig and Bailey-Brock in press), but the extent and 

rate of boring is not known. 

Boring bivalves have been reported from many areas and 

are known to penetrate limestone, cement, sandstone, clay 

and coral (Gohar and Soliman 1963 a,b,c, Evans 1967,1968, 

Jaccarini et al. 1968, Nair and Ansell 1968, Gareau et ale 

1969, Soliman 1969, Goreau et ale 1970, Hadfield 1976-). 

Some bivalves which appear to have bored into living corals 

(eg. Tridacna sPP.) are actually incorporated into the 

skeletons by passive overgrowth. While rates of' penetration 
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are known for some temperate species that bore into limestone, 

sandstone and clay (Evans 1967, 1968), relatively little 

information is available regarding the boring rates or 

population densities of bivalves in tropical reefs. 

A few arthopods are known to bore into coral skeletons. 



The alpheid shrimp Alpheus deuteropus, maintains crevices 

and bores holes into several species of' Hawaiian corals 

(Vaughan 1973). The bore holes of acrothoracican barnacles 

are known from mid Paleozoic molluscan and. coral fossils 

(Seilacher 1968). Newmanet ale (1976) discuss the diversity 

of extant coral inhabiting barnacles, and the life history 

of one species is described by Utinomi (1964). Species 

of Weltneria and Cr;yptophialus are known from Kaneohe Bay, 

Oahu (Tomlinson 1969). 

Echinoderms and fish are considered to be important 

bioerooers of coral reefs. In some areas these grazers are 

the primary producers of calcium carbonate sediments {Bardach 

1961, Hunter 1977, Stearn and Scoffin 1977, Scoffln et 

al. 1980}. Several species of urchins bore holes in reefs 

and reside in them (McLean 1967, Dart 1972, Russo 1977). 

Extensive areas of the reef bench are often riddled with 

burrows and the population densities can be up to 144 

urchins! m2 (McLean 1967). 

Tropical coral reefs are known to have high species 

diversities, especially of fish and. corals (Brander et ale 

1971, Grassle 1973). This is also true for the less obvious 

assemblages of organisms such as polychaete,s, studies of 

which indicate abundant and diverse faunas (Kohn and Lloyd 

1973, Hutchings 1974, Bailey-Brock 1976, Brock and Brock 

1977, Kohn and White 1977, Bailey-Brock et ala 1980). Both 

living and dead corals contain large numbers of symbiotic 

8 
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and predatory organisms (Ebbs 1966, McCloskey 1970, Robertson 

1970, Hadfield 1976, Hutchings 1974, Bon~m 1977 L. Despite 

the knowledge that cryptic communities are extensive and 

diverse, very little is known of the interactions between 

these organisms, their life histories or their role in the 

trophic system of coral reefs. 

1.3 THE STUDY AREA - KANEOHE BAY, OAHU, HAWAII 

Kaneohe Bay is located on the windward coast of the 

island of Oahu, Hawaii, at 21 0 28 1 Nand 1570 48' \-/ (Figure 

1). This large bay is 12.8 km in length, 403 km wide and 

covers 4,576 ha. It has been described as a "semi-enclosed 

embayment ........ including both coral reef and estuarine 

components" (Smith 1978). The majority of the descriptive 

information summarized in this section is based on reports 

by Smith et ale (1973), and Smith (1977, 1978, 1979). 

1.3.1 Physiography and Biology of Kaneohe Bal 

Kaneohe Bay was formed by erosion of part of the basaltic 

base of the island of Oahu during a low stand of the sea. 

At the present time the bay is composed of large sand-covered 

fringing reef flats and small patch reefs separated by 

deep channels (some produced by dredging). Along the 

shoreline are extensive fringing reefs, and an almost 

continuous barrier reef extends across the seaward margin 

of the bay" The lagoon floor is composed of fine, predominately 
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FIGURE 1 

Kaneohe Bay, Oahu, Hawaii. Insert 
shows the location of the bay on 
the windward. coast of Oahu. The 
letters N, M and S refer to the 
three regions of Kaneohe Bay. 
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_terrigenous, mud while the reef flats and. channels are 

covered with reef-derived calcareous sand. 

Living corals are common on patch and fringing reefs in 

the mid and northern regions o·f the bay but are rare in the 

south bay. Reef flats, crests and upper slopes are dominated 

by dead coral encrusted with coralline algae, macrothalloid 

algae and soft corals of the genus Zoanthus. Before a mass 

coralki 11 in 1 g65, caused by intense rllnoff of freshwater 

and silt during an abnormally heavy rainfall, these areas 

of the reefs were covered with a luxuriant and diverse coral 

community (Banner 1966). During this episode coral living 

at depths up to- 2 meters were killed. 

Porites compressaDana is presently the most abundant coral 

species in the bay making up 85% of the coral cover on the 

lagoon reefs (Smith et /3.1. 1973). Montipora verrucosa (Lamarck) 

is another very common coral on the fringing reefs. PocillODora 

damicornis (L.) is a finely branched, shallow lAfater coral, 

prevalent on the fringing and patCh reefs .. throughout the bay. 

Porites lobata Dana and PocilloDora meandrina Dana are most 

common in the outer, high energy, regions of the bay where the 

water flow and wave action are strbnger. The coral borer 

communities in Pocillopora meandrina, Porites compressa.and 

tJIontinora verrucosa are described in Chapter II. 

1.3 .. 2 Effects of sewage and freshwater runoff in 
.Kaneohe Bay . 

Smith (1977, 1978) reviewed the history of man's influence 



on the Kaneohe Bay ecosystem over the last 40 years. The 

most notable effects, as listed by Smith, include sewage 

discharge, dredging, increased terrigenous and freshwater 

runoff due to construction in the surrounding watershed, 

increased usage of the bay for fishing and recreation and 
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the introduction of exotic plants and animals. The following 

discussion is based on the results of an extensive research 

program (EPA contract no. R803983, awarded to Dr. S. V. Smith, 

RIMB). Teams of investigators have studied various aspects 

of the biology and physiography of Kaneohe Bay between 

early 1976 and mid 1979 in order to document the biological 

and physical responses of the bay to diversion of sewage. 

The major physical properties affecting the benthos and 

general physiography of the bay were: additional nutrient 

input contributed by the sewage and land runoff; decreased 

light penetration due to increased suspended particulate 

material from runoff and an enhanced phytoplankton population; 

and decreased salinity caused by increased runoff of 

rainwater from the surrounding mountains due to intensified 

construction in the watershed" Three areas of the bay can 

be clearly defined based on these physical influences: a 

southeast sector subjected to considerable amounts of sewage 

as well as runoff from the land; the central sector, generally 

unaffected (at least directly) by sewage or runoff; and 

the northwest sector, which is "especially affected along the 

fringing reefs by large amounts of silt and freshwater 

introduced by several large streams" Patch reefs in the 



north bay sector were not influenced by the freshwater or 

siltation and had luxuriant coral communities. 
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The bay received approximately 18,300 m3/daY of sewage at 

the height of sewage input. The sewage was discharged into 

the bay at three sites: the Marine Corps outfall in the 

southeast end of the bay (4,500 m3/day); the Kaneohe 

f>1unicipal outfall in the southern corner of the bay (12,800 

m3/day); and the Ahuimanu stream in the central sector 

(1,000 m3/day). The Marine Corps began discharging sewage 

in the 1940lS and the Kaneohe outfall began in 1963. A list 

of prediversion values of concentrations of phosphates, 

particulate organic carbon and nitrogen and light extinction 

coefficients measured at various sites within the bay area 

are listed in Table 1. 

Theprediversion studies indicated that the biomass of 

phytoplankton in the south bay was stimulated by increased 

nl trogen concentr,ations near the outfall. The standing crop 

of zooplankton was measured to be six times as great in the 

south bay as compared to the north bay. (The zooplankton 

referred to here were predominately meroplankton but a few 

of the more abundant holoplankters showed a similar trend.) 

Food supplies to the south bay benthos were enhanced by the 

high concentrations of phytoplankton and zooplankton and 

also by plankton-derived detrital material (Table 1). 

Benthic community studies carried out by the EPA research 

team consisted of extensive sampling at four sites in 



TABLE 1. -_. Pre-diversion values for several physical and biological factors 
measured by EPA funded research teams within Kaneohe Bay (from Smith 1978). 

Area Near Kaneohe Southern Central Northern Coastal 
Outfall Sector Sector Sector Waters 

Phosphate (mmole/m3) >1 0.5 0.3 0.3 0.15 

Light extinction 
coefficient (m- l ) 0.6 0.34 0.27 0.28 < 0.1 

Particulate 
organic carbon (mmole/m3) 39 27 20 20 

ParticulatH 
nitrogen (mmole/m3) 6.3 3.6 2.3 2.16 

Chlorophyll a (mg/m3) 4.59 1. 71 0.70 O. 6~~ 

Phytoplankton 
productivity 
mg; C m-3 day-l 294 77.8 37.8 36.4 

Total zooplankton (mg/m3) 
46.5 Carbon 36.4 15.3 8.17 

Nitrogen 11. 5 8.93 3.71 1.98 

Detri tu.s (mg/m3) 
78.8 44.7 23.6 17.6 Carbon 

Nitrogen 8,,95 5·08 2.68 2.00 

..... 
\.n 
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Kaneohe Bay. Two of the stations were in the north sector 

(one on the fringing reef and the other offshore on a patch 

reef), one in the central region on the fringing reef and 

the fourth on a fringing reef in the southern sector. 

Benthic animal biomass in the southern sector of the bay was 

322 g/m2 before diversion, an extremely high value for a 

tropical marine benthic community. The central and. northern 

sites had a much lower biomass (52 g/m2) and a small, yet 

Significant, difference in biomass was measured between the 

northwest and central sites. Mentioned in the report was 

the fact that cryptofaunal organisms were common in coral 

rock near the outfall, and that the south bay region was 

generally devoid of living coral while the central and 

northern areas had abundant coral cover. As previously 

noted by many researchers, as well as in the EPA report, 

"disintegrating reef limestone ll was a conspicuous feature of 

the south bay reefs. Kinsey (1979) attributed a large 

portion of the calcareous material lost from south bay 

reefs to the activity of coral borers. 

Kaneohe Bay is unique because several important physical 

stresses have been carefully monitored and the effects 

of these stresses on various components of the biological 

communities within the bay have been measured. In a very 

real sense the bay has been studied as a huge, partially 

controlled (in terms of the sewage diversion) experiment. 

One of the most intriguin-g, and before this study only 



superficially investigated, communities of organisms is the 

coral skeletal borers. As previously mentioned it has been 

assumed that the population of coral borers was greatest in 
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the southern end of Kaneohe Bay, perhaps in response to the 

increased availability of food for filter-feeding and 

detritivore species (most of the borer species belong to these 

feeding categories). However, no information regarding the 

recruitment rates of these species to the substratum,settlement 

site preferences or the effect of the epibenthic community 

on the development of the borer community had ever been 

collected. It was the goal of this study not only to 

measure and. describe the coral borer community in Kaneohe 

Bay but also to determine whether different areas of the bay 

had unique populations of coral borers. In this way another 

aspect of the effects of human habitation near an enclosed 

tropical reef would be clarified. 



Chapter II 

VARIATIONS IN THE COMMUNITIES OF CORAL BORERS IN HAWAII 

2.1 INTRODUCTION 

Reef forming corals are, furthermore, continuously 
competing with and submitting to the ravages of 
numerous organisms such as algae. sponges, worms, 
bryozoans and molluscs, some of which are recog
nized as res.ponsible agents of coral destruction. 
(Edmondson 1928) 

This rather dramatic statement was made by a pioneer in 

Hawaiian coral reef biology, Charles Howard Edmondson, and 

is typical of statements made by observers throughout the 

history of man's interest in the ecology of tropical cora.l 

reefs. A large volume of information has been gathered 

regarding the mechanisms of bioerosion and the ra.tes of reef 

destruction (see Chapter I), but little, if any, signlficant 

work on the ecology of the community of borers has previously· 

been undertaken. Perhaps the primary reason for this lack 

of research was the difficulty encountered in extracting 

the borers, intact, for identification and accurate 

mea&llrements of population depsities. In the past workers 

tediously' chipped coral skeletons and other carbonate 

material to remove the borers. This method orten resulted 

in the loss of smaller forms and damage to many others. The 

development of the "acid bath technique" by Brock and Brock 
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(1977) alleviated this important technical difriculty .. 

Some generalizations regarding the l'ocations, activities 

and components of the borer community have been made without 

substantiative research. For example, it is generally 

assumed that bioeroaive activity is concentrated at the base 

and periphery of coral heads or areas not covered by living 

tissue (Scoffin 1972, Hein and Risk 1975, MacGeachy and 

Stearn 1976), but supporting quantitative data have not been 

presented. The only researcher who has studied the differences 

between living and dead sections of coral colonies is Bak 

(1976), who by using X"",rays of slices through corals, 

determined that the dead sections of Montastrea annularis 

and Neandrina meandrites were more frequently attacked by 

clionid sponges than living sections. Variations in the 

borer communities in different coral species have also been 

ascribed to the effects of skeletal denSity, age of the 

colony and growth form, but again no quantitative verifica

tions were presented (Connell 1973, MacGeachy and Stearn 

1976, Bak 1976). 

My research was, in part, directed towards the 

compilation of an inventory of the coral borer species on 

shallow Hawaiian reefs. Two other goals of the research 

were: (1) to quantitatively determine if the communities of 

borers were significantly different in living and dead sections 

of the same coral heads; and (2) to ascertain whether signifi

cant differences occurred in the population of borers found 



'in coral species that live in close proximity to one 

another. 

2.2 STUDY SITE 

2...0 

Coral colonies were collected from patch reefs in the 

northeast section of Kaneohe Bay (Figure 1). This area 'tvas 

chosen because it is the least disturbed (in terms of 

sewage or siltation - see introductory section on the 

physiography of Kaneohe Bay) and it supports the bayts 

most luxuriant and diverse coral reefs. 

2.3 METHODS 

2.301 Initial inventory collection of borer snecies 

In February 1977 six samples of dead basal regions and 

branches of Porites compres sa (the.· most abundant species of 

coral in Kaneohe Bay ~ see Maragos in Smith et al .. 1973), 

ltJere collected from a patch reef. Samples were collected to 

estimate the population denSity of borers in dead P.compressa 

at a site in the north bay where this coral species flourished 

rather than an area where the reef l,'las under the influence of 

sewage or siltation. The samples were collected at depths 

ranging from the top of the reef slope to 7 meters. t.Jeig..l-J.ts 

of the samples were estimated in the field.. (The actual 

weights and volumes of the six samples are listed in Appendix I.) 

Dead coral fragments were common only at the shaded basal 



21 

regions of living heads or, infrequently, on the surface 

or tips of corals that had been damaged by some physical 

trauma, e.g. boat anchors, grazing parrotfish or other 

predators, and areas of overgrowth by other coral species. 

p. compressa that had been dead long enough for encrusting 

epibiota to become well established was collected. It was 

assumed, due to the epigrowth, that these samples had been 

dead for an exte~~ed period of time and that a fair 

representation of the common coral borers would be obtained. 

Data collected from these six samples were so uniform in 

density and species composition as to make f'urther-

collections unnecessary. 

The coral samples were removed from the substratum using 

a hammer and chisel then immediately preserved in 10% 

formalin in seawater. After 48 hours the samples were 

removed and the epibiotic organisms carefully scraped off 

with a putty knife. The samples were weighed, displacement 

volumes measured and processed in a dilute (4% by volume) 

nitric acid and forrnalin (5% by volume) solution (a technique 

developed by Brock and Brock 1977). The coral pieces were 

suspended in the acid solution in plastic containers (10-

12 cm X 20 cm PVC pipe) which had acid resistant netting 

. in the bottom (pore size 333 )lm). ThiS allowed free 

circulation of the acid solution and insured complete 

dissolution of the coral pieces (which took approximately 

24-30 hours to dissolve completely). 
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The weak acid solution caused little~ if' any~ damage to 

the soft parts of the organisms within the coral skeletons. 

Only thore species, like the cirratulid Dodecaceria laddi, 

that ingested large fragments of the coral were distorted by 

bubbles of C02 as the coral dissolved in their digestive 

tract;o r10s t species were intact and readily identifiable, 

the exceptions being a few with calcareous parts such as 

molluscs and crustaceans. The calcified organisms, however, 

retained periostracal and chitinous layers and~ for the most 

part, were identifiable. By dissolving the coral skeletal 

material, precise quantitative samples of the borer and 

cryptic communities were obtained. 

2.3.2 The borer communities in different coral suecies 
- and of living a!1..d.dead coral 

Samples from five coral colonies of each of the following 

species, Porites compressa, Montipora verrucosa and 

Pocillopora meandrina, were collected at depths of 3-5 meters 

from a patch reef in the northeast sector of Kaneohe Bay on 

March ~5, 1977. These species were chosen because they are 

the commonest species in the bay a.nd belong to the three 

most important genera (in terms of abundance) of reef 

building corals in Hawaii. All three species 'have branching 

growth forms. Samples were taken in such a man.~er that 

entire sections of the coral colonies, including both the 

dead basal region and the living tips, were removed. The 
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coral pieces were broken at the point where the living coral 

tissue ended. and both living and dead segments or the coral 

samples were preserved in 10% formalin. After 48 hours the 

dead sections or the cora.l heads were scraped to remove the 

epibiotic organisms, weighed and volume measurements made. 

Living pieces or coral were weighed and volume measurements 

taken after removal of the coral tissue using strong jets of 

water. The tissue was carefully examined after removal for 

any organisms that may have been dislodged by the water. The 

coral samples were then dissolved in the acid bath. Finally, 

the organisms from the 30 dissolved samples were sorted 

and identified. 

2.3.3 Coral skeletal density determination 

Densities of the coral were calculated from the wet 

weights and displacement volumes of the living sections of 

the coral samples after removal of the coral tissue. The 

formula used was: 

Wet weight of coral skeleton (g) 
Density = 

Displacement volume of the same section (ml) 

More refined methods for the measurement of coral 

skeletal densities have been used in the past (Maragos 1972, 

Jokiel and Cowdin 1976, Houck 1978). These techniques 

require destruction or drying of the intact piece of coral 

and, therefore, could not be used in this analysis. The 



density values calculated by these authors are compared to 

the values calculated in the present study in Table 4. 

2.4 RESULTS 
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2.4.1 Initial species inventory collection 

The six samples of Porites comEressa contained 

representatives of all species of borers encountered in all 

other samples collected from around Oahu (Table 2 and 

Appendix I). 

Species collected from the samples can be diVided into 

three categories: (1) known coral borers, e.g. specie's listed 

by other researchers as observed coral borers; (2) suspected 

borers, eg. organisms closely related to known borers, or 

those observed in burrows that appeared to be produced by 

the organism in question, or larger organisms frequently 

found in coral skeletons; and (3) non-boring cryptofauna, 

eg. those organisms not removed by scraping the surface of 

the coral because of their habitation of empty or occupied 

burrows made by other organisms, or cracks and natural 

inconsistencies in the coral skeleton. Also included in 

this last category are those organisms small enough to 

crawl into the ~~turally occurring cavities in the 

corallum of the coral. 

Several species known as borers in other tropical areas 

were collected from the samples of Porites comoressa 

including: the polychaetes Dodecaceria laddi (Day 1967, 



T'ABLE 2. -- Total and mean numbers of organi sms collected from dead sections of 
Porites comHressa. (Species list and sample information in Appendix I) 

SamHle 1 2 

Total number of taxa 

Total number of 
individuals 

Number of borer species 

Number of borers 

% of total that 
were borers 

Number of individuals 
per gram of skaletal 
material 

Number of borers per gram 
of skeletal material 

50 

762 

14 

416 

54.6 

2.29 

1. 25 

57 

963 

17 

497 

51. 6 

3.70 

1. 91 

4 b----1 2-____________ _ 

65 35 

1012 

18 

337 

33.3 

2.34 

517 

12 

358 

69.2 

1. 76 

47 

716 

16 

332 

46.4 

1.69 

53 

689 

14 

349 

50.7 

1.87 

Mean number of individuals per gram 
of skeletal material 2.27 ± 0.75 

0.78 1. 22 0.79 0.95 

Mean number of borers per gram of 
skeletal material 1.15t 0.42. 

N 
\.J\ 
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Knox 1971} ar..d Hyps icomus nhaeotaenia (Gibbs 1971). several 

species of acrothoracican barnacles including Weltneria 

hirsuta, WeI tneria .2R. A., Cryptophialus !il2. A., and a species 

belonging to an unidentified genus (Tomlinson 1969); the 

phoronids Phoronis ovalis and p. hippocrepia (Silen 1954, 

Emig and Bailey-Brock in press); the sipunculans Themiste 

lageniformis and species of Phascolasoma and Aspidoslphon 

(Williams 1972); llthophagid bivalves and unidentified 

clionid sponges. 

The sabellid Hypsicomus phaeotaenia was reported,by 

Gibbs (1971) to possibly be a coral borer. This species is a 

small polychaete (0.3 mm in diameter and 1 - 6 mm in length) 

and observations of the skeleton Porites compressa indicate 

that this worm could live within the naturally occurring 

interstices of the.corallum and may not bore. However, it 

will be included in the species list as a borer until 

further studies show whether it is capable of boring. 

Suspected borers included species of vermetid gastropods, 

and among the polychaetes a small cirratulid and several 

species of eunicids, syllids and spionids •. (Some of these 

species are thought to be borers based on information 

gathered from a later study where coral blocks were 

experimentally placed in the field to study colonization. 

See Chapter IV.) The syllidsParasphaerosyllis indica, 

Opisthosyllis brunnea and Typosyllis .2Ro B. were conSistently 

found in the coral samples. These worms are too large 
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(0.4 - 1.2 cm length and .06 - .25 cm in diameter) to 

crawl into the interstices of the Porites skeleton. The 

spionid, Polyd,ora armata, has been described as a borer in 

coralline algae (Knox 1971), and was commonly collected from 

the coral samples after the surface material had been scraped. 

off. indicating that this species does bore into coral. Living 

Polydora .§.R:Q. A. and B. were also observed in the coral 

samples with their palps extended from burrow openings. 

Eunicid polychaetes including Nematonereis unicornis, 

Arabella iricolor t Dorvillea sp. ~., Lysidice collaris, 

L. natalensis, unidentified lumbrinereids and other 

unidentified eunicids were commonly collected from the reef 

samples. Some of these species have been mentioned as 

possibly being borers, other belong to genera that have 

known borer species (Gibbs 1971, Peyrot-Clausade 1976, 

Reichelt 1979), and all have been found occupying burrows 

in dead coral in Hawaii. 

Several very small (1 - 4 mm in length) species of 

polychaetes belonging to the family Syllidae were commonly 

found within the coral skeletons, these included Exogone 

verugera, Brania rhonalophora and Sphaerosyllis sublaevis. 

It is presume9- that these small worms can crawl into the 

skeleton of the coral much like nematodes or small crustaceans, 

as no indication of burrow formation was evident and none of 

these species have previously been described as coral borers. 



2.4.2 Living ~ ~ coral ~ coral skeletal density 

Two variables, thought to partially.determine the 

distribution of borers residing in three species of coral, 

Porites compressa, Pocillopora meandrina and Montipora. 

verrucosa. were examined: 
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(l) Borer populations from living and dead sections of 

each coral species were compared to determine if borers were 

more abundant in one area of the skeleton. The hypothesis 

was that the dead sections would harbor more diverse and 

abundant borer populations due to a lack of living coral 

tissue. Differences between the living and dead sections 

of each species of coral. in both the numbers of' species of' 

borers and the number of indiViduals per gram of material 

were obvious by simple inspection of the data (Table J and 

Appendix II). These differences were significant (P<.Ol) 

for all three coral species (Wilcoxin Rank Sum Test, Wl1coxin 

and Wilcox 1964). 

(2) The effects of skeletal density on the abundance of 

coral borers was the second variable investigated. It was 

assumed that all other variables were equal, i.e. the coral 

samples were collected from the same depth on the patch 

reef. the same day and from the same location on each coral 

colony (on the outer edge of each colony tolnsure that the 

entire skeleton from the base to the tip was removed). Only 

the dead sections of the coral samples were used in this 

comparison. All three species had branching growth forms .. 



TABLE 3. - Numbers of individuals collected from living and dead sections of colonies 
of Porites compressa, Montipora verrucosa and Pocillopora meandrina. 
(Values represent means and standard deviations for five samples of each type.) 

Mean number of: Species Individuals Borer Borers Individuals/~oreri7 
Species gram gram 

N 
'-0 
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Th~ age of the coral samples was the only variable not 

accounted for during the sampling process. Growth rates of 

these coral species and the ages of the samples are discussed 

later in this section. It was hypothesized that the less dense 

skeletons would harbor more diverse and abundandant populations 

of borers. 

Comparisons of the numbers of species of borers per 

sample showed that PocilloDora meandrina had significantly 

more than Porites compressa (P< .05) and r·1onti pora verrucosa 

(P< .005) (determination of critical differences for a one-way 

classification, vJilcoxin and Hilcox 1964, pg. 9). Comparisons 

of the number of borer species between samples of P. compressa 

and M. verrucosa were not si~ificantly different. 

Montipora verrucosa had greater numbers of borers per 

gram of material than PocilloDora meandrina (Po( .005). 

Porites comnressa had more borers per gram than p. meandriTl.3 

but feVller than M. verrucosa (p< .15) (same test a,s above). It 

was clear that M. verrucosa, having the least dense skeleton, 

had the greatest abundance of borers per gram of dead skeletal 

material. p. meandrina had the densest skeleton and the fewest 

borers per gram of skeletal material. 

The skeletal density values calculated from the fifteen 

sections of living coral used in this study are within 
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acceptable range of the values calculated by other researchers 

(Table 4). Figure 2 compares the mean qoral densities with 

the mean number of individual borers 'collected per gram 

from the dead sections of each species. As previously reported 

the less dense skeletons (those of Montipora verrucose) harbored 

a significantly more abllndant population of coral borers. 

According to Polacheck (1978) it is difficult to 

estimate the exact age of a piece of coral because of changes 

in growth ratedurlng the life span of a particular coral 

colony. Several physical factors, such as salinity, water 

temperature, light, water movement and siltation are also 

known to cause variation in the growth rates of corals 

(Maragos 1972, Buddemeier and Kinzie 1976)." Polacheck 

(1978) determined that, although there was a high degree of 

variabili ty in growth rates, significant differences in--' 

the mean annual growth rates of several species did exist. __ 

Of the three species compared in the present study Polacheck 

found that Pocillopora meandrina was the slowest grOWing, 

Montipora verrucosa was intermediate and Porites compressa 

was the fastest. The sizes of the samples in this' study (lengths 

of the branches) were 20 - 22 em. for p. meandrina, 12 - 14 em. 

for p. compressa and 10-15clll,,' for.M.verrucosa. The samples 

of p. meandrinawere, therefore, the oldest of the three 

species. Previous workers (Edmondson 1929, Maragos 1912, 

Buddemeier and Kinzie 1976) also discuss growth rates for 

these species and in all .studies p. meandrina had the 



TABLE 4. -- Coral skeletal densities (glee) calculated using different methods. 

Jokiel and Houck lVlaragos Present study 
Coral Species Cowdin (1976) ( 1978) (1272) 

Pocillopora meandrina -------- 2·37 1. 81 (.19) 1.71(.07) 

Porites compressa 1.53(.06) 0.9-1.23 1.41(.17) 1.18(.11) 

Porites lobata ----~--- 1.1-1.49 1.39(.13) --------

Montipora verrueosa 1.47(.12) 1.10 1.37(.11) Ci.92(.02) 

'~ 
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FIGURE 2 

Number of coral borers per gram·of 
of skeletal material collected from 
three species of branching corals 
with different skeletal densities. 
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slowest growth rates. Based on the relative growth rates or 

these three species the oldest samples of coral were those 

collected from ~ meandrina colonies and this species had 

the lowest numbers of borers per gram of skeletal material. 

M. verrucosa and p. compressa acquired larger populations 

of borers than p. meandrina in a shorter time. These results 

indicated that the coral species with the less dense skeletons 

not only had greater abundances of borers but aquired a 

larger population of borers in a shorter time. 

2.5 DISCUSSION 

2.5.1 The coral borer communitx Qn shallow Hawaiian reefs 

Twenty-seven species of known or suspected coral borers 

have been identified from coral skeletons collected on Hawaiian 

reefs. By comparison, f>1acGeachy and Stearn (1976) found thirty-six 

species in the coral Montastrea annularisin Barbados, 

sixteen being boring sponges which accounted for over 90% 

of the material lost from coral skeletons. Seven species 

of sipunculans and six species of polychaetes were responsible 

for less than 4% of the boring. The other coral borers 

were barnacles and bivalves which were frequently abundant 

in localized areas. 

Clionid sponges have often been listed as the most 

abundant and destructive agents of coral bioerosion (Hein 

and Risk 197.5, Bak 1976, MacGeachy and Stearn 1976). Sponges 

were often found in Hawaiian coral skeleton~ but never as 



consistently or as abundantly as seen in shallow water 

corals of Enewetak Atoll, Marshall Islands (personal 

observation) • 

In HawaU, on the deeper reefs and nearer the reef 

36-

crests the most common skeletal borers were often sipunculans 

and polychaetes (based on the samples described in this 

Chapter and personal observations). According to Williams 

(1972) the sipunculan Themiste lageniformis has been found 

on Hawaiian fringing reef flats in population densities of 

300-400 individuals/m2 • While I. lageniformis was never 

encountered in such abundance on the patch reefs of Kaneohe 

Bay they were very common. 

The most abundant group of organisms occurring in 

the skeletons of corals on the fringing and patch reefs of 

Kaneohe Bay were polychaetes belonging to the eunicid, 

spionid and cirratulid families. Eu:nicids were often large 

in size (4 - .5 cm.) and occupied extensive burrows. Arabella 

iricolor, Nematonereis unicornis and two species of Lysidice 

were the most abundant species, but several other, unidenti

fied, species were also frequently encountered. The presence 

of eunicids has consistently been recorded in past studies of 

the fauna in coral rock (Gibbs 1971, Scoffin 1972, Peyrot

Clausade 1976, MacGeachy and Stearn 1976, Reichelt 1979). -

Spionid polychaetes have been recorded from coral skeletons 

in Barbados (MacGeachy and Stearn 1976, Bak 1976). In a 

study by Hein and Risk (197.5) spionids, tentatiwely identified 
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as Polydora sPP., along with clionid sponges, were 

quantitatively the most important coral bioeroders on a 

reef tract in Tavernier, Florida. In Hawaii, spionids were 

the most numerous borers collected in dead coral in Kaneohe 

Bay. The genus Polydora is represented by three species, 

the most abundant bein@: a large worm designated species A. 

(presently bein~ named by L. Ward, Department of Zoology, 

University of Hawaii.) Another less common and also 

unidentified species of Polydora was frequently found 

(Species B.). Polydora ar~ata was previously known only 

from coralline algae but was found in the present study 

within the skeletons of dead Hawaiian corals (see also 

Ward 1980). The cirratulid Dodecaceria laddi was very common 

in Hawaiian coral samples and in coralline algae and is known 

from similar habitats in other tropical areas as well (Knox 

1971 t Day 1967). An unidentified cirratulid (Species A -

possibly juvenile) was frequently encountered in the coral 

and may be a new species. Several polychaete species, listed 

in the results section as suspected borers, have never been 

cited as coral borers, although some have been encountered 

in coral rock by other researchers (e.g. Opisthosyllis 

brunnea, Reichelt 1979, Bailey-Brock, White and Ward 1980; 

several species of eunicids, Reichelt 1979, Kahn and White 

1977. Bailey-Brock et al. 1980, etc.). The finding of 

undescribed species of invertebrates is not unexpected 

considering the isolation of the Hawaiian Islands and their 
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high rate of endemism in many marine groups including 

marine fish (Gosline 1958), polychaetes (Bailey-Brock and 

Hartman, in press), and marine molluscs (Kay 1967. 1979). 

It is only recently that extensive quantitative inventories 

of the cryptic invertebrate fauna of shallow Hawaiian 

reefs have been made. 

2.5.2. The borer community of living ill1Q.. ~ coral 

The corals Pocillopora meandrina, Porites compressa 

and Hontipora verrucosa all have significantly greater numbers 

of borers in the dead sections of their skeletons as compared 

to sections covered with living tissue. This observation 

has frequently been made by researchers studying other 

coral species but has not previously been quantified. The 

reason for the distinct contrast in the community of borers 

between living and dead sections of the same coral head has 

been ascribed to the effects of the living coral polyps 

which are thought to either ingest settling larvae or deter 

their settlement with nematocysts or mucus (Bailey-Brock 

1976, Bak 1976, Hadfield 1976, MacGeachy and Stearn 1976)0 

The corals become susceptible to invasion by borers when" 

the living tissue is damaged by sand scour, breakage, 

predation, grazing or overgrowth by algae and other corals. 

The information gathered in this research quantitatively 

verifies the observations that coral borers successfully 

invade dead coral more frequently than coral covered 
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with living tissue. 

~,effect of coral skeletal density 

Connell (1973) hypothesized that branching corals 

having a rapid growth rate would have a less dense skeleton 

than slow growing branching forms or massive heads. Bale 

(1976) stated that much more damage (by the activity of boring 

sponges) was done to the skeletons of more massive. less 

porous skeletons. This conclusion was based on the' fact 

that clionid sponges were observed residing in the porous 

skeleton of Meandrina meandrites without damaging the 

natural structure of the corallum while the massive. dense 
. r 

skeleton of r-Iontastrea annularis, which did not have 

interstices that the sponge could live in, was heavily bored 

by a moderate infestation of sponge. The data, collected 

in the present research indicate that skeletalgens1ty has 

a distinct effect, on the abundance of borers within the 

corallum (and the subsequent amount of damage to the coral 

skeleton). The denser coral Pocillopora meandrina had a 

smaller population of borers per gram of skeletal material 

than the less dense Porites compressa. Both of these 

species had fewer borers per gram of skeleta.l material than 

Montipora verrucosa.which had the least dense skeleton 

of the three species. 

Growth form was not a factor in the comparison of the 

three coral species as each was a branching form. In f'act, 
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Monti pora verrucosa which has the least branching growth of 

the three species was the most heavily bored. The estimated 

ages of the colonies compared in this study.further 

substantiated the premise that the less dense skeletons 

were more successfully attacked by the borers. The youngest 

samples of coral, those of t'!.. verrucosa, were the most 

heavily infested and the oldest coral samples, those of 

P. meandrina, were the least attacked. 

Pocillopora meandrina is found most commonly in areas 

of increased water movement and is very common on shallow 

to moderately deep basaltic benches around the Hawaiian 

Islands. Porites compressa and Montipora verrucosa are 

commonly found growinE:r, together in a variety of habitats. 

These three corals have been observed to occasionally 

coexist in close proximity to one another (patch reefs in 

Kaneohe Bay) and they may do so, in part, because or the 

development of varying abilities to withstand invasion 

by skeletal borers. 

2 • 6 SUMIvIARY 

1. An inventory of the coral borer species from shallow 

Hawaiian reefs was made using the acid-bath technique of 

Brock and Brock (1977) and observations from unprocessed 

material. 

2. H81.,vaiian corals do not appear to be attacked by 

clionid sponges as frequently or to such a degree as corals 

from the Caribbean. 



3. Dead sections of coral skeletons consistently 

harbored a more abundant borer population than did the 

living sections from three species of Hawaiian corals. 

4. Of the three species studied an inverse 

relationship between skeletal density and the size of the 

borer population was found. 



Chapter III 

RECRUITMEhT!!' OF BORERS AND EPIBIOTIC 

ORGANISMS TO DEAD.CORAL 

3.1 INTRODUCTION 

The recruits to sessile invertebrate assemblages are 

usually motile larvae,· many of which are known to actively 

select settlement sites (Knight-Jones and Crisp 1953, 

Knight-Jones 1953b, Crisp and Barnes 1954, Ryland aI'l.d 

Stebbing 1971, Crisp 1974).. Some settling larvae are 

attracted to adult populations or to aggregations of prey 

species, and may display differential swimming behaVior,. 

various responses to physical factors such a.s light or gravity 

and an ability to delay metamorphosis (Vance 1973, Strathman 

1974 ). 

The major limiting resource affecting the development of 

previously studiied sessile invertebrate communi ties was the 

availability of open space for settling larvae (Jackson 1977, 

Osman 1977). In the natural environment space availability 

is influenced by several factors among which are seasonai 

m.ortali ty, predation and the rate of occurence of local 

physical disturbances which produce open spaces in the established 

communi ty (Osman 1977). Since it is known that settlement space 

_ 42 -
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is a limiting resource then it is possible to measure 

recruitment into the community by experim~ntally increasing 

the resource in short supply. This has been done in many 

studies of benthic communities in which space was supplied in 

the form of artificial surfaces of plastic, asbestos, plywood, 

.Q.'lass, etc. (DePalma 1966, Haderlie 1968, Schoener 19?tr., 

. Day 1977, Sutherland 197'8, and many more), or by removing the 

established community from-sections of the natural substratum 

thus providing open space (Glynn 1973, Connell 1969). 

In previous studies of coral bioerosion the lack of 

complementary information regarding the time of settlement of 

the borer species prevented an evaluation of accurate rates of 

bioerosion and of the sequence of events occurring during the 

development of the borer community. In the present investigation 

the recruitment of larvae onto standardized coral settlement 

plates was monitored and a concise record of the abundance, site 

preference and seasonality of recruitment to.both the epibiotic 

and borer communities was obtained. 

A second ohjective of the present study was to determine 

the recruitment rates of borers to undisturbed coral reefs and 

to compare these with rates measured for reefs affected by 

increased, sewage-enhanced, food concentrations (in the form of 

phyto- and zooplankton as wellasplankton-derived detrital 

material). It was hypothesized that, in areas of increased food 

supplies for benthic filter-feeding and detritivore species, the 



recruitment rates of these species would be greater than 

in areas having: lower food concentrations. 

3.2 STUDY SITES. EXPERIMENTAL PROCEDURE AND METHODOLOGY 

3.2.1 Study sites 

44 

To monitor the recruitment of borer species ten study sites 

were established in Kaneohe Bay (Figure 3). The map in 

Figure 3 illustrates a division of the bay into three areas, 

north, mid and south. These three areas were delineated by 

many previous workers and recently by the research team at 

the Hawaii Institute of Marine Biology (see Smith 1978, 1979 and 

Chapter I), based on the degree of the combined effects of water 

runoff and sewage discharge. (See Chapter I, Section 1.3 for a 

description of the benthos in Kaneohe Bay). In the present 

study three sites were established in each of these regions. 

Within each region a site was located on the fringing reef and 

on the exposed and protected sides of a patch reef. One site 

was located outside of Kaneohe Bay near Kapapa Island (Figure 

3, Station 5). Descriptions of the study sites are presented 

below. 

STATION 1. This was a shallow water site on the fringing 

reef in the southern region of Kaneohe Bay. The reef in this 

area is characterized by high levels ot" siltation and fresh

water runoff. Before December 1977, this site was under the 

direct influence of the sewage discharge. During this time 

period the benthos was predominately filter-·· and deposit-feeding 

sessile invertebrates, including oysters, barnacles, sabellids 



FIGURE J 

Study sites in Kaneohe Bay. 
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bryozoans, sponges and tunicates. Fish densities were very 

low and living coral colonies were rare. Following sewage 

diversion this area of the bay has begun to change (Smith et ala 

in prep.) During rough weather Station 1 is subjected to 

moderate wave action. The study site was located at a depth of 

1 meter and was adjacent to the EPA permanent benthic. study 

site 3 .. 

STATION 2. This site was located on the west, or leeward, side 

of Coconut Island in the southern region of Kaneohe Bay. It 

was positioned at a depth of 1.5 meters in a protected area 

characterized by living colonies of the corals Porites compressa, 

Monti"Oora verrucosa and Pocillopora damicornis. Oysters, 

barnacles, sabellids and other sessile invertebrates are common on 

surrounding pier pilin~s, cement walls and dead coral. While 

this site was not usually directly in the sewa~e discharge plume 

it had decreased water clarity and increased food availability 

from plankton and plankton-derived detrital material prior to the 

sewage diversion. 

STATION 3. The third site was on the windward reef flat on 

Coconut Island at a depth of 0.5 meters. This reef flat is 

subjected to increased wave action and water movement during 

periods of moderate to strong tradewinds. The substratum of the 

central flat is predominately calcareous sand with patches of 

Porites compressa. Pocillo"Oora damicornis and Montipora verrucosa, 

some filamentous algae, the seagrass Halophila hawaiiensis 

and colonies of the soft-coral Zoanthus "Oacificus growing on 

dead coral. Nearer the reef crest the substratum is sand free 
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and composed almost entirely of dead coral encrusted with 

coralline algae, vermetids, patches of Z .. pacificus, some small 

coral colonies and the green alga Dictyosphaeria cavernosa. 

The reef crest is exposed to air during very low spring tides. 

This area, while still considered to be within the southern 

region, experienced little if any direct influence from either 

Siltation or sewage, but increased planktoniC and detrital food 

supplies supported an unusually high biomass of sessile 

invertebrates. 

STATION 4. This station was located at bay marker 16 on the 

windward slope of a large patch reef in the mid bay. The 

experimental plates "Vlere placed on the reef at a depth of 1.5 

meters. This site is surrounded by large colonies of Porites 

comuressa, many of which are overgrown by the green alga 

Dictyosphaeria cavernosa. Large schools of grazing acanthurids 

and scarids a.re commonly observed in this area. 

STATION 5. The fifth site was located in the outer east bay 

near Kapapa Island. This is a high energy environment subjected 

to considerable wave action even during normal tradewind weather. 

Isolated coral heads are common but the benthos is dominated by 

macrothalloid algae growing on subtidal reef benches separated 

by small patches of sand and coral rubble. The plates were 

positioned at a depth of 1.5 meters. 

STATION 6. Wass Reef is a small, protected mid-bay patch reef 

on the leeward side of Ahu 0 Laka Island (sand bar). It is 

covered with coral rubble, some living coral and a luxuriant 
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STATION 10. The top and slopes of this north bay patch reef 

are almost entirely covered with living coral, separated in 

a few places by patches of coral rubble and sand. The dominant 

coral species are Porites, compl"essa, f1ontipora verrucosa, 

Pocillonora meandrina and Pocillopora damicornis. The fish 

population is large and diverse. The reef receives open ocean 

swells during tradewind weather and has a strong surge and water 

flow with little, if any, effect from siltation or freshwater 

runoff (except during very severe south-westerly storms). The 

study site was located at a depth of 3 meters. 

All of the study .sites were inspected and sampled using' 

snorkling- gear and only during rough weather was SCUBA required. 

3.2.2 The use of Po·ri tes lobata .5!.§. ~ natural settlement 
SUbstratum 

The coral Porites lobata Dana was used as the test material 

for the measurement of the recruitment rates of coral borers to 

a newly available natural substratum. Several factors were 

considered when choosing the coral to be used, these included 

skeletal density, growth form and availability.. Previous studies 

(Chapter II) showed that the genus Porites had an intermediate 

skeletal density compared to the other two most common Hawaiian 

coral genera,Pocillopora and Montinora. Skeletal density was 

found to be an important factor in determining the diversity 

and abundance of the coral borer community, as corals with dense 

skeletons had fewer borers per gram of material than less dense 

corals with the same growth form (Chapter II). A substratum 
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having a density close to that of a coral species known to 

harbor a representative population of coral borers, such as 

that described from Porites compressa in Chfipter II, was 

desirable, but P.comnressa could not be used because of its 

branching growth form. P.lobata has a non-branching growth form 

while all of the other common Hawaiian coral species have 

brsnchlng or plate""like growth forms and were therefore 

not amenable to use in making settling plates or blocks o 

Montipora verrucosa is frequently found in large enough colonies 

to be cut into settling plates; but the porous skeleton is 

usually riddled with bore hole~ making it unsuitable. 

All of the coral plates and blocks (used in another part' 

of the research, see Chapter IV) had to be free of prior bore 

holes for several reasons: (1) preexisting holes would increase 

the surface area of the precisely measured samples making their 

dimensions unequal; {2} cryptic organisms could have become 

established early in the study and therefore masked the natural 

sequence of events and; (3) the holes might also have harbored 

larger organisms than would have been expected, especially on 

the settling plates. While it was often difficult to find pieces 

of Porites lobata that lacked bore holes, eventually all of the 

plates and blocks were cut from pieces of coral free of holes 

or irregularities. 

The use of ,a natural substratum had significant advantages. 

The most obvious was that borers would presumably be attracted 

to the coral material in the same way as they would be to the 
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benthos. However_ by using a natural substratum the problem 

of natural variation was encountered. Cpral skeletal material 

is not uniformly dens~ nor does it have uniformly fine p~ysical 

characteristics. Studies have shown that corals have bands of 

dense sMietal material separated by less dense sections 

(Buddemeier 1974). When a piece of Porites lobate is cut with 

a saw the exposed surface varies in density :from 1.10 glee in the 

low denSity bands to 1.49 glcc in the high denSity bands (Houck 

1978). The cutting of coral also produces irregularities of the 

surface exposed due to the angle of the cut. Cuts along the 

growth axis result in a surface quite different from those 

made by a cut across or diagonal to the growth axis. This was 

a problem that proved to be nearly impossible to remedy. p. 

lobata appears very uniform in texture to the naked eye. All 

surfaces of the cut plates and blocks were roughened on a sanding 

disk to produce a uniform texture; but no attempt was made to 

standardize all of the blocks and plates with regard to the 

growth axis of the coral. Whether the larvae of borer species 

respond to such fine variations in the surface structure is not 

known, nor was it tested in this study. Instead it. was assumed that 

by randomly cutting and placing the blocks and plates in the 

field the proper surface would be provided on at least two sides 

of the blocks and frequently for the plates. 

Porites lobata was easily obtained, During storms, along 

the north shore of the island of Oahu, large boulders of P.lobata 

are washed high onto the beaches where they remain above the 
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normal tidal levels. These boulders are soon baked and dried 

by the sun, and lack all living marine biological material, 

making them more suitable for use as a test substratum than 

any other material in Hawaii. 

3.2.3 Monitoring the settlement of organisms .Q.g ~ coral 

The coral settling plates were mounted in plexiglas holders 

attached to cement blocks (Figure 4). Four plates were 

arranged in the holders in two layers, thus providing upper 

and lower surfaces which could be collected separately allowing 

a quantitative assessment of settlemement preference to be made. 

Each of the ten study sites in Kaneohe Bay had a settling 

plate frame. 

Once every two weeks for 18 months (August 1977-March 1979) 

the plates were collected and replaced at each study site. 

The upper and lower plates were removed and preserved separately 

in 10% formalin in seawater. After preservation (at least 48 

hours) the plates were dissolved using the acid bath technique 

(Chapter II). The mesh size for the containers used to dissolve 

the plates was 183 ]..lm. This very fine mesh netting. assured 

retention of newly settled organisms from all the common 

invertebrate taxa. After dissolution, the organisms were 

sorted and identified. 

3.2.4 Data analyses 

Eighteen months of collecting resulted in over 800 samples 

of upper and lower settling plates and thousands of organisms 

comprising over 100 taxa. Comparisons were made between the 
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FIGURE 4 

Photos of the coral settling plates 
in one of the plexiglas holders. a. 
A plexiglas holder attached to one of 
the cement blocks. b. Settling plates 
in the field at Station 6. 



55 

a. 



.56 

taxa that settled in diffe~ent areas of Kaneohe Bay, the numbers 

o·f individuals in those taxa belonging to both epibiotic and 

borer species. their times of settlement and whether these 

organisms preferred upper or lower settling plates. For these 

comparisons calculations of diversity were made and several 

different methods of data analysis were employed. 

Information analyses 

Measures of taxa diversity (H) and shared information (T) 

were calculated and corrected for sample size resulting in 

HI and T' values (Attneave 1959). (All subsequent references 

to information values will be corrected values.) 

Shared information, T, is the amount of knowledge gained 

regarding the distribution of one variable by knowing the 

distribution of another. The notation used to report the 

results is described in the following example. The value 

TL(S;e) refers to the knowledge gained regarding the species 

present (S) by knowing the collection time (e) and after 

removing the effects of site or location within the bay (L). 

Te(L;S} then refers to the knowledge gained regarding the 

location (L) by knowing the species present (5) and after 

removing the effects of collection time (e). Secondly the 

joint effect of any two variables on the third were estimated. 

An example of the notation used to describe this type of 

result is T(L,C;S). This particular example refers to the 

knowledge gained regarding the species present (5) by knowing 

the sample location (L) and collection time (C). This method 
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of data analysis has been ~sed primarily in the behavioral 

sciences and its value as an interpretative tool for ecological 

studies has been discussed by Pielou (1966) and Fager (1972). 

Kruskal-Wallis ~ way analysis of variance 

The data were also examined to determine if they were 

collected from the same population. The null hypothesis of 

the Kruskal-Wallis ranking test is that the samples were 

collected from the same population (Siegal 1956). (Population, 

in this sense, refers to a group of organisms having a 

particular species composition and abundance. The Kruskal

Wallis test compares two &1;roups (populations) of data to find 

whether a si~ificant difference occurs in the composition 

based on species presence and abundance within the two samples.) 

By using this test, two sites could be compared to find both 

if a particular species varied significantly in relative 

abundance for all collections made and if there was a 

si~nificant difference in the number of organisms that settled 

during any two week sampling period. The Kruskal-Wallis 

ranking test was designed to compare independent samples. In 

the data analyses of the present study the strict rule of sample 

independence was violated when comparisons of the data were 

made between the three areas of Kaneohe Bay ~.go comparing 

south to mid, mid to north and then north to south). By 

analyzing the data in this way the sample size was artificially 

increased by one comparison. '[""'he data were obviously different 

by inspection alone and it was felt that the differences 

measured using this test were valid and useful for comparisons. 



3.3.1 

RESULTS 

Variation in settlement of borers and epibiota 
between stUdy sites 

Comparisons of the total taxa diversity (H') measured 

5B 

from poo·led data from the UpPeT' and lower settling plates at 

each of the ten sites for the entire 18 month study period 

showed no sig:nificant differences between sites {Figure 5>' 
Taxa diversities were also calculated by pooling- all data within 

the three desirnated areas of Kaneohe Bay (see Section 1.3). 

The mid bay (Stations 4, 6, 7) had a lower taxa diversity than 

the north (Stations 8, 9, 10) or south (Stations 1, 2, 3) 

bay (Table 5). Although taxa diversities were not dramatically 

different, snecies comnosition varied consistently within the 

bay. Filter-feeding: species were more common at the southern 

and mid bay study si tes, 1,'1hile a greater proportion of motile 

species settled on the north bay plates (Table 6).,. Differences 

in the numbers of individuals and species collected among the. 

40 biweekly samnles, i.e. collection diversities, were high in 

all areas of the bay, indicating that these values fluctuated 

with time (Table 5). A species list of the organisms collected 

from the settling plates is presented in Appendix III. 

None of the coral borer species was completely restricted 

to settling in a distinct area of Kaneohe Bay, but some species 

were consistently more prevalent in particular sectors. For 

example, the polychaetes Nematonereis unicornis (Eunicidae), 

Polydora armata (Spionidae) and Hypsicomus phaeotaenia 
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FIGURE 5 

Species diversities (H') o·f the total 
numbers of organisms settling on coral 
test plates at the study sites in 
Kaneohe Bay. (0 = upper plates, • = 
lower plates. Lines represent one 
standard deviation. 
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TABLE 5. -- Collection diversities calculated from 
combined station data from the three areas 
of Kaneohe Bay. 

South Bay 

Mid Bay 

North Bay 

COLLECTION DIVERSITY ( H) 

5.18 

·5.18. 

5.10 

. 95% Confidence lImits 

5.17~5 .. 19 

5.17-5.19 

5.09-.5.11 

TABLE 6. -- Proportion of the total number of organisms 
settling on the coral plates that were sessile 
filter-feeding or motile invertebrates. The 
values are means and standard deviations for 
all collections from the three stations within 
each area of Kaneohe Bay. 

NORTH BAY 

% of total 
that were 7J .. 6(!:4.0) 
filter-
feeders 

% of total 
that were 26.6(± 4.0) 
motile 

MID BAY SOUTH BAY· 

87.0(:t 3.2) 87.7(± 3.2) 

12.9(± 3.2) 12.3(± 3.2) 
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(Sabellidae) settled more ~y'uently in the mid and south bay 

(Figure 6). Clionid sponges, various polychaetes including 

Dodecaceria laddi (Cirratulidae), Arabella iricolor (Lumbrineridae) 

and acrothoracican barnacles settled wi thou't significan,t 

differences in all areas of the bay (Figure 6). Sipunculans 

were most commonly encountered on mid and south bay plates. 

Polydora sp_ A (Spionidae), the most important coral borer in 

Kaneohe Bay in terms of abundance and size (see Chapter IV), 

was least abundant on the south bay settlement plates (Figure 6). 

Cirratulid sp. A was also least abundant in the south bay. 

These data were compared using the Kruskal-Wallis ranking test 

(Table 7). The qualitative observations listed above were 

statistically significant for several species of coral borers 

including sipunculans, and the polychaetes Polydora SPa A., 

f.. armata, Nematonereis unicornis"Hypsicomus nhaeotaenia and 

Cirratulld sp. A. 

The epifauna settling on the plates were also recorded. 

Of interest was the clearly significant difference in the 

abundances of newly settled filter-feeding species in the south 

and mid bay areas as compared to the north bay (Table 7). 

Filter-feeders including bivalves (predominately two species 

of oysters, Ostrea sandwichensis and Crassostrea gigas), 

barnacles (several species of Balanus including B.trigonus, 

B.eburneus and ~.reticulat.Ys), sabellid and serpulid polychaetes, 

hydrozoans, actinarians, ascidians and bryozoans were all 

Significantly more abundant on the south bay settlement plates. 
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FIGURE 6 

Mean number of borers settling 
on the test plates per month in the 
south (0) t mid (.) and north (A) bay. 
( A refers to sewage diversion in 1977) 
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TABLE 7. -- Comparisons of the abundances of the most common groups of organisms 
collected on the coral settling plates within the three areas of Kaneohe 
Bay. (Kruskal-vwallis ranking test- all comparisons in this table were 
signific,antly different at the 95-99% confidence levels'. ) 

SOUTH VS. MID I MID VS. NORTH NORTH VS. SOUTH 
more abundant in the more abundant in the more abundant in the 

SOUTH MID MID NORTH NORTH SOUTH 

Turbellaria Coral- Anemones- Polychaeta- Coral- Anemones-
spp. Pocillopora Aiptasia sp. 1xposyllis sp.~ Pocillopora Aiptasia sp. 
Nematoda damicornis unid. sp. B. Terebellids damicornis unid. Spa B. 
spp. Mollusc:s- Turbellaria Spirorbids lVJolluscs- Turbellaria sp 
Arthropoda- Vermetids spp. Vermetids Nematoda spp. 
Balanus spp. Sipunculans Nematoda Polychaeta- Molluscs-
Isopod sp.A. Polychaeta- spp. Polydora sp.~.Ostrea 
Amphipods Polydora sp.A ~OllUSCS- T:{8osyllis sandwichensi 
Brachyura strea sp. B. Arthropoda-
Tun; cata·- sandwichensis Terebellids Balanus spp. 
colonial Vermetids Spirorbids Isopod sp. A. 
Polychaeta- Sipunculans Amphipods 
Ceratonereis Arthropoda- Brachyura 

mfr'a bilis Balanus spp. Tunicata-
Capitellids- Tanaids colonial 
Nematonereis Isopod sp.A. Polychaeta-

UYlrcornis Amphipods Qeratonereis -----Serpula Polychaeta- mirabilis . 
vermicularis Ceratonereis Capitellids 

Ctenodrilids mirabilis Nematonereis 
Capitellids . unicornis 
Hypsicomus HYI1sicomus . 

I1haeotaenia l2..b!aeotaenia 
Serpula vermicularis Serpula vermic 
Cirratulid ap. A. Cirratulid sp. 

p. 

&l 

ularis -r;--
Ctenodrilids 0'\ 

\"n 



Detritivores (both selective and generalized types) and 

predatory invertebrates including turbellarians, nematodes, 

amphipods, brachyurans, capitellids and ctenodrilids were 
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also more abundant in the south bay. In general more individuals 

settled in the south bay throughout the study period than at 

the mid and north bay sites (Appendix IV). 

3.3.2 Preference of epibiotic and borer species for 
upper .Q!: lower settlement plates 

Significant differences in site preference between upper 

and lower settling plates were evident for a number of eplblotlc 

and coral borer species (Tables 8 and 9). Of the eplbiotlc 

species, a majority bf the sessile filter-feeders preferred 

the lower settling plates (Table 8). Many of the motile 

species, especially small crustaceans, were significantly 

more abundant on the upper surfaces. The most notable exceptions 

to this were the errant polychaetes (especially syllids) which 

were most abundant on the lower surfaces (perhaps because some 

of these species feed on sponges and colonial tunicates). 

When settlement preferences were measured for coral borer 

species, Polydora sp. A., Polydora armata, Dodecaceria laddi 

and sipunculans favored the upper plates (Table 9). Cliona sPP., 

Nematonereis unicornis, Hypsicomus phaeotaenia and cirratulid 

sp. A. preferred the lower plates (Table 9)0 A few of these 

species showed the above preference at only one study Site, but, 

except for g. laddi, this preference was positively correlated 

wi th abundance. The other borer species {eg. aarothoracican 
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TABLE 8. -- Preferences for upper or lower settlement 
surfaces as exhibited by the larvae of epibiotic 
organisms. (All preferences significant at the 
95-99% confidence levels - Kruskal-Wallis 
ranking test) The letter f designates a filter
feeder and the number in parentheses is the number 
of study sites at which the preference was recorded 
at some time during the study period. 

Protozoa-
Metafolliculina sp. 

Cnidaria-
Campanularids (f) 

Bryozoa (f) 
Nematoda 
Nemertea 
lVIollusca-

Significantly more abundant on the 
Upper surfaces / Lower surfaces 

*(2) 

*(2) 
*{4} 
*(2) 
*(2) 

Ostrea sandwichensis (f) 
Vermetids (f) 

*(9) 
*(1) 

Arthropoda-
Harpacticoid copepods 
Cyclopoid copepods 
Amphipods 
Isopods 
Tanaids 
Caprellids 

Tunicata-
Solitary (f) 
Colonial (f) 

Polychaeta-
Exogone verugera 
Brania rhopalophora 
Typosyllis sp. B. 
Phyllodocid sp. B. 
Capitellids 
Terebellids 
Ctenodrilids 
Spirorbids 
Serpulids 
Nereids 

*(5) 
*(4) 
*() 
*(1) 
*(2) 
*(1) 

*(1) 
*(6) 

*(5) 
*(6) 
*(1) 

*(1) 

*(6) 
*(5) 
*(1) 
*(1) 
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TABLE 9. -- Preferences for upper or lower settlement 
surfaces as exhibited by the larvae of coral 
borers. (All preferences significant at the 
95-99% confidence levels- Kruskal-Wallis 
ranking test.) The number in parentheses is the 
number of study sites at which the preference 
was recorded-at some time during the study. 

Significantly more abundant on the 
Upper surfaces / Lower surfaces 

Porifera-
Cliona spp. 

Sipunculans 
Polychaetes-

Polydora sp. A. 
Polydora armata 
Nematonereis unicornis 
HypsicOIDUS phaeotaenia 
Cirratulid sp. A. 
Dodecaceria laddi 

*(1) 
*(1) 

*() 
*() 

*(2) 
*(4) 
*(5) 

*(1) 
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barnacles, Arabella iricolor, Dorvillea sp. Ao and other 

eunicids) did not exhibit any significant preference for 

upper or lower settlement plates. 

Seasonality of settlement 

Seasonal settlement patterns were observed for a few 

species of epibiotic organisms including oysters and barnacles 

(Figure 7a and 7b). Oysters had a summer settlement peak and 

were more abundant in the south and mid bay (Figure 7a). 

Barnacles were only present on the south bay settlement 

plates and had a late summer- early fall settlement peak 

(Figure 7b). 

Many of the coral borer species had small peaks in 

settlement throughout the year, but none of them had clearly 

seasonal settlement patterns. The majority of the borer 

species were present on the settlement plates in some area 

of the bay throughout the year~ 

3.3.4 Recruitment rates of borers to dead coral 

South and mid bay stations had mean recruitment rates of 

7703 (± 58 .. 1) and 80.2 (± 33.8) borers per each two week 

collection period.. The area of the settlement plates was 

51.8 cm2 • This value extrapolated to 1 m2 would result in a 

mean recruitment rate of approximately 30,000 borers m-2 per 

collection period. The variability in settlement from one 

collection time to the next was high, a situation reflected by 

the standard deviations" In the north bay the mean recruitment 
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FIGURE 7 

Total number of barnacles settling at 
the south bay sites (a) and number of 
oysters settling throughout the bay (b) 
on the coral test plates. (A refers to 
the date of sewage diversion.) Each 
graph is numbered with the study site .. 
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rate for the three study sites was 53.2 (± 27.2) or, 

about 10,000 borers m-2 per collection period. 

3.3.5 Effects of sewage diversion .Q!1 settlement rates 
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The effects of sewage diversion from the southern region 

of Kaneohe Bay in December, 1977, were not immediately 

evident from the settlement of organisms on the coral plates. 

For example, oysters settled in greatest abundance during the 

late spring to early fall of 1978 but no data corresponding 

to this season were collected in 1977. However, prediversion 

oyster settlement during the fall months of 1977 was not 

significantly different from that of 1978 (Figure 7). 

Barnacles settled during September and October of 1977 and, 

at Station 1, more individuals settled during September and 

October of 1978 (Figure 7). Barnacle settlement at the 

other two south bay stations ceased after March 1978. The 

total number of individuals settling on the plates during 

the fall and winter of 1977 did not change significantly 

during the fall and winter of 1978 at any of the ten study 

si tes (Appendix IV). 

Of the coral borer species, . only the cliontd sponges and the 

eunicid Arabella iricolor showed a small increase in abundance 

in the fall of the second year in all areas of the bay 

(Figure 6).. Settlement of the sabellid HyPsicomus phaeotaeniR. 

increased in the mid and south bay during the fall and winter 

of 1978 (Figure 6). A peak in settlement of the cirratulld 

Dodecaceria laddi occurred in September and October of 1978 
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year before (Figure 6). Polydo·ra sp. A abundance steadily 

declined in all areas of the bay following sewage diversion 

(Figure 6). Several more years of settlement data along with 

studies of the adult populations (see Chapter IV) would be 

required to fully evaluate the effects of sewage diversion 

on the settlement of orga.nisms in Kaneohe Bay, as cycies in' 

annual events cannot be derived from one or two years or- data •. 

Results of comparisons of the data using information 
analyses . 

T (shared information) values were calculated using 

individual station data as well as combined station data 

(Appendix V and Table 10). The results of these tests 

strengthened the previous conclusions that both temporal 

variability and species composition of the organisms settling 

on the plates differed between the three areas of Kaneohe Bay. 

When comparing the T values it was concluded that knowin~the, 

species present gave little infprmation regarding the'loaat,ion 

of the samples if the effects of collection time had been 

removed, (TC(S;L)}. However, after removing the effects of 

location, knowing the species present yielded more information 

about the collection time, indicating a strong temporal" 

variation (TL(S;C». Knowing the el'"fectsor species present 

and collection time gave less information regarding location 

(T(S,C;L» than knowing the effects of species present and 

location did regarding collection time (T(S ,LjC». Again, 



TABLE 10. -- T (shared information) values for combined station data from the coral 
settling plates. (95% confidence limits in parentheses) 

SOUTH BAY VS 
MID BAY 

MID BAY VS 
NORTH BAY 

NORTH BAYVS 
SOUTH BAY 

TC ( S ; L ) TIJ ( S ; C ) T ( S , C i L) T ( S t L ; C ) T ( L , C ; S ) 

0.086 (.08-.09) o . 45 ( . 44 - • 46 ) 

0.08(.07-.09) 0.33(.32-.35) 

0.127(.12-.13) o . 44 ( • 43- . 46 ) 

0.10(.09-.11) 0.46 (.45-.48) 

.117(.11-,12) 0_36(.35-.]8) 

0.158(.15-.16) 0.47(.45-.48) 

0.51(.50-.53) 

0.44 ( .42-.46) 

0.57(.55-.58) 

--.J 
\Jl 



usinp: all variables, knowing the species present gave some 

information resrardin~ the location and collection time 

7..6 

(or vice-versa) (T{L.C;S», and indicated significant 

differences in species composition within the bay. In every 

case- the comparisons. betl'ieen north and south bay data yielded 

the larp:est values, indicating that the most variation 

occurred between these two· areas. Comparisons similar to 

those above for individual stati.on data yield the same results 

as the combined station data,' but'somevariedsli:gbt:,ty dependent 

upon the dis·tance between the sites being compared (Appendix V). 

3.4 DISCUSSION 

The development of a sessile marine community is initially 

dependent upon the availability of larval recruits to the 

substratum. As a result of the present study, larval recruitment 

data have been collected and analyzed for the community of 

organisms that bore into coral skeletons and for the epibiotlc 

assemblages of dead coral on Haw'aiian reefs. Of primary 

impo.rtance were the findings that some coral borers settled 

with preference according to the position of the settlement 

surface, and that the borers generally lacked clearly seasonal. 

settlement periods. It was also discovered that within Kaneohe 

Bay, settlement rates of epibiotic invertebrates were 

significantly different, as were the abundances of newly settled 

coral borers. The significance of these results are discussed 

in the following sections. '.' 
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3~4.1 Recruitment rates of borers to dead coral 

MacGeachy and Stearn (1976) stated that the bioerosion 

rates inferred from data gathered by observing fouling blocks 

were I::iubject to error because the initial times of settlement 

could not be established. It is impossible to observe 

settlement clirectly and continuously on any test substratum 

left in the field for an extended neriod of time. But, as 

illustrated by the present study, the settlement rates of borers 

andepibiotic organisms were quantified by providing coral 

settlement plates. By placing the plates in close proxirnityto 

long term test substrata (see Chapter IV) and by collecting 

them at short intervals, records of settlement rates could be 

used to correlate settlement times with the subsequent development 

of the community in the long term test material (see Discussion 

Cha pter IV). 

By extrapolating the values calculated from a:r~ of' the 

borer settlement data a rate of 10,000 - .50,000 individuals 

m-2 month-1 is derived. The range of the value is large because 

it encompasses the rates measured from all areas of Kaneohe Bay. 

A more realistic range of values for a pristine Hawaiian coral 

reef would be 10,000 - 30,000 individuals rn-2 month~1 based on 

the rates measured from the north bay study sites. No 

comparative values from other tropical areas are available. 



3.4.2 Seasonality of settlement and settlement site 
oreference"of coral borer species -

Based on the data collected from the coral settlement 

78 

plates, it was found that the larvae of coral borers settle(!. 

throughout the year, without clear seasonal peaks. in abundance. 

These species are presumably restricted in terms of the 

suitability of settlement surfaces, requiring dead coral or 

limestone to successfully settle and become established. 

If the surface must be free of epibiotic organisms or living 

coral tissue then settlement sites would not be common 

(or would be unpredictable) on a healthy coral reef. Borer 

species that reproduced throughout the year, or for extended 

periods of time, or that had larvae with with a long pelagic 

phase (or could delay metamorphosis for prolonged periods) would 

be favored since the likelihood that some of their larvae 

would find appropriate settlement sites would be enhanced. The 

data collected from the present study are not sufficient to 

evaluate the biolo~ical mechanisms responsible for the prolonged 

settlement periods. 

It has long been known that the larvae of some invertebrates 

select specific settlement sites (Crisp and Barnes 1954, 

Ryland and Stebbings 1971, Crisp 1976). Larval selectivity 

obviously has a direct effect on the distribution of adult 

p'opulations of sessile invertebrates, therefore it' is interesting 

to find that several species of coral borers and epibiotic 

organisms preferentially settled with respect to the position 



of the settlement surface. Osman (1977) studying the 

establishment of sessile invertebrates on rocks found that 

the history of colonization of an individual substratum was 

important in determining the resulting species composition. 

Since significant differences in species composition and 

abundances occurred between the upper and lower settlement 

plates (and between the ten sites in Kaneohe Bay) in the 

present study one would expect the resulting communities 

(if allowed to develop) to differ in composition. (See 

Chapter IV for a discussion of the long term development 

of epibiotic and borer communities in dead coral during the 

same time period as the settlement plate study.) 

3.4.3 Settlement uatternswithin Kaneohe Bay 

The settlement of epibiotlc organisms and coral borers 

was not uniform in. species composition or abundance 

throughout Kaneohe Bay. Settlement plates f'rom the south 
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and mid bay had greater abundances of filter-feeding species. 

than the north bay sites. Personal observation and measurements 

of the benthos in the bay (see Chapter TV), as well as the 

results of other research (Smith 1979), showed that the benthos, 

especially in the south bay was dominated by adult populations 

of filter and deposit-feeding species. In ~ontrast, the north 

bay settling plates had few sessile filter-feeders and 

higher percentages of small motile species. Personal observations 

and measurements of the benthos at the north bay sites 
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(see Chapter IV), showed that the dead coral in the north 

bay was covered with coralline algae and.had very few of the 

filter-feeding species that were so common in the south bay. 

A distinct gradient was observed among the study sites from 

one extreme in the south bay, having abundant benthic populations 

of sessile invertebrates, to the other extreme seen at the 

north bay sites, with living coral and coralline algal covered 

dead coral. 

There are several possible reasons for the variability in 

the benthic communities within Kaneohe Bay. The most impor

tant factor has been the discharge of sewage into the southern 

region. Before diversion (December 1977) the southern area 

of the bay had a rich food source for planktotrophic larvae 

and benthic invertebrate assemblages in the form of phyto- and 

zooplankton and plankton-derived detrital material (see section 

1.).· Food availability was clearly greatest in areas adjacent 

to the outfall (Smith 1979). It is not surprising to find 

that the settlement of filter-feeding and detritivore species 

was also greatest in the southern region of the bay, not only 

because of the increased food supply for the larvae, but also 

because of the extensive and flourishing adult populations of 

these species within the southern region of the bay. 

Food is not the only factor determining the composition· 

of benthic communities on coral reefs. As discussed by Bakus 

(1972), Vine (1974) and Brock (1979) fish grazing is important 

in the structuring of benthic assemblages of invertebrates. 



Fish grazing; probably occurred from time to time on the 

coral settling plates in the mid and north bay, however, 

the lower settling plates were positioned in such a manner 

within the olexiglas holders that grazing, even by small 

fish, would have been limited. The lower plates at the 

north bay sites (where fish abundances were very high, 

8.1 

personal communication with R.Brock HINB, and personal observation) 

did not have'significantly different species composition or 

abundances when compared to the upper plates. Some differences 

would have been measured if the upper surfaces alone had 

been heavily grazed, or if they had been grazed by larger or 

greater numbers of fish. Small scarids were, however, ~, 

frequently observed swimming around the settlement frames 

and graz ing in areas surrounding the north bay sites. Fish 

were never observed at Station 1, and were rarely observed 

at Stations 2 and 3, in the south bay. The mid and north bay 

sites were populated by large schools of scar-ids (Scams 

taeniurus and S.sordidus, Brock 1979) and by several species 

of acanthurids, another family of herbivorous fish. Wrasses 

(Labridae) were commonly seen feeding (presumably on small 

invertebrates) at all of the mid and north bay sites. While 

the effects of these grazing fish were not measured, the 

possibility of them having had an effect on the results observed 

from the settlement data cannot be totally ruled out. (See 

Chapter IV for further discussion of the role of grazing fish 

in the development of epibiotic and borer assemblages of dead 

coral.) 
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3.5 SUMMARY 

1. The larvae of coral borers generally lacked clearly 

seasonal settlement periods, suggesting that one or 

several mechanisms (e.g.continuous reproduction, long 

pelagic phases, etc.) functioned to assure the presence 

of larvae throughout the year. The ultimate cause for 

.. 

the development or such a strategy may be the unpredictable 

source of suitable'settlement sites on the reef surface •. 

20 Some of the larvae of both epibiotic and borer species 

exhibited settlement selectivity with respect to the 

position of the settlement surface, preferring either 

upper or lower facing dead coral substrata. This finding 

indicates that the distribution of borers in coral 

skeletons might be due, in part, to active selection by 

the;..-larvae for particular conditions .. 

\ 

3. The recruitment rate and species composition of 

epibiotic and borer organisms settling on dead coral 

plates differed between sites within Kaneohe Bay due to 

extremes in the effects of physical aild biological 

stresses caused by sewage and Siltation. 



Chapter IV 

DEVELOPME~IT OF THE BORER COM~WNITY IN DEAD CORAL 

Species comoosition and dominance within a community 

may chang:e 1,,011 th time due to seasonal effects, uhysical 

disturbances and/or biological interactions including 

competition for space or food, predation, disease and 

parasitism (Cop~ell 1970, Drury and Nisbet 1973, Connell 

and Slayter 1977, Osman 1977). Scheer (1945) found that 

the development of temnerate sessile marine invertebrate 

communities was dependent upon breeding: seasons, life span, 

substratum preference and competition between adults for space. 

Seasonali ty 1-'TaS not a factor in the development or temperate 

marine fouling communities studied by Haderlie (1969},.and 

more recently Osman (1977), studyin~ sessile invertebrate 

colonization of rocks in a temuerate region, found that the 

factors involved in community development were neither totally 

seasonal nor successional. Osman found no discrete order 

of colonization or a specific climax condition, rather 

colonization anpeared to be a function of larval abundance. 

He also found that the direction of community development was 

determined by the frequency and degree of disturbances whi-ch 

resulted in cleared areas of the substratum. Taking these 

- 83 -
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findings into account, I postulated that the development 

of the borer community in dead coral skel·etons was likely to 

be influenced by availability of open space for settlement, 

larval recruitment rates and interactions between epibiotic 

and borer species. 

As \iiscussed in Chanters 1 and 111 the community of' 

coral skeletal borers has been inventoried from the 

C' . bb . , A .t; 1 . . d . -l-l J;'. t 1· P -l- • 1· • ,ar1 ear1 1 usra la an~ recenv_y .wnewe,aK. arvl.CU ar speCIes 

have been described, and the methods they utilize in boring 

into the substratum have been studied. Prior to this study, 

however, no quantitative information concerning the development 

of the borer corr.muni ty in dead corel had been collected. In 

Chanter III the results of a section of the present research 

concerned with measuring recruitment rates of borers and 

enibi otic orp:ani sms to dead coral are presented. The results 

of a long term experiment which recorded the development of 

the epibiotic and borer communities in sequentially collected 

dead coral substrata are discussed in this Chapter. 

4.1.1 The ~pibiotic community of dead coral 

Sessile marine invertebrate communities have been 

extensively studied in temperate regions, particularly, 

fouling communities in boat harbors (Coe and Allen 1937, 

Scheer 1948, DePalma 1966 1 Haderlie 1968, Sutherland 1978, 



and others), and intertidal communities (Dayton 1971, 

Paine 1974, Sutherland 1974). Larval selectivity, season

ality, intra- and interspecific interactions amongst the 

adult populations, and physical disturbances appear to be 

the factors determining species diversity and community 

structure of epibenthic communities in temperate regions 

(McDougall 1943, Kawahara 1965, Thorson 1966, Ryland and 

Stebbing 1971, Connell 1972, Paine 1974, Jackson and Buse 

1975, Osman 1977, Sutherland 1978, Menge 1978). 
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Concerning sessile invertebrate communities in the 

tropics, Grassle (1973) stated that localized destruction 

of the reef surface by physical forces produces a mosaic of 

successional stages. However, current research indicates 

that predominately biological interactions are responsible 

for the development 'and structure of tropical reef seSSile 

invertebrate communities. For example, Lang (1971, 1972) 

and Jackson (1977) found that interspecific competition 

between established sessile invertebrates was extremely 

important in community structuring. Another important 

factor in the structuring of tropical invertebrate 

communities is grazing by urchins, molluscs and fish (Bakus 

1964, 1966, Sammarco et al. 1974, Day 1977, ,Potts 1977, 

Brock 1979). Grazing clears areas of the substratum, , 

making it. suitable for settlement by larvae of invertebrates 

(Dart 1972, Vine 1974, Potts 1977). Grazing also controls 

the distribution of adult invertebrate populations (Bakus 



1966, Sammarco At al. 1974, Day 1977). 

The nresent study was concerned with the effects of 

the ('tevelooing enibenthic community of dead coral on the 

settlement and growth success of coral borers. It is 

nostulated that the epibenthic community might affect 

settlement of the larvae of borer species by physically 

blocking aCC9SB to the substratum; ingesting larvae when 

filter-feeding; initially attracting specific borers to 

calcareous eoifauna or epiflora; or by overgrowing 

previously settled borers. There is evidence tha.t one or 

all of these factors are involved in the structuring of 

epibenthic assemblages of invertebrates& For example, it 
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is known that benthic filter-feeders ingest the larvae of 

sessile invertebrates (Crisp 1964, Thorson 1966, Mileikovsky 

1974), and the presence of filamentous algae has been found 

to deter settlement of coralline alga.e and the larvae of 

benthic invertebrates (Vine 1974). Snionid polychaetes of 

the genus Polydora are attracted to oysters (Hopkins 1958), 

while other boring polychaetes, e.g. species of Dodecaceria, 

are attracted to molluscan shells and coralline algae (Day 

1967, Knox 1971). Jackson (1977) and Sutherland (1978) 

discussed competition betHeen sessile invertebrates and the 

role of overgrowth of one species by another. 

4.2 

4.2.1 

E'JCPERINENTAL PROCEDURES AND METHODOLOGY 

The coral test blocks 

In order to experimentally monitor the sequence of 



events occurring during the development of the coral borer 

community in a natural substratum, test blocks cut rrom 
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dead Porites lobata were placed in the rield at ten sites, 

(see Chapter III, Section 3.2.1 and Figure 3) and retrieved. 

at monthly intervals ror one year. The blocks measured 

5 x 5 x 10 cm and were mounted on cement blocks with PVC 

pipe and epoxy putty (Figure 8a). A discussion of the 

reasons for choosing p. lobata as a test substratum is pre

sented in Section 3.2.2. The blocks were rree or bore holes 

and other irregularities, and the surfaces were roughened with 

a coarse sanding disk. At each of the ten study sites there 

were two cement blocks, each having six test coral blocks 

mounted on the upper surface (Figure 8a). 

One coral test block was collected monthly rrom each 

site by sawing through the PVC pipe stern. The blocks were 

immediately preserved in 10,% formalin in seawater. After 

at least 48 hours , the blocks were examined under a dissection 

microscope at 20 X and detailed counts or the cover of 

epibiotic species on each surface were made using a 0.5 cm 

grid (Figure 8b).. The total cover by each epibiotic species 

was recorded. After each surface of the block was described 

the block was weighed and the epibiota were carefully scraped 

off. The blocks, cleaned of epibiota, were then reweighed 

and dissolved in the acid bath. After dissolution, the 

samples were sorted and the organisms were identiried and 

counted 0 
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FIGURE 8 

Photos of the coral test blocks (a) 
and a test block with the 0.5 cm 
grid used to analyze the surface 
cover on each side of the block (b). 
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4.2.2 Transects of the benthos at each studl sit~ 

Transects of the benthos at each of the ten study sites 

were made after the block study was completed in June, 1979. 

The transects were made on areas of dead coral adjacent to 

the permanent study sites. The surface cover ofepibiotic 

organisms was measured within randomly chosen grids. A 1 m2 

frame was placed on the closest area of dead coral above, 

below and to the right and left of each study site. Five 

randomly chosen (from the random numbers tables in Snedecor 

and Cochran, 1967) lOx 10 cm grids within the 1 m2 frame 
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were described quantitatively so that a total or" twenty 100 cm2 

areas were measured at each site. 

The methods used in data a~Blysis for this chapter 

were identical to those listed in Chapter III for the 

settlement plate data. Refer to Section ).2.4 for a 

description of the tests used. 

4.2.) Calculation of bioerosion rates 

During preparation of the test coral blocks,before 

placing them in the sea, wet weights were taken after soaking 

the blocks and their PVC pipe stems in water for one hour. 

Later it was found that the blocks would ha.veabsorbed more 

water if they had been immersed for a longer time and 

therefore the original weights were inaccurate. To rectify 

this mistake a series of coral blocks were soaked in water 



for various periods of time. It was determined that a 

coral block, cut from Porites lobata, and measuring 

5 x 5 x 10 cm would retain the maximum amount of water 

91 

after soaking for 24 hours. (Blocks were soaked for over 

seven days to be sure no further weight; gain occurred.) A 

conversion value was calculated. In one hour the blocks 

absorbed 89" 9 (to .. :3)% of' the water that they could maximally 

retain. Therefore, each original block weight was corrected 

by this amount (weight after one hour in water/.899 = total 

weight). The weight of the epoxy putty and 8 cm of lIt PVC 
+ . 

pipe was 33.0 (-1.0) g. This weight was subtracted from 

the weight of each block (each block weighed between 300 

and 500 grams). When the blocks were brought in from the 

field each was wet weighed with and without the weight of 

the epifauna. After dissolution the weight of the pipe 

stem and epoxy putty (which were left intact in the acid 

bath containers) were also subtpacted from the final block 

weight. 

4.3 

4.3.1 

4.3.1.1 

RESULTS 

The ~pibiotic community . .Q!! dead coral 

Differences in the epibiotic community on 
£Qral test bIOc~wi thin Kaneohe Bay. 

While species diversities were not significantly 

different (except for Stations 5 and 10, with very low 

diversities and Station 1 with the most diverse epiblotic 

community - Figure 9), the composition of the epibiotic 
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FIGURE 9 

Species diversity of epibiotic organisms 
collected from the coral test blocks in 

Kaneohe Bay. 
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community on the coral test blocks differed dramatically 

from south to north in Kaneohe Bay. The ,south bay sites 

were dominated by sessile filter-feeding invertebrates, as 

as test blocks from sites farther north were examined the 

community composition changed and coralline algae dominated 

(Fi~re 10). By the end of the study (12 months) the north 

bB.Y test blocks were almost entirely covered with coralline 

algae, while in the south bay filter-feeding invertebrates 

such as oysters, barnacles, colonial tunicates, bryozoans 

and sabellids were abundant (Appendix VI). 

Site to site comparisons of the population densities 

(Kruskal-Wallis ranking test) showed that Statton 1 had 

an epibiotic community quite distinct from the other study 

sites (Appendix VII). Generally there was little variation 

in the epibiotic communities of adjacent sites within the 

three areas of Kaneohe Bay (Appendix VII). 

Using combined station data (within each of the three 

areas of Kaneohe Bay) it was found that, of the twenty 

epibiotic taxa compared, twelve had significantly different 

population sizes (% cover) between south and mid bay sites, 

three between mid and north bay sites, and twelve between 

the north and south bay (Table 11). These results emphasize 

that the south bay blocks had a very different epibiotic 

community from the other two regions. 

Information analyses again showed that Station 1 had 

a distinctive epibiotic community and that a strong temporal 
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FIGURE 10 

% cover of the test block surfaces by 
filter-feeders and encrusting coralline 
al~ae in the three areas of Kaneohe Bay. 
See Apnendix VI for the total cover of 
blocks from each Station to compare 
ranges~ 
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TABLE 11. -- Comparisons of the abundances (surface cover) of the most commonly 
encountered epibiotic organisms on the coral test blocks within the 
three areas of Kaneohe Bay. (Kruskal-Wallis ranking test - all 
comparisons in this table were significantly different at the 
95-99% confidence levels.) 

SOUTH VS. MID 
more abundant in the 
SOUTH MID 

Porifera
Unid. spp. 
Arthropoda
Balanus 

N:acroalgae 
Bryozoa
Holoporella 

trigonus 
Balanus 

eburneus 
Tunicata
Didemnum 

candidum 
Polyclinum 

constellatum 
Trididemnum 

savignii· 
Bryozoa
Watersipora 

edmondsoni 
Schizoporella 

errata 
HolOporeIla 

pilaefera 

~erta 

MID VS. NORTH 
more abundant in t1e 
MID NORTH 

Mollusca- Coralline algae 
Ostrea 

sandwichensis 
Crassostrea 

gigas 
Bryozoa-
Holoporella 

aperta 

NORTH VS. SOUTH 
more abundant in the 
NORTH SOUTH 

Coralline algae Arthropoda
Balanus 

trigonus 
Balanus 

eburneus 
Tunicata
Didemnurn 

edmondsoni 
Didemnum 

candidurn 
. Trididemnurn 

savignii 
lViollusca
Crassostrea 

gigas 
Ostrea 

sandwichensis 
Bryozoa
Watersipora 

edmondsoni 
Schiz9porella 

erra ta 
Misc. cnidarians 
Dead oysters and 

barnacles 
'-0 
-...J 
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variation was present at all sites (App.VIII)~ The 

T values were smaller indicating that less information, 

in this case less variability, was measured between adjacent 

sites than between Station 1 and the other study sites 

(TC{S;L)). By removing the temporal variable of collection 

time from the analysis (TC(S;L)), it became clear that the 

north an~ south bay stations differed significantly in the 

orftanisms present. Combining the information gathered by 

knowing both collection time and species present also resulted 

in a higher 'r value for the north and south bay comparisons 

(Table 12). 1'he temporal variable of collection 

time V-las very important (TL(S;C)) and '1'(S,L;C» meaning 

that at all sites changes in the epibiotic communities and/or 

percent coverage occurred with time. These changes consisted 

of the growth or decline of certain specles and the gain or 

loss of species from the block surfaces during the study .. 

The major cause of the differences in the epibiotic 

communities of the coral test blocks appeared to be due 

to sewage enrichment (see Chapter I). The prediversion 

conditions in the south bay, characterized by increased 

phyto and zooplariliton and plankton-derived detrital material, 

supported flourishing populations of filter and deposit-

feeding invertebrates. Following diversion, south bay benthic 

populations still received greater food concentrations 

(mostly :tn the form of resuspended detrital material) than 

the mid or north regions (Smith in prep.), and the south bay 



TABLE 12. -- T (shared information) values for combined data from the epibiotic 
communities on the coral blocks. (95% confidence limits in parentheses;) 

TC(S;L) TL(S;C) 

SOUTH BAY VS 
MID BAY 0.19(.18-.20) 0.27(.25-.28) 

MID BAY VS 
NORTH BAY 0.18(.17-.19) 0.18(.16-.19) 

NORTH BAY VS 
SOUTH BAY o . 32 ( • 30 - • 34 ) 0.21(.19-.23) 

T(S,CtL) T(S,L;C) 

0.20(.19-.22) 0.28(.26-.30) 

0.19 (. 18-.21) 0.19(.17-.21) 

0.35{.33-.J7) o . 2L~ ( .22- • 26 ) 

T(L,C:S) 

0.39(.37:;';.41) 

0.34(.32-.36) 

0.49(.47-.52) 

\,Q 
\,Q 



test blocks still had significantly different epibiotic 

populations compared to other regions of the bay (Figure 

10) (although a few species such as barnacles and oysters 

declined slightly in abundance at the south bay sites

Appendix VI). 
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Several other physical and. biological factors may have. 

been responsible for some of the differences observed in 

species composition on the coral blocks, but it was difficult 

to separate sites for comparisons with respect to a single 

variable. If the species diversities of the epibiotic 

communities could have been compared between sites that 

differed in one physical characteristic, such as wave 

exposure or siltation, the effects of one factor might have 

been singled out. An attempt was rnadeto do this by comparing 

species diversities at wave exposed and protected sites within 

each area of Kaneohe Bay (Figure 11). In the mid and north 

bay the protected sites had greater species diversities, in 

the south bay the epibiota at the exposed site was more diverse. 

The reason for the switch in diversities at exposed and·pro

tected sites in the north and south is probably related to 

differences in food availability and the effects of the 

fish grazing (see Section 4.3.1.3). 

In order to try and ascertain the effects of siltation 

three fringing reef sites were compared (Figure 11). These 

three sites differed in siltation and sewage but had similar 

wave exposure. Station 1 in the south bay was influenced 
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FIGUHE 11 

Euibiota snecies diversities among study 
sites in Kaneohe Bay that differed in the 
de,o;ree of exposure to several physical and 
biological factors~ Study sites 1, 7 and 
9 were located on fringing reefs t and 
Stations J: 4 and 10 were on patch reefs. 
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by silt and sewage, Station 7 in the mid bay was not 

directly affected by either and Station 9 in the north 

bay experienced very high silt concentrations. When the 

species diversities of epibiotic organisms were' compared 

Station 1, with silt and sewage, was much more diverse than 

Stations 9 or 7 (Figure 11). Station 9 had lower species 

diversities than Station 7. The high species diversity at 

Station 1 was likely due "to food av.ailabili ty and a lack of fish 

grazing. At Station 9, where fish grazing was similar to 

that at Station 7, the diversity was lower, but was it due to 

siltation? When sites within two of the areas were compared· 

with respect to the effects of siltation, similar results 

were obtained (Figure 11). In the north bay Station 9 had 

higher species diversities than Station 10 which lacked 

siltation. It is assumed that Station 10 had a very low 

specie,s di versi ty due to intense fish grazing. In the south 

bay Stations 1 and 3 had similar exposures and Station 3, 

lacking siltation, had lower species diversities than Station 

1 (Figure 11), superficially indicating that siltation enhanced 

the epibiota. Siltation may have caused an increase in the 

diversity of the ep.ibiota on the coral blocks but the experiment 

was not originally designed to measure precisely the individual 

effect of these factors. The ten sites differed in many 

physical and biological parameters, and it was impossible to 

separate completely the effects from one another. Each site 

differed in exposure to Siltation, sewage, light, wave 
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action, fish grazing, etc. Only two of these components, 

sewage and fish grazing, changed in gradient fashion among 

the study sites within Kaneohe Bay. Within each of the 

three regions the effects of siltation and wave exposure had 

to be, in some way, coupled with the effects of variations 

in sewage and fish grazing thus increasing the variables 

that needed. to be considered.. To measure accurately the 

effects of anyone variable would require that all other 

variables remain constant between the test and control sites 

- a situation that did not occur in the present experimental 

regime. 

rrhe epibiotic organisms 

The following section is a brief description of the 

epibiotic species collected from the coral test blocks. 

A series of photos of the test block surfaces from the 

ten study sites is presented. in Figure 12. 

Cirripedia 

Two species of barnacles, Balanus trigonus and B. 

~burneus, were common on the coral test blocks. At Station 

1 these barnacles were frequently overgrown by encrusting 

bryozoans and colonial tunicates, but still managed to 

maintain a clear space through which to filter-feed. After 

seN'age diversion a definite decrease in the abundance of 

these two barnacle species occurred (Appendix VI)o 
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FIGURE 12 

Photos of the block surfaces after 
4, 8 and 12 months of eXDosure in the 
field at each of the ten study sites. 
Stations 1, 2 and 3 were in the south 
baY r Stations 4, 6 and 7 were in the 
mid bay and Stations 8, 9 and 10 were 
in the north bay. Station 5 was 
outstde of the bay at Kapapa Island. 



106 



107 

c. 

- ~-~ -~ ~-



108 

e. 

--------------- ---- ------------ ----------



109 

g. 



110 

• J. 



111 

Ascidians 

Six species of colonial tunicates were found on the 

test coral blocks. Didemnum edmondsoni, Didemnum candidum. 

Diplosoma macdonaldi and Tridide~~um savignii were the most 

frequently encountered species. Polyclin~~ constellatum and 

Botrylloides sPP. were most common at Station 1 but occurred 

sporadically at the other sites. Many motile organisms 

lived under the colonial tunicates, and sabellids and other 

sessile invertebrates were able to maintain openings through 

the growing colonies. At Station 8 the colonial tunicate 

~ymplegma connectans was frequently encountered. A few 

species of solitary ascidians were found on the blocks 

including Herdmania momus and Ascidia sppo 

Bivalves 

The oysters ostrea sandwichensis and Crassostrea 

gigas were collected in all three areas of Kaneohe Bay and 

at all but three stations. Q. sandwichensis was rare at 

Station 1, never collected at Station 4, and neither species 

occurred at Station 5 (Kapapa Island). These attached 

bivalves often grew so large that block surfaces were 

completely obscured (this was especially evident at Stations 

3 and 6L 

Bryozoans 

Encrusting bryozoans were common on the block 

surfaces~ Four species were conSistently collected: 

Watersipora edmondsoni~ Schizoporella errata, Holoporella 



pilaefera and fl. aperta. These species grew closely 

attached to the substratum and often covered burrow 

openings and small sessile invertebrates. 

Poriferans 

Sponges were rarely collected from the coral test 

blocks although many species were commonly found growing 
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on the undersides of coral heads, rubble and the green alga" 

Dictyosphaeria cavernosa in all areas of Kaneohe Bay. The 

blocks may have been too exposed, or not suitable in some 

other way, for sponge growth. 

Algae 

Macrothalloid algae were uncommon on all the test .. 

blocks except those from Station 5 at Kapapa Island. At 

Station 5 the blocks were completely obscured by a thick 

growth of Padina japonica" Galaxaura fastigiata" Laurencia 

nidifica, Dictyota acutiloba and Halimeda discoideaoMany 

other species were present but these accounted for the bulk 

of the algal biomass.. Next to the surfaces of the blocks at 

Kapapa Island was a layer of fine sand and debris held by 

the holdfasts and rhizomes of the algae. 

Encrusting coralline algae grew rapidly over the 

surfaces of the north bay blocks, covering all sessile 

invertebrates and blocking tube apertures killing the coral 

borers and other invertebrates. The most common coralline 

species was Porolithon onkodes. In the mid and south bay 

(except at Station 1) coralline algae grew on the oyster 



shells on the coral blocks but never as abundantly as the 

growth observed at the north bay site (Figure 10). 

4.3.1 .. 3 Effects of fish grazing Qg the epibiota of 
coral test blocks 

Scarids and acanthurids were commonly observed grazing 
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on the coral test blocks at all of the study sites in the mid 

ar::.d north bays but were conspicuously absent from the three 

south bay sites. The effects of fish grazing were obvious 

at the mid bay sites. The block edges were rounded and graze 

marks were clearly evident. The north bay sites experienced 

very extensive fish grazing but by the end of the study a 

thick growth of coralline algae protected the underlying 

coral from further damage. The role of fish grazing is 

discussed in Section 4e4. 

TcrgD.sects of the benthos in Kaneohe Bal 

Results of the transects taken at each of the ten 

study sites were,with a few exceptions, comparable to the 

data collected from the 12 month test block surfaces (Figures 

12 and 13, Appendices VI and IX). A clear trend in the 

composition of the epibiota was evident, the south bay benthos 

was dominated by filter and deposit-feeding sessile inverte

brates and the north bay benthos (areas of dead coral) was 

encrusted with coralline algae (Figure 13). 

As previously mentioned, some differences in the 

communities on the benthos and the 12 month coral blocks· 
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FIGURE 13 

Mean % surface cover of different 
epibiotic orf,~anisms on dead coral 
substrata at the ten study sites. 
Standard deviations were less than 
2~ for all values listed. 
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were observed. For example, at Station 1 the cnidarians 

Palythoa J?sammonhila, Actiniogeton sesere' and some large 

sponges (eg. Callyspongia diffusa and Damiriana hawaiiana) 

were common on the transects but never collected from the 
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test blocks. The gastropods Crenidula fornicata and Vermetus 

9:,lii 't'lere much more common on the benthic transects at Station 

2 than on the coral blocks from that site. Zoanthus pacificus, 

a soft coral, dominated the substratum at Station 3 but was 

rarely encountered on the test blocks. The green alga 

Pictyosphaeria cavernosa was abundant at most of the mid and 

north bay sites (except Stations 9 and 10) but was very 

infrequently collected from the blocks. At Stations 4 to 10 

live coral was present surrounding the study sites but only 

a feit,!, very small (<. 1 cm in diameter), colonies were collected 

from the coral blocks. 

During the transecting large pieces of coral rubble were 

overturned to observe the communities residing on the under

surfaces. The percent cover of the various organisms growing 

on these surfaces are also listed in Appendix VIII. The south 

bay sites had diverse populations of colonial tunicates, sponges, 

bryozoans, some filamentous algae, vermetids and a few corallines 

(at Stations 2 and 3). Mid bay sites were much the same with 

increased percentages of coralline and filamentous algae. The 

undersides of rocks at Station 8 in the north bay were pre

dominately covered with encrtlstlng coralline and filamentous 

algae but a few tunicates. vermetids and sponges were also 
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present. Station 9 had a high percent cover of the oyster 

Ostrea sandwichensis on the undersides of coral rubble, 

perhaps because of the large amount of silt- that covered all 

of the upper surfaces on the reef at this site. Also common 

at Station 9 were sponges, coralline and filamentous algae. 

The undersurfaces of coral rubble at Station to were covered 

1/Ji th coralline algae, filamentous algae and sponges.. When a 

piece of rubble was disturbed at Station 10; schools of' small 

scarids and labrids immediafrely congregated to feed on the 

newly exposed organisms. 

~he borer community in dead coral in Kaheohe. Bal 

Differences in the borer communities in coral 
test blocks Within Kaneohe Bay --

A general decrease in borer species diversity from 

the south to the north ends of the bay, with the exception 

of the two most northern stations (9 and 10), was noted 

(Figure 14). By combining the data from the three stations 

in each of the three areas of Kaneohe Bay it was found that. 

the south bay had slightly higher species diversities of' 

coral borers than the north and that the mid bay had the 

lowest diversity (Figure 15). 

Hhen the effects of location (study site) were removed 

from information analyses (TL(S;C», it was found that species 

composition of the borer community differed significantly 

l'-1i th time (Appendix X and Table 13).. This l'1aS not unexpected 

as the blocks were collected sequentially, each one being 
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FIGURE 14 

Species diversity of borer organisms 
collected from coral test blocks in 

Kaneohe Bay. 
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FIGURE 15 

Species diversities of coral borers 
collected during the study from the 
test blocks in the three areas or 
Kaneohe Bay. Diversity (H') ranges 
were less than 0.3. 
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TABLE 13. -- T (shared information) values for combined data from the coral borer 
communities in the test blocks. (95% confidence limits in parentheses.) 

TC(S;L) TL(S;C) 

SOUTH BAY VS 
MID BAY .048 ( .04-.05) 0.12(.11-.13) 

MID BAY VS 
NORTH BAY .063( .06-.07) 0.18(.16-.19) 

NORTH BAY VS 
SOUTH BAY .048(.04-.05) 0.24(.22-.25) 

T(S,C;L) 

.064( .06-.07) 

.075(.07-.08) 

.075(.07-.08) 

T(S,L;C) 

0.14(.13-.15) 

·0.19(.17'-.20) 

0.26(.25-.28) 

T(L,C;S) 

0.16(.15-.17) 

0.19 ( .18-.21 J 

0.25(.24-.26; 

J-> 
N 
N 
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in the field for a progressively longer period of time) 

and therefore the data analyses should reflect the changing 

populations. By using combined station data in the information 

analyses it "(Alas again clear that the north and south bay 

differed in species composition (T(L,C;S) and that the borer 

Dopula ti ons chang-ed with time (T( s ~ L; C») (Table 13). 

A 2:reater Droportion of paired comnarisons of the 

abundances of borer species between stations at progressively 

longer distances from one another were significantly different 

than comparisons of adjacent stations (Appendix XI - Kruskal

Wallis ranking test). When data from the three sites in each 

of the three reg;ions of Kaneohe Bay were combined and 

compared, it became clear that the south and mid bay had 

larger pODulations and more similar species compositions of 

coral borers than either did when compared to the north 

bay (Table 14 and Fi~~re 16). 

Some of the more common borer species that differed in 

abundance between areas of the bay included the phoronid 

Phoronis hi Dpocre'pia t and the polychaetes t Pol yctora sp •. A, 

Cirratulid sp. A, Dodecaceria laddi, Hypsicomus phaeotaenia, 

and eunicids which were all more abundant in the south bay 

(Figu.re 17). The north bay had the greatest numbers of 

acrothoracican barnacles, and sipunculans were more common 

in the north and mid bay sectors (Figure 17) .. When the data 



TABLE 14. -- Comparisons of the abundances of the most commonly encountered borers 
in the test coral blocks within the three areas of Kaneohe Bay. 
(Kruskal-Wallis ranking test - all comparisons in this table were 
significantly different at the 95-99% confidence levels.) 

SOUTH VS. MID 
more abundant in the 
SOUTH MID 

Phoronida 
Polychaeta
Polydora 

sp. A. 
Arabella 

iricolor 

Nil D VS. NORTH NORTH VS. SOUTH 
more abundant in the more abundant in the 
MID NORTH NORTH SOUTH 

Porifera-
9liona spp. 
Polychaetes
Polydora 

Arthropoda- Arthropoda- Phoronida 
Polychaeta
Polydora 

Acrothoracicans Acrothoracicans 

sp. ~. 
Cirratulid 

sp. A. 
Hypsicomus 

phaeotaenia 

sp. ~. 
Cirratulid 

sp. A. 
Hypsicomus 

phaeotaenia 
Arabella 

iricolor 
other eunicids 

I-' 
N 
.f:' 
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FIGURE 16 

r1ean number of coral borers 
collected from the test blocks 
in each of the three areas of 
Kaneohe Bay during the study 
(bars represent the ranges). 
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FIGURE 17 

Total numbers of coral borers collected 
from the test blocks in each of the 
three areas of Kaneohe Bay. (0 = south 
bay, 0::: mid bay and Ll::; north bay.) 
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from each collection were visually compared between 

sites it was found that, in general, the numbers of borers 

increased with time in the south bay blocks, and decreased 

after 6 - 8 months at the north and mid bay sites (Figures 

17 and 18). 

After one year of exposure, the test blocks at all of 
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the s tu(ly s 1. tes had more borers Der p:r.;lTn of skeletal material, 

but fewer borer species than samples from the benthos at each 

;':l"re (se p (" D"e T"r av>d 'T'ahle ~5) I'·s ~'ff' It t ~ v _ v na G I" ..L.L H,,,, U .L • 'C 1 Q 1 1 eu a say 

v'lhether a communi ty 'V'li th essentially the same proportions of 

individuals of each species would have developed in the test 

blocks gi van adcled time ~ The north bay test blocks were 

intensively grazed by fish and had very extensive growths of 

coralline algae. The benthic samples of borers (Chapter II) 

1;Jere colleeted fror:1 branching coral colonies \vhere access by 

grazing fish was restricted. It seems more likely that the 

south bay coral test blocks, lacking the effects of fish graZing, 

'\ATould have accumulated a community of borers more similar in 

abundance to those collected from the benthic samples than the 

coral blocks in the north bay. Representatives of all of the 

common borer sD8cies were present in the test blocks at 

some time during the study. 

4.3.3.2 The coral borer species 

Presented below is a brief description of the borer 

species collected from the coral test blocks (see Appendix 
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FIGURE 18 

Total number of coral borers in the 
test blocks from each of the three 
areas of Kaneohe Bay at each collection. 
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TABLE 15. -- Comparisons of the number of individual borers 
per gram of skeletal material and the number of 
borer species per sample from benthic samples 

(Cha.pter II) and the coral test blocks within 
the three areas of Kaneohe Bay. 

Mean number of borers/ 
gram of skeletal material 

BENTHIC SAl.'flPLES (N: 5 for each) 

Dead Porites 
compressa 1.15 + 0.42 

Dead Pocillopora 
+ meandrina 0.43 0.05 

Dead Montipora 
verrucosa 2.40 1: 0.52 

CORAL TEST BLOCKS (N=J for each) 
(Pori tes lobata) 

South Bay 3.78 (2.47 - 4.47) 

Mid Bay 2.50 (1.58 - 3.59) 

North Bay 1.64 (0.95 - 2.46) 

Mean number of 
borer species 

19.81: 1.6 

15.4 1: 0.89 

21.2 + 0.84 

9.) (9 - 10) 

6.) (5 - 8) 

6.7 (5 - 9) 



XII for complete species list). 

Clionid sponges 

Sponges were rarely encountered in the test coral 

blocks. The few specimens obtained were difficult to 

identify_ The spicules collected from these specimens 

indicate that they belong to the clionid group but more 

material is required for further identification. 

Vermetid gastropods 

Some vermetids are considered to be coral borers 
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(see Chapter II). Several species were commonly found in 

burrows that they had excavated into the surfaces of the 

coral test blocks. Dendropoma psarocephala was the most 

commonly encountered species but Dendropoma platypus, Dendro-

porna meroclista and Petalochonchus tokyoensis were also 

observed within the coral (the abundances of these four 

species were combined for the data analyses as only D. 

psarocephala was common). 

Phoronids 

This phylum has only recently been described from 

Hawaii (Emig and Bailey-Brock in press). Phoronis hippocrepia 

was collected from the test coral blocks in the south bay 

and once at Station 9 in the north bay. Phoronis ovalis, 

while common in Kaneohe Bay (see Chapter II), was never 

found in the coral test blocks. 

·S ipunculans 

Surprisin~ly, sipunculans were never abundant in the 



coral test blocks and did not occur in the blocks from 134 

several sites. This was unexpected, as sipunculans were 

commonly encountered in the benthic samples collected from 

many coral species in Kaneohe Bay (see Chapter II), and were 

recorded on the coral settling plates (Chapter III)~ It can 

only be surmised that the substratum presented was unsuitable 

in some way. This may have been due to some difference between 

the coral blocks and naturally occurring dead coral. or to 

a biological factor that was present or absent from the 

block surface. Of the species that did occur~ Aspidosiphon 

elegans was the most common; Phascolasoma sp. A and Themiste 

,lagenlformis were infrequently collected. 

Acrothoracican barnacles 

Acrothoracican barnacles were collected from only the 

north bay test blocks.. Heltneria hirsuta, Heltneria sp. S. 

a.nd gryptophialus sp .. !l \'1ere the three most abundant species 

discovered e These species were also common in the preliminary 

benthic samples collected from the north bay (Chapter II). 

Polychaetousan.'1e 1 ids 

Polychaetes were by far the most common borers 

encountered in the test coral blocks. Three species of 

spionid polychaetes 'tqere collected from the coral blocks through

out the bay., £>olydora sp. A was the most abundant and largest 

( > 15 mm and rarely to 18 mm in length) polychaete collected. 

This spionid '~'las, therefore, the most destructive coral borer 

in the test blocks. The coral blocks were often riddled from 



one side entirely through the block in as short a time 

as four months. Polydora sp. ~ is closely related to 

Polydora 80c1a1 18 and is presently being described as a 
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new species (Hard in prep.)" Polydora armata, a sPionid 

previously described only from coralline algae, was commonly 

found boring in the coral blocks'. It is a much smaller 

species,reachinr;; a maximum length of 6 - 7 mm.. A third, 

unidentified, species of Polydora (sp. 2.) was occasionally 

in the blocks. It is very small, < 5 mm in length,. and 

was collected in all areas of the bay. 

The most abundant polychaete found at all sites was a 

small sabellid tentatively identified as Hypsicomus uhaeotaenia. 

(The identification is tentative because, while the species 

has the characteristics of Ii. uhaeotaenia as described by 

Day (1967), the maximum size attained in Hawaiian specimens 

was 9 mm. The species described by Day reportedly attained 

a length of 50 mm.) This species has been described by 

previous workers as a coral borer. However, based on the 

size of those collected in Hawaii, it is doubtful that these 

worms excavated burrows in the coral., These minute worms 

were found in the naturally occurring interstices of the 

corallum and no indication of expansion of these spaces was 

evident. It is possible that Ii. uhaeotaenia occupies the 

coral skeletons during its juvenile stages or that it is 

a new species entirely" Further studies of this abundant 

species are \'1arranted. 
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Of two cirratulids commonly encountered, one, 

Dodecaceria laddi has been described from various tropical 

habitats (Day 1967, Knox 1971) and was abundant in all three 

areas of Kaneohe Bay. This worm was easily identified while 

in the blocks by its characteristic IIdumb-bell ll shaped 

burrow aperture, and in the dissolved samples because of 

their dark red-brown color~ They form V-shaped burrows and 

both the anterior and posterior ends of the worm extend out 

of the burrow openings. This species ingested large fragments 

of coral and during dissolution were often filled with C02 

bubbles as the calcareous material reacted with the dilute 

acid solution. The bubbles extended, but rarely ruptured, 

the body wall. D. laddi reaches lengths in excess of 15mm, 

but most were in the 6 - 10 mm size range. Another, very 

small, unidentified cirratulld, commonly collected in the 

test blocks (Cirratulid SPa A), may be the juvenile. form of 

another species as it has typically juvenile cirratulid 

characteristics and never attains a size greater than 

3 mm in length. 

Several species of worms belonging to the eunicid 

complex were commonly _collected. These included: a dorvillid, _ 

Dorvillea sp. A; two eunicids, Nematonereis unicornis and 

Lysidice collaris; and an arabellid, Arabella iricolor. Of these 

species 1. ... collaris reached the largest size (up to 20 mrn in 

length and over 2 mm in diameter). These worms have been 

described as coral borers by other researchers (see Chapter 



II discussion). Eunicids reportedly use their large 

mandibles to gouge out extensive burrows and feed 

preclomina tely on detritus and small invertebrates 

(Fauchald and Jumars 1979). 

4.3.2.3 Comparisons of the sizes of borer species 
at different-SiteS 

The most abundant species of coral borers collected 

from all of the test blocks "'fere measured and plotted to 

show the size frequency distributions. Borers attained 

larger body sizes in the south bay blocks. For example, 

Polydora sp. A attained body lengths of over 15 mm in the 

south bay test blocks, but grew to only 10 mm in length 

in the mid bay and at Stations 9 and 10 in the north bay 

a maximum length of only 4 mm vms recorded (Figure 19). 

Dodecaceria laddi was also larger in the south bay (Figure 

19)" Hyp~icomus phaeotaenia reached 9 mm in length in the 

south and mid bay but none larger than 6 mm ""vere collected 

in the north bay (App. XIII). Although the sample sizes 

were small for the eunicids Nematonereis unicornis and 

Lysidice collaris, the same trend was evident with a 

higher percentage of worms in the larger size classes 

. occurring in the south bay (Appendix XIII). 

Rate.§. of bioerosion within Kaneohe Bay 

Many factors were involved in changing the weights 

of the test coral blocks during the study, including 
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FIGURE 19 

Size frequency distributions of 
Polydora sp. ~. (a) and Dodecaceria 
laddi (b) from the test blocks at 
each of the study sites in Kaneohe 
B2Y. Study sites are designated by 
numbers in the upper left hand corner 
of each IT,raph. 
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weight gained from endolithic algae and borers and 

encrusting organisms that grew partially into the coral 

skeleton, and weight lost from grazing fish and coral borers. 

To measure accurately the exact amount of material removed 

by coral borers alone would have required highly controlled 

studies using caged test blocks (to eliminate the effects 

of fish grazing) and very precise dry weights of the test 

substrata prior to and following the study period. Because 

dry weights could not be made during this study, the measure .... 

ments of the amounts of material removed from the blocks 

were not considered to be accurate enough for direct 

comparisons to be made between sites. However, a general 

trend was found and is illustrated in Figure 20. The weight 

of the tes-t blocks from the south bay initially increa.sed 

and then, in the last four months, decreased in weight. 

Since fish grazing was never observed at any of the south 

bay sites the loss of material from the blocks was considered 

to be the direct result of the coral skeletal borers. The 

blocks from the mid bay sites fluctuated slightly in weight 

during the study period, but no clear trend was evident. The 
. -

north bay test blocks increased in weight during the study 

period. This increase was due to the added weight of 

coralline algae 0 The coralline algae grew into the surface 

of the blocks and could not be removed without damaging the 

coral skeleton. Any weight loss from these blocks due to 

borers or grazing fish was minimal and clearly offset by 
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PIGURE 20 

f'Iean number of grams of carbonate 
material gained or lost from the 
coral test blocks in each of the 
three regions of Kaneohe Bay 
during the twelve months of the 
stu(ly. Overlap in the ranges of 
these values occurred only during 
the first six months of the study. 
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the v'J'eight gained from the encrusting coralline alga 

Poroli than oru-;:odes. 

4.3.4 Differences between the composition of the 
developing borer comiTiUnity in the coralhlocks 
and the borers on the settling plates 

L44 

Several snecies of coral borers were rarely collected 

from the settling plates (Chanter III). .. ~ ~ 
These included the 

acrothoracican bar"nacles, phoronids and Dodecaceria laddi, 

which did occur in the test blocks. An explanation might be 

that they v-Tere attracted to something {e. g. certain algae} 

on the coral blocks that was absent from the settlement plates. 

Sipunculans settled frequently on the coral plates 

but were never abundant in the coral blocks. Hhether this 

indicates a poor success rate due to predation, an inability 

to remain in the substratum, or the absence of some essential 

factor from the test blocks is unknown. l/Hlliams (1972) 

found that it was difficult to observe juvenile sipunculans 

initiate burrow formation in pieces of coral provided in 

the laboratory. She found that the larvae readily crawled 

into the coral skeletons but rarely proceeded to form burrows. 

These results indicate that something lIIaS lacking, or was 

unsatisfactory in the coral substrata provided. All of the 

other borer speeies settled and frequently became established 

in the blocks at one or more of the study sites. 

Settlement success was lO"li'T in the north bay for many 

of the borer species. For example, the most common eunicid 



in the test coral blocks was Nematonereis unicornis, 

which settled on the test plates year round. In the north 

bay this species settled throughout the study period, but 
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by the end of the study, even though juveniles were present 

on the settling plates, the numbers of individuals in the 

test blocks had decreased. The same trend was observed in 

the mid bay, but in the southern sector the numbers of this 

species did not decrease in the last months of the study. 

While juveniles of Polydora s'O. A were much more common on 

the north bay settlement plates than those in the south bay, 

adults of the species were more abundant and attained larger 

body sizes in the south bay test blocks. The small sabellid, 

FIypsicomus nhaeotaenia, was more abundant on.the·southbay 

settlement plates and in the south bay test blocks. Again, 

while the number settling on the north bay plates remained 

the same throughout the study (even increased slightly),. the 

number of individuals in the coral blocks decreased during 

the last half of the s~udy. 

Cryptic organisms in the coral blocks 

The most commonly encountered non-boring cryptofauna 

included species from the polychaete families, Syllidae, 

Nereidae, Terebellidae, Cirratulidae t Phyllodocidae, Canitellidae, 

Amphinomidae, Serpulidae and Ctenodrilidae (Appendix .XIV). 

A few species of gastropods, nematodes, nemerteans and 

ophiuroids were also collected from the scraped test blocks. 
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A peak in the numbers of cryptic organisms occurred in the 

eighth month and decreased slightly in months ten and twelve 

of the study at the south bay sites (Figure 21 and Appendix 

XIV). In the mid bay the numbers of cryptic organisms 

fluctuated and no clear trend was evident. The north bay 

sites had the greatest number of cryptic organisms during 

the fourth month, after Hhich the numbers continually 

decreased until, at the end of the twelve month study period 

there \vere very few in the blocks (Figure 21). The explanation 

for this difference in abundances of cryptic organisms is 

discussed in the following section. 

4.3.6 Effects of e~ibiota on the coral borer community 

The enibiota of the south bay test blocks, predominately 

sessile filter-feeding invertebrates, may have ingested some 

of the settling larvae of the coral borers but did not 

severely restrict access to the substratum or kill established 

borers.. The numbers of coral borers in the south bay blocks 

increased with time throughout the study (Figure 22). During 

observation of the surfaces of the blocks collected from the 

south bay it Was found that some borers were living beneath 

encrusting epifauna. (Figure 23 diagrammatically illustrates 

the epibiotic and borer communities observed from the coral 

test blocks in the three regions of Kaneohe Bay.) For 

eXample, the spionid polychaete Polydora sp. A formed ex

tensive burrows in the south bay blocks and their burrow 
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FIGURE 21 

f'iIean number of cryptofaunal organisms 
collected from the coral test blocks in 
each of the three areas of Kaneohe Bay. 
Ranges of these values overlapped for 
the first six months of the study and 
in the last two months for the mid and 
north bay collections. 
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FIGURE 22 

Comparison of the abundances of coral 
borers, and the percent cover of coralline 
algae and filter:feeders on the coral 
test blocks, within each of the three 
areas of Kaneohe Bay. 
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FIGURE 23 

Illustration of the epibiotic and borer 
communities from the coral test blocks 
in each of the three areas of Kaneohe Bay. 
EB-encrusting bryozoans, CT-colonial tunicate, 
B-barnacle, OY-oyster. COR-coralline algae, 
V-vermetid, D-Dodecaceria laddi. PSA-Polydora 
sp. A" PA- Polydora armata. E-eunicid, PH
phoronid, S-sipunculan, AB-acrothoracican 
barnacle, DO-dead organism. . 
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openings extended through colonial tunicates and encrusting 

bryozoans. Eunicid polychaetes and the cirratuiid Dodecaceria 

laddi also produced burrows with cleared areas around the 

openings, but occasionally were found living in burrows that 

had been covered with tunicate colonies (Figure 23). The 

colonial tunicates were poorly attached to the substratum, 

amI apparently enough space was available beneath them to 

allow the borer species to respire and feed. At some south 

and mid bay sites (Stations 2, 3 and 6) oysters were very 

common on the block surfaces" 1tlhen the oysters were living, 

very few borers were found beneath their shells, but soon 

after an oyster died, bore holes b~gan to appear in the lower 

valves. Borers were also found living beneath live barnacles, 

sabellids, actinarians and hydr020ans .. 

Fewer borers settled on (Chapter III) and became 

established in coral test substrata at the study sites in 

the north than in south Kaneohe Bay. Of particular interest, 

however, \"as the observation that the numbers of borers- in 

the north bay blocks decreased during the last half of the 

study, in contrast to the south bay where the total number 

of borers increa.sed continually wi th . time (Figure 22). The 

decrease in numbers of borers in the north bay blocks was 

correlated with increased cover of the block surfaces by 

the encrusting coralline alga Porollthon onkodes.. During 

observation of the surfaces of the north bay blocks, dead and 

decomposing coral borers were found sealed in their burrows 
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by a thick growth (2 - 4 mm) of P. onkodes (Figure 23). 

A few species such as Dodecaceria laddi and acrothoracican 

barnacles, were capable of maintaining open burrow apertures, 

but.occasionally even individuals of these species were 

found completely overgrown and decomposing. The coralline 

algae not only killed borers within the substratum but, in· 

some Hay, deterred further establishment of borers in the 

test blocks. The numbers of borers settling on the test 

plates did not change during the last half of the study 

(see Chapter III) but the numbers of borers in the test 

blocks steadily decreased. 

Station .5 at Kapapa Island was the only site where 

the effects of macrothalloid algae were observed. These 

algae trapped a thick layer of very fine sand and sediment 

near the surface of the test coral blocks. While species 

diversity was high at this site (Figure 14), the abundance 

of coral borers was extremely low. The fine sand undoubtedly 

restricted access to the SUbstratum and/or fouled the feeding 

structures of sessile and boring invertebrates. 

4.4 DISCUSSION 

Development of the coral borer community in dead coral 

was found to differ significantly from area to area within 

Kaneohe Bay due to variations in several biological and. 

physical factors. 

Increased food supply, in the form of plankton and 
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plan.'kton-derived detritus due to nutrient enrichment from 

municipal sewage, in the southern end of ,Kaneohe BaY t was one 

of the factors responsible for the abundance of epibiotic 

filter-feeding anddetritivore species. The increased 

food supply was also one of the important factors causing 

increased numbers, and body sizes as well as the overall 

success of the coral skeletal borers in the southern bay_ 

The three areas of Kaneohe Bay differ in several 

biological characteristics one of which is the size of 

grazing fish populations (Smith et al. 1973) Smith 1978, 

R. Brock pers. comm.). The southern sector of the bay has 

reduced populations of grazing herbivorous fish (plaTl..ktivores 

are locally abundant), while the mid and north bay areas 

support an abundance of small cryptic fish species, large 

schools of herbivorous acanthurids and scarids and plankti

vorous species. (Fringing reef areas in the northwest bay 

also have reduced fish populations, probably due to increased 

siltation and freshwater runoff in that area.) In the south 

bay, lIJhere graz ing pressure was reduced and the food supply 

. ~vas abundant, ext ens i ve communi ties of sessile-filter feeding 

invertebrates grew on every available piece of hard substratum 

including the test coral blocks. The lack of fish and the 

increased food supplies allowed these exposed populations 

to grow much more successfullY than they normally would have 

on a typical Hawaiian coral reef. 

In the mid and north bay sectors, where nutrient 



enrichment is not as great and where large grazing fish 

populations are present, diverse and abundant populations 
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of sessile invertebrates are lacking. Grazing by fishes on 

tropical reefs has been observed to cause a decrease in the 

cover of filamentous algae and a subsequent increase in the 

cover of encrusting coralline algae (Vine 1974 , Brock· 1979 h 

'I'he study sites in the north bay are characterized by high 

densities of grazing fish and very high percent coverage of 

coralline algae on exposed substrata. Sessile and motile 

invertebrates in the north bay are concentrated under coral 

rubble or under living coral heads where access for grazing 

fish is restricted. At the north bay sites, exposed dead coral 

is covered with a thick growth of Porolithononkodes which, 

as discussed in Section 4.3.6 protects the underlying coral 

from borers. 

Grazing fish consume newly settled invertebrates (Bakus 

1972, Brock 1979), and this is, no doubt, an important deter

minant of the numbers of coral borer larvae that become 

established within the substratum. It appears then that 

both fish grazing (by removal of juveniles before they can. 

move into the substratum), and the growth of coralline algae 

(killing all but the very large borers by overgrowth and 

restricting settlement of" borers, perhaps because the surf'ace 

of the coralline algae lacks texture or due to some chemical 

deterrent) nnlst be considered as determinant factors in the 

development of the coral borer community. 
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In areas of increased fish grazing and resulting 

growth of coralline algae, exposed dead coral substrata 

will be protected from coral borers and the rates of 

bioerosion will be reduced. This was indeed the case in 

Kaneohe Bay where test coral substrata at north bay sites 

actually gained weight during the length of the study period 

(due to the difficulty encountered in removing all of' the 

coralline algae that had grown into the coral skeleton), 

while test blocks in the southern bay showed marked bioerosive 

loss of calcareous material. 

The exact reasons for decreased abundances of coralline 

algae at the south bay sites can only be hypothesized at 

this point. Littler (1973) attributed the increase of 

corallines off ~vaikiki, Oahu, to, increased sewage-derived 

phosphates, while decreased diversities at Port Phillips 

Bay, Australia, were attributed to increased phosphate 

concentrations and decreased wave action (Brown, Ducker 

and Rowan, 1977). It is reasonable to assume that a 

combination of factors including decreased light penetration 

and decreased fish grazing were responsible for the paucity 

of coralline algae in the south bay. Decreased cover of 

coralline algae in the south bay was considered to be one 

of the most important reasons that coral skeletal borers 

were so successful. 

In the south bay, epibiotic communities were 

predominately sessile invertebrates which did not restrict 
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access or inhibit the growth of coral borers in the 

substratum, while in the north bay coralline algae inhibited 

settlement of borers and killed established borers by'over

growth. This observation is in direct conflict with comments 

made by lYlacGeachy and Stearn (1976) who stated that encrusters 

like cora.ls, sponges, hydrozoans,foraminifera and bryozoans 

protected underlying coral skeletons at Barbados, but that 

coralline algae had no effect on borers in corals. Bak 

(1976) studied clionid sponges in corals of Cura~ao and 

suggested that crustose coralline algae might be protecting 

the reef against boring sponges. The comment made by Goreau 

and Hartman (1963) that the weight of extensive growths of 

epifauna at the bases of coral heads increased the possibility 

of them breaking off when heavily bored, indicated that the 

skeletal borers were able to become established and continue 

boring under the epifauna.. Goreau and Hartman (1963) also 

discussed the role of coralline algae as shallow reef 

cementors. If, as suggested by l\1acGeachy and Stearn (1976), 

coral skeletal borers were unaffected by epigrowth of 

encrusting corallines and . inhibited by sessile filter-feeding 

invertebrates~a diverse and abundant population of coral 

borers would have been expected in the blocks from the north 

bay study sites" The opposite condition was observed during 

the present study. 

In the south bay the edges of both patch and fringing 

reefs, areas normally composed of thick platforms of encrusting 
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coralline algae in the mid and northern regions of Kaneohe 

Bay, are riddled with the burrows of skeletal borers and 

crumble under the weight of a person walking. This has been 

observed by previous researchers as well (Smith 1978, Kinsey 

1979). In the mid and north bay the reef crest regions are 

considered to be actively growing while on the south bay, 

although calcification rates have been measured, the growth 

of reef cementors is not sufficient to allow accumulation of 

carbonate material to offset the rates of loss due to bio

erosion (Kinsey 1979). The results of sewage addition to 

the southern end of Kaneohe Bay were marked, not only in 

the obvious effects of nutrient loading utilized by, and 

causing increased, phytoplankton populations (and increasing 

the plankton-derived detrital material) which in turn was 

utilized by filter and deposit-feeding invertebrates, but 

also because of changes (water clarity, fish grazing, etc.) 

that inhibited the growth of reef cementing and protecting 

encrusting coralline algae. In contrast the north bay 

patch reefs have flourishing coral communities with abundant 

fish populations and actively growing reef crest areas 

covered Ttli th encrusting coralline algae. 

4.,5 SUMMARX 

1.. The development of the coral borer community was 

found to differ between sites in Kaneohe Bay because of the 

effects of several biological and physical factors. 



2. An important factor was increased food supplies, 

in the form of plankton and plankton-derived detrital 

material enhanced by sewage enrichment, in south Kaneohe 

Bay (Smith 1978). The increased food supported extensive 

populations of filter and deposit-feeding invertebrates, 

including coral skeletal borers. In the north bay, where 

food availability is lower} fewer borers and epibiotic 

organisms were collected. 
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3. The effects of fish grazing are considered to be 

another important factor in determining the composition and 

abundance of the coral borer community. Grazing fish remove 

newly settled invertebrates from the substratum and, where 

fish grazing is intense (e .. g., north Kaneohe Bay), coralline 

algae flourish (see below) (Vine 1974,Brock 1979). Grazing 

fish were rare in south Kaneohe Bay during the study period, 

another factor which helps explain the abundance of sessile 

epifauna species. 

4. In Hawaii sessile filter-feeding invertebrates do 

not exclude coral borers from the substratum or inhibit their 

. growth. Both borers and cryptofauna increased with time in 

test blocks covered with filter-feeding species. In south 

Kaneohe Bay, where conditions caused increased abundances 

and growth of filter and deposit-feeding communities, 

bioerosion rates were accelerated. 

5. Encrusting coralline algae, which flourish on 

reefs exposed to fish grazing (e.g. ,north Kaneohe Bay) t 



inhibit settlement of borers and grow over burrow apertures 

thus reducing the population of borers within dead coral. 

Bioerosion rates of exposed, coralline alga-covered, dead 

coral substrata are very low on pristine shallow Hawaiian 

reefs. 
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Chapter V 

SUMMARY AND CONCLUSIONS 

It was hypothesized that several biological factors 

would modify or alter the development of the community of 

organisms that bore into. dead coral skeletons (Chapter I). 

The factors that were investigated in the present research 

included the effects of coral skeletal density (Cha~ter II), 

the differences in ·communities of borers residing in living 

and dead coral (Chapter II) and the effects of epibiotic 

organisms on the development of the coral borer community 

(Chapter IV). Effects of municipal sewage on the benthos 

were also observed (Chapter III and IV). Several aspects 

of the biology of the coral borer community were studied 

including recru.i tment rates of coral borers and epibiotic 

species to dead coral substrata (Chapter III), settlement 

site preferences of larval coral borers and epibiotic 

organisms (Chapter III), the growth rates of established 

borers on the test coral blocks and comparisons of the coral 

borer communities and bioerosion rates in Hawaii to other 

tropical regions (Chapter IV). Chapter V is a summary 

and discussion of these findings. 
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5.1 The coral skeletal borers 2n Hawaiian reefs 

The abuncLances of coral borers on tropical reefs have 

been estimated by measuring the volume of coral colonies 

removed by a particular borer, by counting the numbers of 

individuals per sample (without providing sample Neights 

or' volumes), and by calculati!lg the percentages of the 

community represented by a particular borer species (Hein 

and Risk 1975, Bak 1976,' NacGeachy and Stearn 1976).. These 

variously measured values make clirect comparisons of the data 

from different tropical regions very difficult. However, based 

on the d9.ta presented by previous ltJorkers it is immedjately 

obvious that some species of "typical U coral borers were not 

found in the same relative abundances in HalfTaii (Table 16)~ 

For example, in a study by HacGeachy and Stearn (1976) sipunculans 

were the most numerically abundant in samples of the coral 

f10ntastrea annularis on a Barbados reef.. Clionid sponges were 

responsible for over 90% of the boring in the same samples. 

In all of the data listed by these two authors, spionid polychaetes 

\>lsre recorded simply as present. Spionid polychaetes were listed 

as second in abundance, after clionid sponges, in studies by 

Bak (1976) in Curagao and by Hein and Risk (1975) on the 

FloriCta reef tract, but in both cases clionid sponges 

were by far more abundant and the worms Nere not considered 

to contribute, greatly to the destructivn of skeletal material. 

f1cCloskey (1970) suggested that polychaetes could only invade 



TABLE 16. -- Comparisons of the borer species and bioerosion rates calculated by 
previous researchers. 

Hein and 
Risk 1975 

MacGeachy 
and Stearn 
1976 

Most abundant coral borers 

Clionid sponges 
Spionid ,polychaetes 

(Polydora spp.?) 
Mytilid bivalves 

(Lithophaga and 
Gastrochaena ?) 

Clionid sponges 
(90% of boring) 

Bivalves and barnacles 
(often abundant) 

Sabellid polychaetes 
and Sipunculans 
(less than 4%) 

Continued (n~xt page) 

N 

Total of 
10 coral 
colonies 
(6 spp.) 

(82 X-rays) 

Bioerosion rates, Methods used 

Total volume of 
corals rewoked by 

X-radiography of 
serial sections 

all borers was 
between 1.7 and 
68.9%. Yearly 
estimate (based on 
growth rates) 746-
4303 mm3 of carbonate 
material per year. 

56 samples Total volume re X-radiography of 
serial sections and 
light transmission. 

listed in moved was 3-60%. 
article, Ave. 20% of bank 
all from reef corals and 
Montastrea 5% of fringing reef 
annularis corals. Yearly estimate 

(based on bulk density 
of M.annularis and 
growth rates) 760g/m2• 

,'" 

..... 
0'\ 
{:" 



TABLE 16. -- (Continued) Comparisons of the borer species and bicerosion rates 
calculated by previous researchers. 

Bak 1976 

Stearn and 
,scoffin 
1977 

Most abundant coral borers 

Study mainly concerned 
with Clionid sponges 
but does mention Spionid 
polychaetes. 

Clionid sponges most 
important. Less than 
3% of boring by 
Sipunculans and 
Polychaetes. 

N Bioerosion rates 

10 colonies 2.4% of volume 
of Montastrea removed from M. 
annUIarTSCut annularis, L 7% 
into sections. of volume re-
5 colonies of moved from M. 
Meandrina meandrites.-25% 

Niethods used 

Estimation of 
volume removed~oy 
drawing bored areas. 
Weight loss from 
sponge infested 
coral slabs. 

meandrites. of the weight of 
48 slabs of the slabs removed 
coral placed by sponges in one 
on reef and year. No rates for 
attached to other borer speci~3s. 
pieces ofs:ponge 
infested coral. 

63 living 25 X 106 g/year 
coral colonies. on a 10,800 m2 
(4 spp.) 14 reef. 
dead bases 
from Montastrea 
annularis· 
colonies. 

X-radiographs of 
two axial slabs 
from each coral 
colony and light 
transmission. 

I-'" 
0\ 
\.J\ 



dead coral after sponges had produced burrows. 

In every previous study of the destruction of coral 

skeletons by invertebrate borers the importance of boring 

sponges has been emphasized. The situation in Hawaii 
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appears to be quite different. Clearly borings by clionid 

spongeS are not necessary for the establishment of polychaete 

worms, and in the corals studied in Kaneohe Bay polychaetes 

were the dominate skeletal borers (see Chapters II and IV). 

The most cormnon species were from the spionid, cirratulld 

and eunicid groups. Sipunculans. were present in some samples. 

Clionid and other boring sponges were encountered but never 

in the abundances reported from other tropical regions (Goreau 

and Hartman 1963, Hein and Risk 1975, Bak 1976, MacGeachy and 

Stearn 1976). 

Because of the minimal effect of sponges in coral 

bioerosion one must conclude that the conditions in Hawaii 

are t. in some way, different from the conditions observed 

at Enewetak and in the Caribbean. (No measurement of-the 

rates of infestation of dead coral by clionid sponges were 

obta-ined in Enewetak but the collected samples had -very 

extensive sponge damage.) Sponges are present in Hawaiian 

corals but do not appear to cause the amount of damage 

observed in other tropical regions. It could be that the 

growth rates of the sponges are reduced in Hawaii due to 

the cooler water temperatures, or food sources are not as 

abundant, or perhaps the coral species in Hawaii have higher 



skeletal densities. 
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Anyone or a combination of a number 

of possible factors may be involved. This is an observation 

that warrants further research. 

5.2 Recruitment of borers to dead coral 

Eight species of coral borers showed significant 

preference for upper or lower settlement surfaces (Chapter 

This is not unusual as many invertebrate larvae are 

known to select specific settlement sites, but it is 

interesting in that the observed settlement preferences 

(especially for lower surfaces) may be the result of a 

mechanism for successfully locating the undersides or dead 

areas of coral colonies. It was determined (Chapter II) 

that the community of borers was more diverse and abundant 

in the dead sections of corals (Table 3). One- explanation 

for this difference may be that the larvae of borers that 

encounter dead coral are successful and those that attempt 

to settle on living coral polyps are killed. If this were 

the case it would simply be a matter of chance that a larva 

of a coral borer successfully settled and became established 

in a suitable location. Based on the information gathered 

in the present study it is reasonable to believe that the 

successful settlement of coral borers is due, at least in 

part, to active selection by the larvae of settlement sites 

on dead coral surfaces .. 

Coral borer species settled throughout the year, sometimes· 



with small peaks in abundance at the different sites, 

and usually were present at one or more sites in Kaneohe 

Bay at each collection (Figure 6). The observation that 

the settlement of borers ts non-seasonal suggests that 
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adult borers reproduce throughout the year t or that the larvae 

delay metamorphosis or have a lont! pelagic phase. Because 

the settling larvae presumably are space limited (that 

is, they require suitable dead coral as a settlement 

surface), and the presence of this space is unpredictable t 

non-seasonal settlement would be advantageous to the species 

affording abetter chance for successful settlement to-occur 

when suitable space became available on the reef. 

Recruitment rates of coral borers were variable, but 

were generally higher in the southern and mid regions of" 

Kaneohe Bay (see Chapter III for values). The difference in 

recruitment rates was probably related to food availability. 

In the southern region of Kaneohe Bay planktonic food supplies 

were very high due to the effects of sewage discharge (see 

Chapter I) .. The increased food supplies (in.the form or phyto

and zooplankton and plankton-derived detrital material)

supported abund'ant populations of planktotrophic larvae and 

benthic adult invertebrate assemblages in the south and mid bay. 

The south bay sites had very low fish densities, which may have 

partially d.etermined recr-ui tment rates. In the north bay, where 

planktonic food supplies were more typical of an undisturbed 

tropical reef habitat, and fish grazing pressure was high, the 

recruitment rates were reduced. 



5.3 The borer community in corals with different 
skeletal densities 
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Coral skeletal density was found to ?e a major factor 

in determining the size of the borer population (Chapter II 

and Table 4). Of the three species of coral studied -

r,ori tes compressa, Pocillopora meandrina and Montipora 

yerrucosa -an inverse relationship between skeletal density. 

and the numbers of borers per gram of skeletal material 

was measured (Figure 2). All three species of coral had 

branching growth forms and \ATere collected from the same 

depth and within a few meters of one another on the same 

reef in Kaneohe Bay~ The samples collected from Pocillopora 

meandrina had the fewest number of borers, were the oldest 

(based on growth data from other workers, i.e. Edmondson 

1929, Maragos 1972, Polacheck 1978), and had the densest 

skeleton.. l'1oni tipora verrucosa had the least dense skeleton, 

the greatest' numbers of borers per gram and the samples 

collected were the youngest of the three species. Porites 

~ompressa was intermediate in density and numbers of borers 

as well as age of the samples. It is hypothesized that 

these three corals can live in close proximity to one 

another, in part, because of the development of varying 

abilities to withstand invasion by skeletal borers. 

5.4 Bioerosion rates 

Bioerosion rates, calculated by researchers in the 



Caribbean, vary widely (Table 16). The differences in 170 

values are due to the organisms considered in the calculations 

and the methocls used to measure the rates. For example II by 

using X-radiographs of serial sections through coral colonies 

it was estimated that between 1.7 and 70% of the volume of 

individual coral colonies had been removed by skeletal borers. 

but no time component was available (Hein and Risk 1975, 

MacGeachy and Stearn 1976, Hudson 1977). Stearn and Scoffin 

(1977) found that a Barbados reef (10,800 m2 ) lost 25 metric 

tons of carbonate material per year due to skeletal borers 

(based on X-rays), 1 metric ton by grazing parrotfish and 

163 metric tons by the urchin Diadema antillarum (based on 

gut contents - according to Hunter (1977) 43% of this material 

was actually reworked sand).. The skeletal borers in Stearn 

and Scoffin's (1977) study were predominately clionid sponges, 

and worms contributed very little to the bioerosion of the 

Barbados reef~ Neumann (1966) measured the rates of boring 

by clionid sponges by determining the weight change of small 

calcareous samples placed in contact withCliona infested 

rocks" The rates varied, according to experimental conditions, 

from 128 - 6 t 513 g.rif2 100 days -1. 

In the present study the rates of removal of skeletal 

material by coral borers were estimated from wet weights of 

the coral prior to and following placement on the reef (Figure 

20). No values for individual borer species were calculated, 

but the entire community removed as much as 3 - 13 grams per 



test block per year in the south bay. Extrapolation of 

this value yields a bioerosion rate of approximately 120 -
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-2 year -1 t ~ K h B 520 g. m in the sou hern end oJ. aneo e ay. In 

contrast the north bay test blocks gained weight during the 

study period due'to the growth of the coralline algae into the 

block surfaces. The weight gained varied :from 5· - 30 grams 

per block or 200 - 1200g. m-2 year -1. (This is an estimate 

of the weight gained solely by the growth of coralline algae 

into exposed dead coral skeletons and does not include the 

weight of coralline algae that vmsremo.ved from the coral 

surface without damaging the underlying skeleton.) 

5.4.1 The effects of sewa,ge enrichment Q!! reef 
erosion in Kaneohe Bay, Oahu 

Comparisons of the bioerosion rates measured within 

Kaneohe Bay showed that the south bay region had a definite 

loss of carbonate material from the test substrata during 

the study period. In contrasi;, the north bay test substrata 

gained weight. The differences between these regions were 

marked, and caused primarily by the differences in the effect 

of sewage and siltation. In the south bay, where epifaunal 

and borer populations were supported by increased food 

supplies and lacked the effects of fish grazing, the bio

erosion rates ~lere accelerated (compared to the more "normal" 

conditions present in the mid and north bay). 

Based on the estimated rate of bioerosion'in the south 
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bay, and extrapolating that rate to the 10,800 m2 reef 

area studied by Stearn and Scoffin (1977),yields a 

bioerosionrate of 1.3 - 5.6 metric tons per year over the 

same reef area (values reflect the range in values calculated 

from the t\-.]elve month blocks at the three south bay sites). 

The Barbados reef studied by Stearn and Scoffin (1977) 

differed from the reefs in south Kaneohe Bay in two very 

important factors; the amount of bioerosion caused by clionid 

sponges and grazing urChins, and the growth rates of coralline 

algae and coral. As previously mentioned, on the reef in 

Barbados boring sponges and urchins v'Tere responsible for the 

majority of bioerosion (Table 16). In south Kaneohe Bay 

bioerosion was due almost entirely to the activity of boring 

polychaetes, and espeCially to the spionid PolY-dora sp. A. 

In Barbados, the reef accumulated carbonate material at a 

rate of 160 metric tons per year (Stearn and Scoffin 1977). 

In south Kaneohe Bay the calcification rates have been 

measured (Kinsey 1979), but calcareous algae and living corals 

were uncommon. The loss of calcareous material from the 

reefs in south Kaneohe Bay, due to coral. borers, w,as not 

compensated for by growth of reef cementors. The conditions 

in south Kaneohe Bay were unique, and comparing thebioerosion 

rates of this area to a pristine' Hat'1aiian reef and toa coral 

reef in Barbados clarifies the effect that sewage enrichment 

has had on the rate of reef destruction. 

I 
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Recovery of south Kaneohe Bay to a more normal or 

typical Hawaiian coral reef condi tion will und.oubtedly take 

an extend.ed Deriod of time, as the rate of removal of the 

sediments and detrital material will be slow (Smith 1979 and 

pers. comm.). As conditions become favorable for the growth 

of' encrustinF; coralline alfSae and corals (which will be 

clependent upon incrsas ing fi sh populations and water clarity, 

as well as removal of silt makini!,' the substratum suitable for 

coral recruitment), it is predicted that the bioerosion rates 

will begin to decrease. A decrease in bioeros·ion,rates· in 

the south bay will occur as food availability for filter--

and deposit-feedin~ invertebrates decreases, and as the 

substratum becomes encrusted with coralline algae.. Further 

studies, monitoring the rate of reef recovery in terms of 

these factors~ are warranted. 

5.4.2 Bioerosion rates QQ §:. pristine Hawaiian coral reef 

In order to compare the rates of coral bioerosion in 

Hawaii to another tropical area, the values calculated from 

undisturbed study sites (e.g., north Kaneohe Bay) were examined. 

In north Kaneohe Bay the coral test blocks accumulated 

encrusting coralline algae at such a rate that a net loss of 

calcareous material was never measured (Figure 20). Once 

again, extrapolating the values calculated for the north bay 

test sites to the study area on the reef examined by Stearn 

and Scoffin (1977) (10,800 m2 ), a weight gain of 2.2 

13.0 metric tons per year over the same reef area is obtained. 



Since no net bioerosion rates were measured, that is, 

the test substrata never lost i'/eight (al.though they were 
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exposed to borers and grazing fish) it must be assumed that 

exposed areas of the north bay reefs are accumulating carbonate 

material. (No complementary data ~Tere available for the 

north bay sites but Kinsey (1979) did measure po~itive 

calcification rates for a mid bay fringing r~ef that 

corresponded to Station 7 in the present study). The rate 

of accumulation of carbonate material on the test substrata 

in the north bay V-las underestimated, because only the weight 

gained from the corallines growing into the substratum was 

measured. In Barbados, after bioerosion and calcification 

rates were compared, the reef sustained a net loss of 

carbonate material due to bioerosion (Stearn and Scoffin 

1977). Hawaiian reefs d.o not appear to have such rapid turn-

over rates of calcium carbonate as those measured in Barbados. 

Compared to the conditions in Kaneohe Bay, Barbados reefs 

have accelerated bioerosion rates, due to the activities of 

boring sponges and urchins, as well as very rapid rates 

of calcification by coralline algae and corals (Stearn and 

Scoffin 1977). 

Enibiotic communities on dead coral: Effects 
of fish grazing and inCre~ food sunplies 

In the present study it was found that the epibiotic 

communities on dead coral differed between sites in Kaneohe 

Bay (Figure 10). In south Kaneohe Bay species diversity of 
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the epibiota was high (Figure 9) and the community was 

domiP2ted by sessile filter and deposit-feeding invertebrates 

(Appendix VI). As sites further northward were examined, it 

was found that the test block surfaces became covered with the 

encrusting coralline alga Porolithon op~odes (Figure 10). Tran

sects of the benthos at each site at the end of the study supported 

the observed trend that the percent cover of coralline algae 

increased with increasing distance from the south bay,. while the 

cover of filter-feeding species decreased northward (Figure 13). 

Several factors were responsible for the gradient that 

occurred in the epibiota within Kaneohe Bay. The south bay was 

favorable for filter and deposit-feeding invertebrates because of 

the high food availability (plankton and detritus), and because 

grazing fish populations were low (Smith 1978). In the north bay 

intense fish grazing pressure, stong water movement and water 

clarity combined to produce optimal conditions for growth of 

coralline algae. The reasons that coralline algae were not common 

in the south bay can only be hypothesized, but it is likely that 

reduced fish grazing and water clarity (Table 1) were important 

contributing factors" The possible effects of wave exposure 

and. siltation are discussed in Chapter IV c 

5.6 Effects of the composition of enibiotic communities 
2n the settlement and growth rates of skeletal 
borers in dead coral 

Contrary to the findings of previous workers (NacGeachy 

and Stearn 19'76), the present study clearly ina_icates that 



sessile filter-feeding invertebrates do not exclude 

skeletal borers or cryptic organisms from the substratum 
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or i:nhibit their growth (Figures 19, 22 and 23). However, an 

epibiotic community composed primarily of encrusting coralline 

algae kills established borers by overgrowing burrow apertures 

and deters settlement of more borers. (It is postulated 

that coralline algae deter settlement of borers by having a 

smooth surface lacking the texture required for larvae to 

become attached, or that the coralline material is too 

dense or that perhaps a chemical deterrent is produced.) 

On a healthy coral reet; sessile filter-feeding 

invertebrates are restricted to cryptic habitats away from 

areas accessible to grazing fish" (A recent article by 

Jakiel (1980) suggests that ~l light is one of the most 

important reasons that shallow water sessile invertebrates 

are found in cryptic habitats. In the present study the 

effects of UV light may have been of importance because 

the south bay sites had reduced water clarity.. However, 

the south bay sites also lacked grazing fish and the 

relative importance of these two factors have yet to be 

investigated.) These cryptic habitats include the bases 

of coral colonies, between the branches of some coral 

species, in caves, crevices and under slabs of dead coral. 

Cryptic sites, therefore, are susceptible to bioerosion by 
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coral borers. In contrast the upper surfaces of dead coral, 

exposed to grazing fish (and ~l light), are invariably covered 

with encrusting coralline algae o At exposed sites (e.g., reef 

crests, exposed subtidal benches, etc.), the substratum will 

be protected from bioerosion and in fact may suffer little 

or no loss of coral skeletal material. This conclusion may 

bet to some degree, limited to the conditions that occur in 

Hawaii. As discussed in section 5.1 Hawaiian corals do not 

harbor extensive growths of boring sponges. Sponges are 

very common in corals from other tropical regions, and they 

are reported to live beneath living coral tissue and coralline 

algae (Goreau and Hartman 1963, NacGeachy and Stearn 1976, 

Bak 1976)~ 

':J.1he term "succession lt implies that a particular sequence 

of events occurs during the development of a community and 

that each event is, in some waYt dependent upon previous 

events, (Drury and. Nisbet 1973). According to Drury and 

Nisbet (1973) few studies of community development support 

the contention that succession actually occurs, but rather 

that the observed sequences of events are due to varying 

abilities of species to grow and survive along environmental 

gradients. In the marine environment the effects of grazing 

have been implicated as contributing to the succession 

observed within intertidal communities (Paine and Vadas 1969, 
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Connell and Slayter 1977, and many others). Osman (1977) 

found that there was no discrete order of colonization or 

a specific climax condition during the development of a 

marine benthic community on rocks in a temperate region. 

In his studies Osman found that colonization was a function 

of larval abundance and that the direction of comrrru.nity 

C evelopment l'IaS d_etermined by the frequency a!ld degree of 

d_i sturbances which resulted in cleared areas of the substratum. 

In the present study no obvious successional series was 

observed during the development of either the epibiotic or 

borer communities o Judging from the settlement data, most 

of the borer species were present year around, and all 

except on group (the sipunculans), were present on the long 

term test blocks from very early in the study. Sipunculans 

were present on the coral settlement plates but rarely 

encountered in the test blocks. It is possible that sipunculans 

require certain biological conditions that had not been 

developed during the study period in order to become established 

in coral substrata. In a previous study it was suggested that 

s ipunculans might require old sponge bore holes (r1acGeachy 

and Stearn 1976), but this seems unlikely in Hawaii where 

sipunculans were frequently encountered in substrata where 

sponges were rare (Appendices I and II). Because the -coral 

blocks were collected at monthly intervals, and the data were 

analysed for every two month series, it is pOSSible, especially 

early in the stud.y, that an early successional sequence 
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was not observed because of the relatively long period 

of time between observations. To assess· accurately the 

presence of a successional series t substrata should be 

collected and replaced at staggered and more frequent intervals 

to mimic frquent disturbances within the community, so that 

developme~t of the community can begin at several different 

times throughout the year (see Osman 1977). 

5.8 Conclusions 

In Hawaii when a coral colony is damaged in some way 

(e .. g., sancl scour, breakage or fish graz:i.ng) and. a clean 

surface is exposed, the history of the destruction of that 

piece of coral 111111 depend upon several factors. For example, 

dense coral skeletons have fewer numbers of borers per gram, 

as discussed in Chapter II. Recruitment rates can vary, 

and thi s 1tJould presumably alter the rates of bioerosion 

(see Chapter III). It was found that boreY's settled throughout 

the year, and that the larvae of borers preferentially settled 

with respect to the pOSition of the settlement surface 

indicating that the larvae may actively select specific 

settlement sites. 

The rates of bioerosion of a newly exposed piece of 

coral on a Hawaiian reef will also depend upon whether the 

condit tons at that particular site are favorable for the 

grQi,~th of encrusting coralline algae. Such conditions are 

thought to include the presence of grazing fish, water 



clarity and strong water flow. If encrusting coralline 

algae successfully grow on the exposed piece of coral, 

established borers will be killed and the substratum \'1i11 

be protected from further bioerosion (Chapter IV). 

If the newly exposed piece of coral is located in 

south Kaneohe Bay or a similar reef habitat influenced 
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by sewage enrichment, the epibiotic community that develops 

will probably be composed of sessile filter- and deposit

feeding invertebrates. ·An epi biotic community composed of 

these species does not block access to the substratum by 

larvae of coral borers nor does it inhibit the growth of 

borers within the coral (Chapter IV). Because of the 

increased abundances and growth rates of coral borers under 

cond.itions of sewage enrichment, the bioerosion rate of the 

exposed piece of coral will be accelerated (Chapter IV)~ 

a finding that should. now be cqns.idered in future discussions 

of coral reef management. 
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APPENDIX I.-- Organisms collected from samples of Porites 
compressa. +=known coral borers, *=suspected 
coral borer, #=non-boring cryptofauna. 

TAXA 

Foraminifera # 

Porifera 
unidentified 
Cliona Spa A.+ 

Cnidaria 
hydrozoan # 
actinarian # 
Aiptasia # 
Porites 

compressa # 

Ctenophora 
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Dendropoma 
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APPENDIX I. (Continued) Organisms collected from samples of 
Porites compressa. 

D.psaracephala * 34 32 31 16 7 8 
Q.platypus * 24 18 5 4 8 
D.rh~sochoncha * 1 
Petalochonchus 

tok~oensis # ·35 31 41 31 24 1 
Vermetus alii # 12 

Phoronida 
Phoronis ovalis + 24 2 6 5 

Bryozoa 
Holoporella 

aperta # 1 3 1 1 J 
H.pilaefera # 2 
Schizoporella errata# 1 
Bugula spp. # 2 2 

Sipuncula 
Themiste 

lageniformis + 4 9 
Aspidosiphon sp.+ 2 3 2 18 
Phascolasoma,"sp. + 1 2 13 

Nemertea 
unidentified # 11 4 1 6 2 

Echinodermata 
ophiuroid # 33 1 

Arthropoda 
stomatopod # 1 
copepod # 1 1 15 
isopod spp. # 6 33 34 22 3 
amphipod spp. # 23 21 36 7 21 19 
caprellid # 1 1 
tanaid # 7 20 2 10 2 8 
Cirripedia 
unidentified 
Weltneria 

hirsuta + 25 2 3 3 72 
Weltneria sp. A+ 7 1 
Cr~ltophialus sp. A+ 2 36 
unid. sp. B.+ 5 2 1 3 
Natantia II 1 
Brachyura # 1 3 4 1 
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APPENDIX I. (Continued) Organisms collected from samples of 
Porites comQressa. 

Pycnogonida # 2 

Ascidiacea 
colonial # 3 7 1 2 1 J 
solitary # 1 -:J 

J 

. Polychaeta 
Polydora sp. A+ 23 81 24 6 22 86 
I. sp. 12..+ 8 21 
? armat;a + 14 29 13 18 31 
unid. eunicids* 17 42 9 8 42 
Nematonereis 

unicornis * 33 26 28 4 41 2 
L;ysidice 

collaris * 4 8 38 9 1 
L.natalensis .. 1 7 
Arabella iricolor* 1 
Dorvillea sp. A.* :3 Q 4 3 3 

.. 
v q. 

lumbrinereid sp. *12 6 1 1 5 
HY:2sicomus 

:Qhaeotaenia * 230 190 108 312 74 26 
UYlid. sabellids 
sp.B # 20 7 39 3 15 
sp.C # 12 29 43 25 
sp.D # 6 21 
Dodecaceria 

laddi + 24 79 91 11 65 17 
cirratulid sp.A* 48 
cirrat. spp. # 4 1 1 7 3 
capitellids # 10 17 12 1 23 9 
phyllodocids # 7 8 
serpulids # 1 7 34 1 8 2 
H:ydroides s~.# 3 
spirorbids 14 9 107 7 11 
amphinomids # 1 6 
Brania 

rho:Qalo:ghora# 11 43 29 9 28 21 
Exogone 

verugera # 16 52 26 8 41 42 
S:Rhaerosyllis 

sublaevis # 4 5 15 6 15 
9:Risthosyllis 

brunnea * 5 15 17 9 
Paras:Qhaerosyllis 

indica * 14 22 25 21 41 39 
rryposyllis sp. B* 4 13 32 16 40 
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APPENDIX I. (Continued) Organisms collected from samples of 

Porites com12ressa. 

terebellids # 6 1 2 8 J 1 
nereids # 6 1 1 
unid. juv/adults# 4 19 
ctenodrilids # 2 J 8 
chaetopterids# 7 8 4 
hesionids# 1 J 
paraonids # J 6 
aphroditids # 1 
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APPENDIX II. Species lists from samples of living and dead 
sections of Porites compressa, Pocillopora 
meandrina and Montipora ve'rrucosa. 

Live Pocillopora meandrina 

Q..,. mpl'" .Hal' g"h-4- {!T \ 38"', • vA 
.....,c,.t".,U.. c '" .11.... 0- J 

Species list 
Ostrea sandwichensis 3 
Dendrol?oma 

psarocephala 1 
Tanaidacea 2 
Natantia 1 
Polydora sp. A. 1 
Exogone verugera 2 
Parasphaerosyllis 

indica 3 
Opisthosyllis 

brunnea 
Terebellidae 4 
Sabellid sp. B. 2 
Phyllodocidae 1 
porvillea sp. A. 2 
Eunicid sp. 6 
Lysidice collaris 
L.natalensis 
Nematonereis 

unicornis 

Dead Pocillol?ora meandrina 

2 

6 
5 

3 

2 
2 
5 
4 
4 
4 
2 
3 

4 

298.0 

1 

3 
2 

1 

1 
2 

1 

2 
1 

1 

508.5 

2 

8 
4 

3 

6 
2 
3 

4 

1 

3 

341.0 

1 

6 
1 

2 

2 

1 
1 
1 
1 
2 

1 

Sample weight 361.0 421.0 418.0 398.0 493.0 

Species list 
Cliona sp. + + + 
Campanularid 1 
Nemertean 12 8 3 5 8 
Nematoda 4 22 13 14 11 
Ostrea sandwichensis 1 3 2 7 
Lithophagid 1 1 
Dendropoma 

l?sarocephala 47 41 32 30 23 
D.platypus 12 6 4 3 3 
D~meroclista 6 8 3 7 6 
Petalochonchus 

tokyoensis 14 5 1 1 
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APPENDIX II. (Continued) Species lists from samples of living 
and dead sections of Porites compressa, PocilloQora 
meandrina and Montipora verrucosa. 

other gastropods 3 4 2 1 
Bryozoa 1 2 
Phascolasoma Spa 1 6 9 8 9 
A.sQidosiphon SPa 1 3 3 7 8 
Copepoda 4 6 5 2 10 
Weltneria hirsuta 11 10 10 10 
vl/el-tneria sp. A,. 4 6 J.j. 1 
Cr;~l1~tol2hialus sp.A. 6 13 10 8 9 
Tanaidacea 22 35 28 29 20 
Isopoda 12 12 4 3 8 
Gammarida 13 3 11 10 9 
Brachyura 1 3 1 6 2 
Tunicata 1 2 1 5 3 
Pol:tdor~ Spa A. 20 31 28 20 22 
P.armata 26 24 20 18 17 - ---

30 24 28 P. Spa B. 20 31 
Brania 

rho:Qalophora 3 8 6 5 8 
Exogone verugera 12 14 11 12 9 
Paras2haerosyllis 

indica 10 13 9 11 13 
Sphaerosyllis 

sublaevis J 8 6 4 6 
Typosyllis SPa B. 1 4 3 3 3 
O:Qisthosyllis 

brunnea 3 7 8 10 9 
Capitellidae 1 3 6 4 4 
Hynsicomus 

:Qhaeotaenia 12 21 17 18 22 
Sabellid Spa B. 2 6 4 4 3 
Sabellid Spa C. 4 9 5 7 10 
~rvillea SPa A. 8 6 12 11 13 
Lysidice collaris 2 18 18 9 
L.natalensis 10 2 7 6 12 
Eunicid SPa 3 1 1 2 t:. v 

Nematonereds 
unicornis 12 14 11 

Dodecaceria laddi 21 18 22 21 24 
Serpulidae 1 2 1 3 2 
Spirobidae 9 1 2 5 3 

Living Porites com:Qressa 

Sample weights 281.0 359.0 252.0 343 .. 0 276.0 
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APPENDIX II. (Continued) Species lists from samples of living 
and dead sections of Porites compressa. Pocillopora 
meandrina and Montipora ve'rrucosa. 

Species list 
Cliona sp. 
Nematoda 
Amphipoda 
Tunicata 
Brania 

rhopalophora 
Exogone verugera 
Parasphaer'osyllis 

indica 
Typosyllis SPa B. 
Opisthosyllis 

brunnea 
Cirratulid Spa A. 
Cirra tulid sp. B. 
Hypsicomus 

l2.ha eotaenia 
Nematonereis 

unicornis 
Arabella iricolor 

Sample weight (g) 

Species list 
Porifera sp.A. 
Cliona Spa A. 
Cliona sp. B. 
Nemertea 
Nematoda 
Ostrea 

sandwichensis 
Lithophagid 
Dendropoma 

platypus 
D.psarocephala 
Petalochonchus 

,:tokyoensis 
other gastropods 
Bryozoa (3 spp.) 
Phascolasoma 8p. 
1hemiste 

lageniformis 

+ 
2 
2 
1 

1 
2 

10 
6 

1 

+ 
1 
3 

3 
8 

6 

14 
6 
2 

4 

1 

+ 

4 

4 
,-
o 

7 
1 

2 
1 

3 

1 
2 

+ 

2 

4 
4 

12 
4 

8 

4 

3 
2 

... 

1 

3 
8 

6 
3 

7 

1 
1 

340.0 425.0 410.0 381.0 338.0 

... + + + + 
+ + ... + ... 
+ 
12 11 6 1 6 
19 28 11 14 42 

5 17 J 11 J 
1 

8 9 2 6 1 
18 17 J 12 10 

13643 
2 6 J 
7 9 4 6 2 

2 4 7 1 

6 6 13 2 4 
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APPENDIX II. (Continued) Species lists from samples of living 
and dead sections of Porites compressa, Pocillopora 
meandrina and Montipora verrucosa. 

Aspidosiphon sp. 
unid. sipunculan 
Copepoda 
Pycnogonida 
Weltneria hirsuta 
Weltneria sp. A. 
Cryptophialus sp. A. 
acrothoracican sp. B. 
Tanaidacea (2 spp.) 
Amphipoda 
Caprellidae 
Isopoda 
Brachyura 
Colonial tunicate 
Coeloplana sp. 
Pol:ydora sp. A. 
P.armata 
P. sp. B. 
Brania 

rhopalophora 
Exogone veruger...e. 
Parasphaerosyllis 

indica 
Opisthosyllis 

brunnea 
Typos:yllis sp. B. 
Unid. syllid 
Ctenodrilidae 
Dodecaceria laddi 
Cirratulid sp. A. 
Cirra tulid sp. B. 
Terebellidae 
Capitellidae 
Hypsicomus 

phaeotaenia 
Sabellid sp. B. 
Nematonereis 

unicornis 
Lysidice collaris 
L.natalensis 
Dorvillea sp. A. 
Eunicid sp. 
Arabella iricolor 

2 
14 
2 
71 
3 
36 

8 
19 
1 
13 
8 
J 
1 
80 
41 
7 

4 
18 

16 

12 
1 
~ 

38 
17 
48 
3 
11 
22 

45 
15 

12 
1 

14 

12 

8 

7 

88 
23 
64 
6 
4 
29 
3 
9 
11 
4 

73 
51 
40 

3 
9 

5 

4 
J 

19 
61 
24 
4 
11 
8 

48 
7 

13 
14 
8 
26 
6 
12 

6 

4 

62 
27 
61 
2 

12 

4 
1 
1 

85 
46 
18 

6 
18 

2 

3 
1 
1 
39 
42 
17 
2 
6 
12 

80 
3 

8 
6 
11 
21 
4 
8 

15 
1 
3 

83 
47 
29 
12 
6 
3 
1 
6 
1 
2 
1 
79 
87 
21 

1 
3 

11 

9 
4 
1 
31 
56 
12 
1 
8 
14 

71 
12 

6 
10 
J 
2 
1 
11 

11 

4 

7.3 
29 
47 

1 
13 
1 
4 
1 
1 

61 
50 

18 
12 

3 

11 
16 
1 
14 
59 
8 
2 
13 
6 

67 
14 

24 
4 
1 
13 
1 
12 
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APPENDIX II. (Continued) Species lists £rom samples of living 
and dead sections of Porites compressa, Pocillopora 
meandrina and Montipora verrucosa. 

Orbiniidae 
Paraonidae 
Unid. polychaetes 
Serpulidae 

6 

2 

Live Montipora verrucosa 

3 
1 
4 

2 
5 6 2 

Sample weight, (g) 181.0 203.0 241.0 217.0 244.0 

Species list 
Typosyllis SPa ~. 
Parasphaerosyllis 

1 1 

indica 
Brania 

rhopalophora 
Hypsicomus 

4 3 4 1 

2 3 1 4 

phaeotaenia 
Polydora Spa A. 
P.armata 
Nematoda 

27 14 15 22 6 
20 4 10 12 

113 
11 13 10 9 15 

Dead Montipora verrucosa 

Sample weight (g) 228.0 301.0 281.0 273.0 3.5.0 

Species list 
Cliona SPa A. + 
Cliona Spa B. 
Hydrozoan 12 
Nemertea 8 
Nematoda 30 
Dendropoma .. _ ... 
.... psarocephala 28 
D.platypus 20 
Petalochonchus 

tokyoensis 10 
other gastropods 3 
Copepoda 4 
Cryptophialus SPa A. 96 
Weltneria hirsuta 71 
Weltneria Spa A. 33 
Acrothoracican Spa B. 21 

+ 
+ 
1 
6 
81 

20 
17 

31 
14 
8 
84 
72 
42 
18 

+ 

6 
13 
46 

14 
4 

18 
2 
32 
104 
61 
54 
12 

+ 
+ 
1 
12 
12 

26 
21 

14 

20 
71 
50 
12 
18 

16 
18 
23 

14 
13 

21 
12 
11 
68 
73 
34 
15 
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APPENDIX II. (Continued) Species lists from samples of living 
and dead sections of Porites compressa, Pocillopora 
rneandrina and Montipora verrucosa. 

Isopoda 15 17 19 21 26 
Amphipoda 12 22 31 6 18 
Brachyura 1 4 1 8 
Tunicata 6 9 4 3 16 
Polydora sp. A. 88 91 72 61 78 
P . armata 57 42 64 42 52 
!:. sp. B. 12 17 5 17 20 
Brania 

rhopaloJ2hora 18 12 22 12 6 
S:Qhaerosyllis 

sublaevis 3 9 6 8 2 
Parasphaerosyllis 

indica 11 1.3 12 14 17 
Typosyllis sp. B. 12 8 14 12 9 

,Opisthosyllis 
brunnea 6 7 9 6 11 

~xogone verugera 11 12 9 11 
Hypsicomus 

phaeotaenia 140 103 92 78 87 
Sabellid sp. B. 12 18 23 29 21 
Lysidice ~ollaris 9 6 10 16 15 
L.natalensis 3 1 1 1 4 
Nematonereis 

unicornis 24 31 43 28 30 
Arabella iricolor 11 19 6 12 13 
Eunicid spp. 5 2 11 1 9 
Dorvillea sp. A. 27 21 31 27 18 
Dodecaceria laddi 81 93 73 63 74 
Cirratulid sp. A. 42 54 29 17 12 
Cirratulid sp. B. 10 13 8 3 9 
Capitellidae 11 13 42 18 26 
Phyllodocidae 1 1 
Aphroditidae 1 
Ctenodrilidae 41 61 54 31 49 
Spirorbidae 10 11 13 12 
Serpulidae 3 9 3 
Themiste 

lageniformis 2 1 6 4 2 
Aspidosiphon sp. 5 6 7 9 6 
Phascolasoma sp. 5 3 3 1 5 
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APPENDIX III. -- Presence of organisms settling on the 
coral test plates at each of the ten sites 
Kaneohe Bay. 

STATIONS 1 2 2 1} .2 b 7 8 9 10 
TAXA 

Protozoa-
lVletafolliculina SPa .. .. .. .. * * * .. * * other foraminifera .. .. * * * * Porifera-
Cliona Spa * * * * * * * * .. 
other sponges .. .. .. .. .. * 
Cnidaria-
campanularid hydroids .. * .. .. .. * * * * .. 
atheca te hydroids .. .. .. * * * * other hydroids .. .. .. * 
Ai:Qtasia Spa .. .. .. * * * 
Actinarian B .. .. .. .. * 
planulae .. * .. .. .. .. * 
Porites com:Qressa .. .. .. .. .. * * '* Madreporarian B * .. 
Madreporarian C .. .. 
Ctenophora-
yoelo:Qlana SPa .. .. .. 
Platyhelminthes-
Turbellaria A .. .. .. * * .. * .. .. .. 
Turbellaria B .. .. .. .. .. * 
Nemertea- * .. .. .. .. * .. .. '* Nematoda- * .. * .. .. .. * .. .. .. 
Nlollusca-
Oysters spp. .. .. .. .. .. * .. .. * * Vermetid spp. .. .. .. .. * .. * * * * Nerita spp. .. .. 
Opisthobranchs .. .. * .. .. 
other gastropods .. * * .. * .. 
Phoronida- * 
Bryozoa-
Aetea Spa .. .. .. * * .. 
erect . * .. .. .. * .. 
encrusting .. .. .. .. .. .. * .. .. * Chaetognatha- .. .. 
Entoprocta- .. .. 
Sipuncula- .. .. * .. * * * .. .. .. 
Echinodermata-
Echinoids .. 
other echinoderms .. 
Pycnogonida- .. 
Arthropoda-
Ostracods .. .. .. .. .. * .. .. .. * 
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APPENDIX III. -- (Continued) Presence o~ organisms settling 
on the coral test plates at each of the ten 
sites in Kaneohe Bay. 

Harpacticoid copepods .. 
Cyclopoid copepods * 
Calanoid copepods .. 
Cirrepedia .. 
cyprids * 
Acro"thorac icans 
Stomatopods 
Tanaids .. 
Isopod A * 
Isopod B .. 
Arnphipods *' 
Caprellids .. 
Natantia .. 
Brachyura 
Ascidians
Colonial tunicates 
Solitary tunicates 
Polychaeta-

'* 

* .. 
Polydora sp. A. * 
Polydora sp. B. * 
Polydora armata .. 
other spionids * 
Ceratonereis rnirabilis* 
other nereids * 
Typosyllis variegata 
Typosyllis sp. B. *' 
Typosyllis prolifera * 
Qgisthosyllis corallicola 
Opisthosyllis brunnea 
Ehlersia cornuta 
Trypanosylli~ sp. 

* 
Exogone verugera * 
Brania rhopalophora * 
Sphaerosyllis sublaevis" 
Wwrianida crassicirrata 
Parasphaerosyllis indica 
Eusyllis sp. .. 
unid. syllid A. .. 
unid t syllid B. 
Phyllodocid sp. A. * 
Phyllodocid sp. B. * 
Capitellids .. 
Paraonids * 
Nernatonereis unicornis* 
other eunicids .. 
Dorvillea sp. A. .. 

.. 
* 
* 
* 
* 
* 
* 
* .. 
* .. .. 
.. 

* .. .. 
* .. .. .. .. 
* 

* 
* 
* 
* 

* 

* .. .. 
* 
* 
* 

* 
* 
* 
* 

* 
* 
* 
* 
* 
* 

* 
* 
* 

* 
* 
* 
*' 
* 
* 
* 
* 
* 
* 
* 

* .. 

* .. 
* .. .. .. 

* 
* 

* 
* 

* 
* .. 
* .. 
* 
* 

* 
* 
* 
* 
* .. 
* 

.. 

.. 
* 
* 
'* .. 
'* 
'* .. 
'* 
* 
'* 
* .. 

.. 
* 

.. 
* 

* .. 
'* .. .. .. .. 
.. 
'* .. 
*' .. 
* .. 
* .. 
.. 
.. 
* .. 

.. 

.. 
* 
* 

.. .. 

.. .. 

.. .. .. .. .. .. 
* .. .. 
* .. .. 
* 
* .. 
* .. 
* .. 
.. 
.. .. 
* .. 
* .. .. 
'* .. .. 
* 

* 
* 

* 
* .. 
* 

.. .. .. .. 

.. 
*' .. 
.. 
* .. 
* .. .. 
* .. .. 
*' .. .. 
*' .. .. 

* .. .. .. .. 
.. 

* .. 
.. 
.. .. 
* .. 
* .. .. 
.. 
* 
*' 
*' 

.. .. .. .. .. 

.. .. .. 

* 

.. 
* .. .. .. 

.. .. 

.. .. 
* .. .. 
* 

.. 
* 

* 
* 
* .. 
.. 

.. 

.. .. .. 

.. .. .. 

.. 
* 
* 

.. .. 

.. .. .. 
* .. 
* .. 
.. 
* .. 
* .. .. 
.. .. 
* 

* .. .. .. .. 

* 
* .. 
* 
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APPENDIX III. -- (Continued) Presence of organisms settling 
on the coral test plates at each of the ten 
sites in Kaneohe Bay. 

Terebellids *' .. * *' '* 
~ypsicomus phaeotaenia* .. * * * .. *' * .. .. 
Sabellid B. .. .. .. '* .. .. .. '* .. .. 
Seq~ula vermicularis '* '* '* .. '* '* 
Pomatoleios kraussi '* .. 
Hydroides sp. *' 
FicODomatus enigmaticu~ '* '* * 
other serpulids * 
Spirorbids * .. *' .. .. .. .. .. 
Cirratulid sp. A. .. '* * .. .. .. .. *' .. .. 
Dodecaceria laddi .. *' * * * .. .. '* * *' 
other cirratulids *' * 
Ctenodrilids .. *' * *' * .. *' .. * 
Opheliids *' * .. 
Amphinomids *' * 
unid. polychaetes '* *' .. .. * *' *' '* 
miscellaneous unid. 
organisms including 
insect larvae and 
mites. *' *' '* 
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APPENDIX IV. -- Total number of individual organisms settling 
on the coral plates for each collection period 
at all of the ten sites. 

. STATION 1 2 3 4 5 6 7 8 9 10 

Collection # 
(two week 

intervals) 

1 200 205 54 163 93 474 176 138 15 54 
2 538 336 252 230 211 243 91 83 
3 375 302 139 171 282 199 118 90 
4 380 440 252 205 120 215 245 1J1 78 162 
5 5)0 108 26 105 87 53 177 r'r. 53 73 JV 

6 361 421 290 170 200 209 167 145 202 
7 277 416 44) )08 168 297 500 107 213 
8 67 247 249 173 126 198 230 86 75 123 
9 )08 193 85 127 84 176 157 153 125 81 
10 140 169 238 138 75 99 100 80 52 87 
11 260 197 167 108 68 153 106 128 91 188 
12 173 275 246 230 70 108 163 113 186 170 
13 127 173 188 106 189 186 146 67 131 93 
14 133 157 240 195 195 236 153 160 182 192 
15 150 290 383 284 147 147 186 70 163 112 
16 151 141 302 103 48 387 128 82 134 244 
17 185 165 161 98 124 335 344 100 124- 100 
18 162 312 167 116 162 172 267 34 81 60 
19 458 491 285 319 137 217 274 87 123 100 
20 486 696 151 284 72 333 771 222 129 120 
21 113 652 31 371 134 359 255 175 77 162 
22 151 668 307 209 153 364- 371 116 57 80 
23 213 . 373 388 325 ·208 300 181 65 68 96 
24 242 421 511 254 141 376 277 71 102 96 
25 274 754 295 292 236 331 359 120 80 154 
26 221 467 575 395 438 347 104 85 91 
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APPENDIX IV. -- (Continued) Total number of organisms 
settling on the coral test plates for each 
collection period at all of the ten sites. 

27 942 570 420 237 168 579 303 154- 125 149 
28 557 437 303 166 162 469 225 78 103 55 
29 290 371 313 266 81 525 363 66 105 62 
30 262 364 276 136 186 446 547 123 177 160 
31 168 189 85 95 102 160 182 38 77 7"0 
32 357 245 248 252 216 204 178 92 277 153 
33 201 288 211 181 120 99 101 49 78 46 
34 160 171 183 103 180 174 148 57 185 84 

35 333 164 226 179 161 204 147 56 129 218 
36 148 159 107 121 42 

37 324 105 30 65 1"? ..J~ 110 122 98 95 80 

38 190 160 198 108 123 193 151 47 177 107 
39 172 260 133 137 145 173 139 33 176 116 
40 237 160 189 193 133 190 155 83 136 123 



APPENDIX V. -- T (shared information) values for site to site comparisons of the 
settlement plate data. ( 95% confidence limits listed) 

Conf. Conf. 
TC(S;L) limits TL(S;C) limits I - I 

STATIONS 
1 VS 2 0.22 .21-.2:3 0.57 .55-.59 
1 VS 3 0.15 .14-.16 0.62 .59-.65 
1 VS 4 0.04 .03-.06 0.54 .50-.57 
1 vs 5 0.19 .18-.21 0.47 .44-.50 
1 vs 6 0.22 .21-.23 0.53 .51-.56 
1 VS 7 0.22 .20-.23 0.52 .50-.55 
1 vs 8 0.14 .12-.15 . 0.53 .50-.57 
1 vs 9 0.09 .08-.11 0.52 .49-.55 
1 VS 10 0.13 .12-.15 0.51 .48-.54 
2 VS 3 0.02 .01-.03 0.46 .44-.49 
3 VS 4 0.02 .00-.03 0.41 .38-.43 
4 VS 6 0.02 .'00-.03 0.31 .28-.33 
6 VS 7 0.00 .00-.01 0.31 .28-.33 
7 VS 8 0.03 .01-.04- 0.22 .19-.25· 
8 VS 9 0.01 '.00-.02 0.03 .00-.06 
9 VS 10 0.01 .00-.02 0.02 .00-.06 

Conf. Conf. 
T(S,C;L) limits , T(S,L;C) limits 

0.29 .27-·30 0.64 .61-.66 
0.24 .23-.2~6 0.72 .69-.74 
0.10 .09-.12 0.60 .57-.63 
0.25 .24-.27 0.53 .50 -.56 
0.28 .27-.2:9 0.59 .57-.62 
0.28 .27-.2:9 0.59 .56-.61 
0.18 .16-.19 0.58 .55-.61 
0.16 .15-.18 0.59 .56-.62 
0.19 .18-.2:1 0.58 .55-.61 
0.08 .07-.09 0.52 .L}9-.55 
0.02 .01- .Oll- 0.45 .42-.48 
0.02 .01-.03 0.35 ,33-.38 
0.03 .02-.04 0.34 .31-.36 
0.06 .04-.08 0.25 .22~.28 

0.06 .03-.08 0.09 .05-.13 
0.01 .00-.02 0.06 .02-.09 

Conf. 
T(L,C;S) limit§_ 

I - ---

0.77 
0.76 
0.67 
0.74 
0.74 
0.76 
0.72 
0.69 
0.73 
0.52 
0.44 
0.34 
0.34 
0.35 
0.21 
0.08 

.74-.79 

.74-.79 

.63-.70 

.71-.78 

.71-.77 

.74-.79 

.69-.76 

.66-.72 

.70-.77 

.49-.54 

.41-.47 

.31-.36 

.32-.37 

.32-.38 
'.17-.25 
.04-.12 

I\) 
o 
OJ 



APPENDIX VI. -- Total number of grid units covered by each 
epibiotic species from all of the blocks 
collected at the ten sites in Kaneohe Bay. 

STATION 1 2 ~ l} :2 b Z 8 2 
SPECIES 
Balanus trigonus 303 230 170 65 3 80 76 106 
B. eburneus 81 24 24 
Didemnum edmondsoni 84 3 8 41 
D. candidum 232 9 4 3 35 
Diolosorna macdonaldi 14 41 2 
POlyclinum constellatum51 
Trididemnum savignii 135 67 5 
Botrylloides spp. 283 203 
Solitary spp. 8 2 17 
Crassostrea gigas 439 324 697 171 741 156 99 348 
Ostrea sandwichensis 12 479 816 1341~722 148 308 
WatersiEora 

edmondsoni 54 5 
Schiz0:Qorella errata 234 1 
Holo!2orella :Qilaefera 1 5 83 35 16 
H. a:Qerta 1 3 3 29 52 28 
Poriferans 151 7 
lVlacroalgae 64 102 15 3678 
dead oysters and 

barnacles 391 76 30 3 157 41 23 98 

209 

10 

18 

2 

4 

37 

Coralline algae 9 799 1454 1472 488 957 858 555 2406 3245 
miscellaneous (includes49 

Cnidarians, vermetids 
etc. ) 

1 317 18 5 20 60 
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APPENDIX VII. -- Comparison of the abundances of epibiotic 
species on the coral test blocks within 
Kaneohe Bay. (Kruskal-Wallis ranking test -
all comparisons in this table were signi
ficantly different at the 95% confidence 
level e) 

COMPARISON 
(STATIONS) 

1 'IS 2 

1 VS 3 

1 'IS 4 

1 VS 5 

1 VS 6 

SPECIES MORE ABUNDANT AT 
STATION 

Balanus eburneus 1 
Didemnum candidum 1 
Ostrea sandwichensis 2 
Watersipora edrnondsoni 1 
Schizoporella errata 1 
dead oysters and barnacles 1 
Coralline algae 2 
B. eburneus 1 
D. candidum 1 
O. sandwichensis 3 
w. edmondsoni 1 
S. errata 1 
dead oysters and barnacles 1 
Coralline algae 3 
~. trigonus 1 
D. candidum 1 
Crassostrea gigas 1 
W. edmondsoni 1 
s. errata 1 
dead oysters and barnacles 1 
Coralline algae 4 
B. trigonus 1 
B. eburneus 1 
D. candidurn 1 
C. gigas 1 
W.edmondsoni 1 
S. errata 1 
Macroalgae 5 
dead oysters and barnacles 1 
Coralline algae 5 
B. trigonus 1 
B. eburneus 1 
D. candidum 1 
Trididernnum savignll 1 
o. sandwichensis 6 
W. edmondsoni 1 
S. errata 1 
Holoporella aperta 6 
Coralline algae 6 
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APPENDIX VII. -- (Continued) Comparison of the abundances of 
epibiotic species on the coral test blocks. 

1 VS 7 

1 VS 8 

1 VS 9 

1 VS 10 

2 VS J 

J vs 4 

4 vs 6' 

B.trigonus 
B.eburneus 
C.gigas 
O.sandwichensis 
W.edmondsoni 
S.errata 
dead oysters and barnacles 
Coralline algae 
B.eburneus 
D.candidum 
C.gigas 
W.edmondsoni 
S.errata 
Porifera 
dead oysters and barnacles 
Coralline algae 
B.trigonus 
B.eburneus 
D.candidum 
O.sandwichensis 
W.edmondsoni 
S.errata 
Porifera 
dead oysters and barnacles 
Coralline algae 
B.trigonus 
B.eburneus 
D.edmondsoni 
D.candidum 
C.gigas 
W.edmondsoni 
S.errata 
Porifera 
dead oysters and barnacles 
Coralline algae 
C.gigas 
Coralline algae 
B.trigonus 
C.gigas 
O.sandwichensis 
miscellaneous 
B.trigonus 
C.gigas 
O.sandwichensis 
H.aperta 

1 
1 
1 
7 
1 
1 
1 
7 
1 
1 
1 
1 
1 
1-
1 
8 
1 
1 
1 
9 
1 
1 
1 
1 
9 
1 
1 
1 
1 
1 
1 
1 

.1 
1 

·10 
J 
J 
3 
3 
J 
3 
4 
6 
6 
6 
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APPENDIX VII. -- (Continued) Comparison of the abundances of 
epibiotic species on the coral test blocks. 

6 vs 7 C .gigas. 6 
7 vs 8 O.sandwichensis 7 
8 vs 9 Coralline algae 9 

miscellaneous 9 
9 vs 10 Q..gigas 9 

O.sandwichensis 9 
miscellaneous 9 



APPENDIX VIII. -- T (shared information) values for Sit{ to site comparisons of the 
epibiota on the test block surfaces. 95% confidence limits listed) 

Conf. Conf. Conf. Conf. Conf~ 
TC{S;L) limits TL(SiC) limits T(S,C:L) limits T(S.IJ:gllimits T(L,CrS) limits 

STATIONS 
1 VS 2 0.61 .58-.63 0.47 .43-.51 0.61 
1 VS 3 0.65 .6)-.67 o .l}7 .44-.51 0.67 
1 VS 4 0.71 .68-.73 0.48 .44-.52 0.7'7 
1 VS 5 0.85 .83-.87 0.31 .28-.34 0.88 
1 VS 6 0.63 .60-.65 O. 5l~ .50-.57 0.66 
1 vs 7 0.71 .68-.74 0.51 .47-.56 0.76 
1 VS 8 0.49 .46-.53 0.49 .44-.53 0.69 
1 vs 9 0.72 .69-.75 0.45 .42-.48 0.78 
1 VS 10 0.89 .88-.91 0.33 .29-.36 0.94 
2 VS 3 0.09 .08-.11 0.23 .19-.25 0.10 
3 vs 4 0.20 .18-.22 0.23 .19-.26 .0.23 
4 vs 6 0.31 .29-.34 0.29 .26-.32 0.34 
6 vs 7 0.14 .12-.16 0.33 .30-.36 0.18 
7 vs 8 0.08 .06-.11 0.19 .15-.2) 0.26 
8 VS 9 0.09 .07-.11 0.20 .17-.23 0.18 
9 VS 10 0.14 .13-.16 0.11 .09-.13 0.14 

.59-.64 0.47 .43-.51 

.65-.69 0.49 .46-.53 

.74-.79 0.54 .50-.59 

.86-.89 0.34 .31-.37 

.64-.69 0.57 .54-.61 

.73-.78 0.56 .52-.60 

.65-.73 0.68 .63-.73 

.76-.79 0.50 .47-.54 

.92-.95 0.37 .34-.41 

.09-.12 0.23 .20-.26 

.21-.25 0.25 .22-.28 

.31-.36 0.31 .28-.34 

.16 -.20 0·37 .33-.40 

.22-.29 0.36 .32-.40 

.16-.21 0.29 .26-.33 

.13-.16 0.12 .09-.13 

1.05 
1.03 
1. 22 
1.18 
1.11 
1.19 
1.10 
1.14 
1.26 
0.30 
0.41 
0.62 
0.43 
0.25 
0.24 
0.26 

1. 00-1. 09 
.99-1. 07 
1.18-1. 27 
1.14-1.21 
1. 07-1.15 
1. 15-1. 24 
1.05-1.16 
1.10-1.18 
1. 2)-1. 29 
.27-.33 
.37-.45 
.58-.66 
.39-.47 
.20-.29 
.20-.27 
.23-.28 

N 
I-' 
W 



APPENDIX IX. -- Benthic tansects at each study site. Total number of grid (1 cm2) 
squares covered by epibiotic species and comments on the communities 
residing on the undersurfaces of coral rubble at each site. 

EPIBIOTA AT EACH SITE 
(SPECIES) 

STATION 1 

Porifera- Callyspongia diffusa 
Cnidaria- Palythoa psammophilia 

Actiniogeton seseri 
Mollusca- Ostrea sandwichensis and 

Crassostrea gigas 
Vermetus alii 

Arthropoda- Balanus .spp. 
Polychaeta- Sabellidae 
sediment and filamentous algae 
STATION 2 

Cnidaria- ZoaDthus pacificus 
Bryozoa 
Mollusca- ·O.sandwichensis 

Vermetus ~li~ 
Crepidula fornicata 
dead oysters 

Algae- filamentous 
Dictyosphaeria cavernosa . . 

Porolithon onkodes 

NUMBER OF GRIDS 
(1 cm2) 

80 

330 
260 

180 
30 
40 
42 
1,008 

20 

.50 
720 
60 

4.5 
60 

8.5.5 
80 
120 

UNDER-SURF'ACES 
OF CORAL RUBBLE 

Predominately colonial 
tunicates, a few sponges 
and filamentous algae. 

30-40% of the surface 
cover was sponges, 
bryozoans and tunicates. 
10-20% coralline algae. 
The rest was filamentous 
algae. 

l\) .
+=-



APPENDIX IX. -- (Continued) Benthic transects at each study site. 

STATION 3 
Cnidaria- Z.£acificus 
Mollusca- O.sandwichensis 

y.alii . 
Algae- filamentous 

D. cavernosa 

P.onkodes - --.--
sand covered substrata 

STATION 4 
Cnidaria- Porites compressa 

Pocillopora damicornis 
Mollusca- O.sandwichensis 

Algae- !:. onkodes 
D.cavernosa 
filamentous 

STATION 5 
Algae- filamentous and miscellaneous 

Porolithon onkodes 
Asparagopsis taxiformis 

(continued nex~ page) 

990 
70 

10 

70 

310 

200 

300 

620 

10 

20 

360 

330 

560 

990 

275 
30 

20-40% sponges and tunicates 
50% filamentous algae 
10-20% coralline algae 

I'V 50% sponges 
~ 50% coralline algae 
/\/ 10-20% filamentous algae 

l\) ..... 
\..1\ 



APPENDIX IX. -- (Continued) Benthic 

Liagora tetrasporifera 
Dictyota acutiloba 

Padina thivyi 
Turbinaria ornata 
Dictyosphaeria cavernosa 

Halimeda disco idea 
Microdictyon setchellianum 

STATION 6 
Cnidaria- Fungia scutaria 

E·compressa 
Mollusca- O.sandwichensis 
Polychaeta- Sabellidae 
Algae- E.onkodes 

D.cavernosa 
filamentous algae 

STATION 7 
Cnidar-ia- E.compressa 
Mollusca- Q.sandwichensis 

Algae- E.onkodes 

Q.cavernosa 
filamentous algae 

transects at each site. 

10 

225 

205 

10 

70 

30 

120 

20 

20 

280 

2 

220 

730 

738 

125 

2)0 

510 
430 
640 

undersides of all rubble 
covered with filamentous 
algae 

20-30% filamentous algae 
~ 30% sponges, tunicates 

and bryozoans 
11./ 40% coralline algae 

40% filamentous algae 
30% sponges 
25% coralline algae 

5% colonial tunicates 

l\) 
f-" 
0'\ 



APPENDIX IX. -- (Continued) Benthic transects at each site. 

STATION 8 
Cnidaria- ~.compressa 

Algae- P.onkodes 
D.cavernosa 
filamentous algae 

sand covered substrata 
STATION 9 
Cnidaria- Cyphastrea ocellina 

P.damicornis 
E·compressa 

Mollusca- O.sandwichensis 
Algae~ P.onkodes 

D.cavernosa 
silt covered substrata 
STATION 10 
Cnidaria- P.compressa 

C.ocellina 
Montipora verrucosa 
P.damicornis 

Algae- P.onkode:2! 
Q.cavernosa 

sand covered substrata 

60 
1,486 
154 
200 
100 

30 
60 

130 
80 
1,385 
305 
80 

100 
50 
60 

30 
1,600 
10 
150 

40% filamentous algae 
40% coralline algae 
20% sponges, tunicates 

and bryozoans 

30% O.sandwichensis 
20% j~lamentous algae 
40% coralline algae 

~10% sponges. bryozoans 

40% coralline algae 
30% filamentous algae 
30% sponges, bryozoans 

und tunicates. 

/'IJ 
I-" 

.-..J 



APPENDIX X. -- T (shared information) values for site to site comparisons of the 
borer populations in the test coral blocks. 

Conf. Conf. Conf. 
TC(S;L) limits TL(S;C) limits T(S!C;L) limits 

STATIONS 
1 VS 2 0.11 .10-.13 0.18 .17-.20 0.14 .13-.16 
1 VS 3 0.09 .08-.11 0.31 .28-.33 0.12 .10-.13 
1 vs 4 0.11 .10-.13 0.17 .15-.18 0.15 .14-.17 
1 VS 5 0.21 .18-.24 0.38 .34-.43 0.29 .26-.33 
1 VS 6 0.17 .15-.19 0.16 .14-.18 0.25 .23-.27 
1 VS 7 0.18 .16-.20 0.18 .16-.20 0.23 .21-.25 
1 VS 8 0.18 .15-.19 0.13 .11-.15 0.22 .19-.24 
1 vs 9 0.16 .14-.18 a .J}3 .39-.46 0.23 .21-.25 
1 VS 10 0.14 .12-.16 0.28 .25-.32 0.23 .21-.26 
2 VS 3 0.10 .09-.11 0.23 .21-.24 0.12 .11-.13 
3 VS 4. 0.07 .06-.08 0.21 .19-.23 0.14 .13-.15 
4 VS 6 0.05 .04-.06 0.12 .11-.14 0.10 .09-.11 
6 VS 7 0.03 .02-.04 0.11 .09-.12 0.06 .05-.07 
7 VS 8 0.01 .004-.014 0.09 .07-.10 0.09 .08-.11 
8 VS 9 0.06 .05-.07 0.29 .26-.31 0.13 .12-.15 
9 VS 10 0.04 .03-.06 0.46 .42-.49 0.09 .07-.11 

(95% confidence limits listed) 

Conf. 
T(StL:C} limits 

0.21 .19-.23 
0·33 · 30-,.35 
0.20 .28-·.22 
0.47 .42-.51 
0.23 .21-·.26 
0.23 .20-.25 
0.18 .16--.20 
0.51 .47-.54 
0·38 .34--.42 
0.25 .23-.26 
0.28 .26-·.30 
0.17 .15-.19 
0.14 .12-.15 
0.17 .15··.19 
0.36 .33-.39 
0.50 .47··.54 

Conf. 
T(L,C;S) limi1 

0.25 
0.35 
0.23 
0.57 
0.27 
0.32 
0.30 
0.50 

. 0.37 

0.29 
0.25 
0.13 
0.12 
0.09 
0.38 
0.51 

'" ~ 

.23-.2'/ 

.32-.3~ 

.21-.2~ 

.51-.6~ 

.24-.3( 

.29-.31 

.27-.3: 

.48-.5: 

.33-.4: 

.27-.3: 

. 23-. 2~ 

.11-.11 

.10-.11 

.08-.1: 

.35-.4: 

.47-.5. 

co 
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APPENDIX XI. -- Comparisons of the abundances of coral borer 
species in the test blocks at each of the 

STATION 
COMPARISON 

1 vs 2 

1 vs 3 

1 VS 4 

1 VS 5 

1 VS 6 

1 VS 7 

1 VS 8 

1 VS 9 

1 VS 10 

2 VS 3 

3 VS 4 
4 VS 6 

6 VS 7 
7 VS 8 
8 vs 9 

9 vs 10 

ten study sites. (Kruskal-Wallis ranking test p 

all comparisons in this table were significantly' 
different at the 95% confidence level.) 

SPECIES 

Phoronis hippocrepia 
Hvpsicomus phaeotaenia 
Vermetids 
E·hippocrepia 
Nematonereis unicornis 
E·hippocrepia 
Lysidice collaris 
Hypsicomus phaeotaenia 
E·hippocrepia 
PolYdora sp. fl. 
E·hippocrepia 
Polydora sp. fl. 
Cliona sp. 
Polydora sp. fl. 
P.hippocrepia 
R.phaeotaenia 
miscellaneous 
Gliona sp. 
I'..hippocrepia 
Polydora sp. fl. 
Vermetids 
E·hippocrepia 
Polydora sp. fl. 
E·hippocrepia 
Pol,ydora sp. fl. 
Acrothoracicans 
N.unicornis 
Vermetids 
Dodecaceria laddi 
NONE 
Polydora sp. A. 
Polydora armata 
N.unicornis 
NONE 
NONE 
Vermetids 
Polydora sp. fl. 
Acrothoracican sp. A. 

MORE ABUNDANT AT 
STATION 

1 
2 
3 
1 
3 
1 
4 
4 
1 
1 
1 
1 
7 
1 
1 
7 
1 
1 
1 
1 
9 
1 
1 
1 
1 
10 
10 
3 
2 

4 
4 
4 

9 
8 
10 
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APPENDIX XII. -- Species list of coral borers collected. and 
the total number of individuals. collected 
from the test blocks in each of the three 

,areas of Kaneohe Bay. 

SPECIES TOTAL NUMBER OF BORERS COLLECTED FROM 
LIST SOUTH BAY MID BAY NORTH BAY 

Cliona sp. 16 20 14 

Vermetids (4 spp. ) 53 45 82 

Phoronis hiQQocreQia 57 1 

As:eidosi:Qhon elegans 1 2 

Phascolasoma spp. 3 1 1 

Themiste lageniformis 1 2 2 

Weltneria hirsuta 4 

~'Jel tneria sp. B. 1 

Cry:etoQhialus sp. A. 2 

unid. Acrothoracican sp. A. 1 12 

Pol;ydora sp. A. 3,782 1.512 1,053 

Polvdora armata 211 98 70 

Polydora sp. B. 59 19 99 
Cirratulid sp. A. 1,051 931 160 

Dodecaceria laddi 1,691 591 2JJ 
Dorvillea sp. A. 47 12 14 

Arabella iricolor 12 2 

Lvsidice collaris 48 18 12 

Nematonereis unicornis 120 89 75 

HY2sicomus :Qhaeotaenia 14,762 16,477 4,855 

miscellaneous 111 14 5 
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APPENDIX XIII. -- Size distributions of the most commonly 
collected coral borers in the test blocks. 

SPECTES AND SIZE RANGES 
STATIONS (mm) 

Polydora Spa A. < 1mrn 1-4mm 5-10mm 11-15mm >15mm 
Station 1 69 219 }82 129 19 
Station 2 90 592 408 94 13 
Station 3 J08 897 540 29 13 
Station 4 206 576 197 
Station 6 63 143 24 1 
Station 7 146 151 6 

Station 8 73 92 6 

Station 9 603 258 1 
Station 10 131 60 

Dodecaceria laddi 1-3mm . 4-6rnrn 7-10rrun 11-16mm 
Station 1 26 32 48 7 
Station 2 89 )84 753 273 
Station 3 17 30 24 10 
Station 4 54 142 110 23 
Station 6 48 ··.84 38 8 
Station 7 20 48 . 19 
Station 8 8 18 3 
Station 9 39 67 31 
Station 10 35 42 19 

HY:Qsicornus :Qhaeotaenia <.5rnm .5-2mm 3-4mm 5-6mm 7-9mm 
Station 1 124 666 398 400 9 
Station 2 893 3,961 1,563 . 1,156 404 
Station 3 730 2,211 1,055 845 102 
Station 4 1,022 5,600 1,557 350 89 
Station 6 706 1,928 375 104 22 
Station 7 1,312 2,017 1,056 230 
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APPENDIX XIII. -- (Continued) Size distributions of the most 
commonly collected cO.ral. borers from the 
test blocks 

Station 8 1,348 1,950 886 344 
Station 9 1,008 1.157 546 224 
Station 10 714 870 274 62 

Nematonereis unicornis 1-3mm 4-6mm 7-10mm 
Station 1 2 1 7 
Station 2 7 17 16 
Station 3 15 31 24 
Station 4 13 }2 20 
Station 6 2 3 4 
Station 7 9 6 2 
Station 8 2 1} 4 
Station 9 14 12 3 
Station 10 19 19 8 

Lysidice collaris <4rnm 5-10rnm 11-15mm 16-20mm 
Station 1 None 
Station 2 5 6 1} 8 
Station 3 2 7 5 1 
Station 4 2 10 4-
Station 6 2 

Station 7 None 
Station 8 None 
Station 9 None 
Station 10 7 5 
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APPENDIX XIV. -- Total number of cryptofaunal organisms 
collected from the cor~l blocks at each 
study site in Kaneohe Bay. 

STATIONS 

TAXA 1 2 2 4 5 6 7 8 9 10 

I'Tematods 140 79 58 67 102 35 30 1 44 45 
Gastropods 1 J 
Ophiuroids 4 1 

Nemerteans 24 3 
Polychaetes-

Ctenodrilids 244 2 44 90 321 18 24 1 66 66 
Capitellids 17 'l 32 4 --' 

Cirratulids )0 10 72 15 18 4 4 2 

Nereids 1 t 1 1 

Syllids* 53 )0 91 L~6 134 21 )0 20 54 57 
Sabellids 11 1 1 

Phyllodocids 6 6 1 3 1 

Spirorbids 3 3 
Amphinomids 1 1 
Terebellids 6 

*of the total number of syllids collected Paras2haeros~11is 
indica represented 21%. 




