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INTRODUCTION 

by 

Richard H. Randall, Lucius G. Eldredge 
and Roy K. Kropp 

Background 

The tropical setting of Guam in the western Pacific Ocean coupled 
with its steep offshore submarine topography makes the island a poten
tial site for development of an alternate energy resource by utilizing 
Ocean Thermal Energy Conversion (OTEC) technology. In a study funded by 
the Government of Guam Energy Office, the University of Guam Marine 
Laboratory conducted an annual study of the oceanographic conditions in 
the vicinity of Cabras Island and Luminao Barrier Reef for the potential 
development of OTEC on Guam (Lassuy, 1979). The results of Lassuy' s 
study have shown that Guam is indeed an ideal site for OTEC development, 
and in terms of physical parameters the island is perhaps better suited 
than any other location under the United States political umbrella. 
Lassuy's work demonstrated the consistent presence of an annual mean 
temperature difference (6T) of 23.4°C (42.2°F) between the surface water 
and that at a depth range of 854 to 915 m (2800 to 3000 ft.). Off the 
western tip of Luminao Barrier Reef the above temperature difference and 
depth range is reached at a distance of only 1. 75 km (1.1 miles) from 
the Glass Breakwater. 

Based upon the demonstrated potential for OTEC development on the 
island the Government of Guam Energy Office has proceeded with plans to 
develop this potential alternate energy resource. In consideration of 
the ideal oceanographic parameters found in the vicinity of Cabras 
Island (Fig. 1), and the present location of the major electric power 
generating facilities, a site on the seaward side of the eastern end of 
Cabras Island has been selected for OTEC development by the Guam Energy 
Office. The Guam Energy Of ice is presently conducting in-depth feasibi
lity studies for OTEC development at the Cabras Island site. Part of 
these feasibility studies includes an assessment of the environmental 
impact of OTEC development in the adjacent marine waters. An overall 
environmental impact report addressing projected OTEC development on 
Guam was prepared by Dames and Moore in 1979. In May 1980 the Guam 
Energy Office requested the University of Guam Marine Laboratory to sub
mit a proposal to provide a more detailed analysis of the environmental 
impact of OTEC development on the seaward side of Cabras Island and 
Luminao Barrier Reef than was provided in the Dames and Moore (1979) 
study. The Marine Laboratory submitted the requested proposal to the 
Guam Energy Office and a memorandum of understanding and agreement was 
signed on June 18, 1980. On August I, 1980 the Marine Laboratory re
ceived a notice to proceed with the proposed work from the Guam Energy 
Office. 
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Objectives and Scope of Work 

The study area consists of the reef-flat platform, reef margin, and 
reef front slope zones along the seaward side of Cabras Island and the 
portion of the Luminao Barrier Reef that lies on the north side of the 
Glass Breakwater (Fig. 1). The major. objective of the study is to 
determine the environmental impact o·f a proposed 40 megawatt OTEC faci
lity, located on the seaward side of the eastern end of Cabras Island, 
on the marine habitats within the above study area. As a secondary 
objective the results of the study are also to be used to assist the 
Guam Energy Office and the Bureau of Planning's Guam Coastal Management 
Program in maintaining their energy facility impact planning process and 
further effective management of pristine marine areas. Specifically the 
work items included in the study include the following: 1) provide a 
description of the study area that includes the general submrine topo
graphy and general ecology, 2) prepare an inventory of organisms (macro
algae, corals, other invertebrates, fishes, and planktonic organisms) 
inhabiting the study area, 3) assess the currents on the reef-flat plat
forms (dye. injection method) and inshore water mass (drift drouge 
method) during ebb and flood tide conditions at monthly intervals (6 
month period), 4) determine water quality in the study area by measuring 
sslinity, phosphate, nitrate, and oxygen levels at monthly intervals (6 
month period), 5) determine sediment distribution in the study area, 6) 
identify and evaluate anticipated environmental impacts within the study 
area from the proposed OTEC development during construction and opera
tion and provide recommendations for mitigation or avoidance of these 
impacts, and 7) discuss the value of the study area as a pristine marine 
community and as a recreational area. 

Work Schedule 

Originally, the field work for this study was to be completed 
within seven months and a final copy of the report submitted within a 
nine-month period. This schedule was thought to be reasonable if field 
work could be started early in the Summer to take advantage of the few 
calms and reduced NE Tradewind speeds which normally occur during that 
season. The platforms along the seaward side of Cabras Island and 
Luminao Barrier Reef normally receive constant wave assault because of 
their northerly exposure. Quantitative or qualitative work in the reef 
margin and upper reef front slope zones was found to be impossible dur
ing normal sea conditons. Because of our late notice to proceed work on 
the study (August 1980) we were not able to complete the proposed inves
tigations in the reef margin and reef front zones during the few days of 
calm that occurred between August 1980 and April 1981. A no-cost exten
tion of the study period was asked to complete the quantitative and 
qualitative work in the reef margin and reef front slope zones. The 
Guam Energy Office extended the study period and the final field data 
was collected from the reef front zone along Cabras Island in September 
1981. Because of the difficulty encountered in collecting good quanti
tative data in the wave-assaulted reef zones of the study area we 
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considerably underestimated the length of time required to complete this 
project. 

Previous Work in the Study Area 

Little previous work has been conducted in the marine environment 
along the seaward side of Cabras Island and the Glass Breakwater. Marsh 
and Wilkins (1980a and 1980b) reviewed the information available. In 
conjunction with studies of the Piti Power Plant, J. A. Marsh, Jr. 
surveyed Piti Bay and Piti Channel, the results of which appeared in six 
technical reports published between 1972 and 1977. A summary of these 
Piti Power Plant studies is provided by Marsh et al. (1977). During the 
preparation of an atlas of the reefs and beaches of Guam, Randall and 
Eldredge (1976) briefly described the coastal regions and reef-flat 
platforms and mapped the distribution of seagrasses, corals, and marine 
sediments of the Cabras Island - Luminao Barrier Reef area. Offshore 
studies to provide baseline data for an OTEC plant were conducted by 
Lassuy (1979). General marine studies in the area of the GORCO 
deballast discharge facility were initiated by Rupp and Larson (1972) 
and further studied by Neudecker et a1. (1978). The first report 
concerning the Luminao Barrier Reef was that of Stojkovich (1977) who 
studied the seaward portion of the reef platform as a pristine community 
and recommended that the area be established as a "natural sanctuary in 
which no coral harvesting, net fishing, or other such activity be 
permitted. " More recently Rowley (1980) analyzed the biofouling 
community on the Calalan Bank near the west end of Luminao Barrier Reef, 
and Clayshulte (1981) studied foraminiferan settlement and distribution 
in the same area. 
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DESCRIPTION OF THE STUDY AREA 

by 

Richard H. Randall 

Introduction 

The general study area includes the shoalwater regions along the 
seaward side of Cabras Island, Piti Reef that extends east of Cabras 
Island, and the portion of the Luminao Barrier Reef situated on the 
north side of the Glass Breakwater (Figs. 1 and 2). Cabras Island, Piti 
Reef, and Luminao Barrier Reef, along with Calalan Bank located somewhat 
to the west of the study region, form the northern margin of the Apra 
Harbor Lagoon on the west side of Guam (Fig. 1). 

Marsh and Wilkins (1980) reviewed the available information on the 
marine ecosystem of the Cabras Island Reef. They reported that only a 
few studies have been made along the seaward side of Cabras Island, and 
that most of these investigations focused on the submarine terrace or 
areas further seaward. 

Randall and Eldredge (1976) briefly described and mapped the 
physiographic features of the Luminao-Cabras-Piti reef platforms and 
coastal region along the seaward side of Cabras Island in an atlas of 
Guam's reefs and beaches. On their maps of the present study area they 
classified the coastal features of Cabras Island and mapped the relative 
abundance and distribution patterns of sediments and corals on the shal
low reef platforms. 

General Geographical Setting 

Cabras Island is a raised barrier reef of Mariana Limestone that 
has been extensively altered by quarrying, dock and port construction, 
and other commercial development. Unaltered coastal regions of Cabras 
Island are found at the extreme eastern tip and along a short stretch 
located on the seaward-facing side near the western end. The island is 
elongate in an east-west direction and slightly curved with its concave 
side facing the sea. It is 2.9 kilometers long and ranges in width from 
250 to 470 meters. The altered shoreline along the seaward side of the 
island mostly consists of quarried limestone blocks and boulder riprap 
or bare exposed rock. At the two unaltered coastal locations the 
shoreline consists of steep rocky slopes and cliffs buttressed at places 
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with large limestone blocks and boulders. At most places well-developed 
concave indentations called nips are cut into the base of the unaltered 
rocky cliffs and slopes. Beach deposits are absent along the seaward 
side of Cabras Island except for isolated pockets of a few meters extent 
found at the eastern and western ends. Originally Cabras Island was 
separated from the main island of Guam by Tepungan Channel, but it is 
now connected at its eastern end by a causeway . Before construction of 
the causeway Tepungan Channel connected the northeastern corner or Apra 
Harbor Lagoon to the open sea via Piti Bay. Now the only circulation 
through this once natural waterway is from thermal effluent discharged 
into Apra Harbor from the Piti-Cabras power plants that is drawn in from 
the ocean via Piti Canal and Tepungan Channel. Within the study area a 
narrow fringing reef platform 10 to 45 meters wide fringes the entire 
seaward side of Cabras Island. To the east of Cabras Island the fring
ing reef platform abruptly widens and is here called the Piti Reef (Fig. 
2). The lobate-shaped Piti Reef platform extends 625 meters eastward 
from the eastern tip of Cabras Island to Piti Bay. The reef platform is 
446 meters wide near its western end and is bisected by the much-altered 
Tepungan Channel. For this study only the portion of the reef seaward 
of Tepungan Channel was studied. 

Luminao Barrier Reef extends westward from Cabras Island to the 
submerged Calalan Bank (Fig. 2). The barrier reef platform is 2.5 
kilometers long and ranges in width from 240 meters at its eastern end 
to 620 meters at its westend end. A one-mile long breakwater, 36 feet 
(11 meters) wide and 5 feet (1.5 meters) above sea level was constructed 
on the eastern end of the barrier reef before late 1941 (U.S. Navy Joint 
Intelligence Center, 1944). The present l7,00o-foot (2.5 kilometers) 
Glass Breakwater, elevated along the older portion west of Cabras Island 
and extended to the western end of Calalan Bank, was completed in July 
1947 (Tudor Engineering Company, 1964). The Glass Breakwater was built 
upon the lagoon fringe of Luminao Barrier Reef which leaves the major 
part of the shallow reef-flat platform situated on the exposed seaward 
side of the structure. Since construction of the breakwater this wide 
seaward portion of the platform has had little man-influenced distur
bance. In contrast the narrow platform fringe located on the lagoon 
side of the breakwater has been altered considerably by dredging, land 
filling, and construction of docks and piers. 

Description of the Marine Environment 

The portion of the Luminao Barrier Reef along the seaward side of 
Glass Breakwater, the fringing reef along the seaward side of Cabras 
Island, and the fringing Piti Reef east of Cabras Island consist of two 
principal morphologic regions -- a rather flat, shallow reef platform 
that extends outward from the shore or breakwater and an outer forereef 
slope that dips downward to the dwindle point of coral growth and reef 
development. Both the shallow reef platform and deeper forereef slope 
can be subdivided into a number of conspicuous physiographic zones. The 
various physiographic zones discriminated, water depth, and sediment and 
coral distribution patterns are shown in the vertical profiles of 
Figures 3-A through 3-E for Luminao Barrier Reef, Figures 3-F through 
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3-1 for the fringing reef along Cabras Island, and Figure 3-J for Piti 
Reef. Figure 2 shows the locations of the various representative verti
cal profiles. 

Fringing Reef Along The Seaward Side of Cabras Island 

The fringing reef along the entire seaward side of Cabras Island 
forms a shallow reef platform 10 to 45 meters wide. Vertical profiles F 
through I (Figs. 3F-3I) show the zonation patterns, general physio
graphic features, and sediment and coral distribution patterns for the 
fringing reef along the seaward side of Cabras Island. 

The narrow platform can be divided into an inner limestone pavement 
zone 10 to 20 meters wide that sometimes exposes during low spring tides 
and an outer wave-washed reef margin zone 10 to 20 meters wide. During 
normal NE Tradewind seas both the inner pavement and reef margin are 
zones of agitated water and rolling surf. The reef surface in the pave
ment zone is relatively flat with the only relief features being widely 
scattered holes, troughs, and depressions generally less than 30 cm 
deep. Other relief features consist of a few large blocks and boulders 
that have been transported onto the platform by storm waves. Except for 
a few boulders, cobbles, and gravel-sized sediments trapped in some of 
the deeper holes and troughs, the pavement surface is generally swept 
free of loose sediments by strong water movement. 

At the outer edge of the reef platform the surface slopes gently 
downward forming the wave-washed reef margin zone. Although the reef 
margin is nearly always awash from breaking waves and swell there is no 
algal ridge development along the length of Cabras Island. There is 
though, a short stretch of shoreline along the western end of the island 
where a supratidal bench is being cut into the coastal cliffs that some
what resembles an elevated algae ridge. Low knobs, mounds, ridges, and 
shallow holes, all of which generally express less than 50 cm of relief, 
impart a rough irregular surface to the reef margin zone. Elongate 
troughs or surge channels that cut across the reef margin zone are 
characteristic features of many fringing reefs around the island, but 
here along Cabras Island they are poorly developed, irregularly distri
buted, and generally less than a meter deep. At places a few of the 
larger surge channels extend into the inner pavement zone of the reef 
platform as shallow troughs or fissures. Except for a few boulders and 
cobbles on the floors of surge channels and deeper holes, loose sedi
ments are absent in this wave-washed zone. 

Seaward of the reef margin the reef surface abruptly dips downward 
forming the forereef slope. Along Cabras Island the fore reef slope can 
be divided into three conspicuous physiographic zones. The uppermost 
zone of this seaward dipping surface, which is under the influence of 
strong oscillatory currents and wave surge, is the reef front slope. 
The most characteristic feature of this zone is the presence of channels 
or fissures, one to three meters wide and five to seven meters deep, 
that cut across the slope normal to the fringing reef axis. Apparently 
the lower parts of these channels are maintained principally by erosion, 
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judging from the occurrence of large rounded boulders, cobbles, and 
coarse gravel scattered along their floors and the presence of smooth 
scoured lower wall and floor surfaces. In contrast much of the upper 
wall surfaces are dominated by corals and encrusting red algae, and reef 
accretion appears to be taking place. Vigorous growth commonly produces 
projecting shelves along the upper channel walls that at some locations 
completely ' roof over the lower parts of the channel. At places the reef 
front channels are somewhat uniformly spaced 10 to 20 meters apart with 
intervening areas developed into lobate-shaped buttresses or ridges 
which dip gently downward in a seaward direction. At other places the 
channels are poorly developed and irregularly spaced much farther apart. 
Buttresses and ridges tend to be very hummocky and uneven on their upper 
surfaces because of localized reef growth. Knobs, pinnacles, and mounds 
of coral growth up to several meters in height are also common physio
graphic relief features of the reef front slope. Occasionally some of 
the channels widen into large boulder-strewn holes ten or more meters 
across. Potholes up to several meters across and deep, with large 
rounded boulders on their floors, are also encountered on the buttress 
slopes or seaward terminus of some channels. Minor relief features 
consisting of echinoid grooves are sometimes abundant and conspicuous on 
the reef front slope, particularly where channels are poorly developed 
and irregularly spaced. 

Although the forereef zones seaward of the reef front slope were 
not directly studied for this report, a brief physiographic description 
of the reef to about 30 meters depth will be given. Between five and 
seven meters depth the downward dip of the reef front slope decreases 
and the channel and buttress topography grades into a hummocky surface 
traversed by shallow or poorly defined troughs. This flattened region 
of the forereef slope is commonly refered to as the submarine terrace 
zone; and along Cabras Island it generally extends in a seaward direc
tion for 20 to 100 meters. Although the topographic relief on the 
submarine terrace is generally less than that of the reef front slope, 
occasional knobs, pinnacles, or mounds will extend upward to five or 
more meters above the surrounding reef surface. The deeper and less 
agitated water of the submarine terrace allows more sand-sized sediments 
to accumulate in holes and troughs than on the shallow wave-swept reef 
platform and reef front slope zones, but evenso, much of the loose 
material of this size is gradually transported downslope. In 1972 Rupp 
and Larson conducted a marine survey of the submarine terrace zone at 
the western end of Cabras Island. They described the terrace as having 
a gentle seaward dipping surface cut by shallow grooves that extend into 
the reef front zone at the shallower shoreward part, and with scattered 
dead coral knobs on the deeper seaward part. At 15 to 20 meters depth 
the gentle downward slope of the submarine terrace increases abruptly 
which marks the beginning of the seaward reef slope zone. The seaward 
reef slope along Cabras Island is quite steep and at places forms local 
submarine cliffs. Surface topography is similar to that found on the 
shallower submarine terrace, but occasional deeper channels, fissures, 
and troughs cut across its surface. Although this steep zone extends 
downward to the dwindle point of hermatypic coral growth (about 100 
meters), it is commonly interrupted at places by deeper terraces where 
considerable amounts of sediment accumulate.In 1978 Neudecker et al., 
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resurveyed the Rupp and Larson study area. They described the seaward 
reef slope zone as dropping precipitously from 18 meters depth at the 
seaward edge of the submarine terrace to a deeper submarine terrace at 
40 meters depth. 

Luminao Barrier Reef Seaward of The Glass Breakwater 

This lobate-shaped barrier reef platform can be divided into four 
distinct physiographic zones. In a seaward direction from the break
water these are the inner and outer moat zones that retain water during 
low spring tides, an outer limestone pavement zone which exposes during 
low spring tides, and the wave-washed reef margin zone at the seaward 
edge of the platform. Seaward of the reef margin the forereef slope can 
be divided into three distinct physiographic regions consisting of the 
reef front slope that extends downward from the reef margin to a depth 
of 5 to 7 meters, an intermediate submarine terrace zone of reduced 
slope that gently dips downward to a depth of 15 to 20 meters, and the 
outer seaward reef slope zone that dips steeply downward to the lower 
limits of hermatypic coral growth and reef development. Vertical 
Profiles A through E (Figs. 3A-3E) show the zonation patterns, general 
physiographic features, and sediment and coral distribution patterns for 
Luminao Barrier Reef. A brief description of the physiographic features 
of the above reef zones follows. 

The inner moat zone ranges in width from 121 meters at Profile A to 
22 meters at Profile D. During low spring tides this part of the reef 
platform retains 50 to 100 centimeters of water. Although the general 
reef floor of the inner moat zone is relatively flat, numerous to 
somewhat scattered knolls, pinnacles, and mounds of living and dead 
corals give the surface an irregular topography. Many of the topogra
phic features appear truncated or flat-topped as a result of upward 
coral growth being limited to the mean low tide level of the water in 
the moat. Rubble- to sand-sized sediments thinly veneer most of the 
reef platform surfaces between the coral knolls and pinnacles, but some 
bare rock patches also occur, particularly where the inner moat zone 
grades into the outer moat zone. 

The outer moat zone ranges in width form 68 meters at Profile A to 
13 meters at Profile D. Water depth in this zone during low spring 
tides ranges from 50 centimeters on the inner part to just a few 
centimeters where it grades into the exposed outer pavement zone. 
Numerous knobs, pinnacles, and mounds of living and dead coral give this 
part of the reef platform a very irregular topography. Many of the 
individual coral heads as well as knobs and pinnacles are flat-topped or 
develop microatoll shapes as a result of their upward growth being 
restricted to the mean low tide level of the moat. Between the various 
topographic relief features the reef floor consists mostly of bare reef 
rock and scattered patches of rubbly sediments. Much of the finer-sized 
sediments are carried into the inner moat zone by currents. 

The outer pavement zone ranges in width from 49 meters at Profile A 
to 15 meters at Profiles D and E. During low spring tides the zone is 
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exposed. Because of this periodic low tide exposure corals and many 
other reef organisms are absent or restricted to scattered shallow holes 
and depressions which retain a few centimers of water during such times. 
The reef surface is pavement-like with little relief and at most places 
is swept free of loose sediment by strong currents. The most prominent 
relief feature on the pavement surface is an occasional block or boulder 
that has been dislodged from the adjacent reef margin or forereef slope 
zones and c~rried onto the reef platform by storm waves. At the ~x"reme 
western tip of Luminao Barrier Reef the outer pavement zone is somewhat 
depressed, and thus remains covered during low spring tides. Strong 
currents are generated in this depressed region when water transported 
onto the reef platform by normal NE Tradewind seas returns to the open 
ocean through it. 

The reef margin, reef front, submarine terrace, and seaward reef 
slope zones situated on the seaward side of the outer pavement zone of 
Luminao Barrier Reef are in most respects very similar in physiographic 
structure and reef development to that described for the same zones 
along the seaward side of Cabras Island, and thus need not be repeated. 

Piti Fringing Reef 

In the Vicinity of ~rofile J (Fig. 3-J) the shallow reef platform 
and fore reef slope zones of Piti Fringing Reef are very similar in 
physiographic structure and reef development to that described for the 
platform zones of Luminao Barrier Reef and the forereef zones described 
along the seaward side of Cabras Island. Some minor differences include 
the following: 1) an expansion of the outer pavement zone across the 
entire eastern end of Piti Reef, 2) extensive boulder and rubble accumu
lation along the seaward edge of the pavement zone at Piti Reef, parti
cularly at the eastern end, 3) a thicker veneer of loose rubble on the 
reef platform of Piti Reef in the inner moat zone, and 4) the presence 
of extensive echinoid grooves in the outer pavement zone along the 
western part of Piti Reef. Marsh (1974) conducted productivity studies 
on the Piti reef in the vicinity of Profile J and described the reef 
platform in a seaward to shore direction as having an outer surf zone 
occupied by a poorly developed coral-algal community, an algal zone 
dominated by seasonal brown algae, zones of smaller and larger coral 
heads, and a back reef zone of sand and rubble. 
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Figure 1. Map of Guam showing the study area location (area in 
rectangle) and the general bathymetry in the vicinity. 
Reef areas are shown in black and the submarine contour 
interval is 100 fathoms. Map modified from Emery, 1962. 
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A QUANTITATIVE ASSESSMENT OF THE MARINE ALGAE AND OTHER 
COMMON BIOTIC AND ABIOTIC BENTHIC CONSTITUENTS 

OF THE LUMINAO-CABRAS-PITI REEFS 

by 

Bruce R. Best 

Introduction 

This qualitative and quantitative assessment of the shallow benthic 
biota of the Luminao-Cabras-Piti Reefs was requested and funded by the 
Guam Energy Office to provide environmental information for a possible 
OTEC installation. 

The physiography of the Luminao-Cabras-Piti Reefs has been des
cribed by Randall and Holloman (1974) and recent vertical reef profiles 
are presented in the this report (see Figs. 3A-3J, p. 15-18). The area, 
one of two barrier reef systems on Guam, is well used by snorkelers and 
fishermen, and, indeed, has been defined as a pristine marine community 
(Stojkovich 1977). 

Marine algae from the unique and diverse Luminao-Cabras Island 
Barrier Reef community have been previously reported by Stojkovich 
(1977), Neudecker et al. (1978), and Rupp and Larson (1972). The 
purpose of the 1972 and 1978 studies was to evaluate the environmental 
impact of a deballasting facility on the reef slope off Cabras Island. 
Both studies were confined to a small area on the reef terrace. The 
Stojkovich (1977) survey provided checklists of the reef-flat fauna and 
flora. Therefore, this study represents the first extensive qualitative 
and quantitative analysis of both the shallow reef slope and reef-flat 
platform along the Luminao-Cabras-Piti Reef System. 

Methods 

The marine plants and other benthic constituents were quantified by 
a point-quadrat method. This method generates data from which a rapid 
general assessment of the percent cover and frequency of occurrence of 
any benthic algal species or group of benthic macro-invertebrates. From 
these data, distributional patterns, such as evenness or patchiness of 
biota can be easily be recognized. 
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The point-quadrat method consisted of haphazardly tossing or drop
ping a 25 x 25-cm gridded quadrat, with 16 internal cross-points, every 
10 m along 10D-m transects. The substrate cover directly under each 
point was recorded. A total of over 2,700 points were sampled along the 
17 transects depicted in Figure 1. Reef-terrace (5-10 m depth) field 
work incorporated the use of a UOGML boat and scuba equipment. 

Percent cover for each transect was calculated by taking the total 
points at which a constituent occurred, divided by the total points per 
transect. Similarly, frequency of occurrence was calculated by taking 
the number of quadrat tosses in which a benthic constituent occurred, 
divided by the number of tosses per transect. Both cover and frequency 
values were converted to percentages by multiplying by 100. Additional 
algal species along the transects were also recorded. 

Results and Discussion 

Marine plants were typically the most predominate biotic group on 
the Luminao-Cabras-Piti Reefs. Results of the benthic surveys are 
presented in Table 1. Percent cover by algae was generally greater than 
50% for all transects except those over large sand or coral zones (see 
profiles in this report). Overall mean percent cover for the algal 
community along the 17 transects was 59.5 (n a 17, s.d. - 19.6). 
Coralline algae was the most predominate algal group especially on the 
reef-slope transects. No seagrasses were found. Forty species from 33 
genera of marine plants were recorded from the transects. Littoral 
populations of Chlorodesmis, Ectocarpus, and Udotea were observed on the 
Cabras platform. 

The Luminao-Cabras-Piti Reefs are presently subjected to harsh 
natural and man-induced pressures. During the course of the study (1 
year), over 30 field visits were made to the study area during which 
seasonal, man, and storm induced changes were recorded. Storm waves 
scoured the narrow bench areas and moved large boulders, exposing new 
substrates and destroying established benthic biota. Temperatures 
exceeding 33°C were often recorded in bench pools. The effect of an oil 
spill was witnessed in the area. The effect of suspected poison dumping 
from the adjacent cliff area (Site H-I) was noted by the presence of a 
heavy infestation of Microcoleus growing on recently and abruptly killed 
macro-thalli. The benthic biota along the narrow bench--the most 
favored site for an OTEC development--reflects these stresses by the 
abundance of low, tenacious turf-algae and macrofauna. No exotic or 
endangered algal populations were noted along the Luminao-Cabras-Piti 
Reefs and, in general, algae abundance and diversity was much lower than 
that found on the Cocos Barrier Reef System. 

It is the view of this author that the designation of the Luminao 
Barrier Reef as a pristine marine community (Stojkovich 1977) should 
apply to the northwest portion of the reef-flat platform only. This 
section, along the Glass Brea~~ater, has a wide reef flat which protects 
the inner-moat areas from wave action. This semi-isolated area possibly 
could be assessed as successfully reestablishing their "natural 
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character" even though reef-flat flushing has been restricted by the 
man-made breakwater. Certainly, the narrow bench area adjacent to 
Cabras Island should not be designated as part of the Luminao pristine 
community. 
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RECENT FORAMINIFERA 

by 

Russell N. Clayshulte 

Introduction 

There is a conspicuous foraminifera component in sediment deposits 
and adhering to the reef framework at the Luminao and Piti Reefs. Bentho
nic foraminifera are the dominate species associated with shallow water 
and intertidal sediment deposits with only rare occurrences of planktonic 
species. Adherent foraminifera readily occur on natural substrates at 
Luminao Barrier Reef. There are a minimum of 150 species of living fora
mifera, representing three suborders and 28 families, which can be found 
on the reef-flats and upper reef slopes «60 m) at Luminao and Piti Reefs 
(Clayshulte, 1981a). 

Few foraminifera studies have been conducted on Guam's reefs and off
shore areas. A review of off-shore dredging activities prior to 1952 was 
presented by Emery (1962). The foraminiferal component of sediments 
dredged near the Apra Harbor entrance (Emery, 1962) at depths to 3,000 ft. 
(914 m) was not specifically determined, although foraminifera were iden
tified as a major sediment constituent. The Tertiary larger foraminifera 
were determined by Cole (1963). There were no samples taken from the 
vicinity of Luminao or Piti Reefs, since Cole (1963) dealt only with 
fossil species. Foraminifera were recorded in a 2l-fathom (60 m) sample 
collected at a Guam anchorage of the "Albatross" expedition (Cushman and 
Todd, 1972). Todd (1966) examined the smaller foraminifera from Guam and 
reported over 400 species, ranging in geologic time from upper Eocene to 
Recent. The distribution and recruitment of sedentary foraminifera in the 
families Homotrematinidae and Acervulinidae were studied at Luminao 
Barrier Reef (Clayshulte, 1981b). 

Benthonic Foraminifera 

The dominate benthonic foraminifera associated with the Luminao and 
Piti Reefs are Baculogypsina, Marginopora, Heterostegina, Amphistegina and 
Elphidium. These genera are typical reef-flat forms or very shallow water 
forms (Cushman et al., 1954; Emery, 1962; Todd, 1966; Tracey et al., 
1964). Living specimens of Marginopora vertebralis are uncommon on the 
outer reef-flat platform at Luminao Reef. Specimens, when observed, are 
firmly cemented to the reef pavement or "to solid massive corals with their 
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flat surface oriented toward the oncoming current. Specimens have not 
been observed on the inner reef-flat platform. Marginopora vertebralis 
was abundnat at the western end of Luminao Reef between the 17 m and 32 m 
terraces. Specimens are firmly attached to the reef framework with their 
flat surface oriented parallel to the surface. Amphistegina lessonii is 
rare in reef-flat sediment deposits. Specimens are relatively common in 
the sediment deposits below 15 m. Elphidium advena and Heterostegina 
depressa are relatively uncommon in sediments from Luminao Reef but were 
common in a mud sample collected at a depth of 300 m off Luminao and Piti 
Reefs. 

The benthonic foraminifera Baculogypsina sphaerulata is a species 
common to dominant in the foraminifera assemblage of some Indo-Pacific 
reef-flat environments (Boltovskoy and Wright, 1976). On Guam, ~. 
sphaerulata can be a major contributor of sand-sized particles to beach 
sediments. It is characteristic of high energy ree~-flat environments and 
generally shows the greatest abundance in the outer reef-flat zone. 
Luminao Reef is a high energy reef, which has good to excellent water 
exchange in the outer reef-flat zone. As a result, ~. sphaerulata is 
locally abundant across the outer reef platform. Dead tests of ~. 
sphaerulata are an important source of medium sand-sized bioclastic sedi
ments which are usually deposited in the beach and intertidal areas. The 
midwater and highwater beach samples are composed of about 60% ~. 
sphaerulata tests. 

Sedentary Foraminifera 

Characteristic components of the cryptofaunal assemblage residing in 
cavities and interstices of the reef framework are foraminifera. These 
framework-associated species can be significant contributors to bioclastic 
sediments and important cementing agents (Hanzawa, 1957; Loeblich and 
Tappan, 1964). Recent foraminifera from the families Acervulinidae and 
Homotrematinidae characteristically attach themselves permanently to reef
associ ted substrates by means of a cement which persists after death of 
the animal. As a result of this attachment, species from these families 
are conspicuous components of the cryptofaunal assemblage of Cenozoic reef 
systems. 

In particular, adherent foraminifera are an important component of 
the cryptofaunal communities on hard substrates in different reef zones 
around Guam. They are found in fringing reef, barrier reef, lagoon and 
coral community environments. Previous records (Brady, 1884; Cole, 1963; 
Cushman and Todd, 1972; Todd, 1966) and personal investigations indicate 
that the adherent foraminifera associated with Guam's reefs re Homotrema 
rubrum (Lamarck), Gypsina globula (Reuss), ~. vesicularis (Parker and 
Jones), ~. plana (Carter). Miniacina miniacea (Pallas), Sporadotrema 
cylindricum (Carter). ~. rubrum (d'Orbigny). Carpenteria proteiformis 
(Goes). C. utricularis (Carter), C. monticularis (Carter). Acervulina 
inhaerens (Schultze), PlanogYPsina squamiformis (Chapman). and 
Sphaerogypsina globulus (Reuss). 
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Methods 

Hard substrate was quantitatively sampled at Luminao Barrier Reef. 
Transected substrates were subdivided into five basic habitat categories: 
living coral, dead coral, rubble, cavity and exposed knob. The coral 
habitats had natural distinguishable subunits: branching, tabulate and 
massive forms of living coral and branching and tabulate forms of dead 
coral. The cavity habitat was subdivided into exposed and cryptic «10 cm 
opening) cavities. The exosed knob was generally a low-relief solid topo
graphic feature (i.e., eroded massive or branching coral). Branching 
calcareous algae, important habitats types in some reef zones, were not 
encountered on the transects. The habitats generally represented the 
major types of topographic relief features found in the reef zones. Sub
strate was characterized along transects at Luminao Reef in three zones 
with the point-centered or point-quarter technique (Cox, 1967). A 50-m 
transect was established parallel to the reef margin in each zone: the 
reef flat, upper reef slope (ca. 6 m), and reef slope (ca. 12 m). Ten 
substrate collection points were randomly selected along each transect 
line. A line bisecting the pOint at right angles to the line established 
four quadrants around a point. Substrate types from each quadrant were 
quantified. 

Adherent foraminifera species composition, density and surface cover
age were analyzed on samples collected from each transected habitat type. 
The substrate samples were mini-transected by using a modified point
quarter technique (Clayshulte, 1981b). This technique is a reproducible 
method for quantifying foraminifera community structure on substrates with 
intricate relief (e.g. knobs and cavities). 

Results 

Total species densities on natural substrates and biofouling collec
tors in the different reef zones were generally less than 1 specimen/cm2 
with incidences as great as 1.08/cm2 on transected substrates (Table 1) 
and 3.75/cm2 On bulk substrates (Table 2). Most substrates examined had 
adherent foraminifera with higher overall densities on the 12-m terrace. 
The foraminifera density, surface coverage, frequency of occurrence and 
relative ranking were determined for each transected habitat type 
(Table 1). 

The most conspicuous adherent foraminifera species in the cryptic 
interstices of the reef-flat complex wss Homotrema rub rum. Specimens of 
living H. rubrum occurred on upper littoral reef zone substrates and on 
material dredged from a depth of 300 m. Additional foraminiferal species 
which were equally conspicuous components of the Luminao Barrier Reef 
cyrptofaunal assemblage were M. miniacea, C. utricularis and S. 
cylindricum. These species were particularly common on reef slope sub
strates as compared with cryptic surfaces of reef-flat substrates. Speci
mens were observed on most substrate types with relatively high densities 
on shaded and cryptic cavity surfaces and occasionally on exposed surfaces 
of reef margin substrates. 
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Gypsina spp. were common on exposed and shaded surfaces of natural 
substrates from reef-flat and reef-slope environments with a few small 
encrustations on dredged substrates (150-400 m). 

The less frequent species were Planogypsina squamiformis, Acervulina 
inhaerens, Sporadotrema rub rum and Sphaerogypsina globulus. Sporadotrema 
rub rum and!. inhaerens occurred on exposed and shaded surfaces of natural 
substrates from reef-flats to depths of 50 m. Small specimens of S. 
globulus (75 to 500~ diameter) were occasionally found on natural sub
strates, but no attached specimens were found. 

Foraminifera colonizing natural barrier reef substrates were similar 
in species composition and density to those of fringing reef substrates. 
The average densities of ~. miniacea and~. rubrum were similar at a given 
depth from 7 to 20 m, with increased densities and decreased surface 
coverage at the deeper depths. At 27 and 55 m there were higher densities. 
of ~. miniacea (0.123 and 0.210/cm2) than~. rub rum (0.015 and 0.035/cm2) . 
External test variations and coloration of M. miniacea and H. rubrum 
varied consistently within two general deep-zones: specimens from the 
reef margin to 9 m had robust or globose tests and darker red hues, 
whereas specimens from 12 m to 55 m generally had branching tests with 
light red to white hues. Sporadotrema cylindricum was uncommon on all 
natural substrates. Carpenteria monticularis occurred in low densities on 
sub- strates from 12 to 55 m. 

Discussion 

Adherent foraminifera species are a conspicuous component of the 
cryptofaunal community on substrates from the reef environments at Luminao 
Barrier Reef. Species recruited to most habitat types, with densities 
generally less than 1 specimen/cm2 (10,OOO/m2). The total surface cover
age by foraminifera was usually about 1%. The species occurrence, surface 
coverage and frequencies of occurrence on natural substrates varied 
between reef-flat and seaward slope zones and between habitat types. 
Exposed and cryptic cavities and dead branching corals provided more sur
face area for attachment and subsequently had higher species recruitment 
and densities. The principal species, ~. rubrum, ~. miniacea and ~. 
utricularis, were found in all the reef environments. Variation in 
recruitment patterns were found in minor species, !. inhaerens, ~. 
8Quamiformis, ~. monticularis, ~. rubrum and~. cylindricum. 

Although adherent foraminifera occupy only about 1% of substrate 
surface area, they are important biofoulers. On reef-flat and reef margin 
substrates they can be the major cryptofaunal component and occupy as much 
as 50% of cryptic surface areas. Since foraminifera tests remain attached 
to reef substrates after the animals die, adherent foraminifera do make a 
small contribution to the overall coral reef carbonate accretion. 
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Table 1. Average species density, coverage, frequency of occurrence and relative ranking for 
transected habitat substrates from Luminao barrier reef. The species abbreviations 
are as follows: Mm, M. miniacea; Hr, II. rubrum; Cu, C. utricularis; em, c. monticularis; 
Sc, ~. cylindricum; Sr,~. rubrum. Th-;; symbol RF is the abbreviation for-·reef flat. 
The habitat abbreviations are as follows: LCB, branching living coral; LCM, massive 
living coral; DCB, dead branching coral; OCT, dead tabulate coral; EXK, exposed knob; 
R, rubble; CAEX, exposed cavity; CAL, . shaded or cryptic cavity. 

Hahitat SI'ccics Species Density 
(no./cm2 ) 

Species Coverage 
(X) 

Frequency of 
Species Occurr~nce 

Itcl:lt tvc Spcc1c~ 
Ranking 

LCB 11m 
IIr 

RF 

.006 

.090 

6", 12'I'D 

.073 

.096 
.073 
.072 

RF 

.005 

.438 

61'1 12m 

.098 

.121 
.094 
.114 

RF 6.. 12m 

.110 

.155 
.105 
.070 

.170 

.160 

RF 6m 1'2." 

13.4 171.0 
201.0 93 . 5 

178.9 
96.2 

LOi 11m 
Hr .103 .008 .090 .429 .008 .188 .190 .025 .200 203.6 12.2 
Cu .047 .057 .028 .301 .177 .064 .110 .150 .070 83.B 128.1 
em .003 .013 .010 12.6 

ncB '''' .08i- .197 .356 .269 .100- .400 104.0 276.3 
IIr .173 .016 1.370 . 016 .100 .050 196.0 23.7 

ocr--,I;· .008 .462 .004 .252 .025 .600 12.6 122.2 

EY.1( 

R 

CAEX 

CAL 

IIr .145 .292 .471 .193 .175 .550 258.6 93.7 
CU .017 .194 .121 .382 .025 .250 28.8 84.1 
,1m .122 --.074-- -~8---- .040 - - .220 .150 172.9 83.8 
He .177 .102 .280 .154 .250 .180 73.1 151.4 
Cu .049 :034 .337 .062 .100 .100 46.0 61..8 
Sr .022 .061 ,030 8 Jl 
11m .028 .058 .211 .051 .101 .195 .090 100 .340 23.9 121.2 98.9 

108.8 
78.8 
13.5 

lie .277 .022 .221 1.398 .032 .264 .410 .045 .360 161.6 35.9 
Cu .148 .005 .141 1.591 .056 .492 .275 .010 .240 104.3 20.8 
em .004 .024 .245 .615 .010 .050 B.2 
Sc 
Sr ,,,, 
IIr 
Cu 
Cm 
Sr 
11m 
Hr 
Cu 
Cm 
Sc 
Sr 

.019 

.328 

.118 

.003 

.004 

.003 

.022 

.202 

.037 

.037 

.018 

.055 

.273 

.090 

.072 

.003 

.006 

.100 

.220 

.047 

.012 

.111 

.180 

.123 

.026 

.003 

.007 

.044 

.39O--~068 

.476 .540 

.118 .224 

.238 .122 

.090 
.017 --:399---- - .159 • OS!) 

1.217 .292 .575 .350 
1 . 246 .248 .418 .240 

.016 .005 .332 .005 

.279 .282 .010 
.01B 

. 010 

.060 

.350 

.100 

.050 

.050 

.100 

.365 

.200 

.120 

.005 

.005 

.200 

.285 

.110 

.025 

5.0 
117 . 1 
142.0 
62.0 
27.1 
30.9 
38.0 

74.0 
163.4 
43.2 
19.4 

.220 10.4 161. 9 6C! 

.315 176.4 74.6 122.0 

.230 99.5 57.8 85.7 

.050 1.3 1.6 18.3 

.005 12.5 7.7 
4.1 
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Table 2. Average species recruitment on bulk s'ubstrates from Luminao 
barrier reef . The species abbreviations are as follows: 
Mm, M. miniacea; Hr, H. rubrum; Cu, C. utricularis' em, C. - -' -monticularis; Sc, ~. cylindricum. 

Location Depth Species Density Coverage Frequency Relative Average 
of 11.0. of 

(m) (no. /cm2) (7.) occurrence importance specimens 

Lum1nao 7 Mm 0.071 0.253 0.150 200.0 6 
(barrier Hr 0.052 0.014 0.070 48.0 2 

reef) Cu 0.015 0.084 0.040 51.8 1 
Total 0.138 0.351 0.260 300.0 9 

9 Hm 0.117 0.097 0.250 129.9 7 
Hr 0.099 0.129 0.220 98.0 6 
Cu 0.033 0.064 0.080 45.1 2 
Sc 0.007 0.351 0.020 27.0 2 

Total 0.256 0.641 0.570 300.0 17 
12 Mm 0.212 0.227 0.380 100.6 11 

Hr 0.247 0.907 0.380 119.4 12 
Cu 0.073 0.306 0.160 46.7 4 
Cm 0.013 0.236 0.030 13.0 1 
Sc 0.004 0.312 0.010 20.3 1 

Total 0.549 1.988 0.960 300.0 29 
12 Mm 0.381 0.162 0.340 58.1 10 

Hr 0.358 0.624 0.460 120.1 13 
Cu 0.255 0.608 0.280 66.0 7 
Cm 0.038 0.060 0.060 13.7 1 
Sc 0.061 2.684 0.080 42.1 2 

Total 1.093 4.138 1.220 300.0 33 
26 Hm 0.318 0.191 0.500 130.0 14 

Hr 0.227 0.199 0.400 110.0 10 
Cu 0.113 0.086 0.150 46.3 5 
Cm 0.023 0.032 0.050 13.7 1 

Total 0.681 0.508 1.100 300.0 30 
27 Mm 0.123 0.092 0.200 252.6 8 

Hr 0.015 0.012 0.050 42.4 1 
Total 0.138 0.105 0.250 300.0 9 

55 Mm 0.210 0.353 0.300 213.7 12 
Hr 0.035 0.011 0.100 34.8 2 
Cu 0.017 0.034 0.050 23.5 1 
Cm 0.017 0.053 0.050 28.0 1 

Total 0.280 0.451 0.500 300.0 16 
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SURFACE PLANKTON 

by 

Ann Hillmann-Kitalong 

A quantitative and semi-qualitative plankton survey was conducted 
over a six month period starting September 1980. This survey was part 
of a study, sponsored by the Guam Energy Office and the Guam Office of 
Coastal Zone Management, to assess the environmental impact of the 
construction of an OTEC energy facility off Cabras-Piti Reef. 

No plankton survey had been previously conducted at Cabras-Piti 
Reef, however the Piti Canal and Channel to the immediate east of the 
study site and Apra Harbor on the opposite side of the breakwater have 
been surveyed (Tseng, 1971; Grovhoug, 1977; Marsh et al., 1980). Apra 
Harbor had the higher mean numbers of organisms and a richer diversity 
of organisms than the other areas studied. No seasonal trends were 
found due to monthly variations. But specific groups had peak abun
dances on given months. 

For this survey, two study sites were established, one inshore (0.5 
km x 0.2 km) and one offshore (0.3 km x 0.3 km) of Cabras-Piti Reef 
(Fig. 1). These sites were surveyed on a biweekly basis day (1500-1700) 
and night (1800-2000). A plankton net with a 0.5 m diameter and a 0.35 
mesh size was used for all the tows. The net was towed approximately 
ten meters behind the boat about 0.1 m below the surface. Replicate 
tows were conducted at each station. Volume transport was calculated by 
timing triplicate fluoresceine dye patches over a known distance. Time 
(ten minutes) and speed (0.65 m/sec) were maintained as closely as pos
sible. The zooplankton was immediately preserved in 5% neutral formalin 
for later identification. Subsamples were taken with a Folsom splitter 
and counted on a plastic petri dish with a grid (see Table 2). 

A third plankton sample was collected at each station from October 
9 to January 22. This sample was kept in an ice chest in the field. 
Dry weights were determined by filtering the sample for excess 
preserving fluid and placing them onto plastic petri dishes. These 
samples were then left 48 hours to dry out excess water and then placed 
in plastic weighing dishes and dried in an oven for 48 hours at 50·C. 

A four-way ANOVA (SPSS computer program package) was used to test 
for significant differences and interactions between eight predominant 
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groups of plankton, offshore and inshore transects, day and night sam
ples, and the dates of the sampling (see Tables la, lb, and 2). Signi
fican differences were found between the groups, the day of sampling, 
and day and night tows. No significant difference was found between 
transects. Significant 2-way interactions were found for groups and the 
date, and for groups and the day and night tows. No significant inter
action was found between the date and the transects or the transects and 
the day and night samples. 

A one-way ANOVA showed significant differences between the ten 
predominant groups of zooplankton but not between months. The calanoid 
group of copepods, representing at least ten different species, was the 
most abundant group of organisms and accounted for the differences found 
between species. The one-way ANOVA for dates showed that December 9 and 
23 had the highest mean number of the ten predominant/m3 groups of 
plankton. December 23 and March 5 had the highest total number of orga
nisms for the six month period (1000 org/m3): February 5 October 9, 
January 7, and December 10 all had about 500 organisms/m~; and February 
19 and January 21 had about 300 organisms/m3 • Night tows were always 
higher in total number of organisms than day tows for all the predomi
nant groups. Bivalve larvae and barnacle larvae were only found at 
night. All other groups were found day and night. Total dry weights 
were highest for December 23 (2.6728 g); high for October 9 (2.0110 g); 
January 7 (1.4900 g) and December 10 (1.366 g); and low for January 21 
(0.4497 g). These values correlate well with the total number of orga
nisms collected on each date. Patchiness between replicate tows was 
found especially for mysids (Dec. 23), calanoid copepods (Dec. 9, 10, 
and Oct. 9), and radiolaria (Oct. 9). All the latter patches were found 
inshore at night except the radiolaria which was offshore during the 
day. This patchiness causes great variance between tows. 

The composition of organisms found at Cabras-Piti Reef was similar 
to the previous surVeys of adjacent areas. Radiolarians, the diatom 
Coscinodiscus, siphonophores, and salps were only found at Cabras-Piti 
Reef and not in adjacent areas. These groups are commonly found off
shore. 

The significance of these findings in respect to the construction 
of an OTEC plant can only be speculative. This survey was only for 
surface plankton, whereas plankton at deeper depth would also be 
affected by the OTEC plant. The thermal nutrient rich waters processed 
by the plant may cause a change in the plankton community. Organisms 
more tolerant physiologically to temperature change may predominant. 
When temperature increases, metabolic activity will increase according 
to the van't Hoff principle (Swartzman and Adams, 1979) and favor 
smaller sized organisms. An increase in nutrients will increase the 
number of smaller sized plankton also. Survival of larvae depends on 
predation and the availability of food which is probably microcopepods. 
Larval fish seem to have a limit to the amount of feeding they can do 
above a certain density of microcopepods. Chaetognaths a known predator 
on fish may increase disproportionately when microcopepods numbers 
increase, whereas fish larvae could not feed above a certain density of 
microcopepods. Thus fish larvae would be at a disadvantage and chaetog
nath predation would limit the numbers of larvae (Clutter, 1969). 

32 



• 

Literature Cited 

Clutter, R. I. 1969. Plankton ecology. Univ. of Hawaii Water 
Resources Res. Center Tech. Dept. 31:267-323. 

Grovhoug, J. G. 1978. Piti power plant intake survey November 1977. 
Naval Ocean System Center, Hawaii Lab. Tech. Rept. 288. 58 p. 

Marsh, J. A., Jr., M. I. Chernin, and J. E. Doty. Power plants and the 
marine environment in Piti Bay and Piti Channel, Guam 1976-1977. 
Observations and general summary. Univ. Guam Mar. Lab. Tech. Rept. 
38. 93 p. 

Marsh, J. A., Jr., S. de Wilkins, D. E. Pendleton, and A. 
Kita1ong. 1980. Cabras Seawater Scrubber Project: 
Ecological studies progress report submitted to R.W. 
Associates. 102 p. 

Hi11mann
Phase II. 
Beck and 

Swartzman, G. L., and V. D. Adams. 1979. Simu1tating the effects of 
increased temperature to a plankton ecosystem. Center for 
quantitative Science. Univ. of Wash. Tech. Rept. 0974. 50 p. 

Tseng, W.-Y. 1971. A preliminary study of zooplankton in the waters of 
Guam. Univ. Guam Mar. Lab unpublished report. 

33 



w,' 
~ ... 

" ~ ", .... 

OROTE 

PH ILlPPIt£ SEA 

.m 
® 

/' 
- - - :.!8S'll " 

( -
.. - ....... . 

' .......... -... '" ", --, 

( 

f .- : 
.' 

,/ 
,/ .. 

,/ 
,/ " 

,~, 
LumtnaO ' . 

Rut 

./ 

,/ 

" , " 

CObras 

cI 
APRA HARBOR D 

~ 

(/ 

(j 

Figure l. The approximate locations of the plankton tows off Cabras-Piti Reef. I.egend: 
(A) = offshore, (B) - inshore. 

" -' --
/' ". 

,. .:-

I~ TI VI LLAG E. 



• 

Table 1 a. Mean counts with the 95% confidence interval and sample size 
for the ten most predominant plankton categories. The data 

were analy zed using a one-way ANOVA. Significance levels : 
NS <. 05, * 2.05, ** 2.01, *** 2.001. 

Table 1 b. Mean counts with the 95% confidence interval and sample size 
for the nine dates plankton were collected. 

Table 1a Table lb 

Copepods/Calanoid 8.97±0.78(3l) Dec. 9 6. 71±1. 29 (20) 
Shrimp Zoeae 6. 31±1.l3(31) Oct. 9 6. 41±1.l2 (30) 
Crab Zoeae 6.30±1.02(32) Mar. 5 5 .54±1. 22( 40) 
Fish Eggs "Round" 5.95±1.14(3l) Dec. 10 5 .49±1.06 (39) 
Ve1iger Caps ules 5.86±1.23(3l) Dec. 23 5.41±1.02(40) 
Fish Larvae 5.47±0.82(30) Feb. 5 4.99±1.10(20) 
Foraminifera* 4.5 7±O. 97 (31) Jan. 23 4.98±1.10(20) 
Larvacea* * 3.85±0.96(31) Feb. 19 4. 72±O. 99(40) 
Siphonophores 3. 24±0 .09 (30) Jan. 7 4. 62±O. 9 7( 40) 
Copepods/Harpacticoids 2 . 84±0. 77 (31) 

Source of Variation OF Mean Square OF Mean Square 
Be tween groups 9 99.95*** 8 14.79 NS 

Within groups 299 7.2351 300 9.81 

Table 2. The degrees of freedom (OF), the mean sums of squares, and 
the significance levels for eight predominant groups of plank
ton [calanoid and harpaticoid copepods , shrimp and crab 
zoeae, fish eggs and larvae, foraminifera (Orbulina universa) , 
larvacea (Oikopleura sp. A), and unidentified veliger cap
sules], the seven dates of completed eight tows (excluding 
Oct. 9 and Feb. 5), the day-night tows, and offshore inshore 
transects. The data were analyzed using a four way ANOVA . 

Source of Vaxl2t1on OF Mean Sguare 

Main effects 5 65.79*** 
Groups 7 121.34*** 
Day 6 14.43** 
Transect 1 2.91 
Day4light Tows 1 22.29* 

2-way Interactions 69 11.11*** 
Groups Day 42 8.51** 
Groups Transect 77 9.62 
Groups Day-Night Tows 7 25.84*** 
Day Transect 6 9.55 
Day Day-Night Tows 6 14.71*** 
Transect Day-Night Tows 1 2.44 

"x The Foraminifera group was represented by Orbulina universa. 
** The Larvacea group was represented by Oikopleura sp. A. 
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Table J. Quantitative checklist of plankton colJected off Londnao Reef. Nullbers in parentheses equal standard deviation. Location 
legend: IS - inshore, OS - offshore. 

-
Date: October 9 Location IS DS OS IS rS 0:- OS 

Taxa Sa~linl Number 1 4 5 7 8 l\) I L 

Ch rysophy ta 
Badlladophyceae (DiatoMS) 

Centrale" 
Coacinodi8cus ap. A 0.58 9.90 6.07 1.99(2.81) 4.75 

Protozoa 
Foraminifera 

OrbuUna Ull1vE'nta 0.19(0.27) 0.91(0.27) 0.38(0.28) 
Globigedna sp. B 0.49 

Radiolaria 
Species A 87.39 3.88(2.74) 

Cnidaria • 
Siphonophora 0.10 0.19 0.19 0.19(0 .27) 
Medusae 0.58(0.55) 0.29(0.14) 0.24(0.34) 0.19 .., 

'" Annelida 
Polycheate larvae 0.10 4.66(2.19) 5.05(2.20) 0.24(0.07) 

Arthropoda/Cros tace. 
Cladocera 

Evadne ap. A 
Ostracoda 6.12 1.65(0.14) 1.36(0.82) 1.16(0.40 

Unidentified ap. A 
Euconchoecia sp. A 
Conchoeet., sp. A 

Copcpoda/Calnnoida 3.49 3.98 3.06 95.84(12.62) 19.79(4.66) 119.21(0) 9.02 
OJthona 8p. A 0.97 
Olthon. !lip. a 0.10(0.14) 0.10(0.14) 
Untdcntt (ted flp. A 0.10(0.14) 



T.ble 3 Continued. 

Date: October 9 Location IS OS OS IS IS ns ,)5 

Ta .. Sa~lins Humber 1 4 5 7 8 10 II 

Copepoda/Harpactlcolda 
. ; Unidentified harpaticolds 0.24(0.21) 

Copepoda/Unfd~ntlf1ed Order sp. A 
Copepoda/Unidentified Order .p. B 0.39(0.27) 
Ci rripedia 

NauplU sp. A 0.78(0.27) 3.59(0.69) 0.10(0.03) 
Halacostraca 

Hysidacea ap. A 0.10 1.26(0.96) 1..5(0.69) 3.01( 1.92) 12 .n 
Mysidacea sp. B 0.39 1.84(0.69) 6.12(2.88) 9.12(1.23) 12.1 2 
Cumacea 8p. A 0.10(0.14) 
Isopoda sp. A 0.15 0.10(0.14) 0.10(0.14) 0.10(u) 
Amphipoda sp. A 0.48(0.69) 
Decapoda/Shrimp mysis sp. 0.19 0.58 13.87(5.88) 43.07(11 . 80) 4.03(2.13) 2.81 
Decapoda/Crab zoeae sp. 1.16 0.97 3.40 0.48(0.14) 29.52(15.65) 1.50(0.75) 0.97 
Decapoda/Crab megalop8 .p. 22.79(2.61) 17.85(7.28) 4.61(3.09) 2.01. • .., 

-.. 
Mollusca 

Gaa tropoda 
Gastropod veHger larvae 0.19 0.05 0.68(0.14) 0.29(0.14) 0.48 

Pteropoda 
CrC!sius 8cicula 0.58 0.10 0.48 0.29(0.14) 0.10(0) 
Unidentified &p. A 

Bivalvia 
Bivalve veltger larvae 

Unidentified veliger capsule. 6 . 12 14.56 3.30(2.19) 0.19(0) 3.21( 3.98) 2 . 81 

Echinode rm.'1ta 
Echlnoder. larvae 

Olaetngn,uha 
Sn~l.!.!! ~U~ 0,05 0.39(0) 0,10 

SasH ta iIIp. A 0.24 0.29(0.1") 0 ./' 



Table 3 Continued. 

Date: Octobe:r 9 Location IS es OS IS IS oS OS 

Taxa S8!!£l1na NUlllber 1 4 5 7 8 10 11 

Olordata 
Urochordat. 

Larvace:. 
Oikopleura sp. A 0.78 0.48 0.9 1 
Oikopleur8 sp. B 1.45(2.06) 0.2 tdO.2I) 
[IUUl.u.~' b..<tlH. 

Thaliace:a (Salpa) 
Salpa "p . A 0.19 0.97(0.14) 0.39(0.27) 0.0 ' (0.0 1) 

VeTtebrata 
Osteichthyes 

Fhh larvae 0 . 29 0.24 1.45(0.41) 0 . 39(0) 0. )'H O.2 1) G. HI 
Fish eggs "oval" 0 . 68 0.78 0.86 0 .97(0 . 55) 3. 9 )( 5.4 2) 
Fish egp IIround" 0.10 2.57 40.74(10 . 97) 0.58(0.55) 0 . 49 (0.70) O.ti d • 

Miscellaneous 0 . 39 D.5 d .., 
Individual/Cubic meter 106.41 34.18 18.43 193.41 132.7 155.44 ltO.1.'1 

'" Settled Vol. (all/cubic meter) 0.02 0.02 0.40 0.49 0 . 39 0.21 0.20 
Aliquots co .... t.d 1/8 1/8 1/4 1/16 1/16 1/16 1/16 1/8 lIB 1/8 
D<y weight (a) 0.0703 0.1096 1.4459 0.3153 



Table 3 Continued. 

Date: Oe:ceamer 9 Location 00 OS IS IS 

Taxa Sa!!!!lin& NuMber 1 2 4 5 

Olrysophyta 
84ci1larlophyceae (Dhtoms) 

Centrales 
Coacinodiac\lS sp. A 0 . 78(0.06) 0.07(0.01l 1.06(0 . 14) 

Protozoa 
Foraminifera 

OrbuHn" univeua 0.02(0) 
Globigertna sp. B 0.49(0.12) 0.01(0.01) 

Radiolaria 
Specie. A 

Cntd;uia 
Stphonophora 0.4)(0.0) 0.07(0.0) 0.64(0.6) 
Medusae 0.10(0.09) 0.19(0.08) • w 

'" Anneltda 
Polycheate larvae 0.04(.06) 1.06(0.68) 0.05(0.07) 

Arth rop oda/ Crus tacea 
Cladocera 

Evadne ap. A 0.0)(0.01) 
Ostracoda 0.19(0) 

Unidentified sp . Ii 
Euconc.hoec1a sp . A 
Conchoec1 a sp. A. 

Copepoda/Calanolda 
Unidentified species 8.29(2.87) 7.50(0.42) 105.72(10.)5) 14.90(11.88) 

Copepoda/Cylcopoida 
Oi thona sp. A 0.19(0 . 27) 
Olthon. sp. 8 0.10(0.14) 
Unidentified sp. A 0.48(0.14) 



Table 3 Continued. 

Date: De:cellbe r 9 Location OS OS IS IS 

Taxa Sa!!!l!lins Nud>er 1 2 4 ~L 

Copepoda/lla rpncticoi da 
Un!dentifled hl'lrpaticolds 0.25(0.21) 0.96(0.27) 

Copepoda/Unidentified Order ap. It. 0.12(0.06) 0.01(0) 0.19(0.27) 0.1" (0.14) 
Copepoda/UnidentiUed Order .p. B 0.10(0.14) 
Cl nlpedia 

Naup1il 3p. A 0.19(0) 
K.t1acostraca. 

Mys! dace •• p. It. 0.06(0.0) O. ' 6 (0.10) 
Mysidacea ap. B 
CUJlQcea sp. It. 0.02(0.01) 0.19(0.27) 
Isopoda sp. It. 
A~hlpoda sp. It. 0.01(0.01) 
Decapoda/Shrimp ~sls sp. 1.02(0.42) 0.13(0.04) 0.57(0.1) • Decapoda/Crab %oeae sp. 0.23(0.0) 1.17(1.17) 0.77(0.27) 0. 2> (0.21) 
Decapoda/Crab megalop. sp. 0.04(0.05) .,.. 

0 Mollusca 
Gastropoda 

Castropod veliger larvae 0.01(0.01) 
Pteroda 

erestus ac1cula 0.06(0.0) 
~1f1ed sp. It. 0.01(0.01) 

Bi v]avia 
Bivalve veliger larvae 

Unidentified veUger capsules 2.90 1.IS(0.22) 16.46(1.22) 4.47(0. ~2) 

EchlnoderlT\3to • 
Echlnoder. larvae 

o.a~tognatha 
Sad tt3 en! J ata 0.01(0.01) 0.58(0.27) 
Sagitta ap. A 0.19(0.20) 0.01(0.01) O.lO(O} 
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Table 3 ConUt\ued. 

Date: December 9 

Taxa 

0.0 rda.ta 
Urochordata 

Larvacea 
Oikopleura sp. A 
Oikopleura sp. 8 
If.! ~!Uuh ~Q.r .... U L 

Th31iacea (Salpa) 
Snlpa ap. A 

Vertebrate 
Osteichthyes 

fish larvae 
Fish eggs "oval" 
Fish eggs "ro~d" 

Location 

Sall'(ll1nR Number 

His cellaneous 
,rndivididuals/cubic meter 
SetUed Vol. (.l/cooic meter) 
Aliq uots counted 
Dry weight (g) 

os 

1 

0.15(0.21) 

2.44(0.29) 

0.04(0.06) 
0.0~(0.02) 
0.~2(0.07) 

17.9~ 

0.08 
1/4 1/8 
0.0874 

os 

2 

0.19(0.21) 

0.19(0.08) 

0.80(1.13) 
0.02(0) 
0.30(0.01) 

12.17 
0.06 
1/8 1/8 

IS 

4 

2.21(0.41) 
7.51(1.36) 

0.39(0.27) 
0.19(0.27) 
4.60(0 .02) 

144. 3~ 
0.18 
1/16 1/16 
.0~67 

-------
IS 

2-__________ . 

0. " (0 . 14) 

0. 11 (0.0 7) 

2. J " (O. ~ J) 

23. Ii 
0.1 2 
1/8 l I e 

• 



table 3 CNlt1nued. 

Date: December 10 l.oeaHon as as IS IS as as [5 [5 

Taxa Sa!!!!;lJ.ns Nuaber 1 2 4 5 7 8 10 II 

Ol rys ophy ta 
BacUlarlophyceae (Diatoms) 

Centrales 
Coa cinodis cue .p. A 0.05 1.35(0.33) 0.05(0.06) q . 19(0) 

Prototoa 
Fonalni fera 

Qrbulina uolyena 0.05(0.05) 5 . 09(1. 36) 5.10(0 . 41) 1.06(0.14) 
Cloblgerina sp. B 0.19(0.13) 

Radiolaria 
Species A 

Cnldaria • 
Slrbonophora 0.05(0 .07) 0 . 10(0 .1) 0 . 05(0.07) 

~ 
Medusae 0 . 09(0.13) 

N 
Annelida 

Polycheate larvae 0.01 0.13(0.19) 1.06(0.14) 0.38(0. 42) 

Arth ropoda Icrus taces 
Cladocera 

Evadne sp. A 0.19(0) 0.05(0) 
Os tracoda 1.02(0.39) 0.64(0) 

Unidentified ap. A 
Euconchoecia sp . A 0.04(0) 0.10(0.14) 9.82(5.17) 4.52( 2 .86) 
Conchoccia ap. A 

Copepodn/Calnno1da 
Un1dentified specfes 0.10 12.55(0.5) 7.62(1.17) 9 . 16(0.13) 7 . 70(2.)1) 'Il . St4(2.18) 125.84(8 .0) 

Cop~poda/Cylcopolda 
Ohhon,. .p. A 0.05(0.07) 0.54(1.0) 0.18(0.26) 0 . 10(0.14) 0.19(0 . 27) 
Olthona .p .• 



Table ) Continued. 

-- - - -
Date: December 10 Location OS 05 IS IS OS OS " IS 

taxa S8!!!J211nS Nun,er 1 2 4 5 7 8 LO II 

Unidertifled sp. A 
Copepo da/lla rpac tIcal da 

Unidentified harpnticoids 0.04(0.06) 0.09(0.13) 0.10(0.14) 0.19(0) 0.10(0.14) 
Copepoda/Unidentified Order sp. A 
Copepoda/Unldent1fl ed Order ap. B 
Chrlpedla 

NauplU sp. A 
Malacostraca 

Hysidacea 4p. A 0.23(0.20) 0.78(0.35) 
Hysidacea .p. 8 19.13(3.15) 7.85(0. 10) 13.01(J.9 5) )0.71(7 .50) 
Cuzaacea 8p. A 0.14(0.20) 
Isopoda ap. A 0.05(0.07) 0.02(0.03) 0.09(0.14) 0.10(0.14) 
Amphipoda sp. A 1.44(0.68) 3.37(0.68) 
Decapoda/Shrimp mysis sp. 0.04 0.23(0.07) 0.14(0.20) 8.69(0) 7.61(0.54) 12.71(1.)0) '.96(0.5 7) 
Decapoda/Crab ~oeae sp. 0.12 1.11(1.05) 0.36(0.44) 1.06(0 . !O) 

Decapoda/Crab megalopa .p. 0.34(0.07) 8.86(5.99) 6.45(0.68) 'I 
~ 
W 

Mollusca 
Gastropoda 

Gastropod veliger larvae 0.10(0.14) 1.44(0.68) 0.58(0) 
Pteropoda 

Cresius ac1.cula 0.05(0.06) 0.14(0.07) 0.19(0 . 27) 
Urrl:deOti'iwsp. A 0.14 0.05(0.06) 

Bivalvia 
Bivalve veliger larvae 0.05(0.07) o. ·~1(0.14) 

Unidentified veHger capaulu 0.78 2.05(1.05) 5.16(1.64) ).48(1.39) 14.77(3.55) 7.540.70) 5.10(0.41) 0.67(0.14) 

Echinodcnn.'1ta 
Echlnoder. larvae 0.05 0.19(0.26) 0.22(0.0) 0.48(0.4') 0.19(0) 



Table 3 Continued. 

Date} DeceJDbet' 10 Location OS OS IS IS OS OS IS [5 

Taxa Saq:.ling Hunmer 1 2 4 5 7 8 ~_.1L.._ . 1I 

Olaetognatha 
Sagitta enflata 0.05(0.07) 
Saa,itta ap. A 0.09(0.13) 0.14(0.07) 0.42(0.49) 0.99(0.59) 

Chordata 
Urochordata 

Larvacea 
Oikopleura sp. A 0.144 0.33(0.20) 1.72(0.33) 0.29(0.22) 0.14(0.07) 13.09(0) 4.65(0.81» 
Oikopleurs ep. 8 
f:ll.t1llAxlo borealfs 0.24 2.88(1.45) 0.06(0.92) 0.05(0.07) 

1baliacea (Salpa) 
Salpa 6p. A 0.024 0.49(0.53) 0 .09(0.52) 0.29(0.14) 

Vertebrata 
Osteichthyes .,. Fish larvae 0.012 0.18(0.13) 0.37(0.26) 0.29(0.14) 2. 40(0.14) 0.19 (0) ..,. 

Fish eggs "oval" 0.98(0.72) 1.26(0.33) 1. 20 (0.39) 0.72(0.34) 
Fish egl8 "romd" 0.012 0.51(0.33) 10.32(4.08) 1.81(0.98) 1.02(0.65) 10.29(0.97) 13.38(16.48) 

Miscellaneous 0.17(0.24) 
bIndividuals/cubic JDeter 17.34 11.44 31.68 15.15 57.37 39.64 127 . lo8 199.75 
Settled Vol. (JD1/cubic meter) 0.02 0.02 0.09 0.11 0.29 0.26 0.36 
AUquots counted ALL 1/8 1/8 1/8 1/8 1/4 1/4 1/16 1/16 1/8 1/8 1/ 16 1/32 1/16 J 116 
Dry weight (&> 0.0084 0.1226 0.3040 0.9)23 



Table 3 Continued. 

--.----
Date:. December 23 Location OS OS IS IS OS OS IS IS 

Taxa S<lmElins Number I 2 4 5 7 8 10 11 

OJ. rysophyta 
Bacillariophyceae (Diatoms) 

Centrales 
Cosc1nod1.eus ap. A 0.36(0.36) 0.67(0 . 22) 1.59(0.56) 3.70(0) 1.60(2.26) 0.14(0.20) 0.55(0 .07) 

Protozoa 
Foralllinifera 

Qrhyl!n, yntyersa 0.41(0.58) 0.10(0. I. ... ) 1.54(1.09) 
Globigerina' sp. B 0.15(0.07) 0.15(0.07) 2.00(5.66) 0.14(0.'0) 1.50(2.83) 

Radiolaria 
Species A 0.15(0.07) 4.98(7.05) )O.CI(O) 

Cnidaria 
Siphonophora 1. 86(0.15) 5.18(0.56) 1.86(0.88) 4.80(4.52) 0.74(0. :m 3.15(2.12) 0.19(0.27) 
Medusae 0.05(0.07) 0.05(0 .07) 0.80(1.13) 0.09(0.13) 0.19(0.27) ..,. • 

'" Annelida 
Polycheate larvae 0.21(0) 0.05(0.07) 1. 79(0.28) 5.98(2.04) 2.80(3.96) 0.09(0) 0.15(0.07) 1.92(0.54) 

Arthropoda/Crustacea 
Cladocera 

Evadne ap. A 0.41(0.15) 23.53(1.13) 3.07(2.63) 0.56(0.79) 0.85(0.71) 1. 54(0. 54) 
Ostracoda 12.lJ(3.54) 

Unidentified sp. It. 
Euconchoecia sp. A 0.10(0) 7.84(3.50) 28.40(17.54) 2.12(0.27) 
Conchoecia sp. A 0.05(0.07) 

Copepoda/Cal.noida 
Unidentified species 1.65(1.61) 4.64(1.75) 14.35(6.20) 280.01U1.38) 18.24(1.55) 23.25(6.58) 6.60(2.54) 46.58(1.63) 

Copepoda/Cylcopoida 
Dithona 8 p. A 0.60(0.28) 0.41(0.58) 0.05(0.07) 0.38(0) 
DithoRa sp. 8 0.60(0.28) 21. 88(7.59) 1.60(1.13) 0.05(0.07) 0.10(0) 2.50(1.36) 
Unidentified sp. It. 7.18(1.13) 



table 3 Continued. 

Date: December 23 Location OS OS IS IS OS OS IS IS 

Taxa Sam~l1nSi Number I 2 4 5 7 8 10 11 

Copepoda/Harpacticoida 
Unidentified harpaticolds 0.10(0) 7.38(0.28) 14.01(0.58) 0.05(0.07) 0 , ' 0 (0 ) 5. 20(2.99) 

Copepoda/Unidentified Order sp. A 0.10(0) 0.21(0) 2.39(0.56) 5 .98(0.87) 0.80(1. 13) 0.09(0) O. ?O(1.4J) 0.19(0.27) 
Copepoda/Unidentified Order sp. B 0.05(0 . 07) 0 . 05(0.07) 0.62(0.29) 0.20(0.14) 0.10(0) 
Cirripedia 

Naup111 sp. A 0.'9(0.27) 
Kalacoatraca 

Hysidacea sp. A 0.26(0.36) 0.40(0.57) o .OHO.(7) 1.5 /.(0 .54) 
Hysidacea ap. B 52.00(5.66) 5.11 (2.24) 122.24(1.36) 
CUlll8cea sp. A 

0 :05(0.07) 
0 .05(0.07) 0.19(0.27) 

leopoda &p. A 1.20(1. 70) 
All{lhtpoda sp. A 0.10(0) 1.15(0.54) 
Decapoda/Shrill1' 111)'918 sp. 1.9)(0.51) 0.40(0) 0.86(0) 4.09(0.28) 3.72(0.51) 0.75(0 ,71) 1I . 43 ( 8.'2) 
Deeapoda/Crab zoeae sp. 0.B2(0.B7) I.B6(4.24) 2.59(0.28) 0.41(0.58) 3 . 20(4.51) 0.42(0.59) 1.95(0.92) 1.54 ( 0.54) " 
Decapoda/Crab mega lops sp. 0.21(0.29) 3.20(4.53) 0.14(0.20) 1.35(1. 36) 

"" a-- Mollusca 
Castropoda 

Gastropod veliger larvae 0.05(0.07) 6.80(5.09) 0.37(0.26) 0.55(0.15) I. 73(1.91) 
Pteropoda 
~~ 1. 44 (0. 8B) 2.80(1. 70) 0.37(0.53) 
Unidentified sp. A 0.05(0.07) 0.U(0.07) 2.19(0.B5) 0.15(0.07) 0.38(0) 

Bivalvia 
Bivalve veltger larvae 1. 20(0.57) 0.05(0.07) 

Unidentified veliser capsules 3.91{3.64) 11.2B(4.30) 8.05(1.46) 62.B5(2.76) 5.58(2.'0) 32.0(8.48) 6.16(1.63) 

Echinoderaata 
Echinodena larvae 2.40{3.39) 

u..etognotha 
!!~~ 1.00(1.41) 2.27(0.88) 8.40(2.B3) 0 . 93(0) 0 .• 0(0) I. 35((l.82) 
Sagi tta sp. A 0.05(0.07) 6.18(3.10) 7.43(1.17) 3.20(2.26) 0.20(0,'4) 1.'5(1.6) 





Table l Continued. 

Date: January 7 Location OS OS IS IS OS OS IS IS 

Taxa Sampling ~wWer Jc _2 ____ i_ 5 7 6 ill 11 -- -------
a. rys ophy ta 

8acillariophyceae (Diatoms) 
Centrales 

Coscinodiscus sp. A 0.62(0) 0.36(0.21) 0.23(0.34) 

Protozoa 
Foraminifera 

Orbulina uni versa 0.11(0.09) 0.69(1.26) 0.47(0) 0.50(0.35) i.ll(O.J3) 1.41(0.66) 
Globigerina sp. B 0.40(0.04) 

Radiolaria 
Species A 9.41(3.33) 

Cnidaria 
Siphonophora 1. 33(0.46) 1.09(0.46) 1.35(0.91) 0.37(0.17) • 
Medusae 0.23(0.33) 

".. 
0> Annelida 

Polycheate larvae 0.39(0.06) 0.33(0) 0.06(0.06) D.70(1.0U) 0.35(0.50) 

Arthropoda/Crus tacea 
Cladocera 

Evadne sp. A 0.1l(0.I6) 
Ostracoda 

Unidentified sp. A 15.98(1.99) 6.70(2.98) 
Euconchoeda sp. A 
Conchoecia sp. A 

Copepoda/Cal :moid.'l 
Unidentified species 3.09(0.44) 5.1l(2.66) 4.73(0.67) 4.65(0.08) 10.58(1.50) 30.26(5.06) 41.15(24.28) 44.09(41.07) 

Copepoda/Cylcopolda 
ot thon:t sp. A 0.1l(0.1f,) 0.33(0.47) 0.21(0.))) 0.11(0.17) 
OUhonll sp. B 
Unidentified "po A 0.19(0) 0.05(0.08) 



Table 3 Continued. 

- - ----- -
Date: January 1 Location 00 OS IS IS OS OS IS IS 

Taxa Samelins NUDDer 1 2 4 5 7 8 10 II 

Copcpoda/Harpacticoida 
Unidentified harpatico1ds 0.17(0.08) 0.23(0.17) 0.59(0) 0.94(0.66) 0.)5(0.50) 

Copepoda/Unidentified Order 8p. A 0.2 )(0. 31) 
Copepoda/Unidentified Order 8p. B 0.03(0.04) 0.06(0.08) 0.37(0.17) 
Cirripedia 

NauplU sp. A 0.06(0.08) 
Malacostraca 

Hysidacea sp. A 2.00(0.47) 1.85(0.08) 7.17().66) ).70(1. 74) 11.74(['.65) 7.52(0) 
Hysidacea sp. B 0.44(0.63) 2.70(2.16) 9.6)(0.70) 'i8.6/~(2.3]) 79.72(1.33) 
Cum8cea 8p. A 0.06(0.09) 
Isopoda. Bp. A 
A~hipoda sp. A 0.12(0.17) 0.4 1(0) 1.41(0) 
Decapoda/Shrimp mysis sp. 2.20(0.1) 4.09(1.95) 0.78(0.16) 0.06(0.08) 5.76(1.8) 15.44(J.67) 0.0)(7.)1) 10.82(0) 
Decapoda/Cr3b zoeae sp. 5.16(0.)9) 1l.29().)3) 3.12(0.89) L 73(0. 87) 0.53(0.75) 2.72(1.05) 
Deca~o~a/Crab mega lops 8p. 0.09(0.04) 0.25 (0) 18.58(2.12) 21.40(10.97) 

• .... Mollusca 

'" Gastropoda 
Gastropod veliger larvae 0.11(0 . 16) 0.47(0.17) 

Pteropoda 
Crest us aci cula 0.06(0.08) 
Unidentified sp. A 0.06(0.08) 

Bivalvia 
Bivalve veliger larvae 0.2](0.))) 

Unidentified veUger capsules 7. 73(L 31) 2 . :'5(0) 0.72(0.39) 1.17(0.24) 4.0~(1. 70) 7.29{3.69) 

Echinodermata 
Echinoderll larvae 

Chaetognath" 
Sagitta enflata 0 . 29(0.08) 1).11\0.17) 
Sagitta sp. A 0.09(0.04) 0.06(0.08) 0.06(0.08) 0.74(0) 0.12(0.17) 



~ 

Table 3 Continued. 

Date: January 7 Location 

Taxa SampIinR Number 

Chordata 
Urochordata 

Larvacea 
Oikopleura sp. A 

Oikopleura sp. B 
1.I.ttl!ilrL~ 12.0l:.~~ 

Thaliacea (SaIpa) 
Salpa sp. A 

Vertebrate 
Os teichthyes 

Fish larvae 
Fish eggs "oval" 
Fish eggs tlroundtl 

His cellaneous 
HIndi viduals /cubic me ter 
Settled Vol. (mi/cubic meter) 
Alfquots counted 
Dry weight (g) 

os 

1 

0.06(0.09) 

0.31(0.17) 

0.25(0.28) 
0.12(0) 
0.62(0) 

46.12 
0.03 
1/4 1/4 
0.1513 

os 

2 

0.21(0.04) 

0.62(0.21) 
0.23(0.17) 

25.23 
0.07 
1/4 1/4 

IS 

4 

0.11(0.09) 

0.06(0.08) 

0.44(0.16) 
0.11(0) 
0.95(0.24) 

14.12 
0.03 
1/8 1/8 
0.0121 

IS 

5 

0.02(0) 
0.06(0.08) 

0.06(0.08) 
0.02(0) 
0.38(3.14) 

11. 15 
0.14 
1/8 1/8 

OS 

7 

0.12(0.17) 

0.12(0) 

0.41(0.42) 
0.41(0.08) 

0.29(0.25) 
51.03 
0.18 
1/8 1/8 
0.2424 

OS 

8 

0.25(0.35) 

0.25(0) 

0.59(0) 
0.12(0.11) 

12.99 
0.31 
1/16 1/16 

IS 

10 

0.70(1.00) 

0.47(0) 

1.17(0.33) 

166.62 
0.37 
1/32 1/)2 
1.0l42 

IS 

11 

I. 5 3(0 .11) 

171.41 
0.44 
1/ 16 1/16 

• 



Table ) Continued. 

Date: January 22 Location OS OS IS IS OS OS IS 15 

Taxa Sampling Number ~ ~ ~ I 7 9 12- II 

Olry8ophyta 
8acillariophyceae (Diatoms) 

Centrales 
Coscinodiscus I!Ip. A 0.62(0) 0.39(0.19) 0.62(0.87) 0.26(0.07) 0.12(0.17) 

'rotozoa 
Forarllinifera 

Orbulina unive!!A 1 . 39(1.10) 0.03(0.0~) 0 . 80(0.44) 1.\'0(0 . 2) 6 . 92(0.70) 
Globigerina sp. B 0.31(0.26) 0.37(0.07) . 0.68(0.61) 0.49(0.12) 0 . 72(0) 

Radiolaria 
Species A 

Cnidaria 
Siphonophora '0.17(0.08) 0.34(0.26) 0.06(0.09) 0.40(0.31) 0.68(0.26) 11.25(0) 

'" 
Medusae 0.11(0) 0.21 (0.17) O. J6(0 . 1 1 ~ ,... 

Annelida 
Polycheate larvae 0.06(0.08) 0.21(0. )1) 

Arthropoda/Crus tacea 
Cladocera 

Evadne ap. A 
Ostracoda 

Unidentified ap. A I. '18(0) 0.2)(0) 
Eucoltchoecl a ap. A 
Conchoeda 5(1. A 0.06(0.09) 0 , 12(0.17) 

Copepoda/CalnnoJda 
Unickont1fled species 0.22(0.16) 0.31(0.22) 6.49(1.66) 19.32(3.16) 3.94(2.24) 1.69(0.31) "8.)7(6.12) 31. 79(6.12) 

Copt'rod .. /Cyl cnpnlda 
Oithon .. III". A 0.0)(0 . 07) O. J2(O.17) 
Of thon3 flp. B 0.05(0.07) 
Unidentified .p. A 0.11(0.08) 



Table 3 Continued. 

Date: January 22 Locat Ion OS OS IS IS OS OS IS IS 

Taxa Sa!!El1n& Number 1 2 4 S 7 9 10 11 

Copepo da/H arpae t 1 eo i do 
Unidentified harpaticoids 0.03(0.04) 0.62(0 . 17) 0.12(0.17) I. 36(0. 87l 

Copepoda/1.kIidentified Order sp. A 0.06(0.08) 0.12(0.11) 0.74(0) 
Copepoda/Unidentified Order sp. B 
CirripedLa 

NauplU sp. A 
Halacos t rae. 

Hysidacea lip. A 0.03(0.04) 
Hysidacea sp. B 0.S6(0.26) 
CUIMcea sp. A 0.06(0.09) 
Isopoda sp. A 0.10(0.IS) 0.03(0.04) 0.12(0.17) o. "(0.11) 
A~hipoda sp. A 0.17(0 . 24) 0.03(0.04) 0.03(0.04) 0.62(0.11) 2.88(0.34) 
Decapoda/Shri~ "'Yah sp. 0.21(0.07) 0.10(0) IO.l7(LOS) 9.77(L57l l].20(O.52) IS.19(4.02) 
Decapoda/Crab zoeae sp. 0.7)(0.08) 0.18(0.11) 0.25(0) 6.30(0.15) S. 73(2 . 41) 8.10(5.34) 2.9(1(0) 2.40(0.34) • J)ecapoda/Crab megalopa ap. 0.U(0.16) 0.12(0.17) 0.59(0.44) 0.62(0.35) 2.35(0.52) LS6(1. 314) 

VI Kallusca 
N Gastropoda 

Gastropod veUger larvae 0.62(0.S2) 0.72(1.02) 
Pteropoda 

Cresius adcula O.OS(O.07) 0.12 (0 .17) 
~tified sp. A 

Bivalvia 
Bivalve veUser larvae 

Unidentified vel1ger capsules 3.90(1.42) 0.95(0.46) 0.52(0) l.BO(1.67) I. 85(0. 8)) O. 96( I. 36) 

Echinoderm ta 
Echinodena lervae 0.08(0.11) 

Olaetognath.1 
~~~!l!!. t'nrl~ 
S.1~ltu sr. A 



Table 3 Continued. 

Date': January 22 Location OS OS IS IS OS OS IS IS 

T.,.. Sa!!!Eling I-{umber 1 2 4 ~ 7 9 10 Jl 

OlOrdata 
UorchordaU 

Larvacea 
Oikopleura sp. A 0.06(0 . 08) 0.26(0.07) 0.37(0.17) 2. 84 (0.S2) 1. 21(0. 71) 
Oikopleura sp. B 0.19(0.09) 1.00(1.06) 
Fritillaria ~ 0.28(0.08) 0.47(0.30) 0.21(0.30) 

Thaliacea (Salpa) 
Salpa sp. ~ O.89(O.I~) 3.94 (0.48) 2.~4(0.61) 

Vertebrata 
Os teichthyes 

Fish larvae 0.06(0.08) 0.079(0.04) 0.19(0.09) 0.10(0) 1. 39(0.13) 1.0S(0 •• I) 4.tI:2(U .I7) 6.42(0) 
Fish eggs lIoval" 6 .18( 1. 6~) 0.40(0.03) 0.06(0.09) 0.31(0 . 08) 0.19(0.26) 
Fish eggs "round" 4.96(2.44) 6. 71(0 .~2) 0.62(0.87) 0.47(0.07) 0.62(0.17) 0.37(0.52) l.bl(O.17) 3.83(0.71) 

V> Miscellaneous 0.06(0.08) 0.12(0.17) • 
..... #Individuals/cubic meter 40.92 11.00 11.16 28.16 29.63 30. 8~ 87. -4 ) 78.J~ 

Settled Vol. (ai/cubic: meter) 0.03 0 . 02 0.08 0.13 0.31 0.1~ 0.31 O. I~ 
Al1quots COWlted 1/4 1/4 1/4 1/4 1/8 1/8 1/8 1/8 1/4 1/4 1/8 1/8 1/16 1/16 1/16 1116 
Dry veight (g) 0.0496 0.0373 0.2232 0.1896 



Table 3 Continued. 

Date: February 5 Location OS OS IS 

Taxa Sampling Number 1 2 4 

Chrysophyta 
Bacillariophyceae (Diatoms) 

Centrales 
Cos cinodiscus sp. A 

Protozoa 
Foraminifera 

Orbulina Wli versa 0.51(0.24) 0.39(0.24) 0.17(0.08) 
Globigerina sp. B 0.51(0.24) 5. )J().62) 

Radiolaria 
Species A 

Cnidaria 
Siphonophora 0.28(0.24) 0.46(0.48) O.OJ(O) • Medusae 

en Annelida 
<>- Polycheate larvae 

Arth ropoda/ Crus tacea 
Cladocera 

Evadne sp. A 
Ostracoda 

Unidenti fied sp. A 
Euconchoecia sp. A 
Conchoecia sp. A 

Copepoda/Calanoida 
Unidentified species 0.51(0.24) 0.40(0.08) 1. JO(0.08) 

Copepoda/Cylcopoida 
Dithona sp. A 
Dithona sp. 8 



V> 
V> 

Table 3 Continued. 

Date: February S Location 

Taxa Samplina Number 

Unidentified sp. A 
Copepoda/lla rpactf colda 

Unidentified harpaticoids 
Copepoda/Unidentified Order sp. A 
Copepoda/Unidentified Order sp. I 
Cirripedia 

NaupUi sp. A 
Malacostraca 

MYsldacea sp. A 
MYsldacea sp. B 
Cuaacea sp. A 
lsopoda sp. A 
Amphlpoda sp. A 
Decapoda/Shrimp mysis sp. 
Decapoda/Crab zoeae sp. 
Decapoda/Cr.ab .eBalops sp. 

Mollusca 
Gastropoda 

Gastropod veliger larvae 
Pteropoda 

Cresius ac1cula 
~1fied sp. A 

Bi valvia 
Bivalve vel1ger larvae 

Unidentified veliler capsules 

Echinodl!t"lnata 
EcM nodenn larvae 

Olaetognatha 
~fj1tta Cnflnta 
Sag! tta sp. A 

OS 

1 

0.06(0.08) 

0.)4(0.16) 
25.65(6.71) 
0.06(0.08) 

0.06(0.08) 
1. )0(0.56) 

os 

2 

0.11(0.16) 

0.40(0) 
20.85(1.20) 

1.24(0.32) 

IS 

4 ------- ----

0.0)(0.04) 

0.06(0) • 



.." 

'" 

Table 3 Continued. 

Date: February S 

Taxa 

Chordilta 
Urochorda ta 

Larvilcea 

Location 

Sant>linR Number 

Oikopleura sp. A 
Oikopleura sp. B 
ftl.Hllarl! borealis 

Thaliacea (Sa Ips) 
Salpa sp. "

Vertebrata 
Os t ei chthyes 

Fish larvae 
Fish eggs "oval" 
Fish eggs "rolAld" 

Hiscellaneo\JS 
IIndlviduals/cubic neter 
Settled Vol. (mIl cubic meter) 
Al1qUOt8 counted 

os 

1 

0.13(0.72) 

0.28(0.08) 
0.19(0) 
0.11(0.16) 

30.06 
0.01 
1/8 1/8 

os IS 

2 4 - --------

0.8S(O.24) 

0.23(0) 0.0)(0.04 ) 
0.OS6(0) 0.68(0. 1") 
o .OS6(0) o .2S(O.H) 

• 
30.112 2.58 
0.01 0.0) 
1/8 1/8 1/8 1/8 



Table 3 Continued. 
_._ --

Date: February 19 Location OS OS IS IS OS OS IS (S 

Taxa Sampl1nR Nunber I 2 4 5 7 8 I!! j] 

Clrysophyta 
Bacillariophyceae (Diatoms) 

Centralea 
Coadnodiacus ap. A 0 . 96(0.10) 0.05(0 . 07) 0.16(0.22) 0 . 84(0. )(1 ) 0.05(0 .07) 

Protoz.oa 
Forarnlnifera 

Orbulina universa 3.02(0.28) 1. l b ( lI . J I ) 7.0)( I. 9) 
Globigerina sp . 8 2.89(0. )7) 2.15 (0 . 87) 4.15(0.82) 7.78(4. )1.) O. 'b (O.lJ) 2.99(0 .52 ) 

Radiolaria 
Species A 7. 88 1.86(0.87) 0.10(0 . 15) 

Cnidaria 
Siphonophora 0.01 0.10(0.15) 0.05(0 . 07) 0.05(0.07) 0.26(0.22) 
.~edU8ae 0.05(0.07) 0.05(0.07) ... 0 .0;(0.13) 0.10(0) • .... 

Annelida 
Polycheate larvae 0.16(0.07) O.~ "(U.IJ) 0.10(0) 

Arthropoda/Crustacea 
Cladocera 

Evadne 8p. A 0.08 0.05(0.07) 0 .05(0.07) 
Ostracoda 

Unidentified sp. A 
Euconchoecia ap . A 0.58(0.07) 0.16(0 . 22) J . 2 1(0.92) 1.05(0. )0) 
Conchoecia sp. A 0.)7(0.22) 0 . 21(0.15) 

Copepoda/Calanolda 
Unidentified species 1.04 0.51 13.07(5.27) 6.88(1.86) 12.30(1.19) 9.45(2.38) 4.6>(0.5) 11.81(1. j]) 

Copepoda/Cylcopoida 
Dithona 8p. A 0.02(0.0) 1.21(0.71) 0 . 05(0.07) ().O~(O.lJ) 

Dithona sp. B 1.21(0.07) 
Unidentified .p. A 



Table 3 Continued. 
. __ ._._. 

Date: February 19 Location OS OS IS IS OS OS IS IS 

Taxa Sa~llna Nunber 1 2 4 5 7 8 JO 11 

Copepoda/lla rpac ti co! da 
Unidentified harpaticoids 0.10 0.02(0.03) 0 . 16(0.22) 1.2L(O. 5l) o. :n:l(u.l)) 0.10(0.15) 

Copepoda/Unidentified Or-der sp. A . 0.01 0 . 05(0.07) 0.10(0.15) 0.28(" . 13) 0.05(0 . 07) 
Copepoda/Uniden~ified Order sp. B o. J9(O) 
Cirrtpedia 

NaupUi sp. A 0.05(0.07) 
Malacostraca 

Mysidaeea .p. A 1.16(1.04) 1.6tHu) 1. 26(0) 
Hysidacea sp. B 0.16(0.22) 0.16(0.22) 1.76(0. 'J9) 4.25(0.96) 
Cumaeea ap. A 0.02(0.03) 0.10(0) 
Isopoda Gp. A 0.05(0.07) O.O~(O.I J) I. 99(0) 
AttIphipoda sp. A 0 . 74(0.26) 
Decapoda/Shrimp mysis sp. 0.39 0.26(0.37) 0 . 16(0.22) 3. 26( 1.04) 3.52(0.52) iI. 1!(5 .67) 5.72(4.53) 
Deeapoda/Crab zoeae sp. 0.13 0.53(0) 2.26(0.52) 14.46(16.73) 14.87(1l.82) J. 7]( LOS) 2.31(0) • Decapoda/Crab _galops sp. 0.03 0.10(0) 0.05(0.07) 0.28(fl.l3) 0.47(0.22) 

'" Mollusca 

"" Gastropoda 
Gastropod veliger larvae 0.01 0.05(0.07) 0.10(0.15) 0.05(0.07) 0.05(0.07) 0.05(0.07) 0.52(0.15) 

Pteropoda 
~ .dc:ula 0.05(0.07) 0.05(0.07) 0.1/<)(0.13) 
Unidentified sp. A 0.05(0.07) 0.05(0.07) 

Bivalvia 
Bivalve veUger larvae 

Unidentified valiger capsules 3.00 4.03(1.29) 1.68(0.89) 2.68(0.22) 0.63(0) 

Echinoderlll3ta 
Echinoderlll hrvae 0.05(0.07) 

a,.etognlHha 
~I_tt.!! .!!~!Inr" 0.111(0) 2.62(0.07) 0.2(.(0.0]) O. lt. ( ll.n ) 

~B.!!.!.~ "p. A 0.31(0. n) 0.)] (0) 0,"" «(l) 



Table 3 Continued. 

Date: February 19 Location as as IS IS as as IS IS 

Ta)C4 Sam[!l1ns Number 1 2 4 5 7 8 10 II 

Olordota 
Urochorda:ta 

Larvacea 
Oikopleura sp. A 0.10(0.15) 0.58(0.71) 0.31(0.15) 1.00(0.UJ) O. \ 'J (0 ) 0.10(0) 
Oikopleura sp. B 
Fritillada borealis 0.21 0.30(0) 0.10(0.15) 0.42(0.15) 

thdiacea (S81p8) 
Salp8 sp. It 0.01 0.53(0.45) 1.47(0 . )9) 

Vertebrata 
Osteichthyes 

Fish larvae 0.12 0.05(0.07) 1.16(0.15) 2.41(0.30) 1.0S(5.66) 3. 68(0 . 12) 5< • • :;( J .0 ) 9.20 (0. )7) 
Fish eggs "oval" 0.12(0.11) 0.10(0.15) 1. 26 0.74(0) O.B,(n .'~CJ ) n. I '} (I ) 0.42(0.IS) 
Fish eggs '"round" 0.14 0.12(0.11) 3.13(0.11) 6.88(0.67) 0.10(0.IS) 14. 5U( I. Il) 3S.))(['26) 

Hlscellaneous 0.02(0.03) 0.05(0.01) 0.1l (0.15) • 
V> 'Individuals/cubic meter 13.16 12.20 26.32 2S.25 40.20 '9.0' AJ , l ,U ••. )1 

'" Settled Vol. (ml/cubic meter) 0.02 0.01 0.10 0,01 O. J3 0.13 0, I i 
Aliquots counted ALL 1/4 1/4 1/8 1/8 1/8 1/8 1/8 1/8 1/8 I/O l/l {, 1/16 1/8 1/8 
Dry weiaht (g) 1.9374 1.9552 1.8694 2.2lHJ 



Table 3 Continued. 

----------
Date: Karch l Location OS OS IS IS OS OS IS IS 

Taxa Sa_211nl Nulllber 1 2 4 5 7 8 10 11 

Chrysophyta 
Bacillariophyceae (Diatoms) 

Centrales 
Coacinodiscus sp. A 0.06(0.08) 0.11(0) 0.11(0.16) 0. 22 (0.J2) 

Protozoa 
Foram.lni fen 

Orbulina uniyersa 1.13(0.16) 0.34(0.16) 1.69(0.64) 2.250.27) 2.42(0.08) 25.<>(14.02) 16.00(J.53) 
Globigerina ap. B 1.13(0.16) 0.22(0) 

Radiolaria 
Species A 

Cnid.ria 
056(0.16) • Slphonophora 1.24(0.32) 1.58(0.32) 2.14(0.16) O.13(U.4U) 

Heduaae 0.28(0.08) 0.11(0.16) 0.22(0.32) 
a-
0 Annelida 

Polycheate larvae 0.28(0.08) 0.79(0.16) 0.06(0.08 0. ,',5(0.59) 

Arth ropoda /Crus taces 
Cladocera 

Evadne ap. A 
Ottrilcoda 

Unidentified ap. A 0.06(0.08) 0.11(0) 4.84(2.08) 
Euconchoec1a sp. A 
Conchoeda ap . A 

Copepoda/Calanoida 
Unidentified speciea 1.41(0.72) 18.81(0.88) 21.24(1.83) 23.33(9.72) 8.51(5.18) 15.11(0.64) 36.08(3.19) 

Copepoda/CylcopOida 
01 thana sp. A 0.34(0.16) 0.56(0.79) 0.11(0.16) 0.11(0.16) 
Oithona sp. B 0.11(0.16) 0.06(0.08) 0.11(0) 
Unidentified sp. A 0.057(0.08) 2.43(0.56) 



Table 3 Continued. 

Date: Karch 3 Location OS OS IS IS OS OS IS IS 

Ta .. Sa!!EllnB Number 1 2 4 5 8 !.!J .L. 1\ 

Copepoda/ha~pacticoida 

Unidentified harpaticoids 0.06(0.08) 3.10(0.40) 0.34(0.16) 0.17(0.U8) O. 'JU((l) 1.1)(1.60) 
Copepoda/Unidentified O~dcr sp. A 0.17(0.09) (J • • ~ 2(11. 12) 0.11(0) 
Copepoda/Unidentified Order sp . B 
Cirripedla 

NauplU .p. A 0.22(0) 
Kalaeos traea 

Hysidaeea 8p. A 4.12(0.08) J ) . / ) ( b . n fi) 17 .D( 1).41) 
Hysldaeea sp. 8 0.06(0.118) 9. ~HO.I)J) 44.96(25.7) 
Cumaeea sp. A 
Isopoda s p. A 
Amphipoda sp. A 0.06(0.08) 0.45(0.32) 0.39(0.16) 5.811(0. f'ilo) 3.27(2.19) 
Decapoda/Shrimp mysts sp. 1.47(0.64) 0.11(0) 36.79(16.10) 14.60(2.)1) 37 .20 (6. J6 44.61(12.11) 
Decapoda/Cr.ab zoeae sp. 1.64(0.56) 1. 75(0.08) 3.]8(0.64) 9.67(3.18) 3.18(1.11) l O2.9(1.90) 113.51(86.28) 
Decapod./Crab !legalopa ap. 0.22(0) 0.06(0.08) 0.&8(0 . 12) 0.34(0.48) 

'" • .... Mollusca 
Gastropoda 

Gastropod veltger larvae 0.62(0.56) 0.68(0.32) 0.22(0) 6.31(1).64) 8.78(2.22) 
Pteropoda 
~aJ..ua~ 0.06(0.08) 0.11(0) 0.34(0.16) 
Unidentified sp. A 0 . 11 (0) o. Hen.l6) 

Bivalvia 
Bivalve velige~ Inrvae O.06(O.()S) 0.45(0.64) 

Unidentified vellger capsulea 1.02(0.96) 0.28(0.40) 0.06(0.08) I. 12(1.59) 

Echinoder," llta 
Echinoder. larval:! 0.06(0.08) 

Chaetngn.1.thll 

~gHJ!!. Wrl~t.!. 1.24(0.80) 0.)/,(0.16) 2.11 un. 12) ). )11(1,. ]R) 

Sagi He IIp. A 0.06(0.08) 0.11(0.24) 2.82(0.16) 1. J';( 1.41) 1.1 lCD. "l? ) 2.0)(2:.fl7) 



'" '" 

Table J Continued. 

Date: Karch 3 Location os os 

Taxa Saapl!nR Number 1 2 

OIordata 
Uorchordata 

l.arvacea 
Oikopleura sp. A 
Oikop1eura sp. B 
Fr1ttlbria borealis 

Thaliacea (Salpa) 
Salpa .p. A 

Vertebrata . 
Osteichthyes 

Fish larvae 
Fiah esss "ovall! 
Fish esp .trowd" 

Miscellaneous 
'Individuals/cubic ~ter 
Settled Vol. (ml/ct:bic meter) 
Aliquot. counted 

0.68(0.48) 

0.28(0.08) 0.06(0.08) 

0.23(0) 
1.81(0.64) 

0.17(0.24) 
11.11 
0.07 
1/8 1/8 

0.56(0.16) 
1.02(0.32) 

6.72 
0.14 
1/8 1/8 

IS 

4 

3.39(0) 

4.24(0.40) 

0.11(0.16) 
34.45 
0.14 
1/8 1/8 

IS OS OS IS IS 

5 7 8 10 II 

0.56(0.79) 

0.39(0.56) 3.49(1.11) 0.79(0.48) 16.23(2 .55) 8.77(12.41) 

3.27(0.48) 
0.11(0) 

10.42(1.19) 

44.51 
0.21 
1/8 1/8 

1.01(0.16) 0.99(0.68) 0.U(0.J2) 

0.45(0.32) 
1.58(0.96) 

65. 72(]5.86) 

0.11(0.16) 
154.30 

0.35 
1/16 1/16 

0.67(0.32) 
0.84(0.2') 

22.55(1.15) 

0.06(0.08) 
69.26 
0.42 
1/8 I/B 

4. ' 8(1.59) 

25.' 3eJ . 51) 

20.28(14.05) 

nO.40 
0.50 
IIJ2 

11.44(7.9 1.) 

465.7' 
0.49 

1/32 1132 1/16 

• 
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CORALS 

by 

Ri~hard H. Randall 

Introduction 

Reef-building scleractinian, octocorallian, and hydrozoan corals 
are sessile invertebrates with potentially long life spans and distribu
tion patterns that depend upon the particular environmental setting 
found from one habitat to another. Their stony calcium carbonate skele
tons are major contributors to both in situ framework and detrital reef 
development in the shoal-water environments around Guam. Characteristic 
coral communities develop in response to the variable environmental 
conditions found from one habitat to another, ranging from conditions 
completely unfavorable for corals to optimum conditions where corals are 
the dominant organisms in the community. Corals are sensitive to many 
environmental variables; particularly suspended materials in the water 
column, sediment accumulation on the substrate upon which they grow, 
water currents, sea water dilution from surface drainage and groundwater 
discharge, temperature fluctuations, emersion on shallow platforms 
during low tides, and various forms of pollution from toxic substances 
and thermal, storm drain, and sewage discharges. Because of their sen
sitivity to such factors, corals can be useful as indicator organisms 
which reflect the quality of the environment. Assessment of the present 
coral communities on the Cabras-Piti-Luminao Reef systems will establish 
baseline data from which changes in the quality of the reef environment 
can be determined or predicted. This data will be useful in establish
ing sound planning practices and management of these reef areas in 
relation to future OTEC development. 

The principal objectives of this part of the study are to determine 
the distribution and community structure of corals within the study area 
described in the "Description of the Study Area" section. 

Methods 

Coral communities were analyzed along transects by using the 
point-centered or point-quarter technique of Cottam et al. (1953). 
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Transects A-J were established by placing a plastic surveyors tape along 
the reef surface at the locations shown in Figure 2 of the "Description 
of the Study Area" (p. :!.4 ) . These transect locations are the same as 
those from which the vertical profile sections in the "Description of 
the Study Area" were constructed (Figs. 3-A - 3-J, pp. 15-18). Points 
were established at 2.5 meter intervals along the transect line. A line 
bisecting the sample point at right angles to the transect line exta
bl isheci four quaarants arouna the poine. rne coral nearest che sampi c 
point in each quadrant was located and the specific name, diameter of 
the colony (or maximum width and length measurements), and the distance 
from the center of the colony to the sample point was recorded. 

From the above point-quarter data the following calculations were 
used to estimate community structure of the corals: 

unit area Total density of all species = ,-------~~~~~~~~~----~
(mean point-to colony distance) 

Relative density = individuals of a species X 100 
total individuals of all species 

relative density of a species 
Density - 100 x total density of all 

species 

total density of all species X average 
Total percent coverage - coverage value for all species 

Percent coverage = density of a species X average coverage value 
for the species 

Relative percent coverage = percent coverage for a species 
total coverage for all species X 100 

Frequency = number of points at which a species occurs 
total number of points 

Importance value 
relative frequency + relative density + relative 

= percent coverage 

Colony size distribution data (n = number of data, Y • arithmetic 
mean, s ~ standard deviation, and w = size range) were also calculated 
from the pOint-quarter data. 

The coral species encountered during the point-quarter analysis 
indicate the predominate and common species along the transects. The 
presence of uncommon and rare species, not encountered during the point
quarter analysis, were determined for each transect by making ten-minute 
snorkel observations along each side of the transect line for each 100 
meters of transect length. An overall list of species is compiled for 
each transect by combining those encountered during the point-quarter 
analysis and those from snorkel observations in Table 1. Quantitative 
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data of the predominate and common species encountered from the point
quarter analysis are presented in Table 2. Table 3 shows the number of 
species found within the zones of each transect. 

Vertical profile sections along each transect, shown in Figures 
3-A - 3-J in the "Description of the Study Area" section, indicate t!le 
zones discriminated, water depth, sediment distribution, and the rela
c~ve abundance or corals along the t=ansec~s. 

Results and Discussion 

Zonation 

One of the most noticeable aspects of the coral communities studied 
on the Cabras-Luminao-Piti Reefs is their unequal distribution along the 
transects from the shoreline to lower reef front slope. Some reef areas 
are without corals at all, while other areas support communities ranging 
from a few widely scattered colonies and species to regions where the 
surface is dominated by a relatively rich diversity of species. 
Although less noticeable, considerable community variation also occurs 
along the reef axis parallel to the shoreline. Because of this varia
tion in coral distribution it was necessary to divide the reef into a 
number of zones in order to make a realistic quantitative assessment of 
the coral community. While collecting data and making observations 
along the transects it was quite obvious that distinctive coral communi
ties were associated with the same physiographic reef zonation distinc
tions described earlier in the "Description of the Study Area" section. 
Lateral variation in the coral community along the reefs, as well as the 
long length of the study area, necessitated the establishment of ten 
transect areas as shown in Figure 2 (p. 14). Transects A, C, H, I, and 
J were considered primary study areas in which the coral communities 
were analyzed from the shoreline or edge of the breakwater (Tepungan 
Channel at Transect J) to five meters depth on the reef front slope. 
Transects B, D, E, F, and G were considered secondary study areas in 
which the coral communities were analyzed on the reef platform zones 
(inner and outer moat and pavement zones along Luminao Barrier Reef, and 
pavement and reef margin zones along Cabras Island). 

Coral Distribution 

A combined total of 160 species of corals representing 45 genera 
were recorded from the transects along the Luminao-Cabras-Piti Reefs 
(Table 1). Considerable variation occurred in species richness, size 
distribution, frequency of occurrence, density, and percentage of sub
strate coverage between the three reef areas (Luminao, Cabras, and Piti 
Reefs), between most transects within a reef area, and among the various 
zones discriminated along the length of each transect (Tables 1-3). 
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Much of the regional variation found in the community structure of 
corals on the reef platform zones is attributable to the fact that dif
ferent parts of the platform are exposed during low spring tides. 
Corals are unable to survive long periods of emergence, particularly 
when low spring tides coincide with the drying effects of the mid-day 
sun, and are thus restricted to parts of the reef platforms that retain 
water during such time. Low tide exposure accounts for the few species 
and general low aensity and percentage o f substrate coverage recorded 
for the reef platform pavement zones along the Luminao-Cabras-Piti Reef 
system. The few species of corals that were recorded (Tables 1-2) on 
these periodically exposed pavement zones were confined to small 
scattered holes that retain some water during low tides. In contrast 
species richness, and particularly the percentage of substrate coverage, 
greatly increases in the inner and outer moat zones of Luminao and Piti 
Reefs that retain water during low spring tides. Species richness and 
percentage of substrate coverage in the moat zones of Transects A, B, 
and C on the Luminao Barrier Reef are higher than for any other reef 
platform studied on Guam. Percentage of substrate coverage in the outer 
moat zone of Piti Reef was also quite high, but species richness was 
considerably lower than that of comparable zones on the Luminao reef 
platform. At Transects D and E on Luminao Reef the general elevation of 
the reef platform is slightly higher than that at Transects A, B, and C, 
resulting in reduced water depth in the moat zones during low spring 
tides and a corresponding reduction in species abundance and percentage 
of substrate coverage (Tables 1-3). Although emergence is generally not 
an important factor in the outer part of the reef margin zone because of 
wave wash, corals in the inner part of the zone are periodically sub
jected to exposure, particularly if calms accompany low spring tides and 
waves fail to wash over the surface. Along Cabras Island the reef plat
form appears to be slightly elevated and has less surge channel develop
ment, resulting in greater surface exposure when calms accompany low 
spring tides and a corresponding reduction in species richness, coral 
density, and percentage of substrate coverage (Tables 1-3). In contrast 
there is a marked increase in most of these parameters in the reef 
margin zones along Luminao and Piti Reefs. In general the shallow reef 
platform corals are restricted in their upward growth to few centimers 
above or below the mean low tide water level, and upon reaching this 
height can then grow only horizontally. Such growth restrictions 
explains the presence of the many flat-topped corals of massive or 
compact branching forms called microatolls and the truncated thickets of 
arborescent growth forms in the shallower moat zones of the reef 
platforms. 

Substrate composition is another important factor that influences 
community structure of corals across the reef platforms. Most corals 
require a hard rocky surface or relatively stable unconsolidated sub
strate to settle upon and successfully grow. Although strong currents 
keep the narrow Cabras reef platforms swept nearly free of sediment and 
the outer parts of the Luminao and Piti reef platforms relatively free, 
the inner zones at places accumulate a thin patchy veneer of sand-sized 
sediments intermixed with rubble, particularly in holes and depressions. 
Where sediments tend to accumulate on the inner part of the reef plat
form coral distribution becomes somewhat patchy with a resulting reduc-
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tion in density and percentage of substrate coverage. Increased sedi
ment accumulation in the deeper inner moat zone of Transect B appears to 
be partly responsible for the low coral density and percentage of 
substrate coverage found there (Table 2). Similarly, the low species 
richness, density, and percentage of substrate coverage found in the 
inner moat zone of Transect J, appears to be caused by the presence of 
an unstable veneer of gravel-sized sediments intermixed with rubble on 
the platform surface. Marsh (1974) also reported thac the reef commu
nity in the inner moat zone at Transect J was damaged by bulldozing 
during dredging operations to widen and deepen Tepungan Channel, which 
also may be a factor in the poorly developed coral community found 
there. 

Although considerable suspended sediment was observed in the water 
column, both on the shallow reef platform and forereef slope zones 
during periods of normal NE Tradewind seas, it did not appear to affect 
the coral community very much or accumulate on the living coral tissues 
because of strong currents and water agitation present during such 
times. Suspended sediment was particularly noticeable where water 
transported onto the reef platform by waves and swell returns to the 
open sea via the depressed pavement zone at the western end of Luminao 
Reef. Evenso, a thriving coral community is found in the above 
depressed platform zone. 

Although minor freshwater lens discharge was noted at places along 
the seaward side of Cabras Island, it does not lower seawater salinity 
to a level that affects coral distribution. Even in Piti Canal (Fig. 1, 
p. 14), where greatest lens discharge was noted, there was no noticeable 
effect on the corals. Freshwater discharge and influx of terrestrial 
sediments from the Masso River undoubtedly affects coral development in 
the immediate vicinity of its mouth, but the Tepungan Channel tends to 
act as a barrier which prevents these factors from influencing coral 
distribution on the western side of the Piti reef platform. Because of 
its distance from river mouths or freshwater lens discharge the Luminao 
Barrier Reef is little influenced by the effects of reduced salinity. A 
minor effect may occur, though, when sea water trapped in isolated small 
pools in the outer pavement zone during low spring tides may be reduced 
in salinity during periods of intense rainfall. 

The minor annual and diurnal seawater temperature fluctuations 
observed in the reef margin and reef front slope zones has little to no 
affect on the coral communities growing there. On the reef platform 
lethal or sublethal elevated temperatures may be reached for some corals 
when exposure occurs during midday hours. A few corals may also be 
restricted from the reef platform moat zones during low spring tides 
when water temperatures there become elevated because of poor water 
circulation or isolation from the open sea. 

Although no storm drains or thermal and sewer outfall facilities 
discharge within the study area, there is a possibility that toxic 
materials could periodically be released from the GORCO deba11ast 
facility outfall located on the forereef slope at the western end of 
Cabras Island. On Nov. 11, 1980, approximately 16,800 gallons of 
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deballast oil was discharged through the GORCO deballast facility 
outfall. The offshore plume of oil moved westerly to the end of Cabras 
Island where it then moved across the reef margin onto the Luminao reef 
platform to the Glass Breakwater. The plume continued to more westward 
along the breakwater and then exited back into the offshore waters 
through the depressed region at the western end of Luminao Barrier reef 
platform. Within a two-week period the coral communities were investi
gated along the route of the oil plume, and interestingly no obvious 
effects from the oil spill were observed. 

Specific Distribution Patterns of Coral 

Stylocoeniella armata is an inconspicuous species that forms small 
encrusting patches a few centimers across in cryptic habitats. It was 
found in nearly all the reef zones, but was most commonly observed in 
the cryptic regions of" the reef margin and reef front slope zones. 

In the genus Psammocora, seven of the eight species were observed 
in the inner and outer moat zones of the reef platform. Most abundant 
of these were ramose clumps of Psammocora contigua, ~. obtusangulata, 
and P. stellata. These ramose Psammocroa species fragment easily during 
storms, during which times many of the living pieces are transported to 
other parts of the reef platform by currents where they establish new 
colonies. Because of their much larger initial size, than newly settled 
planulae, these fragments have a greater chance of survival, particu
larly on unstable substrates which accounts for their common occurrence 
on the sand-veneered surfaces of the inner and outer moat zones. Large 
encrusting patches of Psammocora superficiales and Psammocora 
(encrusting sp. 1) were most commonly found in the reef margin and reef 
front slope zones. 

In the family Pocilloporidae, Stylophora mordax and Seriatopora 
hystrix were most commonly found in the reef margin and reef front slope 
zones, but they were also occasionally observed in the moat of the reef 
platform where good water circulation was present. Pocillopora 
damicornis is the most common pocilloporid species in the inner and 
outer moat and pavement zones of the reef platform, but it was rarely 
observed in the reef margin and reef front slope zones. Although~. 

setchelli was occasionally found in the inner and outer moat zones, it 
was most conspicuous and abundant in the wave-washed reef margin zone. 
Pocillopora ankeli and ~. woodjonesi are uncommon species that were 
found only in the reef margin and reef front slope zones. Large 
arborescent colonies of Pocillopora eydouxi are normally found in the 
reef margin and deeper forereef slope zones, but on the Luminao Barrier 
Reef they are also locally common in the moat zones of the reef plat
form, particularly at Transect A where strong currents are present. 
Most of the remaining Pocillopora species were more commonly found in 
the reef margin and reef front slope zones, but occasionally they were 
also observed in the inner and outer moat zones as well, particularly 
where good water circulation was present. 
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Although Acropora was the most diverse genus of corals (30 species) 
represented on the Luminao-Cabras-Piti reef system, the only species 
found in great abundance were Acropora aspera and Acropora formosa. At 
places in the inner and Quter moat zones these two species form 
arborescent thickets up to 5 or more meters across. Like the ramose 
Psammocora species, they also fragment easily during storms and various 
sized pieces of branches become established on unconsolidated sand and 
rubble substrates. Acropora aculeus is a rare species on Guam that was 
found only in the outer moat zone of Transect B. Although Acropora 
monticulosa, !. smithi, !. irregularis, and!. ocellata are species 
mostly restricted to the wave-assaulted reef margin and upper reef front 
slope zones, they were also occasionally observed in the reef platform 
moat zones where good water circulation was present. The remaining 
Acropora species were occasionally found or locally common at places in 
the inner and outer moat zones and common to locally abundant at places 
~n the reef margin and reef front slope zones. 

A few small rounded colonies of Astropora were observed in the moat 
zones on the reef platform and in the lower part of the reef front slope 
zone. 

Montipora was the second most diverse genus with 22 species 
recorded from the study area. Encrusting and irregular shaped submas
sive colonies were commonly observed in all but the reef pavement zone. 
Of these, Montipora berryi, ~. danae, ~. monasteriata, ~. planiuscula, 
and M. venosa were restricted to the shallow moat zones of the reef 
platform and M. floweri and M. socialis were restricted to the deeper 
reef front slope zone on the-forereef slope. Colonies of ~. 
ehrenbergii, ~. elschneri, and M. verrilli were the most abundant and 
widely distributed species. 

In the family Agariciidae 11 species of Pavona and one species each 
in the genera Gardineroseris, Leptoseris, and Pachyseris were recorded 
from the study area. Although Leptoseris incrustans and Pachyseris 
speciosa are common in deeper forereef zones, they were rare species 
recorded only once each in cryptic habitats of the reef front slope 
within the study area. Of the eleven Pavona species, f. decussata, f. 
cf. diffluens, and P. (foliate sp. 1) were restricted to the reef 
platform zones and f. maldivensis and f. (encrusting sp. 2) were found 
only in the forereef slope zones. None of the Pavona species were 
abundant in anyone zone, but in the inner and outer moat zone f. 
decussata was occasionally found in small patches consisting of 10 to 15 
colonies. Pavona dicussata is fragile foliate species, and apparently 
many of the colonies within a clump are clones that arose by 
fragmentation from a proginator colony. 

Coscinaraea columna is a rare species in the family Siderastreidae 
that was observed only three times, once in the outer moat zone and once 
in the reef front slope zone of Luminao and Cabras Reefs. 

The family Fungiidae was poorly represented in the study area, both 
in abundance and number of species, as only three solitary species in 
the genus Fungia were found in the moat zones of Luminao Reef. Appa-
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rently these free living solitary fungiid species do not survive in the 
zones of strong water movement and breaking surf. 

In the family Poritidae, Porites species were the most widespread 
group within the study area. In the reef platform zones Porites lutea, 
f. andrewsi, and several species in the subgenus Synaraea were ge~ly 
the most important corals in terms of frequency, density, and percentage 
of substrate coverage. The above Porites species were also the largest 
colonies encountered, with Some being in excess of three meters in 
diameter. Porites andrewsi is also a ramose species which fragments 
easily, and is thus widespread on unconsolidated substrates in the inner 
moat zones of the Luminao reef platform. The four species 1n the genus 
Goniopora were for the most part restricted to the moat zones of Luminao 
Reef. Ramose colonies of Goniopora arbuscula were particularly abundant 
in the moat zones of Transect A. Alveopora (sp. 1) was an uncommon 
species restricted to the forereef slopes along the study area. 
Although the inconspicuous pea-sized Stylaraea punctata colonies are 
difficult to observe, they were fairly common on pieces of rubble in the 
inner moat zone of the reef platform at Luminao and Piti Reefs. 

The diverse family Faviidae is represented by 13 genera within the 
study area. Of these faviid genera Goniastrea, Leptastrea, and ~ 
were both abundant and widely distributed within the overall study area. 
Goniastrea retiformis was especially common in the reef front zones, 
where it is one of the major reef-building species, and in the outer 
moat zone of Luminao Reef. Small encrusting patches of Leptastrea were 
common corals in small pools and depressions in the outer pavement zone 
of the Luminao Reef platform. Other widely distributed but less abun
dant genera were Favites, Leptoria, Platygyra, Cyphastrea, Hydnophora, 
and Montastrea. Monotypic rare genera with restricted distribution were 
Oulophyllia, Plesiastrea, Diploastrea, and Echinopora. 

In the family Oculinidae, Galaxea fascicularis was most commonly 
found in the reef margin and reef front zones where it forms small 
clumps 5 to 10 cm across, and less commonly in the moat zones of Luminao 
Reef. Acrhelia horrescens was a rare species observed only once in the 
inner moat zone at Transect c. 

In the family Merulinidae only two species were found in the study 
area. Merulina ampliata was observed several times in the outer moat 
zone at Luminao Reef and once in the reef front zone at Transect I. 
Scapophyllia cylindrica was observed only twice in the reef front zone 
within the entire study area. 

Of the mussid species, Acanthastrea echinata was the most wide
spread. It was especially common on the upper walls of reef margin and 
reef front channels where it forms small drab-colored encrusting 
patches. Large rounded colonies of Lobophyllia corymbosa and ~. 
hemprichii were most commonly observed in the reef front slope zone, but 
smaller colonies were also occasionally observed in the outer moat zone 
of Luminao Reef as well. Lobophyllia costata was a relatively rare 
species restricted to the reef front slope zone. 
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Although species of the Pectiniidae family are generally found in 
deeper zones of the fore reef slope on Guam, small encrusting patches of 
Echinohyllia as~era were occasionally observed in the reef front slooe 
zone and once in the outer moat zone on the shallow reef platform at " 
Luminao Reef. Mycedium elephantotus, also a deep-water species, was 
found on two occasions in cavernous regions of the reef front slope at 
the western end of Luminao Reef. 

The suborder Caryophylliina was represented by several ramose 
clumps of Euphyllia glabrescens in the outer moat zone, and in the sub
order Dendophylliina two species of Turbinaria were observed at widely 
scattered locations in the reef front slope zone. 

The blue coral Heliopora coerulea was fairly common and widely dis
tributed in the moat zones of Luminao Reef. Widely scattered colonies 
up to 50 or more centime,s in diameter were also growing in the reef 
front slope zone along the eastern end of Cabras Island and Piti Reefs. 

The red colored pipe organ coral, Tubipora, was encountered only 
once in the reef front slope zone at Transect J. 

Hydrozoan corals in the genus Millepora were widely distributed in 
all but the pavement zones within the study area. Although Millepora 
latifolia is a rather uncommon species at most reef localities on Guam, 
it was quite common in the outer moat zone on the Luminao reef platform. 
Large truncated colonies of Millepora dichotoma were also abundant where 
the outer moat grades into the pavement zone. The plate-forming species 
Millepora platyphylla is an important reef builder in the reef margin 
and reef front slope zones where many colonies were observed covering 
two or more square meters of reef surface. 

Stylaster gracilis is a small branching ahermatypic hydrozoan coral 
that was observed on cavernous channel walls and ledges in the reef 
margin and reef front slope zones. 

Summary 

A diverse community of corals consisting of 160 species, represent
ing 45 genera, was found within the shallow reef platform and upper 
forereef slope zones of the study area. The reef platform coral commu
nity (inner and outer moat and pavement zones) growing on the western 
end of Luminao Barrier Reef (Transects A-C) is better developed, in 
respect to species richness (134 species) and percentage of surface 
coverage (30.7 percent), than any other similar reef zone investigated 
to date on Guam. The above species richness is considerably higher than 
the 58 species listed by Stojkovich (1977) from the same area. 

On shallow reef platforms coral distribution and community struc
tural patterns are largely controlled by low tide emersion of reef 
surfaces, distribution of sediments, current patterns, and solar heating 
of water trapped during low tides in small holes and depressions on 
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exposed pavement surfaces. Infrequent disturbance, but with possible 
long-lasting effects, also occurs during storms when large waves and 
strong currents are generated on the shallow platform surfaces. In 
respect to corals, environmental conditions range from very unstable and 
harsh in platform zones that expose during low tides to moderately 
stable and more favorable in deeper parts of the platform moat zones. 
The low species richness, density, and surface coverage values and small 
mean colony size found in exposed pavement zones indicate high mortality 
rates where few corals grow to large size. More favorable environmental 
conditions are reflected in the higher species richness, density, and 
surface coverage values and greater mean colony size found in the moat 
zones where many corals grow to large size. Cloning by fragmentation in 
some fragile ramose species of Acropora, Porites, and Psammocora is an 
important mode of propagation, as well as an effective means of coloniz
ing unstable substrates on the shallow reef platforms. Except for the 
reef margin zone, Porites species dominate the coral communities at most 
locations on the reef platform. Massive and ramose Porites species form 
large hemispherical and microatoll shaped colonies that give the reef 
platform much of its irregular topographic relief. At some places 
thickets of aborescent Acropora species replace Porites as the dominant 
element in the coral community. 

Although species richness was high in the reef margin and reef 
front slope zones at most transect locations (21 to 50 species), the 
percentage of substrate coverage «1.0 to 14.5 percent in the reef 
margin and 8.5 to 17.9 percent in the reef front) is lower than that 
found at most other locations along the western coast of Guam. 

The coral community in the reef front slope zone along the entire 
study area was severely damaged by heavy predaton from Acanthaster 
planci between 1969 and 1971 (Neudecker et al., 1978). Soon after the 
predation by ~. planci, Rupp and Larson (1972) surveyed the submarine 
terrace zone near the western end of Cabras Island where they reported 
less than six percent of the substrate covered by living corals. Six 
years later Neudecker et al. (1978) resurveyed the same region and 
listed 90 species of corals and a mean surface coverage by corals of 
37 . 5 percent. Although about the same number of coral species (81-101) 
are reported in this study from the reef front slope zone, the substrate 
coverage values reported by Neudecker et al. (1978) are probably higher 
because their study included the deeper fore reef zones where a better 
developed coral community was observed. 
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Table 1. Species 11s t of corals by transects. List includes corals recorded on the transects (A-J) and those observed within 3 20 ~ter 
band on each side of the transects. Each coral species 18 recorded by a nUlmer or series of numbers which cOfrespolIJs to the 
transect physiographic zonation patterns shown in FIgures 3A through 3.) in the "Description of the Study Arcil", section (lIP. 1 ~- 18). 

TRANSECT A B C D E F G " I J 

CLASS-AN1lIDZOA 
ORDER-SCLERACTINIA 

SUBORDER-ASTROCOENIINA 
FAHILY-ASTROCOENIIDAE 

Stylocoeniella ~ 
(Ehrenberg) 1-2-:>-5 1-3 1-5 2 2 2 2 2-3 2-3 2-5 

FAHILY-THAHNAST£RIIDAE 

Psa..ocora contlgua (Esper) 1-2 1-2 1-2-4 2 3 2-5 
Psammocora dl&ltata Milne-Edwarda 

and Halme 1-5 3 
PsaMMOcora hal mean a Hilne-Edwards • .... snd Haime 1 5 3 .,. 
Psammocora obtusangulats 

(Lamarck) 1-2 1-2 1-2-5 1-2 2 
PS81't1lOOCOra profundacella 

Gardiner 2-5 1-2-3 1-2-5 2 2 2-3 3 5 
Psammocora stellata (Verrill) 2 2 2 
Psamaocora superficialis 

Gardiner 2-4-5 2-3 4-5 3 5 
Psaaaocora (Encrus ttng sp. 1) 5 5 

FAfnLY-POCILLQfORIDAE 

Stylophora ~ (Dana) 1-2- 4-5 1-2 2-4-5 1 1-2 2 2 3 3 2-4-5 

Seriatopora hystrix Dana 2 3 3 5 



Table 1 Continued. 

TRANSEct A B C D E F G H I J 

FAMlLY-POCILLOPORlDAE (cont I d) 

Pocillopora ankeli Scheer and 
Pillal 5 5 3 3 4-5 

Pocillopora damicomis (Unnaeus) 1-2-3 1-2-3 1-2 1-2 1-2-3 3 1-2 
Pocillopora danae Verrill 1-2 1 1-2-4 5 
Pocillopora elegans Dana 2-3-4-5 2 2-4-5 2 2-3 3 5 
Pocillopora eydouxi Hilne-Edwards 

and Haime 2-5 2 2-4-5 1 2 2 2 2-3 3 4-5 
Pocillopora ligulata Dana 5 2 2 1 2 3 5 
Poclilopora cf. !. meandrina 

Dana 1-2-5 2 2-5 3 5 
Poci1lopora setchel11 

Hoffmeister 1-2-3-4-5 1-2-3 1-2-3-4-5 2 1-2 1-2 1-2 2-3 2-3 4-5 
Pocillopora verrucosa (Ellis 

and Solander) 4-5 2 2-4-5 2 2 2 2-3 3 4-5 
Pocillopora wood1onesi Vaughan 5 
Pocillopora (Heandroid sp. 1) 4 4-5 2 3 5 ..., , 

'" FAMILY-ACROPORlDAE 

Acropon abrotanoides (Lamarck) 2-5 2-5 5 
Acropora aculeus (Dana) 2 
Acropora acuadnata Verrill 1 1-2 2 
Acropora arbuscula (Dana) 1 1-2 2 
Acropora aspera (Dana) 1-2-3 1-2 1-2 1-2 2 
Acropora cerealis (Dana) 2-4-5 2 2-4-5 1 3 2-3 4-5 
Acropora delicatula (Brook) 2-5 2 2-5 3 5 
Acropora dlversa (Brook) 5 2 5 3 5 
Acropora formosa (Dana) 1-2 1-2 1-2 
Acropora humilis (Dana) 1-2-4-5 2 1-2-4-5 2 2 2 2-3 3 2-4-5 
Acropora 1 rregula riB (Brook) 2-5 2 2-4-5 2 2-3 3 4-5 
Acropora monticulosa 

(Bruggemann) 4-5 4-5 2 2 2 2-3 2-3 4-5 



Table I Continued. 

TRANSEer A S C D E F G H I J 

FAMILY-ACROPORIDAE (cant' d) 

Acropora nasuta (Dana) 2-4-5 2 1-2-3-4-5 1-2 1-2 2 2-3 3 4-5 
Acropora ocellata (Klunzinger) 4-5 4-5 2 1-2 2-3 2-3 4-5 
Acropora pulifera (Lamarck) 1-2 1-2 2 2 
Acropora pyramidalis (Klunzinger) 2-5 5 2 2 3 3 5 
Acropora guelch! (Brook) 2-4 5 3 5 
Acropora rambleri (Bassett-

Smith) 3 
Acropora stithl (Brook) 2-4-5 2 2-4-5 2 2 3 2-3 4-5 
Acropora squarrosa (Ehrenberg) 2-4-5 2-3 2-4-5 2 2 2-3 2-3 4-5 
Acropora 8 triata Verrill 2 • .... 

'" Acropora surculolia (Dana) 2-4-5 3 2-4-5 2 1-2 2 2-3 2-3 4-5 
Acropora tenuis (Dana) 2-5 2 2-5 3 5 
Acropora teres (Verrill) 1 
Acropora valida (Dana) 4-5 4-5 2 2-3 3 4-5 
Acropora variabUis (Klunzinger) 2-4-5 3 2-3-4-5 2 1-2 2 2 2-3 2-3 4-5 
Acropora wardi Verrill 2-5 2 4-5 2 2 2 3 5 
Acropora sp. 1 2-5 2 2-5 3 3 5 
Acropora s-p . 2 2 2 2-5 2 5 
Acropora sp . 3 4-5 2 5 2 3 4 

Astl"eopora eliptica Yabe and 
Sugiyama 5 1 

Astreopora gracilis Bernard 5 1 2-5 3 5 
Astreopora myriophthalma 

(Lamarck) 1-2-5 1-2 1-2-5 1-2 3 3 5 

f.lontipora aca.nthella Bernard 1-2 2 2-5 3 
Hontipora ~ Hoff~ister 2 2 
Montipora co lei Wells 1 2 5 3 
Hontipora conicula Wells 1-4 5 2 
Montipora cf. M. danae Hilne-

Edwards and 'ifai;e- 1-2 1 1-2 



TobIe 1 Continued. 

TRANSECT A B C D E F G H I J 

FAMILY-ACROPORIDAE (cont'd) 

Montipora cf. ~. ehrenbergi! 
Verrill 1-2-4-5 1-2-3 1-2-3-5 3 3 4-5 

Montipora elschneri Vaughan 1-2-4-5 1-2 1-2-4-5 2 2-3 2-3 4-5 
Montipora floweri Wells 5 3 
Montipora fC'veolata (Dana) 1-5 2 2-5 3 3 5 
Montipora hoffmeister! Wells 1-2-5 1-2 1-2-5 3 3 4-5 
Montipora lobulata Bernard 0 1-2 1-2 1-2-5 1 2 3 2 
Montipora monasteriata (Forskal) 1 2 
Montipora plani us cula (Dana) 1-2 1-2 1-2 
Montipora sod alia Bernard 3 
Montipora tuberculosa (Lamarck) 4-5 1-5 2 3 3 
Montipora ~ (Ehrenberg) 2 2 
Montipora verrilli Vaughan 1-4-5 1-2 2-4-5 2 2 2 2-3 2-3 2-4-5 
Hontipora verrucosa (Lamarck) 1 1 1-2 2-3 3 5 
Montipora (Tuberculate sp. 1) 1-2 1-2 1-2-5 3 3 5 
Montipora (Tuberculate sp. 2) 1-2-5 1-2 1-2-5 3 3 5 

.... Montipora (Tuberculate sp. 3) 1-2-5 1-2 2-4-5 3 3 4-5 

..... Montipora (Foveolate sp. 1) 2-4-5 2 2-4-5 2 3 3 4-5 • 
SUBORDER-FUNGI INA 

FAHILY-AGARICIIDAE 

Pavona decussata (Dana) 2 2 1-2 1-2 
Pavona divaricate (Lamarck) 1 1 2 1 3 2 
Pavona cf. P. di ffluens (Lamarck) 2 1 
Pavona duerdeni Vaughan 2-5 2 2-5 3 5 
Pavona varians Verrill 1-5 1-2 1-5 3 3 5 
Pavona venosa (Ehrenberg) 1-4-5 2 2-5 3 3 
Pavon a maldivensis (Gardiner) 5 4-5 5 
Pavona (Foliate sp. 1) 2 
Pavona (Encrusting sp. 1) 4-5 2 1-2-4-5 3 3 4-5 



Table I Continued. 

1;RANSECI A B C D E F G H I J 

FAl-ULY-AGARICIIDAE (cont'd) 

~ (Encrusting sp. 2) 3 5 
Pavona (Encrusting sp. 3) 2 1-2 2 1-2 2-5 

Gardineroseris planulata (Dana) 1 5 3 5 

Leptoseris incrustans (Quelch) 3 

Pachyseris speciosa (Dana) 3 

FAMILY-SIDERASTREIDAE • 
-.J 
0> Coscinaraea columna (Dana) 2 5 3 

FAMILY-FUNGIIDAE 

Fungia fungi tes (Unnaeus) 1 2 
Funsia paumotuensis Stutchbury 2 
Fungia scuta ria (Lamarck) 2 

FAHILY-PORITlDAE 

Goniopora arbuscula Umbgrove 1-2 1-2 1-2 5 
Goniopora lobulata Milne-Edwards 

and Haime 1 
Goniopora tenuidens (Quelch) 1 1 1 
Goniopora (Colunllar sp. 1) 1 2 

Porites andrewsi Vaughan 1-2 1-2 1-2 1 2 
Porites annae Crossland 2 1-2 1-2 1 
Porites ~aliensis 

Vaughan 1-2-3-4-5 1-2-3 1-2-3-4-5 2-3 1-2-3 1 1 2-3 1-2-3 2-5 

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



Table I Continued. 

TRANSECT 
A B C D E F G H r J 

lo'Al-IILY-PORITIDAE (cont' d) 

Pori tes Ii chen Dana 2-5 2 2-5 
3 3 2-5 Porites ~ Dana 1-5 2 2-5 
3 3 5 Porites lutea Milne-Edwards and 

Haime 1-2-3-4-5 1-2-3 1-2-3-4-5 1-2-3 1-2-3 1-2 1-2 2-3 1-2-3 1-2-3-4-5 Porites murrayensis Vaughan 2-3 1-2 1-2-5 1 3 3 2-5 Porites superfusa Gardiner 4-5 4-5 2 2 2-3 2-3 4-5 Pori tes (5.) convexa Verrill 1-2 1 1-2 2 3 5 Por"'Ite'S (S.) iwayamaensis Eguchi 1-2 1-2 1-2 1 3 3 2-5 Porites (S.) vaughani Crossland 4-5 4-5 
3 3 4-5 • 

Porites (Massive sp. 1) 1-2-5 1-2 1-2-5 2 3 5 
..., 

Porites (Massive sp. 2) 1-2 1-2 1-2 '" Porites (Col1.lIm.ar sp. 1) 2 
3 5 

Stylaraea punctata Klunzinger 1 1 1 
1 

Alveopora (sp. 1) 5 5 
3 3 5 

SUBORDER-FAVIINA 
FAMILY-FAVIIDAE 

!!Y!!. ~ (Forskli) 1-5 1-2 1-2-3-5 1 3 3 2-5 ~ mat thai Vaughan 1-4-5 2 2-4-5 2 1 3 3 4-5 Favia pallida (Dana) 2-3-5 2-3 2-4-5 1-3 2 3 3 2-5 ~ stelligera (Dana) 1-2-4-5 1-2 1-2-4-5 1-2 2 2 2-3 2-3 2-4-5 
Favi tes abdi ta (Ellis and 

Solander) 4 3 4 2-3 2 2 1 2- 3 3 2-5 Favi tes flexuosa (Dana) 2 5 
1 ~ russel11 (Wells) 5 2 4-5 3 2 5 

Oulophyllia crispa (Lamarck) 
5 • 



Table I Continued. 

TRANSECT A B C 0 E F G H I J 

FAMILY-FAVIIDAE (cont'd) 

Goniastrea edwards! Chevalier 1-2-5 1- 2 2-5 1-2 3 3 2-5 
Goniastrea pectinata (Ehrenberg) 1 2 2-5 
Coniastrea tetifornds (Lamar~ 1-2-3-4-5 1-2-3 1-2-3- 4-5 1-2-3 1-2-3 1-2 1-2 1-2-3 2-3 2-3-4-5 

Platygyra daeddea (Ellia and 
SOlander) 2-5 1-2 2-4-5 2 2-3 3 5 

Platygyra p1ni Chevalier 2-4-5 1-2-3 2-4-5 2 3 3 4-5 

00 
Leptoria phrysia (Ellis and • 

0 SOlander) 2-3-4-5 1-2-3 1-2-4-5 2 1-2 2 2-3 2-3 4-5 

Hydnophora ad croconos (Lamarck) 2-5 1-2 2-4-5 1 3 5 

l-Iontas trea ~ (Dana) 2-4-5 2 2-3-4-5 2 1-2 1-2 2 2-3 2-3 4-5 

Plesiastrea versipora (Lamarck) 5 5 

Oiploastrea heliopora (Lamarck) 2 3 

Leptpstrea ~ (Milne-Edwards 
and Haime) 2-3 1-2-3 1-2-3 1-3 2- 3 5 

Leptastrea purpurea (Dana) 1-2-3-4-5 1-2-3 1-2-3-4-5 1-2-3 1- 2-3 2 2 2-3 2-3 1-2-5 
Leptastrea transversa Klunzinger 1-2-5 2 2-4-5 2- 3 3 5 

CYphasCtca chalcidicua (Forskat) 1 3 3 5 
Cyphastren microphthalma 

(Lamarck) 4-5 3 1-5 
Cvphastrea serail1a (Forskh) 1-2-4-5 2 2-5 2 5 

Echlnopora lamellosa (Esper) 1-4 5 3 



~ 

Table 1 Continued. 

TRANSECT A B C D E F G H I J 

FAMILY-OCULINIDAE 

Galaxea fascicularis (Linnaeus) 2-4-5 1-2 2-4-5 2 2 2 2-3 3 4-5 

Acrhelia horrescens (Dana) 1 

FAMILY-HERULlNIDAE 

Herul1na ampliat"a (Ellis and 
Solander 2 2 3 

'" ScapophylUa qlindrica H.tlne- , 
..... Edwards and Haime 5 5 

FAHILY-MUSSIDAE 

Acanthastrea echinata (Dana) 3-4-5 2-3 2-4-5 2 2-3 3 4-5 

Lobophyll1a corymbosa (Farskh) 2-5 2 2-5 5 
LobophyUia ~ (Dana) 5 
Lobophyllta hemprichii (Ehrenberg) 2-5 2 2-5 3 3 5 

FAMILY-PECTIN.llOAE 

Echinophyllia aspera (Ellis and 
Solander) 2-5 5 3 J 5 

Mycedium elephantotus (Pallas) 5 5 

SUBORDER-CARYOPHYLLIINA 
FAMI LY -CARYOPHYLLI IOAE 

Euphyllia glabrescens (Chamisso 
and Eysenhardt) 2 2 



Table 1 Continued. 

1'RANSECT A B C 0 E F G K I J 

SUBORDER-DENDROPHYLLIINA 
FMULY-DENDROPHYLLIIDAE 

Turbinaria ct. !. reniform1s 
Bernard 5 

Turbinaria stellulata (Lamarck) 5 3 5 

OROEI:-STOLONlFERA 
FAKILY-TUBIPORIDAE 

Tubipora ~ Linnaeus 5 • 
'" '" ORDER-COEHOTHECALIA 

FA}ITLY-HELIOPORIDAE 

Heliopora coerulea (Pallas) 1-2-5 1-2 1-2-5 3 3 5 

CLASS - IIYDROZOA 
ORDER-MtLLEPORINA 

}o'AKILY -HILUPORlDAE 

ttillepora dichotoma Forskal 2-4-5 1-2 1-2-4-5 1-2 3 3 2-5 
MillepoT3 bti folia Boschma 2 1-2 )-2 2 3 
mllepora platyphylla Hemprich 

and Ehrenberg )-2-4-5 1-2 1-2-4-5 2 2 1-2 2-3 2-3 2-4-5 
Hillepora !.!:!,berosa Boschma 2-4-5 1 2-4-5 2 2 3 3 2-5 

ORDER-STYLASTERlNA 
FAl-llLY-S'IYLASTERIDAE 

Sty laster gracilis Milne-Edwards 
and Haime 5 4 



Table 2. Coral size distribution, frequency and relative frequency, density and relative density, percent 
cover and relative cover, and importance value for coral species at Transects A through J. 
Species are listed in order of their importance values. 

.. 
Transect Size Distribution >- .. Ei' u 

u .. ... .. ... " Reef-Zone Colony Diameters " :> " >- :> >- ... .. :> ... .. ., .. .... .. "'N ....... 
" :> .... " :> ... 

Species in cm ;:l ... ;:l . ... a ....... .. 0 ... .. 0 ... .. 
0" ., 0" 

~ ... ., ., uu .,uu o ;:l 

y .. .... .. .... " ... .... ... ~~ n s w ... • H: .. .. ~2l ...... ........ 
i>< A~ ~ 0 ~~o Hi> 

TRANSECT A 
Zone 1 - Inner Moat 
(0-121 Meters) 

Porites andrewsi 52 35.9 47.2 1-207 .29 9.57 .29 15.94 8.22 29.03 54.54 
00 Porites (S.) iwayamaensis 10 110.0 132.0 4-376 .09 2.97 .06 3.13 12.59 44.56 50.56 
w Poci11opora damicornis 52 12.2 6.5 2-24 .44 14.52 .30 16.25 .46 1.62 32.39 • 

Porites 1utea 28 46.0 32.2 8-119 .29 9.57 .16 8.75 3.49 12.33 30.65 
Leptastrea purpurea 32 4.4 3.7 1-19 .34 11.22 .19 10.00 .06 .21 21.43 
Montipora verrilli 20 20.9 15.0 5-56 .19 6.27 .12 6.25 .58 2.05 14.57 
Montipora lobu1ata 18 19.0 6.5 8-30 .19 6.27 .10 5.63 .33 1.17 13.07 
He1iopora coeru1ea 14 6.1 4.5 2-20 .18 5.94 .08 4.38 .04 .14 10.46 
Psammocora contigua 15 8.8 4.0 3-17 .16 5.28 .09 4.69 .06 .21 10.18 
Montipora ehrenbergii 9 22.1 15.9 6-58 .10 3.30 .05 2.81 .29 1.02 7.13 
Montipora conicu1a 7 17.6 8.9 9-34 .08 2.64 .04 2.19 .09 .32 5.15 
Acropora aspera 6 22.3 9.4 6-33 .06 1.98 .03 1.56 .12 .42 4.28 
Montipora p1aniuscu1a 5 29.2 10.0 14-40 .06 1.98 .03 1.56 .21 .74 4.28 
Montipora (tubercu1ate sp. 2) 3 32.3 28.4 13-65 .04 1.32 .02 .94 .22 .78 3.04 
Poci11opora setche11i 5 4.0 1.7 3-7 .04 1.32 .03 1.56 .005 .02 2.90 
Montipora (tubercu1ate sp. 3) 4 16.0 6.7 8-24 .03 .99 .02 .94 .11 .39 2.63 
Montipora (tubercu1ate sp. 1) 3 24.7 12.5 16-39 .04 1.32 .02 .94 .10 .35 2.61 
Goniopora arbuscu1a 3 28.3 27.4 12-60 .03 .99 .02 .94 .18 .64 2.57 
Pavona varians 3 22.3 8.0 14-30 .03 .99 .02 .94 .07 .25 2.18 
Acropora pal if era 2 33.5 20.5 19-48 .03 .99 .01 .63 .12 .42 2.04 
Porites (S.) convexa 2 64.5 23.3 48-81 .03 .99 .01 .63 .41 1.44 2.03 



Table 2 Continued. .. 
Transect Size Distribution >- >- " " .. " .. .... .. .... c:: 

Reef-Zone Colony Diameters c:: :> c:: >- :> >- .... .. :> ...... .. 
~ ...... ....'" .... .... c:: :> .... c:: :> .... 

Species in cm .... " .... a ........ .. 0 ...... 0 .... .. 
0- .. 0- ~ .... ~ ~ "u .. "u o " .. .-i .. .... .-i .... 1r';;1 y .... .. .... .. '" '" '" "' ..... "'''' ..... n s w r-. ..:r-. """" ..:"" '" 0 

..:",,0 .... ;:. 

Montipora co1ei 2 28.0 8.5 22-34 .03 .99 .01 .63 .08 .28 1.90 
Montipora e1schneri 2 26.5 0.7 26-27 .03 .99 .01 .63 .07 .25 1.87 
Cyphastrea microphtha1ma 2 13.0 12.7 4-22 .03 .99 .01 .63 .03 .11 1. 73 
Goniastrea edwardsi 2 15.5 10.6 8-23 .03 .99 .01 .63 .03 .11 1. 73 
Porites (massive sp. 1) 2 9.5 6.4 5-14 .03 .99 .01 .63 .01 .04 1.66 
Montipora monasteriata 3 17.3 10.6 6-27 .01 .33 .02 .94 .05 .18 1.45 
Echinopora 1ame11osa 2 15.5 2.1 14-17 .01 .33 .01 .63 .02 .07 1.03 
Astreopora myriophtha1ma 1 43.0 .01 .33 .006 .31 .08 .28 .92 

co Favia stelligera 1 36.0 .01 .33 .006 .31 .06 .21 .85 • 
~ Montipora hoffmeister1 1 27.0 .01 .33 .006 .31 .03 .11 .75 

Acropora (sp. 1) 1 22.0 .01 .33 .006 .31 .02 .07 .71 
Pocillopora danae 1 19.0 .01 .33 .006 .31 .02 .07 .71 
Porites lobata 1 15.0 .01 .33 .006 .31 .01 .04 .68 
Favia favus 1 12.0 .01 .33 .006 .31 .006 .02 .66 ----Pavona venosa 1 11.0 .01 .33 .006 .31 .006 .02 .66 
Goniastrea retiformis 1 9.0 .01 .33 .006 .31 .004 .01 .65 
Goniopora tenuidens 1 7.0 .01 .33 .006 .31 .003 .01 .65 
Leptoria phrygia 1 8.0 .01 .33 .006 .31 .003 .01 .65 
Porites (massive sp. 2) 1 3.0 .01 .33 .006 .31 .001 .004 .64 

TOTALS 320 24.0 37.4 1-376 1.82 28.29 

TRANSECT A 
Zone 2 - Outer Moat 
(121-189 Meters) 

Porites lutea 25 31. 7 23.2 1-101 .48 14.86 .80 15.63 9.61 31. 26 61. 75 
Millepora dichotoma 12 38.6 49.6 2-168 .25 7.74 .38 7.50 11.34 36.89 52.13 
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Poci11opora damicornis 28 8.3 5.6 1-18 .53 16.41 .90 17.50 .71 2.31 36.22 
Leptastrea purpurea 27 5.0 4.1 1-20 .43 13.31 .87 16.88 .32 1.04 31.23 
Psammocora contigua 11 8.7 3.4 1-14 .23 7.12 .35 6.88 .23 .75 14.75 
He1iopora coeru1ea 4 39.0 39.3 5-76 .10 3.10 .13 2.50 2.73 8.88 14.48 
Montipora p1aniuscu1a 5 36.2 17.0 15-57 .13 4.02 .16 3.13 1.94 6.31 13.46 
Poci11opora setche11i 8 7.3 4.6 3-17 .13 4.02 .26 5.00 .14 .46 9.48 
Porites murrayensis 3 32.3 26.7 2-52 .08 2.48 .10 1.88 1.15 3.74 8.10 
Goniastrea retiformis 6 8.2 7.8 1-22 .10 3.10 .19 3.75 .18 .59 7.44 
Porites australiensis 6 9.5 5.2 5-19 .10 3.10 .19 3.75 .17 .55 7.40 

00 
Psammocora ste11ata 5 6.0 1.9 4-9 .13 4.02 .16 • '" 3.13 .05 .16 7.31 
Porites (S.) convexa 2 26.5 14.8 16-37 .05 1.55 .06 1.25 .41 1.33 4.13 
Porites (;assive sp. 2) 1 46.0 .03 .93 .03 .63 .55 1. 79 3.35 
Leptoria phrygia 2 14.0 7.1 9-19 .05 1.55 .06 1.25 .12 .39 3.19 
Porites annae 2 6.0 5.7 2-10 .05 1.55 .06 1.25 .03 .10 2.90 
Mi11epora p1atyphy11a 2 17.5 2.1 16-19 .03 .93 .06 1.25 .16 .52 2.70 
Porites (massive sp. 1) 1 26.0 .03 .93 .03 .63 .17 .55 2.11 
Goniastrea edwardsi 1 23.0 .03 .93 .03 .63 .14 .46 2.01 
Poci11opora e1egans 1 21.0 .03 .93 .03 .63 .11 .36 1.92 
Acropora surculosa 1 19.0 .03 .93 .03 .63 .10 .33 1.89 
Favia pa11ida 1 18.0 .03 .93 .03 .63 .08 .26 1.82 
Favia ste11igera 1 17.0 .03 .93 .03 .63 .08 .26 1.82 
Montipora ehrenbergii 1 15.0 .03 .93 .03 .63 .06 .20 1. 76 
Montipora hoffmeisteri 1 15.0 .03 .93 .03 .63 .06 .20 1. 76 
Montipora monasteriata 1 15.0 .03 .93 .03 .63 .06 .20 1. 76 
Pavona venosa 1 11.0 .03 .93 .03 .63 .03 .10 1.66 
Montipora lobu1ata 1 6.0 .03 .93 .03 .63 .01 .03 1.59 

TOTALS 160 17.1 21.8 1.168 5.09 30.74 
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TRANSECT A 
Zone 3 - Outer Pavement 
(189-238 Meters) 

Leptastrea purpurea 53 3.3 2.6 1-13 .62 33.51 1.32 45.69 .20 11.90 91.10 
Porites 1utea 35 7.0 5.2 1-20 .52 28.11 .87 30.17 .55 32.74 91.02 
Goniastrea retiformis 7 7.1 5.9 8-20 .17 9.19 .17 6.03 .11 6.55 21. 77 
~ pa11ida 4 14.0 9.4 4-26 .10 5.41 .10 3.45 .21 12.50 21.36 
Porites murrayensis 3 28.3 25.4 6-56 .07 3.78 .07 2.59 .23 13.69 20.06 • CD 

'" Leptastrea bottae 4 11.8 9.0 3-20 .07 3.78 .10 3.45 .16 9.52 16.75 
Poci11opora setche11i 4 7.3 6.8 2-17 .14 7.57 .10 3.45 .07 4.17 15.19 
Leptoria phrygia 1 20.0 .03 1.62 .02 .86 .08 4.76 7.24 
Poci11opora e1egans 2 12.0 4.2 9-15 .03 1.62 .05 1.72 .06 3.57 6.91 
Poci11opora damicornis 2 4.5 3.5 2-7 .07 3.78 .05 1.72 .01 .60 6.10 
Acanthastrea echinata 1 16.0 .03 1.62 .02 .86 .004 .24 2.72 

TOTALS 116 6.6 7.3 1-56 2.87 1.68 

TRANSECT A 
Zone 4 - Reef Margin 
(238-251 Meters) 

Porites 1utea 7 10.9 8.1 2-21 .43 15.09 .92 25.00 1.27 24.56 64.65 
Poci11opora setche11i 8 7.0 3.8 4-13 .71 24.91 1.05 28.57 .55 10.64 64.12 
Acropora variabi1is 4 9 . 5 5.8 4-21 .43 15.09 .53 14.29 .48 9.28 38.66 
Acropora oce11ata 1 31.0 .14 4.91 .13 3.57 .99 19.15 27.63 
Goniastrea retiformis 2 11.5 2.1 10-13 .29 10.18 .26 7.14 .27 5.22 22.74 
Monastrea curta 2 9.5 2.1 8-11 .29 10.18 .26 7.14 .20 3.87 21.19 --
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Acropora valida 1 24.0 .14 4.91 .13 3.57 .58 11.22 19.70 
Acropora cerea1is 1 23.0 .14 4.91 .13 3.57 .57 11.03 19.51 
Pavona (sp. 2) 1 15.0 .14 4.91 .13 3.57 .23 4.45 12.93 
Acropora nasuta 1 5.0 .14 4.91 .13 3.57 .03 .58 9.06 

TOTALS 28 11.1 7.7 2-31 3.67 5.17 

TRANSECT A 
Zone 5 - Reef Front Slope 

00 (251-286 Meters) • .... 

Poci11opora setche11i 40 10.1 4.7 2-25 1.0 43.86 4.55 66.77 4.50 25.17 135.70 
Acropora monticu1osa 6 32.2 36.3 5-76 .33 14.47 .68 10.00 8.64 48.32 72.79 
Poci11opora eydouxi 1 43.0 .07 3.07 .11 1.67 1.64 9.17 13.99 
Acropora valida 2 15.5 12.0 7-24 .13 5.70 .23 3.33 .57 3.19 12.22 
Goniastrea retiformis 2 9.5 0.7 9-10 .13 5.70 .23 3.33 .17 .95 9.98 
Poci11opora e1egans 1 31.0 .07 3.07 .11 1.67 .84 4.70 9.44 
Acropora variabi1is 2 6.0 0.0 6-6 .13 5.70 .23 3.33 .06 .34 9.37 
Acropora smithi 1 75.0 .07 3.07 .11 1.67 .51 2.85 7.59 
Acropora oce11ata 1 22.0 .07 3.07 .11 1.67 .42 2.35 7.09 
Mi11epora p1atyphy11a 1 20.0 .07 3.07 .11 1.67 .34 1.90 6.64 
Acropora surculosa 1 10.0 .07 3.07 .11 1.67 .09 .50 5.24 
Acropora humi1is 1 8.0 .07 3.07 .11 1.67 .06 .34 5.08 
Pavona duerdeni 1 6.0 .07 3.07 .11 1.67 .04 .22 4.96 

TOTALS 60 14.5 14.4 2-76 6.80 17.88 
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TRANSECT B 
Zone 1 - Inner Moat Zone 
(D-110 Meters) 

Porites 1utea 44 34.6 25.9 3-86 .49 17.25 .14 15.94 2.03 29.87 63.06 
Porites andrewsi 61 15.4 22 . 2 1-93 .51 17.96 .19 22.10 1.10 16.18 56.24 
Acropora aspera 39 32.4 25.9 4-100 .39 13.73 .12 14.13 1.58 23.25 51.11 
Poci11opora damicornis 41 11.3 6.2 1-26 .42 14.79 .13 14.86 .16 2.35 32.00 

00 Acropora formosa 27 21.6 19.5 2-62 .22 7.75 .09 9.78 .61 8.97 26.50 • 
00 Lepastrea purpurea 11 4.3 3.4 2-14 .16 5.63 .03 3.99 .01 .15 9.77 

Porites murrayensis 5 34.2 34.6 2-73 .07 2.46 .016 1.81 .26 3.83 8.10 
Porites ~.) iwayamaensis 3 63.3 81.8 6-157 .03 1.06 .006 .72 .42 6.18 7.96 
He1iopora coeru1ea 8 8.5 9.5 3-31 .12 4.23 .025 2.90 .03 .44 7.57 
Psammocora contigua 6 8.2 8.7 1-24 .09 3.17 .02 2.17 .02 .29 5.63 
Porites (~.) convexa 4 28.3 22.1 6-58 .04 1.41 .01 1.45 .12 1.77 4.63 
Montipora verrilli 5 20.8 11.8 8-38 .04 1.41 .016 1.81 .07 1.03 4.25 
Montipora (tubercu1ate sp. 1) 2 49.0 9.9 42-56 .103 1.06 .006 .72 .12 1.77 3.55 
Montipora lobu1ata 3 21.0 5.2 18-27 .04 1.41 .009 1.09 .03 .44 2.94 
Psammocora (ramose sp. 1) 3 10.0 2.6 7-12 .04 1.41 .009 1.09 .01 .15 2.65 
Mi11epora dichotoma 2 23.0 25.5 5-41 .03 1.06 .006 .72 .04 .59 2.36 
Montipora p1aniuscu1a 2 16.5 4.9 13-20 .03 1.06 .006 .72 .01 .15 1.93 
Goniopora arbuscu1a 1 56.0 .01 .35 .003 .36 .08 1.18 1.89 
Montipora e1schneri 1 45.0 .01 .35 .003 .36 .05 .74 1.45 
Pavona varians 1 32.0 .01 .35 .003 .36 .03 .44 1.15 
Sty1ocoenie11a armata 2 2.5 .7 2-3 .01 .35 .006 .72 .001 .01 1.08 
Pavona (foliate sp. 1) 1 17.0 .01 .35 .003 .36 .01 .15 .86 
Hydnophora microconos 1 11.0 .01 .35 .003 .36 .003 .04 .75 
Leptastrea bottae 1 4.0 .01 .35 .003 .36 .001 .01 .72 
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Millepora platyphylla 1 11.0 .01 .35 .003 .36 .001 .01 .72 
Pocil1opora setchelli 1 7.0 .01 .35 .003 .36 .001 .01 .72 

TOTALS 276 21.4 23.4 1-157 .86 6.80 

TRANSECT B 
Zone 2 - Outer Moat Zone 
(1O-172 Meters) 

OJ • '" Porites 1utea 29 38.6 28.9 4-127 .53 15.36 .66 18.13 11.89 42.68 76.17 
Poci11opora damicornis 26 9.9 6.4 1-25 .43 12.46 .59 16.25 .67 2.41 31.12 
Mi11epora dichotoma 13 29.9 27.1 6-98 .30 8.70 .30 8.13 3.65 13.10 29.93 
Leptastrea purpurea 13 5.6 4.2 1-15 .28 8.12 .30 8.13 .11 .39 16.64 
Heliopora coeru1ea 8 13.3 17.0 3-53 .18 5.22 .18 5.00 .62 2.23 12.45 
Acropora aspera 6 33.7 17.6 6-57 .08 2.32 .14 3.75 1.49 5.35 11.42 
Goniastrea retiformis 6 27.8 13.8 11-4B .13 3.77 .14 3.75 1.00 3.58 11.10 
Porites (massive sp. 1) 3 40.7 47.5 3-94 .08 2.32 .07 1.88 1.68 6.03 10.23 
Montipora lobulata 5 20.2 7.3 15-33 .13 3.77 .11 3.13 .40 1.44 8.34 
Porites (massive sp. 2) 4 22.3 25.7 3-59 .10 2.90 .09 2.50 .72 2.58 7.98 
Montipora verrilli 3 30.7 20.6 ° 7-45 .08 2.32 .07 1.88 .66 2.37 6.57 
Goniastrea edwardsi 3 29.0 15.4 12-42 .08 2.32 .07 1.88 .54 1.94 6.14 
Leptastrea bottae 5 5.4 3.0 2-9 .10 2.90 .11 3.13 .03 .11 6.14 
Leptoria phyrgia 3 24.0 B.7 14-29 .OB 2.32 .07 1.88 .34 1.22 5.42 
Poci11opora eydouxi 1 76.0 .03 .87 .02 .63 1.04 3.73 5.23 
Psammocora profundacel1a 3 16.3 11.8 7-29 .08 2.32 .07 1.88 .19 .68 4.88 
P1atygyra pini 3 12.7 4.2 8-16 .08 2.32 .07 1.88 .10 .36 4.56 
Porites annae 3 8.3 3.1 5-11 .08 2.32 .07 1.88 .04 .14 4.34 --Hydrophora microconos 2 31.5 20.5 17-46 .05 1.45 .05 1.25 .43 1.54 4.24 

\ 
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Mi11epora 1atifo1ia 2 32.0 12.7 23-41 .05 1.45 .05 1.25 .40 1.44 4.14 
Montipora acanthe11a 2 28.5 31.8 6-51 .03 .87 .05 1.25 .47 1.69 3.81 
Porites (~.) convexa 2 24.5 14.8 14-35 .05 1.45 .05 1.25 .25 .90 3.60 
Montipora co lei 2 18.5 7.8 13-24 .05 1.45 . 05 1.25 .13 . 47 3.17 
~ ste11igera 1 51.0 .03 .87 .02 .63 .46 1.65 3.15 
Pavona varians 2 17.0 5.7 13-21 .05 1.45 .05 1.25 .11 .39 3.09 
Psammocora contigua 2 7.0 1.4 6-8 .05 1.45 .05 1.25 .02 .07 2.77 
Acropora smithi 1 29.0 .03 .87 .02 .63 .16 .57 2.07 

'" 
Porites (~.) iwayamaensis 1 23.0 .03 .87 .02 .63 .10 .36 1.86 • 

0 Porites andrewsi 1 18.0 .03 .87 .02 .63 .06 .22 1.72 
Poci11opora setche11i 1 14.0 .03 .87 .02 .63 .03 .11 1.61 
Poci11opora danae 1 12.0 .03 .87 .02 .63 .03 .11 1.61 
Montipora hoffmeisteri 1 10.0 .03 .87 .02 .63 .02 .07 1.57 
Montipora (tubercu1ate sp. 3) 1 8.0 .03 .87 .02 .63 .01 .04 1.54 
Astreopora gracilis 1 6.0 .03 .87 .02 .63 .006 .02 1.52 

TOTALS 160 22.7 21.9 1-157 3.66 27.86 

TRANSECT B 
Zone 3 - Pavement Zone 
(172-216 Meters) 

Porites 1utea 22 7.0 4.8 2-19 .69 29.87 .75 34.38 .43 29.97 94.22 
Leptastrea purpurea 28 2.3 .9 1-4 .81 35.06 .95 43.75 .06 4.18 82.99 
Goniastrea retiformis 3 22.3 21.7 6-47 .19 8.23 .10 4.69 .65 45.30 58.22 
Poci11opora damicornis 4 13.0 5.0 8-20 .25 10.82 .14 6.25 .21 14.63 31. 70 
Leptastrea bottae 5 6.8 2.8 4-11 .25 10.82 .17 7.81 .07 4.88 23.51 
Psammocora profundace11a 1 6.0 .06 2.60 .03 1.56 .008 .56 4.72 

\ 
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Acropora variabilis 1 5.0 .06 2.60 .03 1.56 .007 .49 4.65 

TOTALS 64 6.0 6.8 1-47 2.17 1.44 

-----------------------------------------------------------------------------------------------------------
TRANSECT C 
Zone 1 - Inner Moat Zone 
(0-78 Meters) 

"" Porites andrewsi 70 28.5 39.8 2-197 .67 25.87 .74 36.46 l3.85 51.47 113.80 I-' 

Porites lutea 26 52.2 34.2 3-108 .42 16.22 .28 13.54 8.37 31.11 60.87 
Pocillopora damicornis 31 11.8 5.0 3-26 .44 16.99 .33 16.15 .36 1.34 34.48 
Porites (~.) iwayamaensis 10 31.3 37.4 5-99 .17 6.56 .11 5.21 1.86 6.91 l3.63 
Acropora aspera 9 9.7 8.1 3-28 .15 5.79 .10 4.69 .12 .45 10.91 
Psammocora contigua 7 14.4 l3.5 3-43 .10 3.86 .07 3.65 .21 .78 8.29 
Millepora dichotoma 5 13.0 5.8 7-21 .08 3.09 .05 2.60 .08 .30 5.99 
Heliopora coerulea 5 7.4 5.7 2-17 .06 2.32 .05 2.60 .03 .11 5.03 
Montipora planiuscula 3 25.7 12.5 17-40 .06 2.32 .03 1.56 .19 .71 4.59 
Porites (~.) convexa 4 10.0 2.6 7-13 .06 2.32 .04 2.08 .04 .15 4.55 
Psammocora digitata 1 87.0 .02 .77 .01 .52 .63 2.34 3.63 
Porites (massive sp. 1) 1 83.0 .02 .77 .01 .52 .57 2.12 3.41 
Porites (massive sp. 2) 2 28.5 23.3 12-45 .04 1.54 .02 1.04 .18 .67 3.25 
Pavona varians 2 18.0 7.1 l3-23 .04 1.54 .02 1.04 .06 .22 2.80 
Leptastrea bottae 2 l3.0 7.1 8-13 .04 1.54 .02 1.04 .03 .11 2.69 
Leptastrea purpurea 2 4.5 .7 4-5 .04 1.54 .02 1.04 .004 .01 2.59 
Leptoria phrygia 2 24.5 4.9 21-28 .02 .77 .02 1.04 .10 .37 2.18 
Montipora lobulata 2 21.5 16.3 10-33 .02 .77 .02 1.04 .10 .37 2.18 
Acorpora nasuta 2 15.0 9.9 8-22 .02 .77 .02 1.04 .05 .19 2.00 
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Pavona (encrusting sp. 1) 
Montipora ehrenbergii 
Montipora tubercu10sa 
Cyphastrea microphtha1ma 
Psammocora profundace11a 
Sty1ocoenie11a armata 

TOTALS 

TRANSECT C 
Zone 2 - Outer Moat Zone 
(78-111 Meters) 

Porites 1utea 
Leptoria phrygia 
Goniastrea retiformis 
Leptastrea purpurea 
Poci11opora damicornis 
Mi11epora p1atyphy11a 
Leptastrea bottae 

TOTALS 

TRANSECT C 
Zone 3 - Pavement Zone 
(111-135 Meters) 

Porites 1utea 

n 
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.05 

.007 

8.79 

., I< 
:> ... ., 

-1"'4 ~ > 
... ., 0 
,"uU 
rll< .,., .... 
1>:". 0 

.15 

.07 

.04 

.007 

.003 

.001 

40.63 
39.49 
15.36 

.91 
2.96 

.57 

.08 

~ 
la ... 
I< ., 

o " 
ft~ H> 

1.44 
1. 36 
1.33 
1.30 
1.29 
1.29 

97.68 
65.29 
56.79 
35.20 
27.43 
9.05 
8.56 

.77 91.12 223.26 

• 



Table 2 Continued. ., 
Transect Size Distribution ~ ., ~ u ., .... ., .... " Reef-Zone Colony Diameters " :> " :>. :> :>. 'iB :> ... ., '" ., .... ., ... ", ....... 0,... r: > ... 

::> ... ::> .... 13 ........ ., 0 ... ., 0 .... ., 
Species in cm 0-

'" 0- '" '" '" uu '" u u o ::> 
~ .... '" " .... .... " .... .... .... If';;\ y '" .... ~~ &~ 

., .... ~., .... n s w ~ O::~ Po 0 Po 0 H:> 

Leptastrea purpurea 2 4 . 0 0.0 4-4 .25 14.29 .30 12.50 .04 4.73 31.52 
Acropora nasuta 1 5.0 .25 14.29 .15 6.25 .03 3.55 24.09 
Acropora variabilis 1 2.0 .25 14.29 .15 6.25 .005 .59 21.13 

TOTALS 16 5.6 3.6 2-14 2.40 .85 

TRANSECT C 
Zone 4 - Reef Margin Zone 

o.D (135-149 Meters) 
w , 

Pocil1opora setchel1i 7 14.7 4.8 9-23 .67 19.94 1.03 29.17 1.93 13.28 62.39 
Acropora monticulosa 2 49.5 26.2 31-68 .33 9.82 .29 8.33 6.39 43.98 62.13 
Goniastrea retiformis 5 8.4 5.3 4-17 .67 19.94 .73 20.83 .54 3.72 44.49 
Millepora platyphylla 1 62.0 .17 5.06 .15 4.17 4.43 30.49 39.72 
Favites abdita 2 9.5 3.5 7-12 .33 9.82 .29 8.33 .23 1.58 19.73 
Pocillopora (sp. 1) 1 18.0 .17 5.06 . 15 4.17 .39 2.68 11.91 
Acropora valida 1 16.0 .17 5.06 .15 4.17 .30 2.06 11.29 
Montipora verrilli 1 9.0 .17 5.06 .15 4.17 .10 .69 9.92 
~ pa11ida 1 9.0 .17 5.06 .15 4.17 .09 .62 9.85 
Acropora wardi 1 7.0 .17 5.06 .15 4.17 .06 .41 9.64 
Psammocora contigua 1 7.0 .17 5.06 .15 4.17 .06 .41 9.64 
Porites 1utea 1 3.0 .17 5.06 .15 4.17 .01 .07 9.30 --

TOTALS 24 16.4 16 . 31 3-68 3.54 14 . 53 
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Table 2 Continued. 

TRANSECT C 

Transect 
Reef-Zone 
Species 

Zone 5 - Reef Front Slope Zone 
(149-181 Meters) 

Poci11opora setche11i 
Acropora monticu1osa 
Montipora verrilli 
Goniastrea retiformis 
Montastrea curta 
Acropora cerea1is 
Acropora irregu1aris 
Acropora smithi 
Acropora oce11ata 
Acropora surculosa 
Leptastrea purpurea 
Montipora foveo1ata 
Acropora humi1is 
P1atygyra daeda1ea 
Goniastrea edwardsi 
Mi11epora p1atyphy11a 
Acropora vall ida 
Pavona (encrusting sp. 1) 
Acropora variabi1is 

TOTALS 

n 

16 
6 
6 
7 
4 
4 
1 
1 
3 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 

60 

Size Distribution 
Colony Diameters 

in cm 
y 

9.0 
21.2 
12.3 
10.4 
12.3 

8.0 
32.0 
31.0 
10.0 
15.0 

8.0 
22.0 
18.0 
16.0 
14.0 
12.0 
6.0 
6.0 
4.0 

12.2 

s w 

4.9 3-17 
7.2 10-28 
5.5 6-18 
1.0 9-12 
3.0 8-15 
3.4 6-13 

1.0 9-11 
2.8 13-17 
1.4 7-9 

6.8 3-32 

~ 

~ .,. 
4/ ... 
~ 

.67 

.33 

.33 

.33 

.20 
.27 
.07 
.07 
.13 
.13 
.13 
.07 
.07 
.07 
.07 
.07 
.07 
.07 
.07 

:>, 
4/ () 

:> " 'j ~ 
<II .,. 

..... 4/ 

~~ 

20.81 
10.25 
10.25 
10.25 

6.21 
8.39 
2.17 
2.17 
4.04 
4.04 
4.04 
2.17 
2.17 
2.17 
2.17 
2.17 
2.17 
2.17 
2.17 

t'N ..... e 
Ul " ... 
~~ 

1.97 
.74 
.74 
.86 
.49 
.49 
.12 
.12 
.37 
.25 
.25 
.12 
.12 
.12 
.12 
.12 
.12 
.12 
.12 

7.36 

4/ 
:> :>, 
'M U 
U 'M 
<II Ul 

..... <: 
~~ 

26.67 
10.00 
10.00 
11.67 

6.67 
6.67 
1.67 
1.67 
5.00 
3.33 
3.33 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 

... 
., 4/ 

~ ~ 
()U ... 
4/,," 
p., 0 

1.52 
2.87 
1.02 

.73 

.61 

.28 

.99 

.93 

.28 

.32 

.14 

.47 

.31 

.26 

.19 

.14 

.03 

.03 

.02 

11.14 

OJ ... 
:> U OJ 

..... <: :> 
U OJ 0 
<II()U ..... ... 
OJ OJ"" 
.,: p., 0 

13.64 
25.76 
9.16 
6.55 
5.48 
2.51 
8.87 
8.35 
2.51 
2.87 
1.26 
4.21 
2.78 
2.33 
1.71 
1.26 

.27 

.27 

.18 

Qj 
() 

~ 
U 
... Qj 

o " 
8-~ 
H~ 

61.12 
46.01 
29.41 
28.47 
18.36 
17.57 
12.71 
12.19 
11 . 55 
10.24 

8.63 
8.05 
6.62 
6.17 
5.55 
5.10 
4.11 
4.11 
4.02 

• 



'" \J> 

Table 2 Continued. 

TRANSECT D 

Transect 
Reef-Zone 
Species 

Zone 1 - Inner Most Zone 
(0-22 Meters) 

Porites 1utea 
Poci110pora damicornis 
Leptastrea purpurea 
Leptastrea bottae 
Porites murrayensis 

TOTALS 

TRANSECT D 
Zone 2 - Outer Moat Zone 
(22-35 Meters) 

Porites 1utea ---Poci110pora damicornis 
Leptastrea purpurea 

TOTALS 

TRANSECT D 
Zone 3 - Pavement Zone 
(35- 50 Meters) 

Porites 1utea 

n 

6 
5 
2 
2 
1 

16 

9 
2 
1 

12 

4 

Size Distribution 
Colony Diameters 

in cm 
y 

12.8 
7.6 
3.5 
2.5 

11.0 

8.6 

8.8 
4.5 
2.0 

9.8 

s 

8.8 
4.6 

.7 

.7 

6.9 

8.9 
2.1 

9.6 

w 

3-24 
3-13 
3-4 
2-3 

2-24 

2-31 
3-6 

2-31 

~ 

~ 
0-

ff ,.. 

.50 
1.00 

.50 

.25 

.25 

1.0 
.33 
.33 

10.8 4.3 5-15 1.0 

dl ~ 
> .:: 
'n dl ... " 
"' 0-.-i dl 
dl ... "",.. 

20.00 
40.00 
20.00 
10.00 
10.00 

60.24 
19.88 
19.88 

50.00 

t'", 
'n a 
~ ... 
dl dl 
I'll>< 

.12 

.10 

.04 

.04 

.02· 

.32 

.23 

.05 

.03 

.31 

.15 

~ >. 
'n ... ....... :a 
~21 

37.50 
31.25 
12.50 
12.50 

6.25 

75.00 
16.67 

8.33 

50.00 

... ... ., 
.:: > ., 0 
ou ... ., .... 

I>< 0 

.22 

.06 

.005 

.002 

.02 

.31 

.26 

.009 

.001 

.27 

.15 

., ... 
> ... dl 

OM c:: > 
... ., 0 
",ou 
.-i ... 
dl., .... 
""1><0 

71.66 
19.54 
1.63 

.65 
6.51 

96.30 
3.33 

.37 

dl 
o 
§ ... 
... dl 

o " ft';;l 
H> 

139.16 
90.79 
34.13 
23.15 
22.76 

231.54 
39.88 
25.58 

94.34 194.34 

• 



Table 2 Continued. 
<lJ 

Transect Size Distribution i;' <lJ ~ (J 

<lJ .... <lJ .... " Reef-Zone Colony Diameters " > " >- > >- .. <lJ > ... <lJ co 
2l ..... Ql ....... ....... ~ g ..... " > .. 

Species in cm .. " .... IS ....... ... <lJ 0 .... <lJ 
0' co 0' ~ .... <d (J) uU <dUU o " <lJ ,..., <lJ ,...,,, .... ,..., .... 

IJ~ y .... <lJ .... 2::! ~~ <lJ .... 1II<lJ .... n s w ~ ..:~ I>< 0 ":1><0 H> 

Leptastrea purpurea 4 2.5 .6 2-3 1.0 50.00 .15 50.00 .009 5.66 105.66 

TOTALS 8 6.6 5.3 2-15 .30 .16 

------------------------------------------------------------------------------------------------------------
TRANSECT E 
Zone 1 - Inner Moat Zone 
(1-50 Meters) 

.0 • 
'" Acropora aspera 17 36.3 31.8 5-105 1.00 34.36 .39 53.13 7.04 83.50 170.99 

Porites 1utea 5 31.2 14.3 18-54 .63 21.65 .12 15.63 1.05 12.45 49.73 
Poci11opora damicornis 4 13.5 2.9 10-17 .50 17.18 .09 12.50 .14 1.66 31.34 
Goniastrea retiformis 1 20.0 .13 4.47 .02 3.13 .07 .83 8.43 
~ pa11ida 1 16.0 .13 4.47 .02 3.13 .05 .59 8.19 
Hydnophora microconos 1 16.0 .13 4.47 .02 3.13 .05 .59 8.19 
Mi11epora dichotoma 1 11.0 .13 4.47 .02 3.13 .02 .24 7.84 
Leptastrea purpurea 1 7.0 .13 4.47 .02 3.13 .009 .11 7.71 
Poci11opora setche11i 1 3.0 .13 4.47 .02 3.13 .002 .02 7.62 

TOTALS 32 28.2 25.8 3-105 .72 8.43 

TRANSECT E 
Zone 2 - Outer Moat Zone 
(50-65 Meters) 

Porites 1utea 5 15.0 8.8 7-26 .75 25.00 .95 31.25 2.14 49.65 105.90 
Porites australiensis 1 28.0 .25 8.33 .19 6.25 1.16 26.91 41.49 
Acropora aspera 2 10.0 1.4 9-11 .50 16.67 .38 12.50 .30 6.96 36.13 



Table 2 Continued. 

>. >. 
., 

Transect Size Distribution u u ., u ., ... ., ... " Reef-Zone Colony Diameters " :> " >. :> >. ... ., :> ... ., " ~ 'N ., ... '" oN ... " :> 'r-i ~ > ... 
Species in cm ... " 'N a "'oN ., 0 ... ., 0 ... ., 

0' " 0' 
., " ., uu " u u o " ., .... ., " ... .... " ... .... ... ft~ y ... ., ... 
~~ ~~ .,"-' .,., .... 

n s w ... "' ... I>< 0 "'1><0 H:> 

Leptatrea purpurea 2 4.0 2.8 2-6 .50 16.67 .38 12.50 .06 1.39 30.56 
Goniastrea retiformis 2 16.0 7.1 11-21 .25 8.33 .38 12.50 .22 5.10 25.93 
Pocillopora damicornis 1 14.0 .25 8.33 .19 6.25 .31 7.19 21. 77 
Favia pallida 2 3.5 .7 3-4 .25 8.33 .38 12.50 .03 .70 21.53 
Montastrea curta 1 8.0 .25 8.33 .19 6.25 .09 2.09 16.67 

TOTALS 16 12.0 8.2 2-26 3.04 4.31 

'" 
TRANSECT E 

..... Zone 3 - Pavement Zone • 
(65-80 Meters) 

Porites 1utea 9 8.2 3.7 4-14 1.00 50.25 .22 75.00 .14 22.58 147.83 
Porites australiensis 1 50.0 .33 16.58 .02 8.33 .47 75.81 100.72 
Goniastrea retiformis 1 7.0 .33 16.58 .02 8.33 .01 1.61 26.52 
Leptastrea pur pure a 1 2.0 .33 16.58 .02 8.33 .001 .16 15.07 

TOTALS 12 11.1 12.79 2-50 .48 .62 

-----------------------------------------------------------------------------------------------------------
TRANSECT F 
Zone 1 - Pavement Zone 
(0-30 Meters) 

Porites 1utea 2 36.0 11. 3 28-44 .14 50.00 .002 50.00 .02 76.92 176.92 ---Porites australiensis 2 18.0 5.7 14-23 .14 50.00 .002 50.00 .006 23.08 123.08 

TOTALS 4 27.0 12.7 14-44 .004 .026 
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Table 2 Continued. 

TRANSECT F 

Transect 
Reef-Zone 
Species 

, 

Zone 2 - Reef Margin Zone 
(30-45 Meters) 

Goniastrea retiformis 
Poci11opora setche11i 
Acropora wardi 
Montasrea curta 
Leptoria phrygia 
Favia pa11ida 
Acropora nasuta 
Leptastrea purpurea 
Porites 1utea ---

TOTALS 

TRANSECT G 
Zone 1 - Pavement Zone 
(0-20 Meters) 
(no corals encountered) 

TRANSECT G 
Zone 2 - Reef Margin Zone 
(20-35 Meters) 

Poci11opora setche11i 
Gon1astrea retiformis 

n 

3 
2 
1 
1 
1 
1 
1 
1 
1 

12 

17 
3 

Size Distribution 
Colony Diameters 

in cm 
y 

15.0 
10.0 
14.0 
12.0 
10.0 

9.0 
8.0 
5.0 
5.0 

10.7 

s w 

5.0 10-20 
2.8 8-12 

4.3 5-20 

~ 

~ 
C" 

e! 
~ 

.67 

.33 

.33 

.33 

.33 

.33 

.33 

.33 

.33 

<II ~ > ,; 
,'" <II 
.... " 
'" C" ..... <11 

<II " <>:~ 

20.24 
9.97 
9.97 
9.97 
9.97 
9.97 
9.97 
9.97 
9.97 

4.8 
7.0 

1.8 2-10 1.00 54.64 
3.6 3-10 .33 18.03 

?;oN 
..... 1'1 
!Jl 

,; " 
~~ 

.28 

.19 

.09 

.09 

.09 

.09 

.09 

.09 

.09 

1.10 

<II > >, ......... ......... " ., ..... ,; 

~~ 

25.00 
16.67 

8.33 
B.33 
B.33 
B.33 
B.33 
B.33 
B.33 

.64 70.B3 

.11 12.50 

" .... QJ 
,; > 
QJ 0 
ou 
" <II .... 

'" 0 

.51 

.15 

.14 

.11 

.07 

.06 

.05 

.02 

.02 

1.13 

<II " > ... QJ 
,'" ,; > 
.... QJ 0 
" u u 

..... " QJ QJ .... 
<>:",0 

45.13 
13.27 
12.39 

9.73 
6.19 
5.31 
4.42 
1.77 
1.77 

1) 
fa ... 
" <II 
o " 
~~ H> 

90.37 
39.91 
30.69 
28.03 
24.49 
23.61 
22.72 
20.07 
20.07 

.17 50.00 175.47 

.15 44.12 74.65 

• 



Table 2 Continued. 

Transect 
Reef-Zone 
Species 

Porites 1utea 
Montastrea curta ---

TOTALS 

TRANSECT H 
Zone 1 - Pavement Zone 

'" (0-10 Meters) 
'" 

(no corals encountered) 

TRANSECT H 
Zone 2 - Reef Margin Zone 
(10-30 Meters) 

Poci110pora setche11i 
Favites abdita 
Porites 1utea ---
Millepora platyphyl1a 
Goniastrea retiformis 
Acropora squarrosa 
Acropora surculosa 
Leptoria phrygia 

TOTALS 

n 

3 
1 

24 

14 
2 
3 
1 
1 
1 
1 
1 

24 

Size Distribution 
Colony Diameters 

y 

3.3 
7.0 

5.0 

7.4 
13.5 
4.0 

12.0 
10.0 

7.0 
7.0 
5.0 

7.6 

in cm 

s 

2.3 

2.2 

3.6 
9.2 
3.5 

4.3 

w 

2-6 

2-10 

3-14 
7-20 
2-8 

2-20 

~ 
" 2l .,. 
OJ 
H ... 

.33 

.17 

1.00 
.33 
.33 
.17 
.17 
.17 
.17 
.17 

OJ 
OJ !j- u 

!!i :» 
H OJ H " l> " :» .., OJ l> .., OJ ., 

oM OJ "'N .... .., 
" l> 'r-! ~ > .., 

.., " .... a "'oM OJ 0 .., OJ 0 H OJ ., .,. III ., III uu ., U U 
o " ... OJ 

" H ... " H ... H 
ft~ OJ H ~~ ~~ OJ .... OJ OJ"" "'- ... "" 0 

"'-,,"0 H;> 

18.03 .11 12.50 .01 2.94 33.47 
9.29 .04 4.17 .01 2.94 16.40 

.90 .34 

, 

39.84 .57 58.33 .29 49.15 147.32 
13.15 .08 8.33 .14 23.73 45.21 
13.15 .12 12.50 .03 5.08 30.73 

6.77 .04 4.17 .05 8.47 19.91 
6.77 .04 4.17 .03 5.08 16.02 
6.77 .04 4.17 .02 3.39 14.33 
6.77 .04 4.17 .02 3.39 14.33 
6.77 .04 4.17 .009 1.53 12.47 

.97 .59 



Table 2 Continued. ., 
Transect Size Distribution iJ ., iJ " ., ... ., ... c:: 

Reef-Zone Colony Diameters c:: > c:: f>, > f>, ... ., > ... ., rei ., ..... ., 
... '" ......... c:: > .... c:: > .... 

Species in cm " .... " .... 13 ......... ., 0 .... ., 0 ... ., .,. rei .,. 
~ ... rei IJ) "u ~~u o " ., .... ., .... " ... 8'';;1 y ... ., ... ., ., 

~2l 
., .... .,., .... 

n s w ... ~ ... All< Il< 0 ~Il<O H> 

TRANSECT H 
Zone 3 - Reef Front Zone 
(30-65 Meters) 

Montipora verrilli 9 17.3 11.2 5-36 .60 15.67 1.03 15.00 3.37 35.11 65.78 
Goniastrea retiformis 11 8.6 4.7 2-18 .73 19.06 1.25 18.33 .93 9.69 47.08 
Montipora hoffmeisteri 2 25.0 21.2 10-40 .13 3.39 .23 3.33 1.53 15.94 22.66 
Acropora surcu10sa 3 17.3 1.5 16-19 .20 5.22 .34 5.00 .81 8.44 18.66 
Favia pa11ida 3 9.0 3.6 6-13 .20 5.22 .34 5.00 .26 2.71 12.93 • 

H 
0 Porites 1utea 3 8.0 2.6 6-11 .13 3.39 .34 5.00 .19 1.98 10.37 
0 

Poci11opora setche11i 3 2.3 0.6 2-3 .20 5.22 .34 5.00 .01 .10 10.32 
Leptastrea purpurea 3 8.0 3.5 6-12 .13 3.39 .34 5.00 .18 1.88 10.27 
Montastrea curta 2 10.0 0.0 10-10 .13 3.39 .23 3.33 .18 1.88 8.60 
Leptoria phrygia 1 22.0 .07 1.83 .11 1.67 .42 4.38 7.88 
Acropora oce11ata 2 11.5 4.9 8-15 .07 1.83 .23 3.33 .26 2.71 7.87 
Acropora irregularis 2 7.5 4.9 4-11 .13 3.39 .23 3.33 .11 1.15 7.87 
Acropora nasuta 2 5.0 2.8 3-7 .13 3.39 .23 3.33 .05 .52 7.24 
~ ste11igera 1 19.0 .07 1.83 .11 1.67 .33 3.44 6.94 
Acropora humi1is 1 14.0 .07 1.83 .11 1.67 .18 1.88 5.38 
Montipora e1schneri 1 14.0 .07 1.83 .11 1.67 .18 1.88 5.38 
P1atygyra pini 1 12.0 .07 1.83 .11 1.67 .13 1.35 4.85 
Porites murrayensis 1 11.0 .07 1.83 .11 1.67 .11 1.15 4.65 
Acropora valida 1 10.0 .07 1.83 .11 1.67 .09 .94 4.44 
Favia matthai 1 9.0 .07 1.83 .11 1.67 .07 .73 4.23 
Montipora tubercu10sa 1 9.0 .07 1.83 .11 1.67 .07 .73 4.23 
Acropora aspera 1 7.0 .07 1.83 .11 1.67 .04 .42 3.92 
Acropora cerea1is 1 6.0 .07 1.83 .11 1.67 .03 .31 3.81 
Favia rotumana 1 6.0 .07 1.83 .11 1.67 .03 .31 3.81 --



Table 2 Continued. 

Transect 
Reef-Zone 
Species 

Acropora (sp. 3) 
Echinophy11ia aspera 
Acropora wardi 

TOTALS 

TRANSECT I 
Zone 1 - Pavement Zone 

~ (1-10 Meters) ,... 
Porites australiensis 
Porites 1utea 
Poci110pora setche11i 

TOTALS 

TRANSECT I 
Zone 2 - Reef Margin Zone 
(10-30 Meters) 

Porites 1utea 
Poci110pora setche11i 
Goniastrea retiformis 
Acropora cerea1is 
Mi11epora p1atyphy11a 
Leptoria phrygia 
Montastrea curta ---

1 
1 
1 

60 

3 
2 
1 

6 

4 
11 

2 
2 
1 
1 
1 

n 

Size Distribution 
Colony Diameters 

in cm 
y 

5.0 
4.0 
3.0 

12.2 

17.7 
21.5 
4.0 

s w 

6.8 2-40 

7.8 
21.9 

9-24 
5-36 

16.3 12.6 4-36 

20.8 
9.0 
9.0 
6.0 

13.0 
13.0 

8.0 

17.7 
4.3 
0.0 
0.0 

8-47 
4-19 
9-9 
6-6 

t' 
<= 
!!l .,. 
~ ... 

.07 

.07 

.07 

.67 

.33 

.33 

.50 

.83 

.33 

.33 

.17 

.17 

.17 

.. lJ' 
:> <= ...... 
... " " .,. .... .. 
QI " 00;'" 

1.83 
1.83 
1.83 

50.38 
24.81 
24.81 

17.61 
29.23 
11.62 
11.62 

5.99 
5.99 
5.99 

t.... 'l!I 
., " ~ QI 
""p.. 

.11 

.11 

.11 

6.78 

.04 

.03 

.01 

.08 

.30 

.82 

.15 

.15 

.07 

.07 

.07 

.. 
:> >....... ...... 
" co .... <= 
~~ 

1.67 
1.67 
1.67 

50.00 
33.33 
16.67 

16.67 
45.83 
8.33 
8.33 
4.17 
4.17 
4.17 

" ... .. 
~ ~ 
l:!u ...... 
p.. 0 

.02 

.01 

.008 

9.60 

.11 

.14 

.002 

.25 

1.93 
.64 
.09 
.04 
.10 
.09 
.04 

.. ... 
:> ..... 

-1"'4 = > 
"' .. 0 ""U ....... .. ...... 
oo;p..o 

.21 

.10 

.08 

43.65 
55.56 

.79 

64.98 
21.55 

3.03 
1.35 
3.37 
3.03 
1.35 

2l 
Ia ... " .. o " 
Ir~ 
H:> 

3.71 
3.60 
3.58 

144.03 
113.70 

42.27 

99.26 
96.61 
22.98 
21.30 
13.53 
13.19 
11.51 
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Table 2 Continued. 

Transect 
Reef-Zone 
Species 

Acropora surculosa 
Acropora 8quarrosa 

TOTALS 

TRANSECT I 
Zone 2 - Reef Front 
(30-65 Meters) 

Montipora verrilli 
Goniastrea retiformis 
Acropora surcu10sa 
Acropora nasuta 
Mi11epora p1atyphy11a 
Poci11opora setche11i 
~ ste11igera 
Acropora humi1is 
Poci11opora verrucosa 
Porites 1utea 
Leptoria phrygia 
Porites australiensis 
Mi11epora dichotoma 
Acropora cerea1is 
Leptastrea purpurea 
Montastrea curta -----Porites murrayensis 

1 
1 

n 

24 

13 
18 

6 
5 
1 
4 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Size Distribution 
Colony Diameters 

in cm 
y 

7.0 
4.0 

11.3 

14.5 
15.8 
14.7 
10.8 
56.0 
11. 3 
12.0 
19.0 
19.0 
15.0 
11.0 
11.0 

7.0 
7.0 
7.0 
7.0 
6.0 

s w 

8.7 4-47 

17.9 
9.8 
4.6 
6.1 

10.4 
4.2 

4-72 
4-40 
9-14 
4-17 

3-26 
9-15 

iJ' 
~ 
~ 

f<o 

.17 

.17 

.47 

.67 

.27 

.20 

.07 

.20 

.13 

.07 

.07 

.07 

.07 

.07 

.07 

.07 

.07 

.07 

.07 

., iJ' 
" s= .... ., 
... " 111 C' .-< ., 

~t: 

5.99 
5.99 

16.91 
24.10 
9.71 
7.19 
2.52 
7.19 
4.68 
2.52 
2.52 
2.52 
2.52 
2.52 
2.52 
2.52 
2.52 
2.52 
2.52 

t'N .... a 
:!! I-< 

2:~ 

.07 

.07 

1.77 

1.46 
2.03 

.68 

.56 

.11 

.45 

.22 

.11 

.11 

.11 

.11 

.11 

.11 

.11 

.11 

.11 

.11 

., 
" >....... ....... 
111 !II 

.-< s= 
~~ 

4.17 
4.17 

21.67 
30.00 
10.00 
8.33 
1.67 
6.67 
3.33 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.67 

I-< ... ., 
@ ~ 
0(.) 
I-< ., .... 
p.. 0 

.03 

.01 

2.97 

7.96 
5.49 
1.25 

.65 
2.80 

.73 

.28 

.33 

.31 

.20 

.11 

.11 

.05 

.04 

.04 

.04 

.03 

., I-< " ... ., .... s=" ....,0 
1110(.) 

.-<1-< .,., .... 
OC:p..o 

1.01 
.34 

38.94 
26.86 
6.12 
3.18 

13.70 
3.57 
1.37 
1.61 
1.52 

.98 

.54 

.54 
.24 
.20 
.20 
.20 
.15 

~ 
~ ... 
I-< ., 

o " if';;l 
HI> 

11.17 
10.50 

78.52 
56.86 
25.83 
18.70 
17.89 
17.43 

8.29 
5.80 
5.71 
5.17 
4.73 
4.73 
4.43 
4.39 
4.39 
4.39 
4.34 
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Table 2 Continued. 

1J' ., 1J' 
., 

Transect Size Distribution (J ., 
" ., " " Reef-Zone Colony Diameters " :> " t'", :>>> .... ., :> .... ., " ~ "j ~ .... .., 

" :> .... " g .., 
Species in cm .... a .., .... ., 0 .., ., " ., tT 

" tT ~ " ~~ (JU " (J U o " ., M ., " M " if'Ol n y s w " ., " ., ., 
~2l 

., .... .,., .... 
~ o:I~ "'p.. p..o o:Ip..o .... :> 

Favites abdita 1 5.0 .07 2.52 .11 1.67 .02 .10 4.29 

TOTALS 60 14.3 11.9 3-72 6.72 22.44 

-----------------------------------------------------------------------------------------------------------
TRANSECT J 
Zone 1 - Inner Moat Zone 
(0-52 Meters) 

.... 
9.9 0 Porites 1utea 11 9.1 2-34 .71 33.33 .14 39.29 .19 50.00 122.62 ...., 
4.3 Poci11opora damicornis 7 3.6 1-9 .71 33.33 .09 25.00 .02 5.26 63.59 

Leptastrea purpurea 9 3.2 1.3 2-6 .57 26.76 .12 32.14 .01 2.63 61.53 
Porites australiensis 1 39.0 .14 6.57 .01 3.57 .16 42.11 52.25 

TOTALS 28 7.4 9.1 1-39 .36 .38 

TRANSECT J 
Zone 2 - Outer Moat Zone 
(52-210 Meters) 

Porites 1utea 60 27.1 26.0 2-112 .86 36.75 1.41 53.57 1.55 78.50 168.82 
Acropora aspera 7 29.1 24.9 5-62 .21 8.97 .16 6.25 1.12 5.65 20.87 
Porites (~.) iwayamaensis 5 32.4 27.8 12-68 .18 7.69 .12 4.46 1.54 7.77 19.92 
Porites australiensis 6 14.2 11.3 2-31 .21 8.97 .14 5.36 .34 1.72 16.05 
Poci11opora damicornis 8 6.0 4.6 1-15 .18 7.69 .19 7.14 .08 .40 15.23 
Mi11epora dichotoma 7 25.4 10.7 6-37 .11 4.70 .16 6.25 .45 2.27 13.22 
Leptastrea purpurea 4 4.0 2.8 2-8 .14 5.98 .09 3.57 .02 .10 9.65 
Porites annae 3 25.0 11.8 15-38 .11 4.70 .07 2.68 .40 2.02 9.40 
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Transect Size Distribution Ei' ., Ei' u OJ ... OJ ... " Reef-Zone Colony Diameters " > <= >- > >- "OJ >., OJ co 
1l .... OJ .,N ....... <=> .... <= > ., 

Species in cm ., " .... Il ., .... OJo ".,0 ... OJ .,. .. .,. 
~ ... .. !J) uu .. uu o " e: .... OJ .... <= ... ....... ff~ y &t: 2l~ ~2l OJ .... & OJ"" n s w ~ p.,o p.,o Hi> 

Pavona venosa 3 11. 7 3.8 9-16 .11 4.70 .07 2.68 .08 .40 7.78 
Goniastrea retiformis 5 5.0 3.2 2-10 .07 2.99 .12 4.46 .03 .15 7.60 
Montipora verrilli 1 21.0 .04 1.71 .02 .89 .08 .40 3.00 
Porites murrayensis 1 20.0 .04 1.71 .02 .89 .07 .35 2.95 
Mi11epora p1atyphyl1a 1 16.0 .04 1.71 .02 .89 .04 .20 2.80 
Montipora 1obu1ata 1 7.0 .04 1.71 .02 .89 .01 .05 2.65 

TOTALS 112 22.0 22.0 1-112 2.61 19.81 
.... • a TRANSECT J ~ 

Zone 3 - Outer Pavement Zone 
(210-267 Meters) 

Porites 1utea 39 5.0 3.2 2-18 1.0 90.91 .70 97.50 .20 99.01 287.42 
Goniastrea retiformis 1 3.0 .10 9.09 .02 2.50 .002 .99 12.58 

TOTALS 40 4.9 3.1 2-18 .72 .20 

TRANSECT J 
Zone 4 - Reef Margin Zone 
(267-282 Meters) 

Poci11opora setche11i 15 8.6 4.3 3-18 .83 41.29 8.65 6.14 62.50 51.04 154.83 
Acropora monticu1oss 4 14.3 9.0 5-26 .33 16.42 2.31 16.67 4.71 39.15 72 .24 
Montipora verrilli 1 10.0 .17 8.46 .58 4.17 .45 3.74 16.37 
Acropora valida 1 8.0 .17 8.46 .58 4.17 .29 2.41 15.04 
Acropora squarrosa 1 6.0 .17 8.46 .58 4.17 .19 1.58 14.21 
Acropora nasuta 1 5.0 .17 8.46 .58 4.17 .17 1.41 14.04 
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Table 2 Continued. 

Transect 
Reef-Zone 
Species 

Acropora ceres1is 

TOTALS 

TRANSECT J 
Zone 5 - Reef Front Zone 
(282-317 Meters) 

Leptastrea purpurea 
Poci11opora setche11i 
Acropora surcu10sa 
Acropora cereal is 
Montipora verrilli 
Montipora hoffmeisteri 
Poci11opora e1egans 
Leptoria phrygia 
Acropora humi1is 
Mi11epora p1atyphy11a 
Acanthastrea echinata 
Favia pa11ida 
Monstastrea curta 
Acropora variabi1is 
Mi11epora dichotoma 
Acropora wardi 

TOTALS 

n 

1 

24 

9 
7 
4 
4 
3 
1 
1 
2 
2 
1 
1 
1 
1 
1 
1 
1 

40 

Size Distribution 
Colony Diameters 

in cm 
y 

4.0 

9.1 

7.3 
8.6 

12.0 
7.2 

16.3 
30.0 
30.0 
15.0 
15.5 
24.0 
17 .0 
17.0 
14.0 

8.0 
7.0 
5.0 

11.7 

s 

5.4 

3.2 
3.1 
4.7 
3.3 
6.1 

4.2 
6.4 

w 

3-26 

4-13 
5-13 
7-16 
3-11 

11-23 

12-18 
11-20 

6.7 3-30 

iJ' 
~ 
C" 

~ 

.17 

.40 

.50 

.40 

.40 

.20 

.10 

.10 

.20 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

.10 

Qj iJ' 
:> " !J ~ 
~~ 
,H: 

8.46 

12.90 
16.13 
12.90 
12.90 

6.45 
3.23 
3.23 
6.45 
3.23 
3.23 
3.23 
3.23 
3.23 
3.23 
3.23 
3.23 

t'", 
.... a 
III " ~ 2U! 

.58 

13.86 

1.35 
1.05 

.60 

.60 

.45 

.15 

.15 

.30 

.30 

.15 

.15 

.15 

.15 

.15 

.15 

.15 

6.00 

Qj 
:> >. ....... ... . ... 
~ ~ 
&~ 

4.17 

22.50 
17 .50 
10.0 
10.00 

7.50 
2.50 
2.50 
5.00 
5.00 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 

~ 
... Qj 

~ ~ ou 
~ 
Qj'H 

I'-< 0 

.08 

12.03 

.66 

.66 

.75 

.28 
1.03 
1.09 
1.09 

.55 

.61 

.66 

.34 

.34 

.23 

.08 

.06 

.03 

8.46 

Qj ~ :> ... Qj .... " ,. 
... Qj 0 
01 0 U 

M ~ 
Qj Qj 'H 

1>:1'-<0 

.67 

7.80 
7.80 
8.87 
3.31 

12.17 
12.88 
12.88 
6.50 
7.21 
7.80 
4.02 
4.02 
2.72 

.95 

.71 

.35 

2l 
~ ... 
~ Qj 
o :> 
If": 
H:> 

13.30 

43.20 
41.43 
31. 77 
26.21 
26.12 
18.61 
18.61 
17 .95 
15.44 
13.53 

9.75 
9.75 
8.45 
6.68 
6.44 
6.08 
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Table 3. Number of species found on each transect (A-J) and the zones 
within each transect. Asterisk (*) indicates zone not 
investigated. 

Reef Zones l 

Inner Outer Outer Reef Reef Front 
Transect Moat Moat Pavement Margin . Slope Total 

Luminao Reef 

A 58 88 14 46 87 137 
B 61 92 20 * * 110 
C 52 99 11 50 101 141 
D 11 15 7 * * 23 
E 26 46 7 * * 53 

Piti Reef 

J 4 26 2 36 98 105 

Pavement Reef Margin Reef Front Slope Total 

Cabras Reef 

F 7 32 * 33 
G 8 25 * 28 
H 1 34 81 83 
I 2 21 93 94 

Study Area 160 

lSee Vertical Profiles 3-A - 3-J (pp. 15-18) in "Description of the Study 
Area" for distribution of zones. 
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MACROINVERTEBRATES 

by 

R. K. Kropp and L. G. Eldredge 

Introduction 

Only one detailed report concerning any invertebrates group has 
appeared for this extensive and rich reef area. Stojkovich (1977) car
ried out a pristine-site study in the area of Station B of the present 
study. She listed a few invertebrates other than reef corals. 

This report provides the most extensive list of macroinvertebrates 
reported to date from any location on Guam. 

Methods 

Data on invertebrate abundance was gathered by a line-transect 
method. The transect tape was placed parallel to shore and inverte
brates found within one meter on both sides of the tape were counted. 
Densities were expressed as mean number of individuals ± standard devia
tion per 10 m. In moat areas a 100-m tape was used, whereas on the 
outer reef flat and the reef front a SO-m tape was used. All transects 
were done during the day. 

Also many excursions were made to the study area to conduct a 
general survey of the invertebrate fauna and to collect specimens for 
identification. Most of the molluscs reported here have been placed in 
the Richard "E" Dickinson Memorial Mollusk Collection at the University 
of Guam Marine Laboratory. 

Results 

Cabras Island Bench 

The bench habitat along Cabras Island was separated into three 
zones. The landward edge is an area of large limestone blocks and 
boulders. This region becomes exposed at low tide and is characterized 
by animals typical of mid- and high rocky intertidal regions. On the 
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l!Jqlosed surfaces of blocks and boulders were limpets, .(Acmaea cf. 
lentigenosus) , nerites (Nerita plicata) , and a grapsid crab (Grapsus 
tenuicrustatus). The predominant invertebrates underneath the boulders 
were xanthid crabs (Neoliomera sp., Panopeus, sp.), porcellanid crabs 
(Petrolisthes spp.), and hermit crabs (Calcinus elegans and Q. 
laevimanus). A grapsid crab, Percnon planissimum, was very common here. 

The principal gastropods found here were thaidids (Drupa ricinus 
and Morula granulata) and mitrids (Strigatella sp.). 

The flat bench itself is exposed during low tides, except for 
several small pools scattered along it. Most of the invertebrates 
found here are small and hardy. Eight species of worm-eating cone 
shells co-occurred here and numbered 7.8 per 10 m2 • The bivalve, 
Modiolus auriculatus was co_on here. Actinopyga echinites and 
Holothuria cinerascens were the only sea cucumbers on the bench. A 
sea urchin, Echinothrix sp. was found in the bench pools. 

The bench margin is subject to heavy wave action. The animals 
found here remain within the small caverns in low, stout corals and 
consolidated coralline algae. Most noticeable 'of this fauna were 
small porcellanid crabs (Petrolis thes, spp. and Pachycheles sp.) three 
of which occur only in this type of habitat. A medium sized xanthid 
crab (Daira perlata) was seen roaming among crevices. 

Luminao-Cabras Island Reef Front 

The reef front throughout the study area was very similar. This 
zone is subject to heavy wave surge, particularly during the dry season. 
Consequently, the region is scoured and lacks large invertebrates. The 
most conspicuous reef-front feature is the system of grooves created by 
the urchin Echinometra mathaei. Each groove held one urchin and pro
vided shelter for several gastropods--particularly Drupa morum, Q. 
rub usidaea , and Morula uva. One or more individuals of a sedentary 
bivalve, Chama sp., was found in most urchin grooves. E. mathsei occur
red in every 10 m2 quadrat on the reef front. The mean-density was 17.0 
± 5.7 urchins per 10 m2 at stations A, H, and J. Station I had much a 
higher density-44.3 ± 6.7 urchins per 10 m2 • !. mathaei densities were 
probably higher toward the reef margin which was not sampled because of 
wave surge. The reef-front pavement is covered with an algal scuss 
which entraps a layer of sandy sediment. Although this layer is only 
millimeters thick, it provides refuge for many gastropods. Most common 
were several species of thaidids--Drupa (five species), Thais spp., and 
Morula spp.--and costellariids, Pusia (five species). Seven .species of 
Conus were found in this habitat. The bivalve Tridacna maxima (dis
cussed later) was co_on on the reef front. 

A burrowing sea urchin (Echinostrephus aciculatus) was fairly com
mon, occurring in 31 of 40 reef-front 10 m2 quadrats • . Its mean den~ity 
was 2.7 ± 2.6 per 10 m2 • The only sea cucumber seen here was 
Actinopyga mauritiana. 
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The most common crustaceans here were hermit crabs (Calcinus 
latens and~. gaimardi). Acroporid and pocilloporid corals collected 
from the reef front contained many symbiotic crustaceans, including 14 
species of xanthid crabs and six species of palaemonid shrimps. 

The coral-eating sea star Acanthaster ' planci did not occur on any 
transect but in late June 1981 a large aggregation of about 1000 indi
viduals was observed in a band parallel to shore off the east end of 
Cabras Island (J. A. Marsh, Jr., pers. comm.). This band was observed 
at a depth of 10-12 m and was causing some damage to the coral cOlmnunity. 

Luminao Barrier Reef 

The inner moat sandy regions adjacent to the Glass Breakwater at 
stations A and B were very similar. Sea cucumbers were the most cOllDDOn 
invertebrates. Holothuria atra reached densities of 18.9 ± 6.2 per 
10 m2 and 13.7 ± 6.0 per 10~at Stations A and B respectively. Also 
connnon was !!.. hilla at 4.5 ± 2.5 per 10 m2 at A and 2.4 ± 3.3 per 10 m2 

at B. Bohadschia marmorata was connnon at Station B where it reached 
2.6 ± 2.8 per 10 m2 • Many species of sand-dwelling gastropods were 
found at these stations. Six species of terebrids, including the rela
tively unconnnon Terebra undulata, as well as several cerithiids, strom
bids, and mitrids occurred here. Portunid crabs were the most abundant 
crustaceans here. Close to the Breakwater the moat is sandy with inter
mixed rubble. The area was fairly depauperate-H. atra, for example, 
occurred at a density of 1.0 ± 1.1 per 10 m2 • The inner moat region 
of Station E had little sand, consisting mostly of pavement, rocks, and 
rubble. Actinopyga echinites was the most connnon invertebrate, reaching 
14.2 + 5.6 per 10 m2 . H. atra and Echinothrix diadema were also common 
at 1.4 ± 1.5 per 10 m2 andl:8 ± 1.8 per 10 m2 , respectively. 

The mid-moat area was a varied habitat, having large coral boul
ders, rubble patches, and pavement covered with a thin sand veneer. 
Although many invertebrate species occurred on transects, only H.' atra 
was abundant. This sea cucumber was found at a density of l2.2-± "'l:3 
per 10 m2 at Station A and 10.0 ± 7.3 per 10 m2 at Station B. !!.. hilla 
was locally connnon at Station B where in one section of the mid-moat it 
occurred at 5.2 ± 2.3 per 10 m2 • Station C was more depauperate than 
either A or B. H. atra was the most connnon invertebrate, but its 
abundance (0.9 ±-0.9 per 10 m2 ) was much lower than at A or B. 

Because of heavy surf action the outer moat was only sampled at 
Station A. This area is predominan tly pavement and large coral blocks. 
H. atra, at 6.4 ± 2.4 per 10 m2 , was the most connnon invertebrate on 
the transect. Scattered throughout the area were Echinometra mathaei, 
!. echinites, and Linckia laevigata. Cerithium nodulosum and Strombus 
luhuanus were the most abundant gastropods here. Acanthaster planci 
was seen on the outer reef flat. 
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Piti Reef Flat 

The Piti reef flat (Station J) has a diverse invertebrate fauna. 
The inner moat is characterized by a large rubble zone with scattered 
Porites boulders and Acropora patches. The area close to Tepungan 
Channel is relatively depauperate. Holothuria hilla (1.2 ± 1.2 per 
10 m2) and !!.. atra (0.9 ± 1.5 per 10 0m2) were the most abunodant animals 
encountered on transects. The sand slope of Tepungan Channel was rich 
in gastropods. Ten species of terebrids and five species of mitrids 
were found here. 

The mid-mat area has larger coral boulders and rubble blocks. 
Sea urchins (Diadema savignyi and Echinometra mathaei) were the most 
conspicuous invertebrates, occurring on 38 and 37 out of 40 10-m2 qua
drats, respectively. The density of ~. savignyi here was 5.8 ± 5.0, 
whereas that of !. mathaei was 4.6 + 3.7 per 10 m2 • Another sea urcltin, 
Echinothrix was also common, occurring at 1.7 ± 2.1 per 10 m2 • The high 
variability of the densities is because of the daytime habit of Plese 
urchins to aggregate among large boulders. Although seven species of 
holothurians occurred in this zone, none were very abundant. H. hilla, 
at 1.0 ± 1.3 per 102 , was the most common. 

The outer moat was very diverse and also had a high density of 
Echinometra mathaei which occurred at 40.4 ± 28.1 urchins per 10 m2 • 
Holothurians were mre abundant here than the inner moat. Five sea 
cucumbers species (Actinopyga echinites, ~. mauritiana, Holothuria 
atra, H. hilla, H. leucospilota) occurred at densities from 1.4 to 2.6 
per 10-m2 • The total density for all five was 9.0 ± 3.7 per 10 m2 • 
Cryptic species were probably underestimated. At night, although no 
transects were made, Stichopus horrens and H. hilla were much more 
noticeable. On a 50-m2 area of pavement in-the outer moat 17 H. atra 
were encountered. Of these, 9 were infested by parasitic euliiiiidgas
tropod, Balcis sp. As many as four Balcis were found on a single holo
thurian. Eulimids were also found on A. mauritiana but not on H. hilla 
in the area. -

The outer reef flat at P{U 
that A. echinites is more common 
are less common (three species: 

Uncommon and New SpeCies 

is similar to the Cabras bench except 
(3.8 ± 4.1 per 10 m2) and cone shells 
1.2 ± 0.8 per 10 m2). 

Two of the mollusks listed as uncommon by Stojkovich (1977) were 
found within the Cabras Island-Luminao Reef study area. One living 
specimen of the triton's trumpet, Charonia tritonis, was found on the 
Piti reef flat near Station J. Another trumpet shell which was occupied 
by a hermit crab. Dardanus megistos, was found in the moat area near 
Station B. Charonia evidently ranges throughout the study area but is not 
common. The other mollusk listed by Stojkovich, as bivalve-Tridacna 
maxima. was found to be very common throughout much of the study area. 
T. maxima was most abundant on the reef front, occurring in 31 of the 
40 per 10 m2 quadrats. It was found on the reef front at a mean density 
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of 1.85 ± 1. 7 individuals per 10 .m2 • The mean valve length of clams 
encountered on transects ranged from 2.5 to 17 em, having a mean length 
of 9.3 ± 3.7 em (n = 74). Clearly, Tridacna maxima should not be consi
dered as uncommon. 

Not listed by Stojkovich but considered uncommon on Guam is a 
thaidid gastropod, Purpura persica. This species, which is common in 
the northem Marianas was found among the intertidal boulders at Cabras 
Island. 

One rare crustacean was found in the study area. This stenopodid 
shrimp, Microprosthema plumicome was found under a small boulder on 
the reef front at Station C. This species was previously known only 
from the type specimen which was collected in Mauritius over 100 years 
ago (A. J. Bruce, pers. comm. to L. G. Eldredge). The Guam record 
rep res ents a considerab Ie range extension for the species. 

One new species of gastropod was found at Cabras Island. This 
littornid (Echininus n. sp.) occurs on supratidal limestone cliffs along 
the island. This species, which is being described by J. Rosewater 
(Smithsonian Institution), is probably endemic to the southem Marianas. 

Three new species of porcellanid crabs were found within the study 
area. All are in the genus Petrolisthes. One of these, being described 
by the author (RKK), is at presently known only from the intertidal 
boulder zone at the landward edge of the bench at Cabras Island. The 
other .two are fairly common throughout the Indo-Pacific. 

Literature Cited 
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Table 1- Checklist and habitat of macroinvertebrates encountered within the stu~ area. Habitat code: 
PV ~ on pavement; RK = under or among rocks; RB = under or among rubble; CO = on living coral; 
EX = exposed on intertidal rock surfaces; SN = on or in sand; EC = on echinoderms; * = col-
lected dead. 

Luminao Cabras PHi 
Barrier Island Fri ngi ng 

Reef Reef Reef 

" " " .... .. .. .~ :U£ .J: .~ .. .. ~ 
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1 2 3 4 5 6 7 8 9 10 

..... 
Polychaeta • 

..... .., Phy 11 odod dae 
Eteone sp. PV 

Polynoi dae 
Iphione murricata Savigny RK 

Hesionidae 
Hesi one sp. RK 

Amphinomidae 
Eurythoe complanata (Pallas) RK PV RK PV 

Sabe11i dae 
Sabe 11 as tarte sp. CO CO CO CO 

Serpuli dae 
Spi rob ranch us sp. CO CO CO CO 
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Mollusca 

Po1yp1acophora 

Cryptop1acidae 
Cryptop1ax sp. RB 

Acmaei dae 
Acmaea cf. 1entigenosa Reeve EX EX 

Trochidae 
Etha1ia guamensis Quoy & Gaimard RB RB 

..... MOnilea phflfppiana Dunker RB RK • ..... 

'" Tectus pramfs (Born) PV RB RV 
TroChus ntextus Kiener PV 
T. nilotfcus Lfnnaeus PV PV PV 
i. ochro1eucus PV 

Turbi ni dae 
Astraea rhodostoma (lamarck) PV RB 
LeM0thyra sp. RB RB 
Tu 0 setosus Gme1in 
Tui'bo .p,etholatus li nnaeus * 

Neritops i dae 
Neritopsis radu1a (linnaeus) * 

Neriti dae 
Nerita a1bici11a linnaeus RK RK 
~. cf. guamensis Quoy & Gaimard EX 
~. p1icata Lfnnaeus EX EX 
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Neri ti dae (conti nued) 
., 

Nerita ~olita Linnaeus UR 

L i ttori n1 dae 
Echininus n.sp. EX 

Architectonic1dae 
Phi1ipp1a radiata (Roeding) RB 

Vennetidae 
Dendropoma maxima SC/</erby CO CO PV CO CO 
D. platypus Morch PV PV PV , ..... Petaloco~chu~ ~een~~ Hadfield & Kay CO CO CO CO CO ..... 

". 

P1anaxi dae 
P1anaxis cf. 1ineatus RK 

Moduli dae 
Modulus tectum (Gme1in) * 

Ce rithi i dae 
Cer1th1um atromarginatum Dautzenberg 

& Rouge RK 
f. columna SC/</erby SN 
Ceri thi urn cf. col umna SN 
Cerithiurn echinatum (Lamarck) * 
C. nesioticum Pi1sbrY & Vanatta SN SN SN SN 
~. nodulosum Bruguiere SN PV SN 
C1upeomorus morus (Bruguiere) RK 
Rhinoclavis aspera (Linnaeus) SN SN 
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Cerithiidae (continued) 
Rhinoclavis diadema Houbrick SN 
R. fasci ata rugl ere) * lt sinensis Gmelin) SN 

Eulirnidae 
8alcis cf. thaanumi (Pilsbry) RK 
Balds sp. EC 

Stronbidae 
Lanbi s chi ra~ra (Li nnae'us) RB 

..... l. lambis (E nnaeus) RB RB RB 

..... 5'"trOil6us dentatus Li nnaeus * • 
'" S. gibberulus llnnaeus SN SN 

5'". lentigenosus Lfnnaeus PV 
5". 1 uhuanus Li nnaeus SN SN 
5'". microurceus (Kira) SN SN SN 
5'". mutablls Swafnson RB RB 

Vani kori dae 
Vanikoro cf. cancel lata (Lamarck) RK 
Vanikoro cf. plicata (Rec'luz) RK 

Hi pponi ci dae 
Sabia conica (Schumacher) 

Ca lyptraei dae 
Cheilea eques tris (Li nnaeus) RK RK 

Eratoidae 
Trivia sp. RB 
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Cypraei dae 
Cypraea annulus L1 nnaeus RK 
C. arabi ca li nnaeus * C. caputserpentis Linnaeus PV RK CA 
~. cf. carneola [innaeus * 
C. de~essa Gray RK 
C. fi riata Gme1in RB c. helvola [inneaus * 
~. isabella l1nnaeus RK RK RK 
C. limacina Lamarck * C. lynx

1
linnaeus RK 

C. macu ifera Schilder RK .... C. mauritiana Linnaeus RK • .... 
a> C. moneta [innaeus PV RK RK RK RK RK RK 

C. poraria Linnaeus RB 
C. punctata Linnaeus RB * C. ventriculus Lamarck * RK 
C. vitellus Lamarck * 

Nati ci dae 
Po11inices melanostoma (Gme1in) * 

Cassi dae 
Casma ri a eri naceus Li nnaeus * 

Cymat11dae 
Charonia tritonis (Linnaeus) * RK 
Cymatium gemmatum (Reeve) RK 
C. hepaticum (Linnaeus) * C. muricinum Roeding) RK 
~. nicobaricum !Roeding) PV PV 
Oi 5 tors i 0 anus Li nnaeus) RB 
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Bursi dae 
Bursa bufonia Gmelin PV PV PV 
B. cruentata Sl1tIerby RK PV 
B. ~anularis (Roeding) PV 
[. odos toma (Sowe rby) RB 

Tonnidae 
Malea pomuip (Linnaeus) * 
Tonna perdlx (Linnaeus) * * * 

Muri cidae 
Chi coreus brunneus (Link) PV RK .... Muricodrupa funiculus (Wood) RK • ... ..., 
Phyllocoma convoluta (Broderip) * 

Thai di dae 
Drupa clathrata (Lamarck) PV 
D. grossularia (Roeding) PV 
D. morum Roeding PV PV PV 
D. ricinus (Linneaus) PV PV PV EX PV PV PV 
D. rub us i daeus Roedi ng PV 
Drupel1a elata Blainville PV 
Maculotri ton bactreatus (Hinds) RK RK 
Morula anaxeres (Kiener) RB 
M. ranulata (Duclos) RK 
M. uva Roeding) PV 
Kassa serta (Bruruiere) RK RK 
Pur~ura persica Linnaeus) RK 
ThalS aculeata (Deshayes) EX 
I. armigera (Link) PV PV 
T. tuberosa (Roeding) PV 
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Coralliophilidae 
Corallio ila erosa (Reeding) PV 
C. violacea Kiener) co CO CO co co 
~gilopsis lamarckii CO 
Quoyula madreporarum (SaNerby) CO CO CO 

Bucci nidae 
Cantharus fumosus (Di llwyn) RK 
C. undosus~innaeus RK 
Pisania gracilis (Reeve) PV 

.... Co 1 unbe 11 i dae 

.... Aesopus spiculum (Duclos) RB co Ritrel1a sp. RB 
Pyrene cf. ocellata RK 
~. punctata (Brugulere) RK 
t. turtlJrina (Lamarck) RB RK 

Nassari i dae 
Nassarius glant (Linnaeus) * 
!!. granifel"us Kiener) SN 

Fasciolariidae 
Li ti rus noda tus (Grre 1 in) PV 
1. polygonus (Gmelin) PV PV 
Peristernia nassatula (Lamarck) PV RK 

Olividae 
Oliva annulata (Gmelin) SN SN 
0. carneo a Grrelin) SN 
O. miniacea Reeding) SN 
Q. paxillus Reeve SN 
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Vasi dae 
Vasum ceramicum (Linnaeus) PV 
y. tur'bine11us (Linnaeus) RB PV PV PV 

Harpidae 
Harpa amouretta Roeding * 

Mi tridae 
Cancilla filiaris (Linnaeus) SN SN 
Ifflbricaria conularis (Lamarck) SN 
I. 0 li vaformi s (Swai nson) SN SN 
I. punctata (Swainson) SN SN SN .... Mi tra cardina1is (Gme1in) RK • .... 

'" M. cucumerina Lamarck PV RK RK PV RK PV PV 
M. feru inea Lamarck * 
M. nn tra Llnnaeus) . SN 
M. stictica (Link) PV 
Neocanci 11 a papil i 0 (Li nk) SN SN 
Scabri col a cas ta ( Gme 1i n) SN 
Strigate11a acuminata (Swainson) RB 
S. decurtata (Reeve) RK 
S. 1itterata (Lamarck) RK 
~. pe11isserpentis (Reeve) RK 

Cos te 11 ari i dae 
Pusia amabi1is (Reeve) PV 
P. cance11arioides (Anton) PV 
P. microzonias (Lamarck) PV 
P. pardalis (Kuester) PV t. patriarcha1is (Gme1in) PV RK 
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Costellariidae (continued) 
Vexi11um cadaverosum (Reeve) SN 
V. corona tum (Hebbling) * 
V. crocatum (Lamarck) * 
V. exas era tum (Gme 1i n) SN SN RK 
V. mic au rosse & Fischer) SN SN 
y. semifasci atum (Lamarck) SN 

Turri dae 
C1avis sp. PV 
lreda1ea pygmaea !Dunker) * 
Lienardi a rubi da Hi nds) RK .... • 

N 
a Coni dae 

Conus ammi ra 1 i s Li nnaeus RK 
~natus HWass * C. balteatus Scwerby PV 
C. catus HWass RK PV 
C. chaldeus (Roeding) PV PV 
C. coronatus Gme1in PV PV 
C. etlraeus Unnaeus PV PV PV PV 
C. eburneus Hwass SN 
C. f1avidus Lamarck PV R8 
I. frigidus Reeve PV 
.f.. ge09ra§h us Li nnaeus * 
C. 1eo~ar us (Roeding) SN 
C. 1i Vl dus Hwass PV PV PV PV RB PV 
C. miles linnaeus PV PV 
C. miliaris Hwass PV PV 
C. moreleti Crosse PV 
C. muriculatus Sowerby PV 

J , , 
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Conidae (continued) 
Conus obscurus S~erby R8 
C. pUlicarius Hwass SN SN 
"C. rattus Awass R8 PV PV 
"C. sponsalis Hwass PV PV PV PV 
C. striatus Linnaeus * "C. tessulatus 80rn SN 
"C. textile Linnaeus * "C. vexillum Gmelin PV 
"C. v1 r9f li nnaeus SN 
"C. V1tu inus Hwass R8 RB 

..... Terebridae • 
'" ..... Hastula lanceata (linnaeus) SN 

A. solida tDeshayes) SN SN 
Terebra affinis Gray SN SN SN 
T. t6Uj Ai ndS SN 
T. a ¥ onia lamarck SN SN 
T. cer thina lamarck SN 
T. dimidiata (linnaeus) SN 
T. felfna (Dillwyn) SN 
T. 1 aevi 9ata Gray SN 
T. maculata (linnaeus) SN SN 
i. pertusa (Born) SN 
I. subulata (li nnaeus) SN SN 
T. undulata Gray SN 
Terenolla pY9maea (Hinds) SN 

pyrami de 11 i dae 
Otopleura mitralis A. Adams SN SN ON 
Pyramidella sulcata A. Adams SN SN 
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Actaeonidae 
Pupa sp. SN 

Ap 1 us tri dae 
Hyda ti na anp 1 us tre (Li nnaeus) * 

Smaragdinellidae 
Smaragdinella calyculata 

(Brodcrip & Sowel"by) EX 

Bull1 dae 
Bulla anpulla Linnaeus * .... • 

'" '" Cuthoni dae 
Phestilla siboga~ Bergh CO 

Bivalria 

Arci dae 
Area avellana Lamarck RB RB RB RB RB 

MYti li dae 
Modiolus auriculatus Krauss PV 
Septifer bilocularis (Linnaeus) RB RB 

Isognomonidae 
Isognomon RK RK RK RK RK 

Spondy 1 i dae 
Spondyli~ du~~li~ Roeding * 
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Lumidae 
Lima sp. RK RK 

Lucinidae 
Codakia punctata (Linnaeus) * 

Fint>ri dae 
Fint>ria fint>riata (Linnaeus) SN 

Cardi ti dae 
Cardi ta variegata Brugiere * 

.... Cardii dae • 
N 

Fragum fragum (Linnaeus) SN SN w 

Tri dacni dae 
Tridacna maxima (Roeding) 

Tellinidae 
Scutarcopagia scobinata (Linneaus) * 

Veneri dae 
Peri glypta reti cul ata (Li nneaus) * 

Cephalopoda 

Loli gi ni dae 
Sepioteuthis lessoniana Lesson 
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Crustacea 

Stomatopoda 

Gonodactyli dae 
Gonodactylus micronesia Manning RB 
G. platysoma Wood Mason RB PV 
Haptosguilla ~tocerus (Wood Mason) PV 

Decapoda 

..... Stenopodidae 
N Mi crop ros thema p 1 umi co me (Ri ch ters) RK ... Stenopus hlspldus (Olivier) RK RK RK 

Gnathophyll i dae 
Gnathophyllum americanum RK RK 

Alpheidae 
Alpheus frontalis H. Milne Edwards RK 
A. funafutens1s Borradaile PV 
7f.. ~raclhpes Stinpson RB 
A. otti ni Gueri n CO CO CO CO CO 
A. pavirostris Dana RB 
~ynalpheus Charon (Heller) CO 

Palaemonidae 
Coralliocaris graminea (Oana) CO 
C. superba (Dana) CO 
c. venusta Kenp CO 
Fennera Chacei Holthius CO 
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Palaemonidae (continued) 
Ha~ilioPSiS beau resi (Audoin) CO 
li. epressus Stlmpson) CO 
Jocaste lucina (Nobili) CO 
J. japonica (Ortmann) CO 
Periclimenes soror Nobili EC 

Homari dae 
Enop 1 ome top us sp. SN SN SN SN 

Galathei dae 
.... Cora 11 i oga 1 a thea h umil i s (Nobil i) CO 
N • 
In 

Porcellani dae 
Pachxcheles farciaensis Ward RB RB CA 
P. plsoides Heller} CA CA 
Petrolisthes carini es (Heller) RB 
P. cocci neus Owen RK 
f. e 1 egans Hai 9 CA CA 
P. n. sp. 2 (Haig, ms) RK 
P. lamarckii (Leach) RK 
f. lamarckii var. rufescens 

Borradaile RK 
P. masakii Miyake RB 
f. pubescens Stimpson RK RK 
Petrolisthes n. sp. 4 (Haig & 

Kropp, ms) CA CA 
Petrolisthes n. sp. 5 (Kropp, ms) RK 
Petrolisthes sp. RB 
t. tomentosus (Dana) CO CO RB 
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Diogeni dae 
Ca1cinus e1erans (H. Milne Edwards) RK 
C. gaimardi H. Milne Edwards) PV 
C. 1 aevi manus (Randa 11) RK 
C. 1 atens ( Randa 11) PV RB RB RK RB 
C. ml nutus Bui tendi jk CO 
C. aff. eu1c:her Forest CO 
C1ibanan us humi lis (Dana) RK 
C. vi res cens ( Krauss) RK 
TIardanus deformis (H. Milne Edwards) RB 
O. ~uttatus (Oliver) PV 
Q.agopodes (Forska1) PV PV 
D. rregistos (Herbst) PV • ..... 

N TI. scutellatus (H. Milne Edwards) RB '" Tri zopagurus s tri gatus (Herbs t) PV 

Paguri dae 
Paguritta harmsi (Gordon) CO 

Ca1appidae 
Ca1appa ca1arra (Linnaeus) SN SN 
f. hepatica innaeus) SN 

Majidae 
Composia retusa Latreille RB 

Pa rthenopi dae 
Da1dorfia horrida (Linnaeus) RK 
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Portunidae 
lissocarcinus orbicularis Dana HO 
Portunus cf. longispinosus (Dana) SN 
Tha1amita admete (Herbst) SN PV 
I. danae Stil11lson PV 
Tha1amita cf. ma1accensis Gordon RK 
T. picta S ti I11lson m 
i. rnma (Herbst) RB 
Tha amita cf. spinifera Borradai1e * 
T. spinimana Dana SN 
T. wakensis Edmondson RK 

.... Tha1amitoides quadridens A. Milne 
N E(f;/a rds RB • 
"" 

Xanthi dae 
Atergatis frontalis (De Haan) * 
A. f1 ori dus ( l i nnaeus) RK RK 
Carpilius convexus (Forska1) RB 
C. macu1atus (linnaeus) RB RB 
EYmo andreossyi (Audoin) CO 

. cf. ae~lanatus H. Milne Edwards CO 
C. me1ano actylus (De Haan) CO 
liaira perl ate (Herbst) PV PV PY PV 
DOmeci a hespi da Eydoux & Sou1eyet CO 
Etisus dentatus (Herbst) * 
E. sp1endi dus Rathbun RB 
G1obopi lumnus cf. globosus (Dana) CA 
Liomera sp. RK 
[ydM annu1ipes (H. Milne Edwards) RK 
Mal via triunguicu1ata (Borradaile) co 
Neoliomera sp. RK 
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Xanthidae (continued) 
Panopeus sp. RK 
Pseudoliomera s eciosa (Dana) RB 
TetraHa glaberrima Herbst) CO 
T. heterodactyla Heller CO 
Tetrali asp. CO 
Tra~zia cymodoce (Herbst) CO CO CO 
T. avaoensis Ward CO CO 
T. digitalis Latreille CD 
i. ferruginea Latreille CO 
Trapezia cf. formosa Smith CO 
T. maculata (Macleay) CO • .... 

N I. rUfo~unctata (Herbst) CO co CO T. spec osa Dana 
T. wardi Serene CO CO 
Xanthias li vi dus (Lamarck) PV 

Grapsidae 
Grapsus tenui crus tatus (Herbs t) EX EX EX 
Percon affine (H. Milne Edwards) * 
P. pllimanus (A. Milne Edwards) RK ' 
f:. j>Jani ssi mum (Herbs t) RK RK RK RK 

Hapa 1 oca rei ni dae 
Favicola cf. helleri Fize & Serene CO 
Hapalocarcinus marsupialis Stimpson CO CO CO CO 
PseudocrYptoChirus crescentus 

(EdillOndson) CO 
t. kahe McCain & Coles CO 
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Echi nodermata 

Oreaster1dae 
Culcita novaeguineae Muller & 

Troschel PV RB PV 

Ophi di as ter1 dae 
linckia laev1 fata (linnaeus) PV RB PV RB 

PV RK RK I. multifora lamarck) 

As teri n1 dae 
Asterina anomala H. l. Clark RK ... 

N • 
<D Acanth as te ri dae 

Acanthas ter p 1 anci (l i nnaeus) CO PV 

Mith rodi i dae 
Mithrodia clav1gera (lamarck) RK 

Echi nas teri dae 
Echi nas ter 1 uzoni cus (Gray) RK 

Oph i 0 comi dae 
Ophiocoma brevi pes Peters RK 
O. dentata MUller & Troschel RK RK 
Q. erinacenus MUller & Troschel RK 

01 adema ti dae 
Oi adema s av1 9I1)i Mi che 1 i n RB RB 
Echlnothrix caamaris (Pallas) RB RB RB RB 
E. di adema (li nnaeus) RB RB RB 
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Temnopleuri dae 
Mespilia globulus (linnaeus) RB 

Toxopneus ti dae 
Toxoneustes pileolus (Lamarck) RB RB 
Tripneustes gratilla (Linnaeus) RB RB 

Echi nonetri dae 
Colobocentrotus mertensi Brandt RK 
Echinonetra mathaei (deBlainville) PV RK PV PV RB PV PV 
Echinostrephus aciculatus A. Agassiz PV PV 

• ..... Brissidae w 
0 Brissus latecarinatus (Leske) * 

Holothuri i dae 
Actinop~ga echinites (Jaeger) PV PV PV 
A. maurltiana (Quoy & Gaimard) PV PV PV 
BohadsCfiia argus Jaeger SN RB PV SN RB 
B. marmorata Jaeger SN SN 
Holothuria atra Jaeger SN RB PV SN RB PV 
H. axiologafi:-L. Clark SN 
H. cinerascens (Brandt) PV PV PV PV 
H. hill a Lesson RK RK RK RK 
H. leucospi lota (Brandt) RK RK RK RK 
H. nobilis Selenka PV 
ff. pardalis Selenka RK RK 

S ti ch opodi dae 
Stichopus chloronotus Brandt RB PV PV 
S. horrens Selenka RK RK RK 
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LUMINAO PROJECT-FISHES 

Robert F. Myers 

Introduction 

Numerous works have been published on the fishes of Guam. Only 
two, however, treat fishes specifically within the Luminao-Piti study 
area (see Myers and Shepard 1981 for further references). Gawel (In 
Stojkovich, 1977, Table 17) listed 92 species of fishes observed in-the 
moat and reef flat of Luminao Barrier Reef. All were observed during 
the present survey. The author (Myers In Neudecker et al., 1978) 
conducted a brief survey of fishes of the-lower reef front and submarine 
terraces off Cabras Island to a depth of 18 m. Those results are 
incorporated into the present survey (Table 1). 

Methods 

Resident fishes were censused primarily by means of 50 m transects 
in which the observer swam along a line counting all fishes seen within 
1.5 m of either side and to 3 m above the line in each of 10 five
meter intervals. Each transect thus covered approximately 150 m2 of 
reef surface. Transects were laid entirely within a particular habitat 
type, generally parallel to the shoreline and were run during tidal 
levels at lest 0.5 m above mean low water to insure relatively impartial 
observation of fishes occupying the water column. Fish species not 
observed along the transects but seen in the vicinity within the same 
habitat were listed as well. It was not possible to run transects in 
certain habitats because of rough conditions, inaccessability during 
suitable tides, or insufficient time. In these areas a subjective 

1 
Some of the species names listed in Table 17 do not match the names 
used in this survey because of recent clarification of the nomencla
ture of many controversial species (Myers and Shepard, 1981). The 
true Glyphidodontops cyaneus does not occur at Guam and was probably 
recorded on the basis of another superficially similar pomacentrid. 
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assessment of fishes present was made by listing species observed during 
reconnaissance dives or incidentally through other projects, or col
lected with small mesh handnets. When possible, estimates of each 
species' relative abundance was noted. 

From the transect data it was possible to determine relative abun
dances and approximate densities of the species, observed. Transect 
data in conjunction with results of subjective observations were used to 
construct a master table listing all species from all habitats investi
gated, (Table 1). 

Results 

A total of 304 species of fishes were observed or collected within 
the Luminao-Piti study site and the adjacent outer reef slope. Their 
relative abundances and ecological distributions are summarized in Table 
1. Locations of transects, collection sites, and incidental 
observations are indicated on Figure 1. 

Intertidal areas collectively contained the fewest species, whereas 
inner reef habitats, (i.e. those bounded by the seaward edge of the reef 
flat and shoreline) collectively contained 206 species of fishes. The 
outer reef habitats to a depth of 40 m collectively contained 200 
species of fishes. The most speciose outer reef habitat was the reef 
front with 144 species. Diversity appeared to decrease with increasing 
depth, however, this could be partially a result of decreased sampling 
effort with depth. The moat habitats collectively contained 165 
species, considerably more than the channel systems and rocky 
interstices of the Glass Breakwater. The staghorn Acropora zone was the 
most diverse moat habitat with 131 species, followed by the mixed coral 
zone, the Millepora zone, and the rubble-and-agal zones of the inner 
moat, respectively. 

More detailed discussions of the ichthyofauna of each habitat 
follow under their respective headings. 

Intertidal 

Intertidal areas include the immediate shoreline of Cabras Island, 
the Glass Breakwater, and sides of the Piti Power Plant Intake Channel, 
as well as portions of the reef flats at Cabras Island and the Luminao 
barrier reef. 

It was not possible to run quantitative visual transects in these 
habitats becsuse of the physiographic conditions of the immediate 
shoreline or hazardous surf conditions along outer reef flats during 
high tides. However, qualitative observations or collections were made 
in the following areas: The Glass Breakwater at Stations A, B, and C 
and the intertidal shoreline and reef flat near Site H (Figure 1). 
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Intertidal areas collectively contained 28 species of fishes. The 
rocky shoreline fauna of the entire study area is dominated by 
blenniids, Alticus saliens being the most abundant, and occurring in 
moist shaded pockets above the water line. In the immediate vicinity of 
the water line Entomacrodus striatus and Istiblennius edentulus are 
common. The deep recesses between the boulders of the Glass Breakwater 
provide shelter for numerous subtidal species which will be considered 
elsewhere. 

Twenty-five species were collected or observed during low tides on 
the intertidal reef flat near Station H. Most of these appeared to be 
quite common resident fishes and include seven blenniids and four 
pomacentrids. In early June 1981, several large schools of juvenile 
Gnathodentex aureolineatus and Kuhlia mugil were observed in surge 
channels encroaching the reef flat. Undoubtedly numerous transient 
species, mostly roving herbivorous acanthurids and scarids, move onto 
the flat during high tides. 

While it was not possible to sample the intertidal outer reef flat 
of Luminao barrier reef, observations at high tides revealed the 
presence of the resident pomacentrids Chysiptera leucopomus and 
Plectroglyhidodon leucozona as well as numerous outer moat and reef 
front species. 

Moats 

The study area includes two large moats, Luminao moat bounded by 
the Luminao barrier reef flat and Glass Breakwater; and Piti moat 
located at the east end of Cabras Island. 

Collectively, 165 species were observed in the moat habitat 
including 143 species at Luminao and 112 at the smaller Piti site, 
ninety of which were observed in both areas. Seven species were among 
the 10 most abundant at each of the two moat sites (Tables 3,5). 

Luminao Moat: The following eight transects were run into the 
Luminao moat. Depths refer to the approximate depth of the substrate 
base and are calibrated to mean low water. An effort was made to sample 
as many different habitats as possible. 

A-I. West end of Luminao reef approximately 15 m seaward from the 
Glass Breakwater,--inner moat, 1.0 m, subject to strong 
currents and secondary wave chop; coarse sand and rubble with 
occasional scattered colonies of Pocillopora damicornis, 
Porites lutea, PlatYgyra daedalea, Sinularia sp., Sarcophyton 
trachelioforum, and clumps of the algae Dictyota sp. 

C-1. East end of Luminao reef approximately 20 m seaward from the 
Glass Breakwater,--inner moat, 1.2 m; coarse sand and thick 
Dictyota sp. mat on limestone base with scattered colonies 
of Porites cocosensis, Pocillopora damicornis, Pavona 
diveracata, and Porites (Synaraea) convexus. 
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B-1. Central Luminao reef approximately 50 m seaward of the 
Glass Breakwater,--Acropora ·aspera zone, 1.5 m at sand base; 
large beds of Acropora aspera and!. formosa between tracts 
of coarse sand with scattered colonies of Porites cocosensis, 
Sinularia sp., some rubble, coralline algae, and Dictyota sp. 

B-2. Central Luminao reef approximately 170 m seaward of the 
Glass Breakwater,--central moat, 1.0 m; thin layer of coarse 
sand and exposed limestone with scattered rubble between 
ridges of consolidated coralline algae and Dictyota on rubble 
base, with numerous scattered patches of Acropora aspera, 
Millepora dichotoma, Porites lutea, !. cocosensis, and 
Pocillopora damicornis. 

A-2. West end of Luminao reef approximately 125 m seaward of the 
Glass Breakwater,--central moat, 1.3; limestone pavement 
with patches of lobate Porites spp., Porites (Synaraea) 
convexa, and colonies of Isopora palifera, and Porites 
cocosensis. 

C-2. East end of Luminao reef approximately 90 m seaward of the 
Glass Break-water,--outer moat, 0.5 m; subject to secondary 
wave chop and strong currents; limestone pavement with 
patches of loose sand and algal mats with scattered colonies 
of Millepora dictotoma, Porites cocosensis, !. lutea, and 
Acropora aspera. 

A-3. West end of Luminao reef approximately 180 m seaward of the 
Glass Breakwater,--outer moat, 1.0 m; subject to secondary 
wave chop; limestone with thin veneer of coarse sand and 
numerous large colonies of lobate Porites spp., Millepora 
dichotoma, Pocillopora damicornis, Lobophyllia sp. and 
Heliopora caerulea. 

A-4. West end of Luminao reef approximately 240 m seaward from the 
Glass Breakwater; outer moat, 0.8 m; subject to secondary 
wave chop and strong currents; scoured limestone pavement 
with approximately 40 percent cover by Millepora dichotoma 
patches, dead at their centers. 

Results of transect counts are presented in Table 2 and arranged 
approximately zonally from most offshore. The ten most abundant species 
on each transect are presented in Table 3. 

Territorial pomacentrids and small roving labrids dominated all 
moat habitats, whereas scarids, acanthurids, mullids, chaetodontids, 
gObiids, holocentrids, and a few other families tended to be well 
represented, locally. Lethrinids and carangids were occasionally seen 
but not encountered on any transects. 
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Halichoeres trimaculatus was the most common and most widespread 
species followed by ·Stegates lividus, both of which were among the top 
ten species in all eight transects. Scarus sordidus was among the ten 
commonest species in seven transects, Stegates nigricans in six and . 
Stethojulis bandanensis in five. Dascyllus aruanus, Chromis caerulea, 
Pomacentrus vaiuli, and Chrysiptera biocellatus tended to be locally 
abundant in certain habitats and among the ten most abundant species in 
four transects each. Scarus psittacus was among the top ten in only two 
transects but may have been underestimated because of the uncertain 
identity of many juvenile scarids. 

Densities ranged from 0.89 individuals per m2 at the relatively 
barren current-swept rubble area at J-1 to 2.88 individuals per m2 in 
the relatively sheltered, rich area at B-2. Of the Laminao moat 
transects, the central moat area at A-2 contained the greatest number of 
species in its vicinity (70), whereas the Millepora zone of the outer 
moat at A-4 had the greatest number of species counted on any given 
transect (43). 

Glass Breakwater: While no transects were run here, a listing of 
species observed living near or among the recesses of the breakwater 
itself is presented in Table 1. This structure provides shelter for at 
least 46 species of fishes, some of which were not observed elsewhere. 
The snapper Lutjanus fulvus and numerous holocentrids were often 
observed here. 

Piti Moat: The following three transects were run in the subtidal 
moat of the Piti reef flat bounded by Tenpugan Channel, Cabras Island, 
and the Philippine Sea. Each transect was run in one of three 
predominating biophysiographic zones. All zones were subject to strong 
southeasterly flowing currents generated by a strong northwest swell 
during most of the fall, winter, and spring months. 

J-1. Inner moat approximately 65 m from roadbed on north side of 
Tepungan Channel,--sand and rubble zone, 0.5 m; with abun
dant clumps of Halimeda macroloba, Pad ina tenuis, D1ctyota 
sp., Sargassum polycystum, and occasional small colonies of 
Pocillopora damicornis. 

J-2. Central moat approximately 130 m east of Cabras Island,-
Porites lutea zone, 0.8 m; sand and rubble with numerous 
large colonies of Porites lutea and smaller ones of Acropora 
aspera; Pocillopora damicornis, Porites cocosensis, Porites 
(Synaraea) spp., and Sinularia sp. 

J-3. Central moat approximately 220 m east of Cabras Island;-
Acropora aspera zone, 0.6 m; elevated stands of Acropora 
aspera about 0.5 m above sandy interspaces. 
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Results of transect counts are presented in Table 4 and arranged 
approximately from most inshore to most offshore. The ten most abundant 
species in each transect are presented in Table 5. 

Here, as the Luminao moat, territorial pomacentrids and roving 
labrids dominated the three habitats, whereas apogonids, holocentrids, 
mullids, and chaetodontids were seen in high numbers. 

Dascyllus aruanus was the most abundant species with a mean density 
as high as 1.35 individuals per m2 in the Acropora aspera zone of area 
J-3 but was all but absent in the current-swept rubble area of J-l. 
Halichoeres trimaculatus was the second most abundant and most 
widespread species, being among the ten most common species on all three 
transects. Chrysiptera biocellatus, Stegastes albifasciatus, i. 
nigricans, and Stethojulis bandanensis were among the ten most common 
species in two of the three transects, whereas Segastes lividus, Chromis 
caerule, Apogon novemfasciatus, and Flammeo sammara tended to be locally 
abundant, among the ten most common species in only one transect each. 

Densities ranged from a low of 1.55 individuals per m2 at the 
current-swept rubble zone of J-1 to 4.34 individuals per "m2 in the lush 
Acropora aspera zone of site J-3, which was also the richest in terms of 
density, species seen on a transect line (60), and species seen in the 
vicinity of a transect (89) for the entire study area. The Porites 
lutea zone of area J-2 contained a slightly higher density than area 
J-1, but had many more species (45 vs 21 counted on a transect, and 62 
vs 31 seen in the vicinity). 

Tepungan and Piti Intake Channel System 

Portions of this man-altered channel system bound the southern and 
eastern portion of the Piti study site and bisect the eastern portion of 
Cabras Island. Fishes occupying the intertidal rocky sites of the Piti 
intake channel are covered under the heading "intertidal." This channel 
system provides a suitable habitat for at least 115 species of fishes, 
many of which were not encountered elsewhere. No transects were run 
here, but a list is incorporated in Table 1. Territorial pomacentrids 
such as Chysiptera biocellatus and wrasses like Halichoeres trimaculatus 
were abundant in Tepungan Channel, as well as numerous species of 
gobiids, apogonids, scorpaenids, mullids, acanthurids, and several other 
families. Gerres argyreus and Caranx melampygus were often seen here, 
and the seasonal atulai, Selar cumenopthalmus is occasionally caught by 
fishermen in large numbers. 

Reef Front and Upper Submarine Terrace 

The following five transects were run in the reef front and upper 
submarine terrace environments and represent a variety of habitats from 
the upper portion of a ridge-and-channel zone to the coral-rich upper 
terrace zone. All zones are subject to various degrees of nearly 
continual wave assault and surge during all but the summer months. 
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J-4. Piti reef approximately 220 m east northeast of Cabras 
Island,--upper reef front, channel, and ridge zone 1.S-3 m; 
rich with large mounds of Pocillopora spp., Millepora 
dichotoma, and Acropora spp. 

I-I. Cabras Island immediately west of Piti intake channel,--reef 
front, 3-4 m; barren limestone between zone of deep surge 
channels and rich coral growth of upper terrace; numerous 
low stubbly corals and grooves excavated by the echinoid 
Echinometra mathae. 

H-l. Cabras Island at Site H,--reef front, 4 m; barren limestone 
with scattered colonies of Pocillopora spp. and Acropora spp. 
and occasional deep channels extending from reef margin. 

A-S. West end of Luminao reef,upper submarine terrace, S m; 
barren limestone with numerous small colonies of Pocillopora 
spp., Acropora spp. and Hontipora spp. 

J-S. Piti Reef approximately 230 m east-northeast Cabras Island,-
upper submarine terrace, 4-6 m; coral rich with numerous 
colonies of Acropora spp., Pocillopora spp., Millepora 
dichotoma, Stylophora mordax, and Hontipora spp. 

The results of transect counts are presented in Table 6, and the 
ten most abundant species in each transect are listed in Table 7. It 
was not possible to run transects off all study sites, but qualitative 
surveys were made in the surge channel zone off Site I and the reef 
front of Site C. These results are included in Table 1. 

Territorial pomacentrids and roving labrids were the most abundant 
and widespread species, closely followed by the blenniids Cirripectes 
variolosus, Istiblennius coronatus, and the gobiid Pogonuculias zebra. 
Large schools of scarids and acanthurids occurred throughout this 
hsbitat and cirrhitids were commonly observed on numerous coral heads. 
A total of 121 specias were observed on reef front transects, whereas an 
additional 21 species were observed or collected on qualitative surveys 
of the surge channels zone of Site I and the reef front at C. 

By far the most abundant reef-front species was Chysiptera 
leucopomus with an average density of 0.73 individuals per m2 and a high 
of 1.3S individuals per m2, the highest of all species surveyed in this 
study. It was among the ten most common species on four of the five 
transects, however, its relative absence from the upper terrace of J-S 
may have been brought about to the late hour of this count. Thalassoma 
quinquevittata was the second most common species and among the ten most 
common in all five transects. Stegastes fasciolatus, Cirripectes 
variolosus, and Plectroglyphidodon imparipennis were among the ten most 
common species in all five transects while the third most abundant 
species overall, Pomachromis guamensis was among the ten most common in 
three transects. Oascyllus reticulatus, Plectroglyphidodon dickii, 
Istiblennius coronatus and Pogonuculias zebra tended to be more 
restricted, all among the ten most common species encountered in two 
transects each. 
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Densities ranged from a low of 1.94 individuals per m2 at transect 
J-5 to a high of 3.41 individuals per m2 at a-I. This low count may 
represent an underestimate of species and numbers, since the count was 
taken at dusk and several species seen before the start of the count 
were absent at the end of the count, having taken shelter for the night. 
Numbers of species seen on a transect ranged from 27 at I-I to 40 at 
J-4, whereas the number of species seen within the vicinity ranged from 
44 at I-I to 65 at J-4. 

Submarine Terrace and Outer Reef Slope 

Although not directly within the study site, the reef terrace below 
6 m and outer reef slope were subject to a brief previous study (Myers 
In Neudecker et al., 1978) as well as incidental observations made by 
the author while scuba diving to a depth of 40 m. Fishes observed in 
these habitats are incorporated into Table 1. 
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Table]. Ecological distribution of fishes observed in the Luminao and PHi reef area with estimates of 
relative abundances based on transect counts and qualitative observation. (Refer to text and 
key below for defirlHion of ~abit~ and explan~tions of symbols.) 
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Table 1 Continued. 

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

Muraenidae (continued) 
Lycodontis ·avanicus (Bleeker) R 1 
L. undulatus Lacepede) R R 0-3 
Uropterygi us mi cropterus (Bleeker) 0 0-1 

Ophi chthi dae 
Myri chthys colubrinus (Boddaert)3 R 0.5 

Synodonti dae 
Saurida gracilis (Quay & Gaimard) 0 0 0 0 0 0 1-4 
Synodus 1 notatus Schultz 0 0 2>5 i. variegatus (Lacepede) 0 0 9;;-10 • .... 

.0-
N Belonidae . I 

Belone platyura Bennett C 0 C Surface 

Hemi ramphi dae 
Hemiranphus archipelagicus 

COllette & Pari n 0 0 Surface 

Atherinidae 
Atherion elymus freyi Schultz 0 Surface 

Holocentri dae 
Adioryx diadema (Lacepede) 0 0 0 R R 1-6 
A. caudimaculatus (Ruppell) 0 15-40 
A. lacteo uttatus (Cuvi er) 0 R R 0 1-3 
A. ml cros omus GUnther) R 0 C C R 1-5 
A. sfinifer (Forsskal) 0 0 R 0 0 R R 0 0 1>30 
A. t ere (Cuvier) 0 0 2=-4 



Table 1 Continued. 

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

Holocentridae (Continued) 
Flarnrreo' argenteus (Valenciennes) C 0 0 1 
F. sall1l1ara (Forsskal) C C 0 A 0 0 0 0 1-30+ 
Myripristis amaenus (Castlenau) 0 0 0 C 0 0 0 1-4 
M. berndti Jordan & Evermann 0 0 C 0 1-4 
M. violaceus Bleeker 0 1-2 

Au los tomi dae 
Aulos tomus chi nens is (Li nnaeus) C .0 0 0 0 0 1-4;> 10 

Fistulariidae 
I-' Fistularia cornrrersonii Ruppell 0 0 0 0 1-4 • ..,. 
w 

Syngnathi dae 
cor¥thoichth1s flavofasciatus (Riippell) C 0 0 1 
C. lntestina is (Ramsey) C C 0 0 0 1 
DORjhamphus melanopleura (Bleeker) 0 0 R 0 1-4 
Uni sp. R 1-4 
Unid post-larval" Surface 

Scorpaeni dae 
Oendrochi rus brachfpterus (Cuvier) 0 1-4 
Pterols antennata BloCli} 0 0 0 1-4;~5 
P. vo 1 itans (Li nnaeus) R 4 
Scorpaena tristis (Klunzinger) 0 C 0 0 1-4 
S. albobrunnea Gunther R 3-7 
Scoryaenodes uamensis (Quoy & Gaimard) 0 0 0 0 0 1-4 
S. parvipinnis Garrett) 0 1 
Scorpaenopsls di abolus Cuvier R 1-2 
Synancei a verru~osa (Bloch & Schnei der) R R 1 
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Table 1 Continued. 

1 2 3 4 5 6 7 8 g 10 11 

Scorpaeni dae (conti nued) 
Taenionotus triacanthus Lecepede R 5 
Unid post-larvals Surface 

Ca ran can th i dae 
Caracanthus maculatus (Gray) 0 5 

Platycephali dae 
Platycephalus sp. R 3 

Serrani dae 
Anthias ~'eurotaenia (Bleeker) 0 >35 • 

.... ..,. Cefhalo~ olis urodelus ..,. Bloc & Schneider) C C 0 2-30+ 
Ceehalopholis analis {Valenciennes)6 0 21-40 
Eplnephelus fasciatus (Forssk~l) R 0 0 4-40 
E. hexa onatus (Bloch & Schneider) 0 0 1-5 
r. tauvina Forssk~l) R 4-6 r. merra (Bloch) 0 0 1 

Pseudoch romi dae 
Pseudochromis tapienosoma Bleeker C 0 4-6 

Ples i opi dae 
Plesiops coeruleolineatus RUppell 0 1 

Granvni s ti dae 
Grammistes sexlineatus (Thunberg) 0 0 1-6 

Kuh li dae 
Kuhlia mugil (Forster) A 0-1 
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Table 1 Continued. 

1 2 3 4 5 6 7 8 9 10 11 

Pri acanthi dae 
Priacanthus hamrur (Forssk~l) 0 30 

Apogonidae 
Apogon angustatus (Smith & Radcliffe) 0 4-6 A. fraenatus Valenciennes 0 0 0 1-2 A. guamensis Valenciennes 0 R 0 0 1-4 
A. kallopterus Bleeker 0 C 0 0 1-4 
A. ni grofasci at us Lachner 0 R 1 
A. novemfasciatus Smith & Radcliffe C 0 A A C 0 0 0 1-4 
A. sp. I A 
~o~onichthYS ocellatus Weber R R 0.5 .... 0 0 1;>15 • .c- ellodipterus macrodon (Lacepede) 

\JO C. ~uinqUelineatus Cuvier A 0 0 0 0 l-l 
5i p ami a versl color (Smith & Rodcliffe) 0 3-4 

Carangi dae 
Caranx melampygus Cuvier 0 0 0 0 1.~20 
Carangoi des sp. 0 0 1 
Selar crumenophthalmus (Bloch) S 
Decapterus sp. 0 4-6 

Lutjani dae 
eEhareus furcatus (Lacepede) 0 0 0 2-6 
utjanus bohar (Forssk~l) 0 >15 

1.. fulyus (Bloch & Schneider) 0 0 1-3 

Caesi oni dae 
Caesio caerulaureus Lacepede 0 0 I 2-'15 
Pterocaesio chrysozona (Cuvier) C 18-30 m 

" 
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Tqble J Continued. 

1 2 3 4 5 6 7 8 9 10 11 

Nemi pteri dae 
Scolopsis cance11atlls (CuYier) 0 0 0 C 0 C ' I 1-4 

Gerrei dae 
Gerres argyreus (Bloch & Schnei der) 0 0 0 1-4 

Haemuli dae 
Plectorhynchus orientalis (Bloch) 0 >30 

Leth ri ni dae 
Gnathodentex aureolineatus (Lacepede) A C 0.5-1 • Lethrinus harak (Forssk~l) 0 0 0 0 1-4 

.... L. miniatus-rBToch & Schneider) R R 1-7 
~ I· sp. 0 R 4 '" Monotaxis grandoculus (Forsskal) C >20 

Mulli dae 
Mulloidichthys flayolineatus (Lacepede) C C 0 0 0 1-4 
M. yanicolensis (Valenciennes) R 1 
Parupeneus barberinus (Lacepede) C C 0 0 1-4 
P. blfasciatus (Lacepede) 0 0 0 0 1-10 
~. chryser¥dros (Lacepede) 0 R 0 0 0 0 1-40 
P. trifasclatus (Lacepede) 0 0 0 0 0 0 0 0 ' 1-40 
~. pleurostigma (Bennett) 0 1-3 
f.. pleurotaenia (Playfair) 0 1 

Perq>heri dae 
P~eris oualensis Cuyier C C 1-4 

Ephippidae 
Platax orbicularis (ForsskSl) 0 3-4 
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Table 1 Continued. 

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

Chaetodontidae 
Chaetodon auriga Forsska1 0 0 0 0 0 0 0 1-4 
C. bennetti Cuvier 0 1 
C. citrlnel1us Cuvier 0 C C 0 C C C 1~18 

c. ephi\pium Cuvier 0 0 2>10 
c. lunu a (lacepede) 0 0 0 0 R R C 0 1-=-6 
C. me"annotus B1och& Schneider 0 0 0 1-2 
C. mertens'1 Cuvier R 0 
C. ornatlssimus Cuvier 0 0 0 1>10 
C. punctatofasci atus Cuvi er 0 0 0 0 1>30 
""C. guadri macul atus Gray R 0 0 0 1-=-6 
""C. reti culatus Cuvi er R R R 0 0 0 1-6 

..... ""C. trifasclatus Park 0 0 C C 0 R 1-6 • .,. 
" ""C. uleitensls Cuvier 0 R 0 1-3 

C. unimaculatus Bloch 0 0 0 0 1> 10 
tOrClplger flavissimus Jordan & McGregor 0 0 0 2-=-40 
Hem taurl chfhys poly lepis Bleeker C 21>40 
Heniochus ch~sostomus Cuvier C 0 0 0 0 1-40 
H. monoceros uvier 0 0 1-4 
H. varius (Cuvier) 0 12-18 
~gaprotodon trifascia1is (Quoy & Gaimard) 0 C 0 0 0 1-6 

Pomacanthi dae 
~olemichthys trimacu1atus (Cuvier) 0 0 4~20 

ntroPfge flavissimus(Cuvier) 0 0 0 5-24 
C. hera i Woods & Schultz 0 >18 

""C. shepardi Randall & Yasuda R 0 0 1.5 ;12-30 
Pomacanthus imperator (Bloch) 0 2-3 
Pygoplites di acanthus (Boddaert) 0 10-40 
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Table 1 Continued. 

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

Pomacentri dae 
Abudefduf sordi dus (Forsska 1) C 0 0 0-2 
A. septemfasciatus (Cuvier) 0 0 0-2 
7\. sexfasci atus (Lacepede) 0 1-2 
7\. vai~lensis (Quoy & Gaimard) 0 C 1:"3 

O' OJ 1 ~lyg yphidodon curacao (Bloch) . J 
Amphiprion chrysopterys Cuvier 0 0 2-5 
A. c1arckii (Bennett) 0 2-3 
7\. melanopus Bleeker 0 0 0 0.5-1 
7\. perlderalon Bleeker 0 5 
Lhromis acares Randall & Swerd10ff C 4> 18 
,k. agil is Smj th 0 C 6=-40 • 

.... ,k. amboinensis (Bleeker) A >18 ~ 

'" ,k. atripectora1is We1ander & Schultz 0 0 1 
,k. caeru1ea (Cuvier & Valenciennes) C A A A C 0-4 
k. margarjtifer Fowler 0 C 0 3>15 
C. vanderbi Hi (Fowler) C C 3>15 
C. sp. 8 C >T8 
Chrysiptera bi oce11atus Quoy & Gaimard A A C C 0 1-3 
C. llaucus (Cuvier) A 0 0 0 0-1 
C. euco omus (lesson) 0 0 0 0 A A 0-12 
C. trace,Yl Woods & Schultz) 0 0 A 2;3-40 
Dasc,Yllus aruanus (linnaeus) A A A A 0 1-4 
D. reti cu1 atus ( Ri cha rdson) 0 R R 0 A 0 1>30 
D. tri macu 1 atus (Ruppe 11) 0 0 0 0 0 1=-6 
P1ectrog1yphidodon dickii (lienard) 0 C C A A 1-6 
~ i mgarri penni s (Vai11 ant & Sauvage) 0 A C 1-6 
P. '0 ns toni anus Fowler & Ba 11 0 0 C C 1-9 m 
[. 1acrymatus Quoy & Gaimard) 0 0 R 0 0 1-40 
P. 1eucozona (Bleeker) A A 1-3 
[. phoeni xensi s (Schultz) C 1-3 



Table 1 Continued. 

1 I 2 3 4 5 6' 7 I 8 9 10 I 11 

Pomacentridae (continued) 
Plectroglyphidodon sp. cf. 

johns toni anus 0 0 1-6 
Pomacentrus arrbionensis Bleeker 0 3-4 
f. pavo Bloch 0 C 0 1-4 
P; vaiuli Jordan & Seale 0 C C C C C 1>30 
Pomachromis guamensis Allen & Larson A A 3=-12 m 
Stefastes albifasciatus (Schlegal & Muller) C A A A A 1-4 
S. asci 01 atus (Ogilby) 0 A A 1-10 
S. lividus (Bloch & Schneider) A A 0 1 
~. ni gri cans (Lacepede) 0 0 C A A 1-4 

.... • 

.". Ci rrhi ti dae 
'" Ci rrhiti chthys fa 1 co Randall 0 C 4-40 

ci rrhitus pinnulatus (Bloch & Schneider 0 1-3 
Neoci rrllites armatus Castlenau C C 1-6 
Paraci rrhi tes arcatus (Cuvier) C C 1>10 
P. forsteri (Bloch & Schneider) C C 1">10 
f. hemi s ti cus (Gunther) 0 0 I=-6 

Labri dae 
Anampses caeruleopunctatus Ruppell C 0 1.5-12 m 
A. twisti Bleeker R 0 1; 10 
Bodianus axillaris (Bennett) 0 >10 
Cheilinus celebecus Bleeker 0 C 4-40 
C. chlorurus· (Bloch) 0 0 0 1-4 
C. trilobatus Lacepede 0 0 0 0 0 C 0 0 1>10 
C. undulatus (Riippell) 0 0 
C. unifasci atus Streets 9 0 0 0 0 11~30 
CheTTlo ine~is (Forsskal) 0 0 0 0 0 1-6 
Coris aygula Lacepede 0 0 1-4 



Table 1 Continued. 

1 2 3 4 5 6 7 8 9 10 11 

Labridae (continued) 
Coris gaimardi (Quoy & Gaimard) 0 1-4 
Ci rrhi 1 abrus katheri nae Shepard & 

Randall 10 R A A 3;6-30 m 
Epibulus insidiator (Pallas) 0 0 0 0 0 0 1>10 
Gomphosus varius Lacepede 0 0 0 0 0 0 1">10 
Halichoeres hortulanus (Lacepede) 0 0 0 0 0 0 1=-4 
H. margaritaceus (Valenciennes) A C 0 C 0 1-5 
H. mar inatus Ruppell 0 0 0 C C 1-4 
H. tnmacu atus (Quoy & Gaimard) C A A A A 1-4 
H. biocellatus Schultz 0 C 7>20 
Hemi ~mnus fasciatus (Bloch) 0 0 C 0 1 • ,... H. me apterus (BloCh) 0 0 0 0 0 0 0 1-4 

'" Iabrichthys unilineatus (Guichenot) 0 0 1 
labroldes bicolor Fowler & Bean 0 0 1;>6 
L. di mi matus (Val enci ennes) 0 0 0 0 0 0 0 0>30 
Iabrops i s sp. 111 0 >10 
Macrophar*nfiodon meleagris (Valenciennes) 0 0 0 C 0 0 1-6 
Novaculic t bS taeniourus (Lacepede) 0 0 0 0 0 1-4 
Stethojulis andanensis (Bleeker) C C 0 C C C C 0 C 1>6 
S. strigiventor (Bennett) 0 C 0 1-
Thalassoma amblycephalus (Bleeker) C C 1>6 
T. fuscum (lacepede) C 1=-4 
T. har3ili ekei (Bennett) 0 0 0 C 1 
I. lutescens (Lay & Bennett) 0 0 0 0 C 0 C 1>6 
T. purpureum (ForsskSl) 0 0 1 
T. qlJi nquevittata (Lay & Bennett) 0 A A 1>6 

Seari dae 
Calotomus sandvicensis (Valeneinnes) I R 0 0 0 I 0 1>6 
Searus brevifilis (GUnther) OJ 0 3=-4 



Table 1 Continued. 

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

Scaridae (continued) 
Scarus globiceps Valenciennes 0 3-4 
S. frontalis Valenciennes 12 0 A 1 
S. tri color 81eeker13 0 0 0 1 ;4>30 
~. psittacus Forssk~l 0 A C C 1>6-
S. rubroviolaceus (Bleeker) 0 4=-6 
S. sordi dus ForsskSl C 0 C C A A A A 0 1>20 
S. schlegeli (Bleeker) C C C 1'>30 
Scarus spp. - unid. juveniles 14 A C A A A C 0 0 1=-6 

Mugi 1 oi di dae 
para~ercis ceghalopunctata (Seale) 0 0 0 0 0 I 1>30 .... 

C C 0 0 0 l>6 • I.n f. c athrata gilby .... 
B lenni i dae 

Alticus saliens (Forster) A 0 
ASpidontus taeniatus Quoy & Gaimard 0 1-2 
Cirripectes sebae (Valenciennes) 0 1-4 
C. variolosus-TValenciennes) 0 A A 1-6 
tcseni us bi co lor (Day) 0 0 0 4-6 
E. oplsfrontalis Chapman & Schultz 0 0 6>20 
Entomacrodus s tri atus (Quoy & Gaima rd) C C 0=-1 
t. sp. C 0-1 
Exalias brevis (Kher) R 0 1-3 
Istiblennius coronatus (Gunther) A C 1-6 
1. edentulus (Bloch & Schneider) C C 0-1 
Is ti b lenni us s p. C 0-1 
Mei acanthus atrodors al is (Gunther) C C C C C 0 0 0 0 1>30 
Plagiotremus tapienosoma (Bleeker) 0 0 0 C C 1=-5 
Salarias fasciatus (Bloch) C 0 C C C 1-3 
Stanulus seycbellen~is Smith 0 0 1 



Table 1 Continued. 

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

B1enniidae (continued) 
Uni d sp. 1 R 1 
Unid sp. 2 0 0-1 
Petroscirtes xestus Jordan & Seale 0 1 

Tri pterygi i dae 
Enneapterygi us sp. C 0-1 
Unid sp. C C 3-7 

Ca 11 i onymi dae 
Ca 11 i onymus xanthosemei on Fowl er 0 0 1-3 
Djpl()gl'amm~s goramensis (Bleeker) 0 1-3 • 

f-' 

'" N Gobi i dae 
Amb1ygobius a1bimacu1atus (RUppe11) C 0 1-4 
Asteropteryx semipunctatus RUppe11 C C 0 1-4 
Cottogobl us sp. 0 1 
Ctenogoblops pomastictus lubbock 

& Pulonin C C 0 A 1-3 
Eviota zonura Jordan & Seale C 0 0 1-6 
Eviota sp. 0 0 0 3-4 
Fusi gObi us neophytus (GUnther) C C 0 0 A 1-4 
Gnatholepis sp. cf. cauerensis 

(Bleeker) C 0 0 1-3 
Gnatholepis sp. 1 0 C 1 
Gobiodon citrinus (RUppel1) 0 1-5 
Gobi odon sp. 1 0 4 
IStlgobius ornatus (RUppell) 0 1 
IStlgobius sp. 1 0 1 
Nemate1eotris magnifi cys Fowler 0 0 5>15 
Oplopomus op10pomus (Valenciennes) 0 0 3=-4 



Table 1 Continued. 

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

Gobiidae (continued) 
Paragobiodon echinocephalus (Rlippell) 0 1-2 
Pogonoculias zebra Fowler A A 3-12 m 
Ptereleotris evides (Jordan & Hubbs) 0 0 2>6 
Valenciennea strigata (Broussonet) 0 0 0 0 C 2">10 
Uni d s p. 0 0=-1 

Acanthuri dae 
Acanthurus achilles Shaw R 3-4 
~achilles ~ glauco~arieus R 1 
~. glaucoparleus CUYler R 0 0 0 1>10 
A. li neatus (Li nnaeus) 0 0 0 A C 1'>6 

I-' A. mata ( Cuvi er) 0 C 1'>6 l.n 
w A. nTgricaudus Duncker & Mohr 0 0 1>18 • 

A. nigrofuscus (Forsskal) 0 0 0 0 0 C A A 1>10 
A. nigroris Cuvier & Valenciennes 0 0 C 0 1=-5 
A. olivaceus Bloch & Schneider 0 R 0 4>10 
A. pyroferus KHtl Hz C >TO 
A. triostegus (Linnaeu) A 0 C 0 0 A A 0 1> 10 
~. xanthopterus Valenciennes 0 0 1-

Ctenochaetus striatus QUo) & Gaimard 0 0 0 0 0 C C 0 1>10 
Naso hexacanth us {Bleeker C >30 m 
}[IHuratus (Bloch & Schnei der) 0 C 0 0 0 0 1>30 
N. unlcornis (Forsskal) C 0 0 0 0 1=-4 
!!. vlamingi (Valenciennes) OJ 0 >10 
Paracanthurus hepatus (li nnaeus) 0 6 
Zebrasoma flavescens (Bennett) 0 0 0 0 1-4 
z.-sco~as {CuvierJ 0 0 1;>6 
Z. vehferum (Bloch) OJ 0 0 1-2 



Table 1 Continued. 

1 2 3 4 5 6 7 S 9 10 11 

Zancli dae 
Zane 1 us cornutus li nnaeus 0 0 0 0 0 0 0 0 0 1-40 

Si gani dae 
Siganus arrenteus (Quoy & Gaimard) 0 >6 
i. spinu~ Linnaeus) C 0 0 0 1 

Scombri dae 
Gymnosarda unicolor (Ruppell) 0 I >12 

Bothi dae 
Bothus mancus (Broussonet) 0 R R 1-7 • ,... 

.." .... Balisti dae 
Balistaeus urldulatus (Park) I 0 0 0 0 1-40 
Balistoldes viridescens (Bloch & Schneider) 0 R 0 0 l>S 
Melichthys n,geli (BloCh) 0 0 3=-6 
M. vldua (So an er) 0 0 0 1>10 
Udonus ntrr (RUppe 11) C >Ts 
Rlii necan us aculeatus (li nnaeus) C 0 0 0 T-4 
R. echarpe ( Lacepede) 0 0 C 0 1-5 
5"uffl amen bursa (Bloch & Schnei der) 0 0 0 1>20 
i. chrysoptera (Bloch & Schneider) 0 0 0 1=-6 

Monacanthidae 
Cantherhines dummeri 11i (Ho11ard) 0 0 1-3 
c. pardal1s (RUppell) R 0 0 0 1-5 
Ux~monacanthus longirostris Bloch & 

chnei der 0 C A C 0 1-4 
Pervagor melanocephalus (Bleeker) 0 0 0 0 1-6 
Paraluteres prionurus Bleeker 0 0 0 0 1-6 



..... 
V> 
V> 

Table 1 Continued. 

Ostracionti dae 
Os traci on cubi cus Li nneaus 
Q. meleagris Shaw 

Tetraodonti dae 
Aroth ron hi 5 pi dus (Li nnaeus) 
Arothron meleagris (Lacepede) 
A. nigropunctatus (810ch & Schneider) 
Canthi gaster amboi nensis (Bleeker) 
C. bennetti (Bleeker) 
f:. janthi nQlltera (Bleeker) 
C. solandri. (Richardson) 
f:. va 1enti ni (B 1eeker) 

No. species per habitat 

1 2 3 

0 0 
R 

0 
OJ Rj 

0 
OJ 

Cj C A 
0 0 

28 44 115 

4 5 6 7 8 9 10 11 

0 0 0 1-3 
0 0 1-6 

R 0 1 
0 0 0 0 1">7 

C 0 0::-3 m 
0 1-3 
0 0 0 1-3 

C C C C 0 0 0 0-30 
0 0 0 1>15 • 

77 100 131 88 144 123* 73* 



Key to syni>ols: (Table 1) 

A = Abundant; ~l individuals on anyone transect or approximately 
40 individuals sighted per diver hour, whichever is greater 

C = Common; 6-20 per transect or 11-40 per diver hr. 

o = Occasional; 2-5 per transect or 2-10 per diver hr. 

R = Not more than one individual sighted on anyone dive 

S = Seasonal, not seen but caught by local fishenren 

j = juveniles only 

* = An underestimate due to incidental nature of sampling below 6 m 

Footnotes 

1. Occasionally observed by Marine Lab. personnel along the outer reef 
s lope off the wes t end of Lumi nao reef. 

2. One individual observed near the GORCO deballest discharge pipe, 
March 1978. 

3. One individual observed along the sandy shoreline at the east end 
of Lumi nao moat. 

4. & 5. Specimen collected in a surface plankton two off the east end 
of Cabras Island at night; not included in species counts. 

6. Identification provided by J. E. Randall (personal communication). 

7. Probably undescribed, but mistakenly referred to as A. novae uineae 
in most recent literature (J. E. Randall, personal communlcatl0n . 

8. The same as Chromis sp. A of Allen (1974). 

9. Mistakenly referred to as C. rhodochrous in most recent literature 
(J. E. Randall, personal communlcation). 

10. To be described by J. W. Shepard and J. E. Randall. 

11. To be described by J. E. Randall. 

12. A senior synonym of S. jonesi (Streets) (J. E. Randall, personal 
communication). -

13. A senior of 1. lepidus Jenyns (Streets). (J. E. Randall, personal comm.) 

14. Refers to one or more of 6 unidentified juveniles; not included in 
speci es counts. 

156 
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Table 2. Fishes censused in the moat of Luminao Reef. Explanation of numbers and symbols as in Table 
Transects are arranged approxi mate ly zonally from mos t inshore to mos t offshore. 

TRANSECTS 

SPECIES A-l C-l B-1 B-2 A-2 C-2 A-3 A-4 

Echidna nebulosa + 
Lycodontis javanicus 1 
Saurida gracilis 3 4 1 2 + + + 
Belone platyura 5 17 + 
Hemi ranphus archi pe 1 agi cus + + 
Adioryx di adema 3 1 + 
Adioryx lacteoguttatus 1 
A. mi cros tomus + + 4 3 1 8 
!. spi niter 2 1 
Flarrmeo sammara 5 1 5 2 1 
I1Yr~ptristis amaenus 4 8 + 
M. erndti + + 
7iulostomus chinensis 1 + + 
Fistulari a commersoni i + + 
Cor:ythoi chth,s fl avofasci atus 1 
C. 1 ntes ti na is 1 
~inephelUS merra + 

ogon fraena tus 1 + 
A. ~uamensis + + 
7i. a 11 opterus + 1 
!. ni grofasci atus + 1 + 
A. novemfas ci atus 1 2 + 1 4 2 1 
Lheilodipterus guinquelineatus + 2 + 
Ca rangoi des s p. + 
colo~sis cancel latus + + + +. + + + 

lethrl nus harak + + + 
L. mi ni atu-s-- + 

• 



Table 2 Continued. 

TRANSECTS 

SPECIES A-1 C-1 8-1 8-2 A-2 C-2 A-3 A-4 

Mu110idichthys f1avolineatus 2 6 1 1 + 3 + + 
M. vani co lens i s + 
Paru~eneus barberi nus + + 
P. b1 fas ci atus + 
f. chryserxdros + 2 
P. trifasc1atus + + + 1 3 
Gerres a rgyreus + 
Chaetodon ilriga + + + c. ci trf ne us + 4 + 2 2 2 7 1 
C. 1unula 2 + + 1 • 

..... C. roo lannotus + 1 + '" ex> C. omatissimus + 
C. punctatofasciatus + 
C. quadri macul atus + + 
C. reticulatus + + 
C. trifasci atus + 2 1 5 2 1 1 7 
C. uleitens is + 
C. umimaculatus + + 
Heniochus Chrysostomus 1 + 
Megaprotodon tri fas C1 ali s + 7 3 + 
Centrop¥ge shepardi 1 

irlOn roo 1anopus 2 + + 1 
ude duf septemfasciatus + 

A. vaigiensis + + 
~lY~lyphidodon curacao 1 
Chrom1S atr1 pectora lis 3 
C. caerulea 78 70 + 39 34 + + 
Th rys i ptera b ioce llatus 35 43 8 1 16 2 + 
C. gl aucus + + + + 



Table 2 Continued. 

TRANSECTS 

SPECIES A-l C-l B-1 B-2 A-2 C-2 A-3 A-4 

Chrysi ptera leucopomus 1 1 4 
Dascy11 us aruanus 3 32 III 61 3 44 
D. reti culatus + 
D. trimaculatus + 
Plectroglyiehidodon dickii 5 17 
P. jOhns tom anus 1 r. 1 acrymatus 1 2 
Pomacentrus pavo + 
P. vaiuli 1 7 3 11 11 14 
Stegastes albifasciatus 19 49 B 72 34 53 48 10 

.... S. li vi dus 18 13 21 • lJ> 

"" S. ni9rlcans 1 1 8 36 11 13 42 80 
Thei 11 nus ch 1 orurus + + 
C. tr110batus 2 1 + + + 1 1 7 
C. undu1atus + + + 
"C. unifas ci atus + 
Cheilio inermTS + 1 + 
Coris aygu1a + 
C. ~aimardi + 
IRi ulus insidiator 1 + + + 1 
Gomeh os us va ri us + 1 + 1 1 3 
Hal1choeres hortulanus 1 2 3 
H. margaritaceus 1 
E. marginatus + 1 6 
H. trimaculatus 31 57 25 59 45 39 34 23 
Hemi gymnus fas ci atus 3 5 + 3 1 
)!. me 1 apterus + + 1 1 1 1 + + 
Labri chthys uni 1 i neata + 1 
Labroi des dimi di atus + 1 1 + 2 



Table 2 Continued. 

TRANSECTS 

SPECIES A-l C-l B-1 B-2 A-2 C-2 A-3 A-4 

Macropharyn~odon meleagris + 2 1 + 4 
Novaculicht ys taeniourus + + 
Stethoju1is bandanensis 15 11 1 14 7 4 12 14 
i. s tri gi ventor 7 1 
Tha1assoma har~i ckei + + + + + 2 3 
T. 1 utes ceus + 1 2 1 9 
Ca10tomus sandvicensis + + 
Scarus brevlfilis 1 
S. fronta 11 s 1 
~. tri color + • .... ~. ps lttacus + 12 70 a-

0 ~carus sp. 1 juv. + + 3 7 2 2 1 
S. sordi dus 3 40 29 86 15 11 6 27 
~carus sp. 2 juv. 3 1 8 2 
Scarus sp. 5 juv. + 
Scarus sp. 6 juv. 2 1 + 
Para~ercis cepha10punctata + 1 
P. c athrata 1 
Cirripectes vario10sus . 1 
Meiacanthus atrodorsalis 6 6 2 5 2 + 
Salarias fasciatus 3 1 + 3 2 1 2 
Stanulus se¥che11eusis 1 
Uni d. blenm d + 
Ca 11 i ontmus xanthosemei on 1 
Ali'blygo ius albimacu1atus + , AS teropteryx semipunctatus 1 
Cottogob i us s p. 1 
Ctenogobi ops pomas t ictus 14 24 + 
Fusi gobius neophytus 1 27 2 1 2 



Table 2 Continued. 

TRANSECTS •. ' 
SPECIES A-1 C-1 B-1 B-2 A-2 C-2 A-3 A-4 

Gnatho1epsis sp. cf. cauerensis 2 + 
Gnatho1epsiS sp. 1 3 2 1 
Istigobius sp. 1 + 
Op1opomus op1opomus 1 
Va1enciennea strigata 2 + + 
Acanthurus glaucoparieus + 
A. 1i neatus + + 
A. mata + 1 
A. 'ii'1'9r'ofus cus + + + 1 + 10 5 
A. ni ~roris + .... 

a. A. trlOs tegus 6 3 + 1 1 1 6 13 • .... Ctenochaetus stri atus 1 1 2 + 
Naso 1i turatus + 1 + 1 + 
N.Uni corni s + + + + 
!£. vlamingi + 
Zebrasoma f1 aves cens 2 1 2 1 
Z. scoeas + 
Z. vell ferum + 
Zane 1 us cornutus + 1 1 1 + 2 + 2 
Si tanus spi nus + + + + + + 
Ba istapus undu1atus + 
Rhinecanthus acu1eatus + + 
R. echarpe + + + 
Oxymonacanthus lont ros tris 3 17 + 10 7 2 

ervagor melanocep alus + 
s tracion cubi cus + + 

Arothron meleagris + 
A. ni~ropunctatus + 
Canth 1 gas ter j anthi nopte ra + 



Table 2 Continued. 

TRANSECTS 

SPECIES A-I C-1 B-1 B-2 A-2 C-2 A-3 A-4 

Canthi gas ter so landri 7 1 1 5 8 2 3 6 
.f.. va1entlni 2 + 

No. of species seen on transect 11 39 35 38 37 36 36 43 
No. of species in vicinity 38 57 66 66 70 47 57 62 
No. of individuals on transect 134 393 371 432 242 290 236 363 
No. of individuals per m2 0.89 2.62 2.47 2.88 1.61 1.93 1.57 2.42 

.... 
'" N 
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Table 3. The ten most abundant fish species seen on Luminao Moat Transects. Each species is listed in 
order of abundance. Transects are arranged zonally from most inshore to most offshore. An 
as teri sk i ndi cates ties. 

A-I 

Ch rys i ptera bi oce 11 at us 
Halichoeres trimaculatus 
Stegastes albifasciatus 
Stethojulis bandanensis 
~. strigiventor 
Canthi gaster solandri 
Acanthurus tri os tegus 
bas cy 11 us a ruanus 
Scarus sordi dus 

*Mulloidichthys flavolineatus 
*Chaetodon 1unula 
*Cheil i nus tri lobatus 

A-2 

Ha Ii choeres tri macul atus 
Chromi s caeru1ea 
Stegastes albifasciatus 
Stegas tes ni gri cans 
Chrysiptera biocellatus 
Scarus sordi dus 
'!Y ri ~ri s ti s amaenus 
ant i gaster sol andri 

Stethojulis bandanensis 
*Fl anvnes s anma ra 
*Be10ne p1ayura 
*Me1 acanthus atrodorsa lis 

C-l 

Chromis caerulea 
Halichoeres trimaculatus 
Stegastes albifasciatus 
Ch rys i ptera bi oce 11 atus 
Scarus sp. 2 juveniles 
bas cyll uS aruanus 
CtenogObi ops pomas ti ctus 
Stethojulis bandanensis 

*MiJTiOi di chthys fl avo Ii neatus 
*Meiacanthus atrodorsalis 

C-2 

~tegaltes albi fasci atus 
ascy lUs aruanus 

Halichoeres trimaculatus 
Chromis caeru1ea 
Stegastes lividus 
S. ni gri cans 
Pomacentrus avi uli 
Scarus sordi dus 
Oxymonacanthus longi rostris 
P1ectrog1yphidodon dickii 

B-1 

Dascyllus aruanus 
Chromis caerulea 
Scarus sordi dus 
Fusigobius neophytus 
Hali choeres trimaculatus 
Ctenogobiops ~omastictus 
Stegastes livldus 

*S. a1bifasciatus 
*~. n1 9ri cans 
Chryslptera biocellatus 

A-3 

Stegastes albifasciatus 
S. n1 ~ri cans 
Halic oeres trimaculatus 
Belone platyura 
Stethojulis bandanensis 
Pomacentrus vaiu1i 
Acanthurus ni grofuscus 
Chaetodon cltrinellus 
Oxymonacanthus longi ros tris 

• 
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Table 3 Continued. 

B-2 

Scarus sordi dus 
Stegastes a1bi fasci atus 
Oascy11us aruanus 
Ha1ichoeres trimacu1atus 
Stegas tes ni gri cans 
Oxymonacanthus 10ngirostris 
Stethoju11s bandanensis 
S tegas tes 1 i vi dus 
Scarus sp. 3 juveniles 
*~legaprotodon trifascia1is 
*Pomacentrus vai u 1 i 
*Scarus sp. 1 juvenile 

All transects conbined 

Ha1i choeres trimacu1atus 
Stegastes a1bifasci atus 
Oascyllus aruanus 
Chromis caeru1ea 
Scarus sordi dus 
Stegastes nl&ricans 
Chrysipteraioce11atus 
Scarus ps ittacus 
Stethojulis bandanensis 
Pomacentrus vai u1i 

A-4 

Stegastes nigricans 
Sca rus ps ittacus 
s. sordidus 
Ha11choeres trimacu1atus 
Plectrog1yphidodon dickii 
Pomacentrus vaiu1i 
Stethoju1is bandanensis 
Acanthurus tri os te~us 
Stegastes albifasclatus 
Tha1assoma lutescens 

No. of Transects 
with this species 

in top ten 

8 
8 
4 
4 
6 
4 
4 
2 
5 
4 

Average dens i ty 
per m2 

.261 

.244 

.212 

.184 

.181 

.160 

.088 

.068 

.065 

.039 
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Table 4. Fishes censused in the moat of Piti Reef. Total nurrber of 
each species seen is indicated; asterisks denote species 
seen in the immediate area within the same habitat type, but 
not on the transect at the time of the count . Transects are 
arranged from most inshore to most offshore. Refer to 
Table for description of transect settings. 

SPECIES 

Gymnothorax s p. cf. th rys oi deus 
G. undu latus 
"S'aun da llracil i s 
Hem rampfius archi pelagi cus 
AdlOryX dl adema 
A. lacteoguttatus 
"A. ml cros tomus 
"A. Spl OJ fer 
Flammeo argenteus 
F. s ammara 
Myripristis amaenus 
.M. berndti 
Aulostomys chinensis 
Fistularia commersonji 
Co rythoi chthys flavofasci atus 
.£. intestinalis 
Doryhamphus melanopleura 
Scorpaena tristis 
Scorpaenodes guamensis 
i . parvi pi nni s 
Syananceia yerrucosa 
Epinephelus hexagpnatys 
E. merra 
Plesiops caeruleolineatus 
Apogpn guamensi 5 
A. kallopterus 
A. novemfas ci atus 
Apogoni chthys ocell atus 
Che;lodipterus qu;nquel;neatus 
Carangoj des sp. 
Scolops;s cancellatus 
Mullo;dichthys flayoljneatus 
Parupeneys barberjnus 
t. trifas c; atus 
t. p 1 eurotaeni a 
Chaetodon auri ga 
I. bennetti 
I. ci tri ne 11 us 
I. 1 unul a 
I. me 1 annotus 
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J-l 

+ 

1 
+ 
4 
1 

+ 

26 
1 

+ 
1 
+ 
7 
5 

TRANSECTS 

J-2 

+ 
+ 
+ 
3 
1 

2 
1 
2 

+ 

+ 

+ 

1 

+ 
+ 
1 
2 

+ 

+ 
1 
1 
1 

1 

4 

J-3 

+ 

4 

+ 
+ 

10 
1 
2 

24 
3 
9 
+ 
+ 
+ 
2 

+ 
+ 
+ 
+ 

+ 

4 

4 

3 
3 
1 
1 
1 
+ 
1 
+ 
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Table 4 Continued. 

SPEcr ES 

Chaetodon reti culatus 
c. trlfas Clatus 
"C. umrnaculatus 
RemoChus Chrysostomus 
Megaprotodon trlfasclalis 
AmPhlprlon melanopus 
01 roml s atrl pectora Ii s 
c. caerulea 
Thryslptera biocellatus 
c. glaucus 

"C. leucopomus 
Uas cy II us aruanus 
Plectroalyphidodon dickii 
.E. johnstonianus 
.E. 1 acrymatus 
Pomacentrus vaiuli 
Steaastes albifasci atus 
S. 1 i vi dus 
~. ni gri cans 
Cheil i nus ch lorurus 
~. tri lobatus 
Cheil i 0 i nermi s 
Epibulus insidiator 
Gomphos us vari us 
Halichoeres hortulanus 
.ti. margari taceus 
.ti. marai natus 
H. trimaculatus 
Hemi gymnus fas ci a tus 
.ti. melapterus 
Lab roi des di mi di a tus 
Macropharynaodon meleagris 
Novacul i chthys taeni ourus 
Stethojulis bandanensis 
Thalassoma hardwickei 
Calotomus sandvicensis 
Scarus frontalis 
S. sordi dus 
Scarus sp. 1 juv. 
Scarus sp. 2 juv. 
Scarus sp. 3 juv. 
Scarus sp. 4 juv. 
Scarus sp. 5 juv. 
Parapercis clathrata 
Exalias brevis 
Mei acanthus atrodors ali s 
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J -1 

68 
+ 

2 

1 

1 

+ 
1 

5 

80 

16 

1 

5 

TRANSECTS 
J-2 

1 

1 

+ 
13 

64 

2 

14 
23 

4 
+ 
1 
1 

1 
3 

34 

2 
1 
+ 
+ 
7 
2 
1 

1 
2 
4 
2 

4 

4 

J-3 

+ 
11 
+ 
+ 

19 
+ 
+ 

69 
9 

1 
202 

8 
+ 
2 
4 

19 
136 

28 
+ 
4 
+ 
2 
+ 
1 

1 
30 
1 
2 
1 
1 
+ 
3 
+ 
1 
+ 

10 

1 

2 
+ 
3 
1 
+ 



.. 
Table 4 Continued. 

TRANSECTS 

SPECIES J-1 J-2 J-3 

P1agiotremus tapienosoma + 
Sa 1 ari as fas ci atus 2 8 2 
Stanu1us seyche11ensis + 
Calli onymus xanthosemeion + 
fts teropteryx semi punctatus 1 + 
Evi ota sp. + 
Fusi gobi us neoph~tus 1 
Gnatho1epis sp. + 
Acanthurus ga1ucoparieus 1 
A. ni ~rofus cus 2 1 
A. ol1Vaceus + 
A. tri ostegus 2 3 
~. xanthopterus + 
Ctenochaetus stri atus 1 
Naso 11 turatus 12 
N:"lini corni 5 1 
Zebrasoma f1avescens 1 
Zancl us cornutus 1 
Si ~anus sp; nus + + 
Rhlnecanthus acu1eatus + + 
Cantherhl nes oarda1is + 
OX;imonacanth us long; rostris 3 19 
Pervaoor melanocepha1us + 
Os traci on cubi cus 1 1 
Arothron hispi dus + 
A. nigropunctatus + + 
Canthi gas ter bennetti 1 
:f. janthi noptera 1 
C. solandri 3 4 1 
C. valentini 1 

No. of 5 peci es seen on transect 21 45 60 
No. of 5 peci es in vi ci nity of transect 34 62 89 
No. of i ndi vi dua 15 on transect 232 235 695 
No. of individuals per m2 1.55 1.57 4.34 
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Table 5. The ten most abundant fish species seen in the moat transects of Piti Reef. Arrangement and 
symbols follow that of Table 2. 

J-1 

Ha1ichoeres trimacu1atus 
Chrysiptera biocellatus 
Apogon novemfas ci atus 
Stethoju1is bandanensis 
Parupeneus barberinus 
P. trifasciatus 
Ha1ichoeres margaritaceus 
Parapercis c1athrata 
Scorpaena tris ti s 
Canthigaster solandri 

All transects combined 

Dascy11us aruanus 
Halichoeres trimacu1atus 
S tegas tes 1 i vi dus 
Chrysi ptera b ioce 11 atus 
C1iromis caerulea 
Stegastes a1bifasciatus 
~. ni gri cans 
Apogon novemfas ci atus 
Stethoju1is bandanensis 
F1ammeo sammara 

J-2 

Oascy11us aruanus 
Ha1ichoeres trimacu1atus 
Stegastes a1blfasci atus 
Pomacentrus vaiu1i 
Chrysiptera biocellatus 
Sa1ari as fasciatus 
Stethoju1is bandanesis 

*Chaetodon 1unula 
*S tegas tes n1 gri cans 
*Scarus sp. juvenile 
*Parapercis c1athrata 
*Mei acanthus atrodorsa1is 
*Canthi gas ter sol andri 

No. of transects in top 10 

2 
3 
1 
2 
1 
2 
2 
1 
2 
1 

J-3 

Oascyllus aruanus 
Stegastes lividus 
Chromis caerulea 
Ha1i choeres trimacu1atus 
Stegastes nigricans 
Flammeo sammara 
Megaprotodon trifascia1s 
Stegastes albifasci atus 
Oxymonacanthus longirostris 
Naso 1 ituratus 

Average density per m2 

.596 

.320 

.302 

.200 

.153 

.093 

.073 

.062 

.058 

.058 
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Table 6. Fishes censused on the reef front and upper submarine terrace. 
Explanation of numbers and symbols as in Table 2. Transects 
are arranged approximately zonally from the shallowest to the 
deepest. 

TRANSECTS 

SPECIES J-4 I-1 H-1 A-5 J-5* 

Adioryx 1acteoguttatus 4 
'A. s pl nifer + 
Dorhamphus me1anop1eura 2 
Taem onatus trl acanthus + 
Caracanthus macu1atus 1 
Ceehalopho1is urode1us 1 1 4 
EPl nephe I us tauvl na 1 
l's eudoCli romi s tapl enos oma 4 + 
Grarramstes sex], neatus 1 
'Apogon angus tatus 1 
'A. novemfas ci atus 2 
Decapterus sp. 2 
'Aphareus furcatus 1 + 1 + 
[utjanus fu1 vus + 
Letnrlnus sp. + 
Parupeneus bifaciatus 1 
P. tn fas ci atus + 1 + + 
15'. p1eurosti gma + 
'Olaetodon auri ga + 
C. Cl tri ne 11 us + 1 3 2 
-C. ephl pp' um + + 
-C. lunu1a + + 
-C. omatissimus + + 2 
'C. punctatofas ci atus 3 
'C. q uadri macu 1 atus 1 + 
C. ret, cu1 atus 2 + + 2 
'C. tri fas ci atus 2 + + 
'C. u1ei tensis + 
'C. uni macu 1 atus + + 
tOrCl p' ger fl a vi ss i mus + + + + 
Megaprotodon trifascia1;s + + + 
~olemicnthYS trimacu1atus + 

ntr,yge f1 avi ss, mus 1 
'Abudef uf wa, g, ens 1 s 10 + + 
J\riiphi pri on chrysopterus 1 + 
'A. c1arcKii + 
A. peri derai on + 
Ch romi s acares 8 
dhrys'rtera 1eucopomus 148 174 203 21 3 
oascy1 us reticu1atus 3 + 115 26 
O. tr; macu1 atus + 
P1ectrog1yphidodon dick;; 35 4 5 33 
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Tab le 6 Conti nued. 

TRANSECTS 

SPECIES J-4 1-1 f.I-l A-5 J-5* 

Plectrogly~hidodon i mpa ri Eenni s 8 58 31 14 
P. Johns tom anus + 17 11 

"15". 1 acrymatus + 
"15". leucozona 27 
"15". pfioem xensis 8 
"15". sp. cf. Jofins toni anus 2 2 
"l5"omachromis guamensls 5 54 121 1 
5tegastes fasclolatus 45 2 18 17 96 
Ananpses caeruleopunctatus 2 
Che; 1 i nus tri 10batus + 1 
C. un; fas ci atus + + + 
Chei li 0 i nermis + 
Coris aygula + 
Epibulus insidiator 1 
Gonphos us vari us 1 + + 
Ha 1 i ch oe res hortul anus + 
!i. margSiri taceus 7 7 3 
!i. margi natus 5 
Hemi gymnus mel apterus + 
Lab roi des di mi di atus 2 2 1 
Novacul i chthys taeni ourus + 
Stethoj uli s bandanensi s 3 3 3 2 
Thalassoma amblycephalus 1 3 18 + 
I. fuscum + + 
T. 1 utes cens + 5 
1. gui nguevittata 24 45 48 34 37 
Scarus br~vifilis + 
~. psittacus 2 2 10 
~. rubrovi 01 aceys + 
S. sordidus + 16 11 4 3 
i. schlegeli + 5 + 
Ci rrh; ti chthys fal co 1 
Ci rrhi tus pi nnul atus 1 + 
Neo ci rrh i tus armatus 4 1 
Paraci rrhi tes arcatus 2 16 4 
P. fors teri 2 2 4 2 
f:. hemi s ti ctys 1 1 
Cirripectes sebae 1 1 
C. vari olosus 43 19 42 2 20 
Ecseni us bicolor 2 + 1 
Exa li as brevi s 2 
Istiblenni us coronatus 4 44 17 4 
Plagiotremus tapienosoma 4 
Triptet:Ygiid sp. 1 5 1 
Eviota zonura 1 4 
Eviota sp. + 
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Table 6 Continued. 

TRANSECTS 
SPECIES J-4 I-1 H-1 A-S J-S* 

Gobiodon citrinus 4 1 
Goolodon sp. 2 
Nemate1eotris magnificus 3 
Pogonoculi as zeora 21 + 44 
Ptere1eotris ev;-des + + + 
Va1enclennea strl0ata 1 3 
Acanthurus achl lles + 
A. ¥1aucoparieus + + + 
A. i neatus 2 9 + 
A. m grofus cus + 9 11 10 9 
A. ni ~rori s 4 3 + 
A. 011 vaceus + 
A. tn os tegus + 1 + 
-rtenoChaetus s tri atus 2 8 1 
~aso "turatus + + 1 
N:lIni corni s 1 + 
Iebras oma fa 1 ves cens + 
Zanc1 us cornutus + + + + + 
Ba 1i s taQus IJndu1 atus + + 
Me 1i chthys ni ger 1 
M. vi dua + 1 + + 
"Rhi necanthus echarpe 4 5 2 + 
$uTf1amen 5ursa + 2 + 
S. chrysoptera + 1 + 3 + 
-ra nthe rill nes p a rda 1 i 5 1 1 4 + 
Oxymonacanthus 10nw ros tris 2 
Pervagor mel anocep a 1 us 1 
Para1uteres rl0nurus + 
Os tracl on me eagrl s 1 + 
Arotll ron m groflbnctatus 1 
Canthi gas ter a 1 onens i s 3 + + 
C. sol anarl + 1 1 1 

No. of speci es seen on transect 40 27 36 33 33 
No. of species in vi ci ni ty of transect 65 44 58 45 62 
No. of i ndi vi dua ls on transect 409 431 512 495 291 
No. of individuals per m2 2.73 2.87 3.41 3.30 1.94 
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Table 7. The ten most abundant fish species seen on reef front and upper submarine terrace transects. 
Arrangement and ~ymbols follow that of Table 2. 

J-4 

OJ rys i ptera 1 eucopomus 
Stegastes fasciolatus 
Cirripectes variolosus 
Plectroglyphidodon dickii 
P. 1 eucozona 
Thal assoma guiguevi ttata 
Abudefduf waigiensis 
Plectroglyphidodon imparipennis 
f. phoenixensis 
Hali choeres margi natus 

A-5 

pomachromis guamensis 
Dascyllus reti culatys 
pogonoculjas ~ 
Thalassoma quinquevittata 
Chrysjptera leucopomys 
Thalassoma amblycephalus 
plectroglyphj dj dj on johns toni anus 
Stegastes fasciolatus 
Paraci rrhites arcatus 
Plectroglyphididon imparipennis 

1-1 

Chrysiptera leucopomus 
Plectroglyphidodon imparipennis 
Thalassoma guinguevittata 
Is ti b 1 enni us corona tus 
Pagonoculias zebra 
Ci rri pectes varroTosus 
Scarus sordi dus 
Acanthurus ni grofus cus 
Hali choeres margari taceus 

*p oma ch romi s guames i s 
*Scarus s ch lege 1 i 
*Rhinecanthus echarpe 

J-5 

Stefastes fasciolatus 
Tha assoma qUl n~uevl ttata 
Plectroglyphido on dickii 
Dasc{'ll us reticul atus 
ci rn pectes vari olosus 
Plectroglyphidodon johnstonianus 
Acanthurus ni grofuscus 
Chromi s acares 
Pomacentrus vai ul i 

*Cephalopholis urodelus 
*Paraci rrhi tes arcatus 
*Evi ota zonura 

H-l 

Chrysiptera leucopomus 
Pomachromls guamensis 
Thalassoma quinquevittata 
Cirripectes variolosus 
Plectroglyphidodon imparipennis 
Stegastes fasciolatus 
Istiblennius coronatus 
Scarus sordidus 
Acanthurus nigrofuscus 
Acanthyrus ljneatus 
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Table 7 Continued. 

All transects combined No. of transects in top 10 

Ch rvS i ptera 1 eucopomus 4 
Tha1assoma guinguevittata 5 
Pomachromis guamensis 3 
Stegastes fascio1atus 4 
Dascyllus reti cu1atus 2 
Ci rri pedes vari olosus 4 
P1ectrog1yphidodon imparipennis 4 
P. dickii 2 
15 ti b lenni us coronatus 2 
Pogonocu1 i as zebra 2 --

Average dens ity pe r m2 

.732 

.251 

.241 

.237 

.192 

.168 
.148 
.103 
.092 
.087 

• 



WATER CURRENTS AND WATER QUALITY 

by 

Lucius G. Eldredge 

Introduction 

Knowledge of water currents in the vicinity of an OTEC facility are of 
vital importance because of plant dependence upon large uninterrupted sup- " 
plies of both shallow warm and deep cold water for optimum operation. The 
design and location of shore-based OTEC intake and discharge pipes are 
especially critical because currents are generally more complex in the 
near-shore water mass. Complex eddies induced by the island land mass, 
submarine slope configuration, and bidirectional tide-generated currents 
increases the possibility of warm intake and cold discharge waters becoming 
intermixed. The currents revealed from this study are to be considered of 
a preliminary nature which indicates the presence of a complex near-shore 
water movement pattern. Such a current pattern is the resultant of a 
number of interacting variables, some of which include: 1) the magnitude 
of the North Equatorial Current that sweeps past the island; 2) wind 
direction, speed, and other climatic factors; 3) tides; 4) island shoreline 
and submarine slope configuration; and 5) seasonal variation of 1-3 above. 
Detailed annual cycle current patterns in the viCinity of Cabras Island 
were beyond the scope of this study, but such knowledge must be addressed 
and incorporated into the final design of a shore based OTEC plant. 

Methods 

Water current direction and speed were measured using drift drogues 
suspended in the water column at 1 and 5 meter depths at the eastern end of 
Cabras Island offshore from Piti Canal (Sta. I, Fig. 1). At the western 
end of Cabras Island (Sta. E., Fig. 2) and at the western end of Luminao 
Reef (Sta. A, Fig. 3) only l-meter drift drogues were used. Fluorescein 
dye injection method was used on the shallow Luminao and Piti reef plat
forms (Fig. 4A and 4B). Dye patches were measures when they had drifted 10 
meters. 

Samples for water quality analysis were collected at l-meter and 
5-meter depths at four locations (Stations H, I, and J, Fig. 1; and Station 
A, Fig. 3)with the assistance of a vanDorn water sampler. Samples were 
appropriately fixed in the field. Analyses were carried out by the Univer
sity of Guam Water and Energy Research Institute laboratory. 
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Results and Discussion 

Currents 

Currents were investigated at offshore locations and on the shallow 
Luminao Barrier Reef and Piti Reef platforms as shown in Figures 1-4. 

Offshore currents were periodically measured between July 24, 1980 and 
April 14, 1981. Most of the information was gathered near the Piti Canal 
(Station I); however, some measurements were made at the west end of Cabras 
Island (Station E) and at the northwestern end of the Luminao Barrier Reef 
(Station A). A summary of the offshore drouge data is given in Table 1. 

The currents at Station A (Fig. 3) were very irregular--a drogue (R-l) 
traveled 0.61 m/sec (1.99 ft/sec) in a northwesterly direction on August 7, 
1980 and another (K-l) traveled 0.59 m/sec (1.94 ft/sec) in a northeasterly 
direction on September 16, 1981. Because of the irregular speeds and erra
tic directions of the currents, several drogues were lost here, and current 
investigations were discontinued in October 1980. 

At Station E, currents were measured through December 1980 (Fig. 2). 
This station corresponds to that of Ruddell et al. (1974) at the west end 
of Cabras Island. Currents predominantly flowed bidirectionally parallel 
to the shore of the island and fringing reef; however, on one occasion a 
drogue (X-I) had to be removed from the shallow reef-front zone. 

Ruddell et al. (1974) conducted surveys during the winter and spring 
of 1971. Current meters were placed at 10.7 m (35 ft) and 16.8 m (55 ft), 
respectively, for the two surveys. During the winter there was a westerly 
net movement. Tidal changes and changes in current speed and direction 
appeared to have little or no affect on the general current direction. In 
the spring current speeds were found to be less. Currents had a northerly 
net movement, shifting between northwest and northeast. Ruddell et al. 
(1974) also carried out dye-injection studies near the shore. Dye injected 
at low- and high-tide intervals moved westward and spread out along the 
shore at the east end of the breakwater. In September, dye placed before 
low tide moved in an easterly direction toward Cabras Island. 

On November II, 1980, approximately 16,800 gallons of deballast oil 
from a spill which originated at the GORCO deballast facility outfall near 
Station F was noticed on the Luminao Reef near Station D. The oil had 
floated westward and shoreward as Huddell et al. (1974) has noted with 
their dye-injection studies. This deballast oil appears to have floated 
shoreward at the shallowest area of Station D. The oil continued to move 
parallel to the breakwater and exited at the western end of the barrier 
reef platform. It did seep through the breakater in at least two places. 
Huddell et al. (1974) reported that on one occasion (February 26, 1971) 
their dye was also found in Apra Rarbor near the present site of the 
Marianas Yacht Club, having also seeped through the breakwater itself. 

Currents were measured at depths of 1 and 5 meters at the Piti Canal 
(Station I) from a distance of 91 m (300 ft) to 914 m (3000 ft) from the 

175 



shore, depending on the weather conditions. The majority of drogues moved 
in a westerly direction irrespective of tidal or wind conditions, although 
at times there were erratic drifts or northeasterly movement associated 
with tide changes. The drouge tracks at this station are shown in Figure 1. 

The general westerly surface currents is further substantiated by 
studies carried out by the Pacific Island Engineers (1951). From Camel 
Rock, 288 wooden floats were released in May 1949. About 10 percent of 
them were collected at the shore along Cabras Island and on the east shore 
of the causeway. The remaining floats moved in a westward direction. One 
was reported from Japan in August 1950 (Pacific Island Engineers, 1951). 

Currents were measured on the Luminao Barrier Reef at Stations 
Magundas, A, and B (Fig. 4A) at the breakwater and on the reef flat itself. 
Current direction and speed depends upon the amount of water transported 
onto the reef platform by ocean waves and swells and the direction of the 
spproaching waves and swells. When waves and swells approach the reef 
margin with a northern or eastern component the current on the reef 
platform has a strong westerly movement, and when the waves and swell 
approach with a northwestern or western component the current on the reef 
platform has an easterly movement. When the reef platform current has a 
westerly movement the water returns to the ocean at Magundas (extreme 
western tip of Luminao Barrier Reef), and when the current has an easterly 
movement it exits near Station D (Fig. 2). Current speed is directly 
related to the volume transport of water onto the reef platform by waves 
and swells. In August 1980 during a very low tide when the reef margin was 
emergent along most of its length, there was virtually no water movement, a 
speed of 0.01 m/sec was calculated. In December 1980 following the debal
last oil spill, a narrow band of oil moved westward along the breakwater 
and existed at the west end of the barier reef. A summary of the current 
data for the shallow reef-flat platforms of Luminao and Piti Reefs is given 
in Table 2. 

At the east end of Cabras Island toward Piti Bay (Sta. J, Fig. 4B) 
currents were measured during an incoming tide and were found to have a 
speed of 1.0 m/sec. Marsh and Gordon ( 1971,1974) conducted extensive cur
rent surveys in the Piti reef flat area. They described the current flow 
as dependent on tide and surf conditions. During periods of high surf 
water flows across the outer pavement and inner and outer moat zones of the 
reef platform and exits through the Tenpungan Channel. When there is 
little · surf, there is little water transported onto reef platform itself. 

Water Quality 

Reactive nitrate-nitrogen (No-N) , reactive nitrite-nitrogen (No-N), 
orthophosphate (Po-P), dissolved oxygen (02), and salinity were measured at 
depths of 1 meter and 5 meters at four stations (A, Fig. 3; and H, I, and 
J, Fig. 1) along Cabras Island-Luminao Barrier Reef. 

Nitrite concentration was neglible or nonexistent at both depths. One 
very high measurement of 2.92 ~g-at/l from a l-meter depth on December 30, 
1980 remains unexplained. 



Nitrate and orthophosphate were always present and showed no mark 
difference between 1 and 5 meter depths. There were no apparent seasonal 
differences; therefore, the data are combined and are shown as mean values 
in Table 3. Both the nitrate and orthophosphate concentrations are lower 
than those of 0.2363 ~g-at/l and 0.1399 ~g-at/l for nitrate and orthophos
phate, respectively, noted by Lassuy ( 1979) • 

Dissolved oxygen measurements showed little differences between loca
tion and depth. The mean values found are shown in Table 3. Surface oxy
gen concentration is relatively high but somewhat lower than that of 6.237 
mg/l noted by Lassuy (1979) for the same area. Barkley (1968) showed open 
ocean oxygen concentration of 4.0-4.5 ml/l for the waters surrounding Guam. 

Salinity remained constant throughout the period studied and at 1 
meter and 5 meters as 34.4 0

/ 00 , Lassuy (1979) reported a salinity of 
34.43 0

/ 00 at the surface. Barkley (1968) reported an open ocean salinity 
of 35 0

/ 00 for the waters near Guam. 

The water quality data presented provides background information about 
the surface water layers along Cabras Island. This information is in basic 
agreement with that of Lassuy (1979). 
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Figure 2. Offshore drift drouge tracks for 1 meter depth casts at Station E. Open circles indicate 
starting points of drift drouge tracks and arrows indicate the end of tracks. For the origin 
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Table 1. Summary of the offshore drouge data. Individual drouge tracks 
are plotted in Figures I, 2, and 3 for Stations A, E, and I 
respectively. 

Current 
Drouge Time Time Distances Speed Tide Wind 

Sta. Cast Date In Out (Meters) (M/Sec) Condition Dir. 

I A-I 7-24-80 0959 1154 556 .08 ebb NE 
I A-5 7-24-80 1003 1050 88 .03 ebb NE 
I B-1 7-24-80 1156 1254 27 <.01 flood NE 
I B-5 7-24-80 1058 1254 15 <.01 ebb-+flood NE 
I C-l 8-07-80 1015 1120 198 .05 ebb N 
I C-5 8-07-80 1013 1122 754 .18 ebb N 
E D-l 8-07-80 1020 1131 655 .15 ebb-+flood N 
E E-l 8-07-80 1220 1348 130 .02 flood N 
A F-l 8-07-80 0941 1025 732 .28 ebb N 
A G-l 8-07-80 1032 1137 800 .21 ebb-+flood N 
A H-l 8-07-80 1141 1238 2086 .61 flood N 
I I-I 8-07-80 1122 1227 556 .14 flood N 
I 1-5 8-07-80 1119 (drouge lost) flood N 
I J-l 9-16-80 1028 1440 2857 .19 flood-.ebb NW 
I J-5 9-16-80 1030 1231 1310 .18 flood NW 
A K-l 9-16-80 1052 1211 2835 .59 flood NW 
A L-l 9-16-80 1213 1314 1920 .52 flood-+ebb W 
E M-l 9-16-80 1040 1301 244 .03 flood-.ebb W 
E N-l 9-16-80 1310 1437 137 .03 ebb W 
I 0-1 10-29-80 1031 1235 1250 .17 flood NE 
I 0-5 10-29-80 1038 1235 1219 .17 flood NE 
I P-l 10-29-80 1242 1446 556 .14 flood-.ebb NE 
I P-5 10-29-80 1243 1342 259 .07 flood-.ebb NE 
E Q-l 10-29-80 1057 (drouge lost) flood NE 
E R-l 10-29-80 1254 (drouge lost) ebb NE 
E 5-1 10-29-80 1335 1453 549 .12 ebb NE 
A T-l 10-29-80 1108 1151 1006 .39 flood NE 
I U-1 11-25-80 0936 1035 320 .09 flood NE 
I U-5 11-25-80 0937 1037 271 .08 flood NE 
I V-I 11-25-80 1039 1135 251 .07 ebb NE 
I V-2 11-25-80 1040 1140 396 .11 ebb NE 
I W-1 11-25-80 1141 1247 526 .14 ebb NE 
I W-5 11-25-80 1142 1249 183 .05 ebb NE 
E X-I 11-25-80 0945 1025 274 .11 flood NE 
E Y-1 11-25-80 1028 1123 822 .25 flood-.ebb NE 
E Z-l 11-25-80 1127 1237 884 .21 ebb NE 
I AA-1 12-19-80 0935 1035 342 .10 ebb E 
I AA-5 12-19-80 0935 1143 342 .04 ebb-+flood E 
I BB-1 12-19-80 1040 1140 328 .09 ebb-+flood E 
I CC-1 12-19-80 1145 1248 103 .03 flood E 
I CC-5 12-19-80 1145 1246 27 <.01 flood E 
I DD-l 12-19-80 1250 1335 450 .17 flood E 
I DD-l 12-19-80 1250 1340 305 .10 flood E 
E EE-1 12-19-80 1048 (drouge lost) ebb E 
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Table 1 Continued. 
Current 

Drouge Time Time Distances Speed Tide Wind 
Sta. Cast Date In Out (Meters) (M!Sec) Condition Dir. 

I FF-l 1-15-81 1216 1402 610 .10 flood E 
I FF-S 1-15-81 1216 1400 770 .12 flood E 
I GG-l 1-15-81 1407 1517 533 .13 flood_bb SE 
I GG-5 1-15-81 1407 1515 732 .18 flood_bb SE 
I HH-l 4-14-81 1059 1257 602 .09 eb~flood NE 
I HH-S 4-14-81 1101 1300 358 .03 ebb"'flood NE 
I II-l 4-14-81 1311 1358 320 .11 flood NE 
I II-S 4-14-81 1311 1356 297 .11 flood NE 
I JJ-l 4-14-81 1105 1337 495 .05 ebb"'flood NE 
I JJ-S 4-14-81 1109 1341 488 .05 eb~flood NE 
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Table 2. Summary of the current data for the shallow reef flat platforms of 
Luminao and Piti Reefs. Station locations and dye patch drift 
bearings are shown in Figure 4. (*Reef margin exposed) 

Drift No. Drift Drift Current 
and Time Bearing speed 

Station Date Time Tide (sec) (deg) (m/sec) Other 

(1) Magundas 8-26-80 1141 ebbing 27 276' .37 
(2) Magundas 8-26-80 1143 ebbing 25 276' .40 
(3) Magundas 8-26-80 1145 ebbing 22 276' .45 
(4) Magundas 8-26-80 1414 flooding 36 276' .28 
(5) Magundas 8-26-80 1415 flooding 45 276' .22 
(6) Magundas 8-26-80 1416 flooding 42 276' .24 
(7) Magundas 8-26-80 1541 flooding 75 276' .13 
(8) Magundas 8-26-80 1543 flooding 105 256' .10 
(9) Magundas 8-26-80 1545 flooding 85 270' .12 

(10) Magundas 9-16-80 1110 flooding 90 276' .11 
(11) Magundas 9-16-80 1330 ebbing 24 276' .42 
(12) Magundas 9-16-80 1332 ebbing 22 276' .45 
(13) Magundas 12-16-80 1355 flooding 40 276' .25 
(14) Magundas 12-16-80 1600 ebbing 21 276' .48 

(1) A-I 8-26-80 1200 ebbing 285 2800 .04 
(2) A-I 8-26-80 1208 ebbing 290 2800 .03 
(3) A-I 8-26-80 1213 ebbing 255 280' .04 
(4) A-I 8-26-80 1236 ebbing 240 250' .04 
(5) A-I 8-26-80 1241 ebbing 270 260' .04 
(6) A-I 8-26-80 1246 ebbing 320 260' .03 
(7) A-I 8-26-80 1444 flooding 440 270' .02 (7 m drift) 
(8) A-I 9-16-80 1128 flooding 91 069' .11 
(9) A-I 9-16-80 1345 ebbing 109 089' .09 

(10) A-I 12-16-80 1420 flooding 107 270' .09 
(11) A-I 12-16-80 1610 ebbing 72 270' .14 

(1) A-2 8-26-80 1301 ebbing 360 284' .01 (5 m drift) 
(2) A-2 8-26-80 1436 flooding 360 270' .01 (5 m drift) 
(1) A-3 8-26-80 1220 ebbing 590 268' .02 
(2) A-3 8-26-80 1428 flooding 360 268' .01 (2 m drift) 
(3) A-3 9-16-80 1135 flooding 91 103' .11 
(4) A-3 9-16-80 1359 ebbing 94 086' .11 
(5) A-3 12-16-80 1430 flooding 81 270' .12 
(6) A-3 12-16-80 1615 ebbing 97 270' .10 
(1) B-1 8-26-80 1311 ebbing 180 268' .06 
(2) B-1 8-26-80 1314 ebbing 330 268" .03 
(3) B-1 8-26-80 1320 ebbing 390 268' .03 
(4) B-1 8-26-80 . 1516 flooding 480 0800 .02 
(5) B-1 8-26-80 1525 flooding 315 130' .03 
(6) B-1 8-26-80 1531 flooding 255 0800 .04 
(7) B-1 9-16-80 1159 flooding 64 070' .16 
(8) B-1 9-16-80 1422 ebbing 75 086' .13 
(9) B-1 12-16-80 1445 ebbing 99 270' .10 
(1) B-2 8-26-80 1301 ebbing 360 284' .01 (5 m drift) 
(2) B-2 8-26-80 1507 flooding 360 (no dye movement) * 
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Table 2 Continued. 

Drift No. Drift Drift Current 
and Time Bearing speed 

Station Date Time Tide (sec) (deg) (m/sec) Other 

(3) B-2 8-26-80 1515 flooding 360 (no dye movement) * 
(4) B-2 9-16-80 1146 flooding 60 0700 .17 
(5) B-2 9-16-80 1411 ebbing 63 0450 .16 
(6) B-2 12-16-80 1450 ebbing 65 285 0 .15 
(1) J-1 8-26-80 1342 ebbing 480 (no dye movement) * 
(2) J-1 9-16-80 1225 flooding 24 1640 .42 
(3) J-1 9-16-80 1455 ebbing 21 1580 .48 
(4) J-1 12-16-80 1535 ebbing 16 1640 .63 
(5) J-1 12-16-80 1537 ebbing 10 1640 1.00 
(6) J-1 12-16-80 1540 ebbing 16 1640 .63 
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Table 3. Mean concentrations of nitrate, orthophosphate, and dissolved 
oxygen at the Cabras Is1and-Luminao Barrier Reef study site. 

Depth NO -N PO -P D.O. 
Station (m) (IlS-a t/1) (lls-at/1) (mg/1) 

A 1 0.12 0.10 5.19 
5 0.09 0.09 5.10 

H 1 0.50 0.07 5.66 
5 0.46 0.10 5.69 

I 1 0.37 0.10 5.47 
5 0.52* 0.12 5.17 

J 1 0.40 0.08 5.48 
5 0.46 0.15 5.40 

*One measurement of 10.02 Ilg-at/1 reported on November 
25, 1980, was not included in this mean value. 

.. 
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SEDIMENT GRAIN-SIZE DISTRIBUTION AT LUMINAO AND PITI REEFS 

by 

Russell N. Clayshulte 

Sediment grain-size determinations provide quantitative information 
which is useful for interpreting depositional environments and modes of 
particle transport. Shallow-water marine sediments from Luminao barrier 
reef and Piti fringing reef, adjacent to the Cabras intake channel, were 
analyzed for grain-size distribution. Few quantitative analyses of reef 
and beach sediments have been conducted in Guam (Emery, 1962). However, 
there were no samples taken from either Luminao or Piti reefs which could 
be used for comparison with this study. 

Deep water (to 300 m) sediments near Luminao and the entrance to Apra 
Harbor have been collected and examined for general content, presence of 
insoluble residue, and silts and clays. Emery (1962) provides a good 
review of known information dealing with off-shore deep-water sediments. 

Reef-flat platforms and upper reef-fronts usually contain very little 
unconsolidated sediment. Reef-flat sediments are transported over the reef 
margin, deposited as intertidal beaches, or cemented into the reef frame
work. According to Bonem (1977), as much as 50 percent of a reef frame can 
consist of cement- and internal-sediment. Sediment deposits, which occur 
on reef flats, are commonly in local depressions or leeward of large frame-
work features and massive coral heads. Upper reef-front sediment 
deposits are also restricted in distribution. They are usually confined to 
interstices fo the reef framework, grooves, or local depressions. These 
shallow-water unconsolidated sediments are mostly composed of sand- and 
gravel-size particles with only traces of silt and clay (Milliman, 1974). 
Off-shore sediments become finer with depth, since the finer sands and 
silts are more readily transported downslope. 

Sediments at Luminao and Piti Reefs are almost exclusively bioclastic 
carbonates of recent origin. There is deposition of terrigenous Mariana 
Limestone at the Cabras intake channel. Sediment grain-sizes are depen
dent, in part, upon the crystalline structure, types and populations of the 
various component organisms. Calcareous algal components are rapidly 
reduced by mechanical erosion and biodegradation to produce very fine 
grains. Mollusk shells are slowly reduced to larger size classes which are 
controlled by organic or crystallographic constraints (Milliman, 1974). 
Additionally, carbonate components can originate as sand-size particles 
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(e.g. foraminifera). Therefore, grain-szie distribution of reef platform 
sediments is dependent on a number of factors which include parent 
carbonate, biodegradation, mechanical erosion, wave energy and both the 
mode and distance of particle transport. 

METHODS 

Bulk sediment samples were collected on the reef-flat platforms and 
seaward of the reef margin to a depth of 5 m at Luminao barrier reef and 
Piti reef in June 1981. Samples were taken along transects, which were 
established perpendicular to the reef margin (Figure 1). A transect was 
divided into six zones (Table 1) and sediments, when present, were col
lected from each zone. A zone sediment consisted of four subsamples, about 
100 g each, collected within a 5 m2 area. The subsamples were surface 
scrapings and generally represented single sediment lamina. An attempt was 
made to collect sediments which appeared to be representative of the 
sampled zone. A total of 30 sediment samples was collected from the two 
reef areas with 15 samples taken from each reef. 

RESULTS 

Sediment samples were analyzed for grain-size distribution by a 
standard dry sieve analysis method (Royse, 1970). Table 2 presents the 
cumulative percentages of grain-sizes, by weight, retained on each sieve 
used in the grain-size classing sequence. The sieve sequence was selected 
to correspond to phi value classes. Cumulative percentages were plotted 
against phi values on probability paper and selected percentile values were 
obtained from these plots (Table 3). These were used with Folk and Ward 
descriptive measures (Royse, 1970) to describe characteristics of the 
grain-size distribution curves; mean particle size (Figure 2), grain-size 
dispersion (Figure 2), skewness of grain-size curve (Figure 3), and 
kurtosis of grain-Size curve (Figure 3). The depression of sorting 
coefficient is a measure of particle size clustering about the mean, which 
is the moment per unit frequency (Friedman and Sanders, 1978). Skewness is 
a measure of the symmetry of the grain-size frequency distribution and is 
sensitive to the presence or absence of the fine fraction and coarse frac
tion in deposits of particles (Reineck and Singh, 1980). Skewness is used 
to interpret how sediments were deposited. Kurtosis is a measure of the 
peakedness of the grain-size frequency distribution curve. The kurtoses 
curves are defined by Friedman and Sanders (1978) as follows: 

Leptokurtic 
Platykurtic 
Mesokurtic 

sharpened or peaked distribution curve 
flattened distribution curve 
normal distribution curve 

The calculated numerical values of these descriptive measures for the sedi
ment samples are presented in Table 4, along with general verbal terms as 
used by Royse (1970). 
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Grain-size descriptive measures were analyzed by the SPSS ANOVA 
program. The ANOVA significance levels (P~O.05) are shown in Table 5. The 
sediments were examined by zones (Table 1 and Figure I), areas (Luminao 
reef versus Piti reef), and pooled zones. The pooled location comparisons 
were made for zones which were generally similar, primarily in terms of 
wave energy. Zones I, 3 m, and 5 m were high energy zones and, therefore, 
should have similar sediment deposits. However, zone 1 was a reef-flat 
zone and could have sediments which were more characteristics of Zone 2. 
The pooled location analysis showed zone 1 grain size distribution curves 
were more characteristic of zones 3 m and 5 m compared with zones 2, 3, and 
4 (Table 5). Statistically, there were no differences in grain-size dis
tribution between Luminao and Piti reefs (Table 5). Piti transect J 
extended from the reef margin to Tepungan Channel. Zones 1 and 2 of this 
transect were similar to Luminao's zones 1 and 2 (Figure 1). However, 
sampling sites 3 and 4 of transect J were dissimilar to corresponding zones 
at Luminao in relation to actual reef zonation, but received similar wave 
energies. Therefore, for statistical comparisons, sites 3 and 4 of 
transect J were treated as comparable with Luminao zones 3 and 4. 

The mean particle diameter was plotted against the dispersion coeffi
cient to assess zonal differences (Figure 4). The sediments deposited in 
zones I, 3 m and 5 m were poorly sorted very fine gravels and very coarse 
sands. Beach sediments were moderately to well sorted coarse and medium 
sands. There was a tendency for the sediment grain-sizes to become smaller 
and better sorted toward shore which is the anticipated sediment breakdown 
sequence for this area. 

DISCUSSION 

The sediments are primarily bioclastic carbonate skeletal materials 
derived from recently living corals, calcareous algae, foraminifera, 
gastropods, bivalves and other invertebrates (e.g. urchins). Terrigenous 
limestone sediments were found in relatively large quantities at the Cabras 
intake channel; OTEC samples (zone I), and transect I at 3 m (Figure 1). 
This limestone is derived from either adjacent cliffs which are Mariana 
Limestone or from the vicinity of the channel as a result of previous 
dredging activities. The larger limestone gravel is sub rounded to rounded 
in texture which is caused by wave transport. This indicates the gravel is 
not recently eroded from the cliffs and introduced into the area as a run
off product. 

The grain size of the sediments is a measure of the current, wave, or 
surf energy in the area of deposition. Coarser sediments are usually found 
in higher-energy environments and finer sediments in low-energy environ
ments (Reineck and Singh, 1980). Grain size is known to decrease in the 
direction of transport (Figure 2). Therefore, sediment distribution across 
a reef-flat platform would range from rubble and gravel along the reef 
margin to finer sands in beach deposits. The degree of sediment breakdown 
and progressive sorting across the reef flat is dependent on width of the 
platform, wave energy and in the case of bioclastic sediments, the carbo
nate origin. 
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Calcareous algae, primarily Amphiroa and Jania, are easily broken down 
into medium and fine sands. Tests of the foraminiferan Baculogypsina 
sphaerulata are in the medium sand class. This foraminiferan grows in 
algal turf of the outer reef-flat zone near the reef margin, where its high 
production (up to 800 g CaC0 3m- 1yr- 1) produces large amounts of calcium 
carbonate sand. These tests are generally lighter in weight compared with 
other carbonate grains of similar size, and they tend to accumulate in the 
beach deposits. The calcareous algae which originated from the reef flats, 
tended to accumulate in zone 3. Coral fragments and reef-frame associated 
coralline algae dominate the sediments in zones 1, 2, 3 m, and 5 m, except 
in areas of Baculogrpsina growth. 

There are three major modes of sediment transport: rolling, salta
tion, and suspension (Reineck and Singh, 1980; Friedman and Sanders, 1978). 
Suspension transport at Luminao and Piti reefs occurs in the reef margin 
zone as a result of surf action and is not normally an important mode of 
sediment transport. In periods of excess surf generated by tropical 
storms, suspension transport can move large quantities of medium and fine 
sand throughout the reef-flat platform and upper reef slope. Saltation is 
the bo~ncing motion of sediments being moved by a water mass. This mode of 
sediemnt transport is also important in storm periods. Saltation transport 
is more prevalent in zones 3 m and 5 m compared with reef-flat platform 
zones. The primary mode of sediment transport for medium- to coarse-sand 
and gravel is rolling. Since most of the sediments in all the zones are in 
this grain-size range, rolling is presumed to be the main mode of sediment 
transport, at least in normal wave energy periods. 

The mean particle size is statistically different (SPSS ANOVA) between 
the zones, regardless of area (Table 5). The 3 m zone sediments are 
composed of very fine gravels with almost no sand (Figure 3; Skewness) and 
zone 4 is coarse sand with almost no gravel (Figure 3; Skewness). The mean 
particle size with the inclusive graphic standard deviation (dispersion 
coefficient) compared by zones is still statistically significant 
(P=0.050). In order to access differences in grain-size distribution 
between the reef-flat platform and the upper reef slope, zone data were 
pooled and analyzed (Table 5). A comparison of the reef-flat platform with 
the upper reef slope shows no significant difference in the mean particle 
size. However, when zone 1 is pooled with zones 3 m and 5 m, there is a 
significant difference in grain-size distribution. 

In terms of sediment deposition and transport characteristics the 
Luminao and Piti reefs can be divided into two general zones: reef-flat 
platform (outer reef-flat to higher intertidal) and reef-margin to upper 
reef slope (platform reef margin to 5 m). Sediment deposition and trans
port which occurs at these reefs are consistent with other shallow water 
environments subjected to moderate and occasional heavy wave energy 
(Emery, 1962; Friedman and Sanders, 1978; Reineck and Singh, 1980). 
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Figure 1. Sediment sampling locations at Piti and Luminao Reefs. The sediments were collected in June, 1981. Samples 
were surface scrapings of single sediment lamina. 
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curves for Luminao and Piti Reef sediments. 
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1.4 ZONES: 
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FIGURE 4. Mean particle diameter versus dispersion showing zonal 
sediment distribution at Luminao and Piti Reefs. 
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Table 1. Transect sampling zones at Luminao and Piti Reefs. 

Sampling Transects 
Description of Zones 

Zone in Zone 

4 Back reef-flat platform; intertidal sand zone which extends from 
[Beach, A, C, J, beach deposits to moat, low to moderate wave scour. Transect J is 
Intertidal Beach 1-3 not intertidal but receives similar wave scour. Sediments are coarse 
to moat) to medium sands with traces of silt; depositional zone. 

3 
Inner reef-flat platform; outer moat zone which has living coral with 

[Inner reef 
pockets of sediment, rubble and pavement area with sediment venners. 

flat) A, C, J Sediments are moderately sorted coarse sands with large rubble. This 
is a moderate wave scour zone. 

2 
Outer reef-flat platform; pavement and scattered coral zone with 

[Outer reef A, C, J 
sparse pockets of sediments, moderate to heavy scour. Sediments are 

flat) 
fine gravels to coarse sands with finer sands transportEd shoreward. 
This is a zone of BaculogYEsina production • 

I A, C, J, G, H, Outer reef-flat platform; pavement zone near reef margin which 

[Outer reef flat OTEC N & S receives heavy wave scour. Sediments are coarse to fine gravels 

to reef margin) with finer sands transported shoreward. This is an erosional zone. 

3m Outer reef margin; extensive coral zone with heavy surf scour. 
[Lower reef A, C, J, Sediments are sparse and restricted to pockets and interstices of 
margin @ 3m) G, H, I reef frame. Sediments are fine gravels with finer sands transported 

downslope. 

Sm A, C, J, Upper reef slope; extensive coral zone with moderate to heavy wave 
[Upper reef slope H, I scour, normal wave base zone. Sediments are more common compared 

@ Sm) with 3m zone, but still restricted to pockets, grooves and reef 
frame interstices. Sediments are very coarse sands with few large 
rubble fragments with fine sands transported downslope. 

-- ----- -- --- - -- ---
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TabJ.e 2. Cumulative percentages retained for particle size classes. 

~-= 

Tran A 

-

--

Tran C 

-

Tran G 

CilllULATIVE % RETAINED (BY WEIGHT) 
[phi valves] 

= '~-====r====~=;==---===-'~-==:=-=-- .'=--=a....~-===r-+T". ~. = ~- ~~ =-"'"'=='"' 

SAMPLE -2 (4mm) -1 (2mm) 0 (lmm) +l (0.5mm) +2(0.25mm) +3(0.12miW +4(0.6mni <+4 
Pebble F. Gravel Coarse Sand M. Sand Fine Sand Silt 

1 17 . 3 28.7 45.6 73.7 98.9 99.8 100.0 

2 0 2.7 13.6 48.8 94.6 98.5 99.4 100.0 

3 0.1 3.0 17.5 51.1 93.4 98.7 99.4 100.0 

4 1.8 5.8 17.2 42.9 93.0 98.9 99.5 100.0 

3m 32.3 59.7 81.0 97.2 99.3 99.6 99.8 100.0 

5m 7.9 31.5 I- 60.1 90.0 99.5 99.7 99.8 100.0 

-

1 
1--

9.9 32.1 62.0 83.2 98.3 99.4 99.6 100.0 

2 2.3 10.8 34.6 63.1 91. 7 97.9 99.4 100.0 

3 0.7 5.3 17.4 46.9 93.2 98.9 99.6 100.0 

4 1.5 5.9 15.6 40.1 97.0 99.3 99.6 1QO.0 

3m 35.3 63.1 83.7 95.0 99.3 99.6 99.7 100.0 
-

5m 10.4 41.8 63.5 84.6 99.7 99.8 99.9 100.0 

1 1.9 25.3 59.9 85.2 98.8 99.5 99.7 100.0 

3m 0 0 0.1 1.3 96.3 100.0 
--------- ----- -----

• 
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TabJ.e 2. Continued. 

~~~=--=--=--=---=:.. F .~- ---
SAMPLE -2 (4mm) 

Pebble 

Tran H 1 0 

3m 1.6 
" 

sm 12.4 

Tran I 3m 34 . 2 
--

sm 4.3 

Tran J 1 12.6 
~ 

2 9.3 
-

3 1.6 

4 17.8 

3m 56 . 1 
" 

sm 10.3 

OTEC S. Side 52.0 

OTEC N. Side 50.7 
------- ---

CUMULATIVE 7. RETAINED (BY WEIGHT) 
[phi valves) 

--
- 0 (lmm) "I+i" (0. 5mm) -1 (2mm) 

F. Gravel Coarse Sand 

1.4 13.4 63.6 

15 . 8 32.2 59.5 

45.3 74.9 99.2 

64.1 82.7 94.2 

22.4 42 . 3 64.5 
t-

33.2 53.1 79.4 

-27.5 58.5 87.7 

12.5 38.6 72.7 

36.2 49.5 69.7 

66 . 9 77 .5 88.2 

38 . 1 67.7 88 . 8 

80.8 94.7 98.6 

88.2 98.2 99.7 
--- ---------- --

=----~ 

+2(0.25mm) +3 (0.12m~I+4 (0. 6m~ <+4 I 

M. Sand Fine Sand Silt 

99.8 100.0 

98 . 4 99.5 99.8 100.0 

99.2 99.8 99.9 100 .0 

99 . 4 99.8 99 . 8 100 . 0 

93.0 98.5 99.5 100 .0 

98.5 99.5 99.8 100.0 

98.5 99.5 99.7 100.0 

97.6 99;4 99 . 7 100 . 0 

96.3 99.4 99.8 100.0 

98.0 99.2 99 . 7 100.0 

99.0 99.6 99 . 9 100 . 0 

96 . 3 99.6 99.8 100.0 

99.9 99.9 99.9 100 . 0 
-'------------
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Beach 

Table 2. Continued. 

.==----=;..-

SAHPLE -2 (4mm) 
Pebble 

1 0 

2 1.4 

3 0.9 

CUHULATIVE % RETAINED (BY WEIGHT) 
[phi valves) 

= --
-1 (2mm) o (lmm) 1+1 (0.5mm) 
F. Gravel Coarse Sand 

0.1 0.5 12.8 

2.7 9.1 62.3 

3.8 13.6 79.6 

+2(0.25mm) +3 (0.12m~+4 (0. 6m~~ <+4 
H. Sand Fine Sand Silt 

99.9 100.0 

100.0 

100.0 
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Table 3 . Percentile phi values of OTEC sediment analyses to be used with 
Folk. and Ward descriptive measures (Royse, 1970) . 

Sample Per c e n t i 1 e phi v a 1 u e s (11) 
Site 5 16 25 50 75 84 95 

Tran A 1 -2.0 -2.0 -1.25 0.20 1.05 1. 25 1.65 
2 -0 . 65 0.10 0.45 -1.00 1.50 1.70 2.05 
3 -0 . 78 -0.10 0.25 0.90 1.45 1. 70 2.15 
4 -1.50 -0.20 0.45 1..10 1.50 1. 70 2.15 
3m -2 . 0 -2.0 -2.0 -1.40 -0.25 0.t5 0.70 
5m -2 . 0 -1.60 -1.25 -Q.40 0.45 0.80 1.25 

Tran C 1 -2 . 0 -1.65 -1.25 -0.40 0.55 1.05 1.65 
2 -1.55 -0.75 -0.40 0.50 1.30 1.55 2.35 
3 -1.05 -0.15 0.30 1.05 1.50 1. 70 2.20 
4 -1.20 0.0 0.45 1.20 1.50 1.65 1.90 
3m -2 . 0 -2.0 -2.0 -1.45 -0.40 0.15 1.00 
5m -2 . 0 -1.80 -1.50 -0 . 60 0.45 0.95 1.50 

Tran G 1 -1.80 -1.35 -1.00 -0.25 0.55 0.90 1.35 
3m -1.60 -1.05 -0.50 0.70 1.25 1.40 1. 70 

Tran H 1 -0 . 50 0.05 0.30 0.70 1.10 1.20 1.35 
3m 1.15 1.30 1.40 1. 55 1. 70 1.80 1.95 
5m -2.0 -1. 90 -1.55 -0 . 85 0.0 0.25 0.55 

Tran I 3m -2 . 0 -2.0 -2.0 -1. 50 -0.50 0.05 1.05 
5m -1. 95 -1.30 -0.85 0.35 1. 25 1.65 2.20 

Tran J 1 -2.0 -1. 80 -1.35 -0.15 0.80 1.15 1.60 
2 -2 . 0 -1. 55 -1.15 -0.30 0.50 0.85 1.45 
3 -1.50 -0.85 -0.45 0.30 1. 05 1.30 1. 75 
4 -2 . 0 -2.0 -1.60 0.0 1.15 1.40 1.90 
3m -2 . 0 -2.0 -2.0 -2.0 -0.25 0.50 1.55 
5m -2 . 0 -1. 75 -1.45 -0.65 0.30 0.75 1.40 

OTEC S. Side -2.0 -2.0 -2.0 -2.00 -1.30 -0.85 0.05 
N. Side -2.0 -2.0 -2.0 -2.00 -1.45 -1.15 -0.50 

Beach 1 0.70 1.05 1.10 1.25 1.45 1.50 1.65 
2 -0.45 0.20 0.40 0 . 85 1.10 1.20 1.40 
3 -0 . 70 0.05 0.30 0.65 0.95 1. 05 1.30 
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Table 4. Descriptive mc.asures of sediment-size. distribution. The measures are bued on 
Folk and Ward equations (Royse. 1970). The transltct sample sites are distributed 
from the high intertidal (4). across the reef flat to the outer-reef flat (1) and 
to • depth ot 5. seaward of the reef margin. 

Sample Koan Partich Desperaton Skewness lCu:rtosia 
Site Size (Sorting) 

KZ Verbal· l '1 Verbal*Z SKI Verbal") Kc Verhal*4 

Tran A 4 0.80 es 1.03 PS -0.24 KSIC 1.25 lEPTO 
3 0.87 es 0.88 KS -0.24 KSK 0.93 MESO 
2 0.93 es 0.81 KS -0.17 KSK 1.05 MESO 
1 -0.18 ves 1.37 PS -0.28 NSK 0.65 Vl'UTY 
3 .. -1.08 VFG 0.95 !IS 0.50 Vl'SK 0.63 Vl'UTY 
5,. -0.40 ves 1.09 PS 0.01 KS'lII 0.78 PUTY 

Tran C 4 0.95 es 0.88 !IS -0.50 VNSK 1.21 Ul'TO 
3 0.87 es 0.95 !IS -0.29 NSK 1.11 lEPTO 
2 0.43 es 1.17 PS -0.07 NS'lII 0.94 IIESO 
1 -0.33 ves 1.23 PS 0.10 NS'lII 0.83 PUTY 
3 .. -1.10 VFG 1.13 PS 0.60 Vl'SK 1.00 !lESO 
5 .. -0.48 ves 1.22 PS 0.16 PSK 0.74 PUTY 

Tran G 1 -0.23 ves 1.04 PS 0.02 NS'lII 0.83 PUTY 
3,. 0.35 es 1.11 PS -0.41 VNSK 0.77 PUTY 

Tran H 1 0.65 es 0.57 KS -0.21 KSK 0.94 MESO 
3m 1.55 HS O.2!: VIIS 0.00 NS'lII 1.09 MESO 
510 -0.83 ves 0.92 !IS 0.06 NS'lII 0.67 PUTY 

Tran I 3 .. -1.15 VFG 0.97 HS 0.59 Vl'SK 0.83 PUTY 
5,. 0.23 es 1.37 PS -0.11 NSK 0.81 PLATY 

Tran J 4 -0.20 ves 1.44 PS -0.10 NS'lII 0.58 PLATY 
3 0.25 es 1.03 PS -0 . 09 NSYM 0.89 PUTY 
2 -0. 33 ves 1.12 PS -a . 01 NSYM 0.86 PUTY 
1 -0.27 ves 1.28 PS -0.07 NS'lII 0.69 Vl'LATY 
3m -1.17 VFG 1.16 PS 1.00 Vl'SK 0.83 PUTY 
5 .. -0.55 ves 1.14 PS 0.16 PSK 0.80 PUTY 

OTEe S -1.62 VFG 0.60 KS 1.00 Vl'SK 1.20 LEPTa 
N -1. 72 VFG 0.44 WS 1.00 Vl'SK 1.12 lEPTa 

Seach 1 1.27 HS 0.26 VIIS -0.02 NS'lII 1.11 LEPTa 
2 0.75 es 0.53 !IS -0.35 VNS" 1.08 KESO 
3 0.58 es 0.55 !IS -0.28 KS" 1.26 LEPTa 

"1 VFC - Very fine gravel "3 KSK - Negative skewed 
ves - Very coarse sand VNSK - Very nelatlve skewed 
es - Coarse sand PSI< - Positive skcwed 
KS - MediUll. sand VPS1< - Very positive skewed 

KS'lII - Nearly s~etrical 
"2 PS - r"orly sorted 

KS .. Moderately sorted "4 YPlATY - Very platy kurtic 
ws - Well sorted PLATY - Platy kurtic 
VIIS - Very well sorted MESO - Meso kurtiC: 

LEPTO - Lepto kurtic: 
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Table 5. ANOVA significance levels for sediment sample textural and grain-size 
characteristics at Luminao and Piti reef flat areas. See Figure 1 for 
locations of sediment sampling zones. 

LOCAnON AREA POOLED LOCATIONS 

Sediment Luminao Reef Zones 2, 3, 4 * Zones 1-4" 
Sampling vs. vs. vs. 
Zones* Piti Reef Zones 1, 3m, Sm Zones 3m & 5m 

Mean Particle 
Size (Mz) 0.033 NS 0.001 NS 

Particle 
Dispersion (01) NS** NS NS NS 

Skewness of grain-
size curve NS NS 0.004 NS 

Kurtosis of grain-
size curve NS 0.034 0.012 0.026 

Mz with 01 0.050 NS 0.001 NS 

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

* Zones: (4) Intertidal and beach, (3) inner outer-reef flat, (2) outer-reef 
flat, (1) reef margin, (3m) 3m depth, (5m) 5m depth 

** NS: Not significant at 0.05 level with SPSS ANOVA program 

I 

I 
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ANTICIPATED IMPACT OF OTEC DEVELOPMENT ON THE 
REEF PLATFORM AND UPPER FOREREEF SLOPE 
ZONES OF THE LUMINAo-CABRAS-PITI REEFS 

by 

Richard H. Randall 

Introduction 

Dames and Moore (1979) have addressed the anticipated environmental 
impacts of both shore-based (10 MW) and ocean-platform (100 MW) OTEC devel
opment on Guam. As no field work was undertaken, their study relied on 
engineering experience with shore-based power stations, existing work on 
Guam, and on the general OTEC literature. In this study, environmental 
impact of OTEC development will be addressed in relation to its effect on 
the marine communities located on the shallow reef platform and adjacent 
reef front slope zones (5 to 7 meter depth) of the Luminao-Cabras-Piti reef 
system. As with the Dames and Moore report, the impacts addressed here are 
of an anticipated and general nature as no specific plans or details of the 
OTEC generating facilities are available at this time. Also, at the pre
sent time a shore-based plant of 40-50 MW seems to be favored by the Guam 
Energy Office, and thus most of the our comments will be made accordingly. 

Environmental impacts will primarily be of two types: those of a 
temporary nature incurred during construction of the OTEC plant and those 
of a continuous or periodic nature arising from plant operations. Because 
of periodic storm and typhoon waves the cold and warm water intake and dis
charge pipes would most likely have to be buried below the reef surface to 
a depth down the forereef slope that would be below wave base. Excavations 
necessary to bury the anticipated large diameter OTEC intake and discharge 
pipes (no actual diameter or number known at this time) would require con
siderable blasting and dredging and then back-filling with dredge material 
and possibly capped with concrete. Because of the magnitude of such exca
vation and back-filling operations the construction phase is anticipated to 
cause the most severe impact to the shallow areas of the Luminao-Cabras
Piti reef system. 

Construction Impacts 

Impacts arising from construction of a land-based OTEC plant would 
include increased sediment accumulation in the immediate area of excavation 
and the generation of a suspended sediment plume that could affect marine 
communities more distant from the construction site. Impacts of a more 
direct nature would be the destruction of benthic communities resulting 
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from placement and burial of cold and warm water intake and discharge pipes 
across the reef platform and forereef slope zones. Evenso, such excavation 
impacts would not remove habitat from the marine environment, but it would 
alter the original reef surface and substitute it with a different type of 
substrate. The type of community that would eventually become established 
in the excavation and back-fill areas would, to a considerable degree, 
depend upon the stability of the back-fill material and whether or not the 
back-filled surface was capped with concrete. The original coral reef com
munity that occupied the reef surface prior to disturbance may never become 
established if such back-fill material remains unconsolidated and is 
unstable duirng storm periods. If the back-filled area is stabilized with 
a concrete surface, then it is very likely that though a series of succes
sional stages a reef community similar to the one destroyed will be 
restored. 

During excavation and back-filling operations sediments will become 
suspended in the water column forming a plume. Depending upont he currents 
present the sediment plume will move away from the excavation site. 
According to their size, shape, and density the suspended sediments will 
begin to settle to the bottom in a gradient of large to small sized 
particles away from the excavation site. The sediment plume thus affects 
the marine communities primarily by reducing light transmission through the 
water column and by the accumulation of particles on both the surfaces of 
benthic organisms and on the reef substrate which may eventually cover or 
smother attached plants and animals. Stress from plume sediments varies 
will particular organisms, and depends upon the duration of the plume and 
rate of sediment fallout. Judging from the large grain size of the sedi
ment presently found in the shallow reef platform and upper forereef slope 
zones, sediment accumulation from plume fallout will probably not be much 
of a problem as strong water movement from breaking surf and wave surge 
would keep smaller plume-sized particles swept off the reef surface. How
ever, in deeper reef zones (lower forereef slopes) less water movement may 
allow plume-sized sediments to accumulate. Evenso, many reef organisms 
inhabiting these deeper reef zones are generally better adapted and more 
adjusted to greater sediment accumulation rates from the constant rain and 
transport of reef erosion products downslope. Reduction of light through 
the water column by the sediment plume may cause some stress to photosyn
thesizing organisms, but because of its temporary duration it does not seem 
to pose as much of an impact as the more permanent accumulation of sedi
ments on the reef surface. The general inshore coastal current patterns 
indicate that the sediment plume will either move easterly or westerly 
along the reef margin axis, depending on tide, wind, and wave conditions, 
and then gradually attenuate as distance from excavation operations 
increases. Although wind-driven surface currents and offshore water trans
ported across the reef margin by waves and swells, at times may carry 
plume-laden water onto the Luminao and Piti reef platforms, the impact is 
not expected to be great because strong currents generated on the platforms 
during such times will prevent plume-sized sediments from accumulating. 

The effects of plume movement into adjacent reef areas may be consi
derably reduced by employing silt curtains around the immediate area of 
excavation (generally much larger than the actual excavation area). Such a 
method retains the sediment plume and allows much of the suspended sediment 

204 



• 

to settle out within the confines of the silt curtain. Actually the use of 
silt curtains may cause greater environmental damage to the benthic reef 
communities because its use restricts the sediment plume to a defined area 
in which increases of both turbidity (reduction in transmitted light) and 
sediment accumulation occurs. Such increased stress levels may be great 
enough to kill many reef organisms, whereas if the plume was allowed to 
disperse and spread over a greater area with reduced stress levels, fewer 
organisms would be so drastically affected. Also it may be difficult to 
effectively isolate forereef slope areas with very irregular bottom 
topography. 

An alternate method of placing the pipes beneath the reef surface 
might be used by boring tunnels that would angle downward from the Cabras 
Island OTEC site and emerge on the forereef slope below wave base. 
Although this method would eliminate sediment-charged water from directly 
entering offshore waters, it would involve the construction of settling 
ponds on land to receive water pumped from the tunnels during construction. 
Tunneling beneath the reef surface would also eliminate the destruction of 
benthic reef communities that would occur if the surface excavation method 
was used to imbed the pipes. 

Impacts arising from construction of the OTEC plant on Cabras Island 
(land site) should not have any significant impact on the marine community 
if erosion controls are employed and surface drainage waters are prevented 
from being discharged into the adjacent marine waters. 

Operational Impacts 

Anticipated plant operational impacts listed by Dames and Moore ( 1979) 
include: 1) nekton impingement and plankton entrainment at the warm and 
cold water intake pipes, 2) thermal, mechanical, and chemical stresses to 
entrained plankton in the evaporators and condensers, 3) entrained plankton 
displacement; heavy metal, working fluid, and biocide toxicity; and 
nutrient enrichment with possible increases in plankton and fish concentra
tions above the pycnocline from the warm and cold water discharge pipes, 
and 4) thermal stress from the cold water discharge pipes. 

Impacts of nekton and plankton impingement and entrainment at the cold 
water intake pipe are not known because of the lack of data at such depths. 
At the shallow warm water intake pipe the nekton assemblage (mostly fish) 
present on the upper forereef slope (5-7 m depth) are known (see Myers this 
report), but the degree of impingement or entrainment at the pipe inlet is 
only speculative. Some organisms may be able to avoid being impinged upon 
the intake screens or entrained into the inlet by sensing the increased 
water currents or flow patterns around the pipe opening, but some may be 
unable to avoid such consequences. Also, some nektonic organisms may be 
attracted to the inlet area and thereby increase rates of impingement or 
entrainment. Passive organisms in the water column (mostly plankton) and 
suspended organic (drift algae and seagrass) and inorganic detrital 
materials would be unable to avoid impingement or entrainment within a 
certain distance of the inlet, depending upon flow patterns generated by 
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currents and water movement in the vicinity of the pipe opening. During a 
study of the Piti Power Plant intake waters Grovhoug (1977) reported that 
faunal impingement at the intake structures is very low and that drift 
algae and seagrass constitute the major portion of the biomass retained at 
the intake screen structures. 

Based upon this study, the number of planktonic organisms that could 
be expected to become entrained in the nearshore surface waters (upper 1.0 m 
layer) range from 300 organism/m3 (.45g/m3) to 1000 organisms/m3(2.67g/m3) 
(see Hillmann-Kitalong in this report). Plankton entrainment below the 
one-meter surface layer is only speculative as only the surface layer was 
sampled in this study. Once planktonic and nektonic organisms become 
entrained into the warm water intake pipe they will experience a drop in 
temperature and exposure to some chemical changes as the water passes 
through the evaporators. Although the exact temperature change that would 
occur as water passes through the evaporator of the proposed 40-50 MW OTEC 
plant is not known, most models of such size plants indicate temperature 
changes of only several degrees centigrade. Such small temperature changes 
may incur little thermal stress to entrained planktonic and nektonic 
organisms. Chemical stresses that entrained organisms would experience as 
they pass through the evaporator include biocides periodically injected 
into the water to control biofouling and the incorporation of erosion and 
corrosion products into the water that leach from OTEC plant components. 
Again, the amount, periodicity, and kinds of biocide used to prevent 
biofouling buildup and the kinds of metals and rates of erosion and 
corrosion products that leach into the sea water from a 40-50 MW OTEC plant 
are not known. If the OTEC plant uses a system of mechanical scrubbers to 
control biofouling buildups, then chemical stress to entrained organisms 
will be much less. Expected mechanical stresses that entrained organisms 
would experience as they pass through the evaporator would include turbu
lence, abrasion, and pressure changes. Such stresses will probably cause 
some mortality to entrained organisms, especially the larger nektonic 
organisms. Evenso, Grovhoug (1977) collected plankton samples directly 
from the discharge plumes of the Piti Power Plant and reported that many 
live zooplankters were observed and that considerably less than 100% 
entrainment mortality occurs. 

Impacts from cold and warm water discharge of a shore based OTEC plant 
into marine waters would include: 1) displacement of entrained planktonic 
and nektonic organisms from their normal habitats in the water column; 2) 
toxicity resulting from the incorporation of erosion and corrosion products 
which leach into the water from OTEC plant components, biocides injected 
into the water to prevent biofouling buildup, and accidental spills or 
leaks of the plant working fluid (ammonia) and other plant discharges; 3) 
nutrient enrichment resulting from the pumping up of deep ocean water and 
discharging it into the relatively nutrient poor surface layer above the 
pycnocline; and 4) thermal stress from cold water discharge above the 
pycnocline. Dames and Moore (1979) have discussed most of the above 
anticipated impacts from warm and cold water discharge from a 10 MW land 
based OTEC plant. In their study impacts of a shore based plant are based 
upon discharging water into Piti Channel rather than on the seaward side of 
Cabras Island. If such a discharge method was used the increased volume of 
water from a 40-50 MW OTEC plant would drastically lower water temperatures 
and raise nutrient levels of Piti Channel, and most likely significantly 
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alter much of Apra Harbor as well. Even bypassing some of the cold water 
discharge from a shore based OTEC facility for condenser cooling in the 
nearby Piti-Cabras power plants would cause considerable changes in the 
thermal and nutrient characteristics of Piti Channel. Such a trade off 
should be studied to determine whether or not the use of cold discharge 
water would be a tolerable environmental impact to Piti Channel. 

Although little is known of the exact physio-chemica1 characteristics 
of the discharge water from the proposed 40-50 MW OTEC plant at Cabras 
Island, it is fairly certain that such water will be colder and denser than 
the warm layer above the pycnocline ( even if the warm and cold waters are 
mixed before discharge). Such a plume of cold dense discharge water will 
sink into deeper water and become stabilized at a point where it and the 
surrounding water densities are equal. Because of the above anticipated 
behavior of the cold water discharge plume, it is not expected to have any 
significant impact upon the shallow water reef areas investigated in this 
study--provided of course that the release point is located below the zone 
of reef building corals. If for some reason the cold water discharge was 
released at the shoreline, or above the zone of reef building corals, and 
allowed to sink downslope in direct contact with the reef community there 
would be a significant impact. 

Dames and Moore. 1979. 
development for the 
Bureau of Planning, 
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