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INTRODUCTION
by

Richard H. Randall
Background and Objectives

These reef transect studies are a continuation of the investigation
of Guam's reefs and beaches initiated in May 1976, for the Guam Coastal
Management Program. The objective of the first study was twofold, with
the first to provide baseline information on Guam's coastal region by
mapping the beaches, rocky shorelines, mangrove swamps, river estuaries,
and reef-flat platforms, and the second to map the general distribution
of corals, sea grasses, and sediments on the reef-flat platforms. These
studies led to the publication of an "Atlas of Reefs and Beaches of Cuam"
by Randall and Eldredge (1976) with an appendix on "Mangroves and Estuaries"
by Wilder (1977).

The present reef transect studies constitute the first part of a second
phase of reef investigations which encompass more intensive regional studies.
The overall objectives of the regional studies are to provide biological
assessments on the reef-flat platforms in selected marine habitats and to
evaluate the data and present them in a useable fashion. The data will be
of value in characterizing and defining trends in physical, chemical, and
biological conditions in the marine environment and to establish baseline
conditions for determining water quality standards, identifying sources of
pollution, and providing a basis for the classification or reclassification
of inshore marine waters. The data will also be useful in establishing sound
planning and management practices of these reef areas.

Baseline assessments of a biological nature are receiving increased
attention with the promulgation of environmental protection standards and
land-use rules and regulatioms. Such data are organism-dependent and can
provide the most practical method to assess the impact of island develop-
ment and pollution.

Baseline assessments should whenever possible be conducted over an
extended period of time, such as an annual cycle, in order to characterize
the diversity and stability of marine systems. Additionally, the assessment
program should be carried out in a number of different environments., Locations
which reflect the terrestrial contribution to the reef system near mouths of
major rivers and estuaries and those which are affected by water escaping from
the northern freshwater lens system should be studied. Additionally, areas
which are presently or potentially subject to coastal development or pollu-
tion input from urban, industrial, and agricultural uses, as well as pristine
areas should be included in the study.

Transect studies were conducted on the reef-flat platforms at five loca-
tions around Guam to cover the variety of environmental settings and present and



potential coastal developmental areas as described above (Fig. 1). The
five areas are: 1) Tumon Bay, which represents a relatively undisturbed
area with moderate, and possibly increasing, coastal development along
the northern limestone plateau~land that is not subject to surface run
off except by springs and seeps from the freshwater lens system and a
few storm drains (Fig. 2), 2) East Agana Bay, which represents an area
already impacted by heavy coastal development and pollution that is
subject to a limited amount of surface runoff from the Agana River at
the southern part and seepage from the freshwater lens system along the
northern part (Fig. 3), 3) Agat Bay, which represents an area of moderate
to heavy coastal development and pollution that is subject to surface
runoff from the adjacent volcanic mountain slopes along the southern
part and some freshwater lens seepage along the northern part from the
linestone plateau-land of Orote Peninsila (Fig. 4), 4)Fouha Bay, which
represents a small reef and coastal embayment area subject to consider-
able amounts of freshwater runoff and sedimentation from the La Sa Fua River
drainage basin in the volcanic mountain land of southwestern Guam (Fig.
5), and 5) Ylig Bay, which represents a large reef and coastal embayment
area subject to heavy freshwater runoff and sedimentation from the Ylig
River drainage basin in the volcanic mountain land of southeastern Guam
(Fig. 6). Three transects were established across each of the reef-
flat platforms at Tumon, Agana, and Agat Bays; and four to seven
transects across the embayment reef-flat platforms at Fouha and Ylig
Bays, respectively (Figs. 2-6).

Data collected on these transects consist of the quantitative
distribution and community structure analyses of benthic organisms,
including corals, algae, and other macroinvertebrates. The various
sampling techniques and methods used to quantify the marine organisms
are presented by each author in other parts of the report for each of
the respective community groups.

Fig,

1.

Map of Guam showing the five bays where transects were run.



Tamuning Village

AGANA BAY

TUMON BAY

Agana Boat
Channetl

0 1000

[ A

METERS 1000

[]
METERS

Fig. 3. Transect locations at Agana Bay. Reef-flat platform is stippled.
Fig. 2. Transect locations at Tumon Bay. Reef-flat platform is stippled.



. Orote Peninsula .
N [ ool
o R
;) N Chalan Anite Pt.
o e Transect N-2
Transect N-1
T, La Sa Fua River
"-.l.."|| N '
.“"‘.‘ .
c Transect S-1
L .
e
. ~———Transe.t 5-2
BRI J\‘l'!.‘ s ‘. "-,:o
0 " )
.. " NV
lFopeha River ‘.':
L ) -
N -. -

L 0 200

0 Salinas River L = . -
1]
S METERS

L) A
0 1000 .

2;75 Co e Village

.. e e .. v . . . [ 1 3 —

. Fintle Cregl .

R S HETERS e

) - iaan River

Nount oo

Franscel locations at Apat Bav.  Reet=flat slacform is stippled.
Fig. 5. Transcet locations at Fouha Bay, Reef-flat platform is stippled.

f



r

Ylig River

e

Transect N-1

Transect N-2
Transect N-3

METERS

Transect S-1

Transect N-4
Transect S5-2

Transect S$-3

Transect

locations at Ylig Bay.

Reef-flat platforms are stippled.

MARINE PLANTS

by

Roy T. Tsuda, Dennis R. Lassuy, and Steven E. Hedlund
Introduction

In the past, zonational and seasonal studies on the marine benthic
plants of Guam have been restricted to the brown algae. Tsuda (1972)
provides zonational and seasonal information on the two species of Sargassum
on the reef flats of Guam,and concludes that the appearance of Sargassum

cristaefolium (= S. duplicatum) coincides with the start of the dry season

and that its disappearance is probably attributable to the onset of the dry
season as well as to the exposure from the sun during low spring tides. In
another paper on the seasonal aspects of the brown algae on Guam,Tsuda (1974)
again states that the obvious factor influencing seasonality of brown algae
on the reef flats "... is the desiccation of these species when exposed to
prolonged low spring tides". The months during which low spring tides occur
between 1000 and 1400 are May to August. It is during these months that the
algae are exposed to the greatest intensity of the sun. The zonational

patterns of selected species of brown algae are characterized for Pago Bay
(Tsuda, 1977).

The objective of the marine plant phase of the overall reef flat study
was to characterize the species composition during two different seasons
within five bays under various environmental stress.

Methods

The sampling method used in this study consisted of quantifying the
marine benthic plants along 12 transects in five bays at two different times
of the year (Table 1). The periods of sampling coincided with the months
when extreme low spring tides occurred on the reef flat (April to July, 1977)
during the day and during the months when extreme low spring tides occurred
at night (November to December, 1977; January, 1978). 1In this manner, the
differences in the marine plant assemblages on the reef flat could be compared

in terms of seasonality and information on their zonation from shore to reef
margin could be obtalned.

The benthic plant assemblages were analyzed by placing a small gridded
quadrat (25 cm X 25 em) at l-m intervals along the length of the transect.
The quadrat frame consisted of 25 squares and, thus, provided 16 interior
points where the grid line intersected. Each species was recorded at every
point at which it occurred. If no alga was found under the points, then



whatever was present, e.g., sand, dead coral, live coral, was recorded. In
some cases, the fine filamentous-like algae were impossible to identify in
the field and were simply recorded as "turf". In other instances, the
filaments were long enough to collect and specimens were brough back to the
laboratory for identification.

Percent cover was obtained by dividing the number of points at which
the species was recorded as a percent of the total number of points per
10-m segment or 10 quadrats, i.e., n/160 x 100 = percemt cover.

Results and Discussion

Species Composition: A total of 75 specics of marine benthic plants
(Table 2) were quantified on the 12 transects in the five bays. The number
of species within each Dividion is as follows — Cyanophyta (4 spp.), Chlorophyta
(28 spp.), Phaeophyta (11 spp.), Rhodophyta (29 spp.), and Anthophyta (3
spp.). These species numbers represent 25%, 38%, 41%, and 1007, respectively,
of the known species in each Division recognized in Guam.

When one examines the species assemblages quantified on the transects
in each of the bays (Table 3), it becomes apparent chat none of the bays have
a homogeneous algal composition. The coefficient of community (Oosting, 1956)
ranged from a low of 28% in Tumon Bay to a high of 72% in Fouha Bay. The
lower coefficient of community values of Tumon and Last Agana Bays can be
partly explained by the use of three transects in the analyses, as opposed
to only two transects for Agat, Fouha, and Ylig Bays. If the species
assemblages of Transects 1 and 3 in Tumon Bay are analyzed, a slightly higher
value of 38% is obtained as compared with the 28% obtained when three transects
are analyzed. A much higher coefficient of community value of 68% is derived
when only Transects 2 and 3 in East Agana Bay are considered.

Based on the above coefficient of community values, we camnot say that
any one transect run in a single bay possesses the representative species
assemblage for that bay. Thus, comparison of the five bays are based on all
of the species quantified within a given bay.

Comparison of Species in the Tive Bays: Of the 75 species quantified
by the point-quadrat method, eleven species were common to all five bays
(Table 4). In addition, only five of the 11 species were cormon to all 12
transects. The presence of Microcoleus lyngbyaceus, a ubiquitous blue-green
alga, on all transects was not surprising. It is of interest to note that
the other four species belonged to the Division Phaeophyta (brown algae) and
that these same four species were also found on the transects in Pago Bay
throughout the year (Tsuda, 1972, 1974).

1f one considers as dominant only those species with 3% cover or preater
on any one transect, we find the following numhers of species in each bay -
Tumon (6 spp.), Fast Agana (4 spp.), Agat (11 spp.), Fouha (4 spp.), and Ylig
(6 spp.). The species are listed in Table 5.

10

Zonation; The number of species and the percent cover of marlne plints
on each transect during the two sampling period are presented in Figures
1-9. There is a definite increase in species number and percent cover
nearer the reef margin in the wider bays, i.e., Tumon Bay, East Agana Bay,
and Agat Bay (Transect 2). This can be explained by the presence of the
sandy substratum near shore which harbors fewer species. The sandy sub-
strate is restricted to those species, especially the vascular plants and
green algae, whichpossess modified attachment organs, e.g., creeping
rhizomes as in Halophila minor, large sand-binding holdfasts, as in
Halimeda macroloba and Avrainvillea obscura, and fibrous rhizoids as in
Enhalus acoroides. The seagrass Enhalus acoroides was especially con-
spicuous on Tramsect 2 in Agat Bay. The May and December sampling revealed
25% and 26% cover on the inner half of the reef flat.

On the other hand, the number of species and the percent cover are
more or less evenly distributed, from shore or inner reef flat to the reef
margin in the narrower bays, i.e., Agat (Transect 1}, Fouha, and Ylig, which
possess reef rock as the major substrate.

Seasonality: Based on the histograms presented in Figs. L-9, there
seems to be little difference in the percent cover in seven of the 1624
transects during the different sampling periods. On the other five transects
(Transects 1 and 3 in Tumon Bay, Transects 1 and 2 in East Agana Bay, and
Transect 1 in Agat Bay), therc appears to be a higher percent cover of
benthic plants during the months of November and Décember.

Cladonhora fascicularis, a green alga, was the only species which
occurred on three or more transects, and was found exclusively in the
November and December samples. As seen on Table 2, therc are several other
species which were found only during one of the sample period, but these
species are often quite rare (less than 1% cover).
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CORALS

by

Richard H. Randall

Introduction

Scleractinian corals are sessile organisms with potentially long
life spans and distribution patterns that depend upon the particular
environmental setting found from one habitat to an?ther. Characteristic
coral communities develop in response to these environmental settings,
ranging from conditions completely unfavorable for corals to optimum .
conditions where corals are the dominant community. Corals are sensitive
to many emvironmental variables - particularly suspended materials in the
water column, sediment accumulation on the substrate upon which they are
growing, sea water dilution from surface and groundwater discharge,
temperature fluctuations, emersion during low tides, and various forms
of pollution from thermal, storm drain, and sewage dischaFge. Because
of the cbove characteristics, corals can be useful as indicator organisms
which reflect the quality of the enviromment. Assessment of the present
coral communities will establish baseline data from which changes in the
quality of the environment can be determined or predicted. This data
will be useful in establishing sound planning and management of these

reef areas.

The principal objectives of this part of the tramsect studies are
to determine the distribution and community structure of corals at the
reef flat localities outlined in the introductory chapter.

Previous Studies

Zonation studies of corals on the reef-flat platforms within the
present study sites have been conducted in the past at a number of
locations in Tumon, Agana, and Agat Bays.

The first of these studies was made during a geological survey
of the island from 1951 to 1954 (Tracey et al., 1964). During this
survey the reefs around the island were described and four qualitative
traverses were made across the fringing reefs, two of which were near
Transect 3 in Tumon Bay and Transect 3 in Agana Bay, of this study.
At Agana Bay, three reef flat zones were recognized. From the beach
to the reef margin these zones were: 1) a sand zone where corals were
small and widely scattered to absent, 2) a coral zone with scattered
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Porites colonies in the outer part, abundant Pavona and Acropora
patches in the middle part, and scattered Acropora patches 1in the
inner part, and 3) an algal zone consisting of a truncated pavement
which is exposed during low tides and lacking coral growth. At
Tumon Bay, four reef-flat platform zones were recognized from the
beach to the reef margin as follows: 1) a sand zone on which
scattered patches of Acropora grew, 2) a coral zone covered by
scattered Porites colonies on the outer part and Acropora, Pavona,
and Pocillopora colonies on the inner part, 3) a boulder zone, and
4) an outer reef flat zone of reef rock covered with green algae
on the outer part and scattered corals in small irregular pools on
the inner part.

Reef physiography and coral distribution studies were conducted
in Tumon Bay from studies made from 1966 to 1969 by Randall (1973).
Quantitative coral zonation studies were conducted along six transects
located in the northern third of Tumon Bay. Several of these transects
were located near Transects 1 and 2 in the present study. The reef
platform was divided into inner and outer reef flat zones. Forty-
eight species of corals, covering 5.4 percent of the substrate, were
recorded from the inner reef flat zone and 37 species, covering
14.9 percent of the substrate, were recorded from the outer reef
flat zone. This coral zonation study is important in that it was
made prior to the Acanthaster planci starfish infestation of Guam's
reefs in 1969 and 1970 (Chesher, 1969).

Limited coral zonation studies were made in the vicinity of the
present Transect 1 location in Tumon Bay by Jones and Randall (1972).
In this study the reef-flat platform was divided into three zones
as follows: 1) an inmer reef flat zone mostly lacking coral growth
on the inner part and with scattered corals (12 species and 0-5
percent substrate coverage), 2) a transition zone with much richer
coral diversity (36 species and 2-39 percent substrate coverage)
consisting mostly of Acropora aspera and Acropora acuminata thickets
intermixed with swall finely branched Pocillopora damicornis and
Psammocora contigua colonies, and 3) an outer reef flat zone which

is mostly exposed during low spring tides and lacking corals except
where pools retain water,

Another limited reef study was conducted in Tumon Bay in the
vicinity of the present Guam Hilton Hotel (Randall and Jones, 1973).
This region is about 700 meters south of Tramsect 3 in the present
study. The reef-flat platform was divided into three study sites as
follows: 1) a proposed dredge site for a swimming area near the
shore on the middle third of the reef-flat platform (10 species and
0.6 percent substrate coverage), 2) a downstream site located on
the inner third of the reef-flat platform (5 species), and 3) a mid-
bay site located on the middle part of the reef-flat platform, but
farther out into the bay than the dredge site (22 species).
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A fairly extensive coral zonation study was conducted in the
northern part of Agana Bay (Randall and Eldredge, 1974). 1In this
study 10 transects were established across a one-kilometer long
section of the bay, which includes the location of Transect 1 in
the present study. The reef-flat platform was divided into four
zones as follows: 1) an intertidal sand and sea grass bed zone
which lacks corals, 2) a sand zone with a few widely scattered
corals (4 species), 3) a coral zone where corals are more abundant
(14 species with coral density ranging from 0.49 to 1.97 per n? and
percent of substrate coverage ranging from 0.19 to 2.75%), and &)
an outer reef flat zone which is mostly exposed during low spring tides
where corals are absent except in holes or depressions which retain
water {9 species).

Zonation studies of corals were made in Agat Bay (Randall, 1977),
but most of the quantatative investigations were conducted in the
deeper reef zones located seaward of the reef-flat platform. A
total of 11 species of corals representing 8 genera were recorded
from the reef-flat platform.

Methods

Coral communities were analyzed along the transects by using
the point-centered or point-quarter technique (Cottam et al., 1953).
The transects were established by placing a plastic surveyors tape
along the bottom at the locationg in Figures 1-5 in the introduction.
Points were established at 5 meter intervals along the line. A line
bisecting the sample point at right angles to the transect line
established four quadrants around the point. The coral nearest the
sample point in each quadrant was located and the specific name,
diameter of the colony {(or width and length measurement), and the
distance from the center of the colony to the sample point was
recorded. If no colony was observed within the maximum distance of
1 m from the sample point, the quadrant was recorded as having no
colony with a diameter of zero and a sample point to colony distance
of 1 m. Therefore, the unit area of the survey quadrant was 0.785
m2.

From the point-quarter data the following calculations were
used to estimate the population and community parameters:

total density of all species = unit area
(mean point-to colony distance)?

relative density = individuals of a species X 100
total individuals of all speciles

density = relative density of a species X total density of
100 all species
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total percent coverage = total density of all spacies X average
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 ocecurs
total number of points

Colony size distribution data (n = number of data, ¥ = arithmetic

mean, s = standard deviation, and w = size ra
= nge) were also cal
from the point-quarter data. 8 culated

The coral species encountered durin the point-
indicate the predominate and common specfes algngnzhgui;:s:eizzlysiﬁe
presence of uncommon and rare specles, not encountered during tﬁe
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 overal 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
Because of the large number of transects (20) and the number of '
subzones discriminated for each transect (up to 5) it was not
practical to compile a separate speciles list for each. To indicate
specles diversity within the subzones though, a separate table was

compiled giving the total number of
each (Table 2). genera and species occurring in

Quantitative data of the predominate and common species encountered
from the point-quarter analysis are presented in Table 3. Size
frequency distribution of colony diameters is given in Table 4 and
colony growth form frequency distribution is presented in Table 5
for corals encountered during the point-quarter analysis.

Vertical profiles of each transect (Figs. 1-5) indicate: the

zones and subzones discriminated and th
e relative distri
corals along the transects, purton of
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Results and Discussion

Zonation

One of the most noticable aspects of the coral ?ommuni;iﬁiat
studied is their unequal distribution across thedf;§gglngAisﬁough e
ter seawar 5
rms from the shoreline to the ou. )
EiiiiZable, considerable community variation also occuiihzizngoigis
i re w
rallel to the shoreline. Vast areas a )
rie§1TXizhgie other areas support communities ranging f;om aiiegoxiiztid
:catte;ed colonies and species to regions where the s;r i?e Ls {omina
by a relatively rich diversity of species. Because ;1 E 1iatform on
iz distribution it was necessary to divide the reef- 1? tgc o e e
a number of zones and subzones in order to make a rea 51 cagions cat
assessment of the corals (Figs. 1-5). At most transec:trezf tlons the
reef-flat platform was divided intoc an inner and outer Tte durine
based upon the submergence and emergence of its vario;s a: b LA
low spring tides. At Transefts N-1, S-1, and S-2 in‘ outidesy;nd st
the entire reef-flat platform exposes during low sprlngB es and no
such divisions were made (Fig. 4). At ?umon and Agana raieef asec z;ne
and all but Transects S-1 and S-2 at Ylig gay, Fhe O:Ei feel flacz
i ing tides while the major p L
is exposed during low spr : P e
stinct moat o
f flat zone is submerged forming a
iee2 and 5). At all the Agat Bay and Fouha Bay transectsSEd ith the
a’d Ylig Bay Transects S~1 and S5-2, the situation is rever e ¢
izner reef flat zone emergent and the outer reef flat z?nihzuwzzei
o e (Figs. e :gdfi;; ngEEOZEeofurther divided
f transects the inner and outer re .
Iﬁio subzones based upon whether or not ;:e s:bztrzzitisaﬁgngii the
lidate ep
tly of reef rock pavement or unconso ;
zgztribution and relative abundance of corals and sea grasses

Coral Distribution

A combined total of 89 species of corals repres?ntin% 30 g:g:ga

were recorded from twenty reef flat transagti at thi Elsivzr:iiy
iation occurred in specie 5
{Table 1). Considerable var R e A
distribution, frequency of occurrence, .

23§:trate coverag; from one study site to another, Eetwezgnzgsznd Cube
transects within each study site, and among the various es an
zones discriminated along the length of each individual tra

Tables 1, 2, and 3).

Much of the regional variation found in the communigﬁ_iizzcture
of corals is attributable to the different parts of tgﬁazeis e
platform that are exposed and the depth of the water s retain
on the submerged parts during low spring tides (F:I.gs'.:imﬂm;ly ora
are unable to survive long pericds of emergence, par
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low spring tides coincide with the drying effects of the mid
and are thus restricted to parts of the reef-
water during such times. The few species of

(Tables 2 and 3) on the reef parts exposed du
(Figs., 1-5) were confined to small scattered holes that retained some
water. Generally these corals consisted of small stunted colonies of

Porites lutea, Goniastrea retiformis, and Pocillopora damicornis. On
the shallow reef-flat platforms corals

Browth to a few contimeters above or be
water level, and upon reaching this hei
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 on the shallower
parts of the reef-flat platforms. Certain acroporid and poritid

~day sun,
flat platforms that retain
corals that were recorded

of the colony remains submerged. These species can grow a few centi-
meters above the others and during low spring tides it is not uncommon

to see the upper living parts of Acropora aspera, Acropora acuminats,
and various Porites species sticking out of the water.

Substrate composition is another important factor thst influences
coral species diversity and distribution across the reef-rlat platforms.
Most corals require a hard or relatively stable unconsolidated sub-
Strate to settle upon and successfully grow, Although coral planulae
may settle on small grain-sized sediments, early growth is usually
unsuccessful because of the unstable nature of such surfaces.

trate consists of medium to
coarse sand intermixed with small amounts of rubble; a middle scattered

coral subzone where corals are widely separated or patchy in distribution
and the substrate consists of coarse sand and rubble; and an outer

coral subzone where corals are found in greatest abundance on the reef
flat and the substrate consists mostly of reef rock pavement with a
patchy veneer of coarse sand, rubble, and boulders at places. The

outer reef flat zone ig mostly exposed during low spring tides and at
MoSt transects 1s subdivided into an inner pavement and pool subzone
consisting of an irregular reef rock pavement with scattered rubble

colonies. The outer pavement subzone is a relatively flat, wave

washed, reef rock pavement that is mostly devoid of both sediments and
corals (Table 2)., At Transect 2 in Tumon Bay, no subdivisions are

made on the outer reef flat zone because it is somewhat depressed and
retains some water on its surface during low spring tides, which accounts
for the high species diversity and moderate surface coverage of corals
found there (Tables 2 and 3). A similar depressed outer reef flat

zone is found on Transect 1 in Agana Bay, but here the zone is much
narrower with fewer corals growing there.
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Distribution of reef flat sediments at Agat Bay are somewhat
similar to that found in Tumon and Agana Bays, except that the inner
reef flat zones are emergent and support extensive sea grass beds at
many places and the outer reef flat zones are covered by water during
low spring tides. Corals are abundant and diverse on the neatrly
sediment free outer reef flat zones and mostly absent on the sandy
inner reef flat zones (Fig. 3 and Tables 2 and 3).

At Fouha Bay the reef-flat platforms are mostly free of sand-
sized sediments, pavement-like, narrow, mostly emergent during low .
spring tides, and for the most part lack corals except for a few sma
colonies growing in depressions and holes on the outer parts where
they grade into Fouha Channel (Fig. 4 and Tables 1-3). After @eavy
rains the nearby La Sa Fua River brings silt and clay to reef-ilat
platforms which settle out forming a thin muddy coating on the sub-
strate. The deposition of these fine-grained sediments plus the large
amounts of fresh water which spreads out over the inner part of the
bay during peak discharge is also detrimental to coral growth,

At Ylig Bay the reef-flat platforms are similar to those
described for Fouha Bay, except that narrow inner reef flat moats are
developed at Transects N-1, N-2, N-3, N-4, and 8-3 (Fig. 5). The moat
floor consists of am irregular reef rock pavement veneered with sand,
rubble, and boulders in the low parts. Where sufficient water is
retained at low tide a few corals grow on the barren reef rock areas
and larger stable pieces of rubble and boulders (Tablgs 1 and 2). The
reef-flat transects near the Ylig River mouth are subject sea water
dilution and clay and silt deposits during periods of heavy rainfall
which restricts coral development to a few small colonies in some of
the deeper holes and depressions at the outer margin where it grades
into the channel margin.

Distribution Patterns of Corals on the Reef Flat Platforms

Stylocoeniella armata is an inconspicuous species that forms
small encrusting patches a few centimeters across in cryptic habitats.
It was most abundant on the submerged outer reef flat zones at Tumon
and Agat Bays.

The genus Psammocora is abundantlydrgpresented ;2 ;2e Z:efzflat

orms by P. contigua, P. stellata, and Psammocora Ramose . 1.
gﬁ::i threeyésécies form ramose clusters with closely set branches
that dominate local parts of the inner reef-flat platforms at Tumon
and Agana Bays. Psammocora contigua and Psammocora Ramose sp. 1 are
particularly abundant in the coral subzome and widely scattered to
locally common on the unconsolidated substrates in the sand and
scattered coral subzones. These ramose Psammocora species fragment
easily during storms and the broken pieces are transported shoreward
by wave action. Because of their much larger intial size, than newby
settled planulae, these fragments have a greater chance of survival
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which accounts partly for the colonies observed on the unconsolidated sub~
strates of the sand and scattered coral subzones. Psammocora digitata

was represented by a single columnar colony in the inner reef flat moat

on Transect 1, at Tumon Bay. The remaining Psammocora species (Table 1)
were uncommon and generally restricted to transects where the outer reef
flat zone is submerged during low spring tides.

In the family Pocilloporidae, Stylophora mordax and Seriatopora
hystrix were restricted to the deeper parts of the outer reef flat
zones at Transect 3 in Agat Bay and Transect 2 in Tumon Bay respectively.
Pocillopora damicornis was found at all five bays, but was most abundant
in the inner reef flat moat subzones at Tumon and Agana Bays.
Pocillopora damicornis is fairly successful at colonizing unconsolidated
substrates by planulae settlement on larger stable pieces of rubble that
are intermixed among the finer sand-sized sediments. Although Pocillopora
danae and P. setchelli were found in all the bays except Agana, they are
much less common than P. damicornis and generally restricted to the
submerged outer reef-flat platform zones.

Although the family Acroporidae was the most diverse group
represented on the reef-flat platforms (21 species), the only species
found in abundance were Acropora aspera and Acropora acuminata. At places
in the inner reef flat moats these two species form arborescent thickets
up to 10 or more meters across. In 1972 a series of very low spring
tides killed many of the arborescent Acropora thickets on the shallower
parts of the reef-flat platforms. Acropora acumuniata was particularly
sensitive to prolonged exposure during these low tides and now is abundant
only at places in the coral and scattered coral subzones in Tumon Bay.

The frequent dead Acropora thickets encountered during this survey
indicate that the arborescent Acropora species were previously more
widespread. Acropora formosa, another thicket-forming species, was found
only on Transect 2 at Agat Bay in an isolated outer reef flat hole.
Arborescent Acropora species are found in greatest abundance in the inner
reef flat coral zone, but they also fragment easily during storms and
small clumps and individuals become established on the unconsolidated sand
and scattered coral subzones by wave transport. Although Montipora
lobulata was found on all the transects in Tumon, Agana, and Agat Bays,

none of the eight species of this genus are common or abundant.

Astreopora myriophthalma was observed only on the outer submerged part

of Transect 2 in Tumon Bay. The remaining Acropora and Montipora
species listed in Table 3 are rare or uncommon on the reef-flat plat-

forms, but are for the most part common species in the adjacent deeper
water fore-reef habitats.

Of the eight Pavona species found on the reef-flat platforms
(Table 3), all but Pavona (P.) Encrusting sp. 1 and Pavona Explanate
sp. 1 are common to locally abundant in the inner reef flat coral sub-
zones in Tumon, Agana, and Agat Bays. Golden brown colored colonies of
Pavona divaricata, P. decussata, and Pavona Foliose sp. 1 are particularly

abundant at many localities where the inner reef flat coral subzone
grades into the outer reef flat zone.
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In the family Poritidae, the two Goniopora species (Table 3)
found on the reef-flat platforms are rare while the closely related
Porites is the most diverse and widespread reef flat genus encountered.
Porites lutea was the only species of coral encountered on all the
transects at the five bays, and at some transects in Tumon and Agana
Bays it was present in all the reef flat subzones. Small P. lutea
colonies occasionally gain a refuge in size on the sandy floored inmer
reef flat subzones by planula settlement on scattered pleces of larger
more stable rubble. Such colonies often develop into flat-topped
microatells a meter or more in diameter and are the only conspicuocus
relief features found on the sand floored inmer reef flat subzones at
Tumon and Agana Bays. Although colonies of P. lutpa are found in the
inner reef flat coral subzones, they do not compete as well with the
other faster growing ramose and falaceous species found there, and
the resulting colony size is generally smaller, Stunted nodular
colonies of Porites lutea, growing in small holes that retain water,
is the dominant species found in the harsh outer reef flat zones that
expose during low tides (Table 3). Ramose clusters of Porites
cocosensis are common to abundant in the inner reef flat coral subzones
and uncommon to rare in the sand and scattered coral subzones at Tumon
and Agana Bays. The remaining Porites species found on the reef-flat
platforms are unevenly distributed and are uncommon to rare at most
localities. Although the small pea-sized Stylaraea punctata colonies
are difficult to observe, they are fairly common on pieces of rubble
in the inner reef flat subzones at Tumon and Agana Bays.

With the exception of Goniastrea retiformis, which forms small
colonies in the inner reef flat coral subzones and outer reef flat
pools, the remaining coral species listed in Table 3 are either
restricted to small local areas or are more widespread but uncommon
to rare,

Coral Size Distribution

Average coral colony size (?), variance in size (8), and size
range (w) are given in Table 3 for each overall zone and subzone
discriminated on each transect and for each species that occurred with-
in these divisions. For the overall zone and subzone divisions the
average size ranged from 3.6 to 39.7 cm, variance in size from 0.0 to
27.6, and size range from 1 to 127 cm. Examination of the data reveals
no significant patterns of similarity in the size distribution para-
meters between equivalent zones and subzones from one transect to
another or between the zones and subzones within a given transect.

The considerable amount of variance and the lack of discrete patterns
in the colony size distribution parameters most likely stems from the
large amount of variation found in community structure between equi~
valent zone and subzone divisions of the various transects and between
the transects themselves (Table 3). If we take for example the coral
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subzones at Tumon Bay (Table 3) and compare them, we find that the
predominant species (highest frequency) at Transect 1 is Porites
cocosensis (Y = 14.5 cm, 8 = 15.8, and w = 1-55 cm), at Transect 2

it is Psammocora Ramose sp. 1 (¥ = 3.3 cmy, 8= 1.9, and w = 1-11 cm),
and at Transect 3 it is Porites cocosensis (Y = 9.9 cm, s = 8,2, and
w = 3-26 cm)., Eventhough the same predominant species occurs at

Transects 1 and 3, there is considerable difference between their size
distribution statistics.

The frequency distribution of coral colony diameters given in
Table 4 show that around half (42 to 53 percent range) of the sampled
coral colonies from each bay falls within the 0-5 cm size range. The
number of colonies that fall within the 0-10 cm size from each bay
ranges from 65 to 92 percent and those within the 0-15 cm size range
from 80 to 100 percent. Large corals are relatively uncommon, with
only twelve being greater than 50 cm in diameter from a total sample
of 1062 colonies from all the bays combined. All of these larger
colonies were distributed im the scattered coral and coral subzones at
Tumon, Agana, and Agat Bays. A coral community that has a population
Structure with a very large number of juvenile and small colonies sizes
in relation to a very low number of intermediate and large sgized
colonies indicates that the reef-flat platforms are rather unpredictable
environments where coral recruitment and mortality are high.

Colony size of individual species ranged from juvenile Pocillopora
damicornis and adult Stylaraea punctata colonies less than a centimeter
in diameter to flat-topped microatolls of Porites lutea, Porites
cocosensis, and Porites annae up to 127 centimeters across. In the
scattered corzl and coral subzones Acropora aspera and Acropora
acuminata colonies sometimes formed contiguous thickets up to ten or
more meters across, but such masses are generally composed of an aggre-
gation of smaller colonies less than 50 centimeters in diameter. In
shallow water many of these large Acropora thickets are living only at
the peripheral margin with the central portion being mostly dead from
repeated exposure during low spring tides.

Coral Growth Form Distribution

The frequency distribution of coral colony growth forms given in
Table 5 shows that the cespitose form was most abundant at all the
bays (35 to 75 percent range) except Ylig. The high number of cespitose
forms, in relation to other forms, is probably related to the fact that
this growth form includes the finely divided Psammocora and Porites
cocosensis species that produce many new colonies by mechanical
fragmentation. Arborescent branching colonies of Acropora aspera and
A. acuminata and foliose Pavona species also undugo mechanical fragmenta-
tion which may account for them being the next most abundant growth
form at Tumon and Agana Bays (9 to 19 percent range). Corymbose growth
forms are restricted to uncommon to rare Acropora species that were found
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on transects where the outer reef £lat zone is depressed and submergent
during low spring tides. Massive growth forms are mostly represented

by Porites species which are more frequently found as small nodular
colonies in the outer reef flat zomes and as larger subhemispherical forms
and microatolls in the inner reef flat zones. Encrusting growth forms
are mostly uncommon (ranging from 3 to 20 percent at Tumon, Agana, and
Agat Bays) and are represented for the most part by Montipora species,
Porites superfusa, Porites (S.) vaughani, Pavona (P.) venosa, and
Stylocoeniella armata, The remaining growth forms listed in Table 5

are uncommon to rare or absent on the reef-flat platforms.

Other Factors Effecting Coral Distribution

Sea water dilution and sedimentation from river and stream dis-
charge occurs at the southern part of Agana Bay and at Agat, Fouha,
and Ylig Bays. There appears to be little effect, in regard to coral
distribution, from the Agana River discharge at the southern end of
Agana Bay. Although coral growth is for the most part inhibited be-
cause of reef flat exposure during low spring tides at Fouha Bay, the
effect of fresh water and sediments during peak discharge of the La Sa
Fua River is certainly a contributing factor for the near absence of
corals at Transects N-1 and S-1 nearest the river mouth where corals
could possibly be more abundant in holes and depressions that retain
water. Heavy peak discharge of the Ylig River is also a contributing
factor for the absence of corals at Transect S5-1 in Ylig Bay, but at
Transect N-1, low tide exposure appears to more inhibitive as Pocillopora
damicornis colonies are fairly common in the inner reef flat moat.

Freshwater discharge from storm drains and the freshwater lens
system does nnt geem to effect coral distribution at Tumon, Agana,
and Agat Bays. This type of freshwater discharge is for the most part
restricted to the intertidal shoreline where coral growth is absent
because of exposure during low tides and the presence of fine-grained
unconsolidated sediments, By the time freshwater from storm drains
and the lens system spreads outward to reef flat areas occupied by
corals there is sufficient mixing with sea water to raise the salinity
to near-normal reef flat levels. Although some sediments are carried
to the reef flat by storm drains, accumulation is generally restricted
to the nearshore regions where corals are normally absent.

Elevated water temperature to lethal or sublethal levels also
effects the distribution of reef flat corals. When sufficient water
circulation is maintained by wave tramsport over the reef margin onto
the reef-flat platform there is little: increase in the water
temperature. Sublethal and lethal temperatures generally occur during
low spring tides when water circulation by wave transport over the reef
margin is drastically reduced or absent because of exposure of the
outer reef flat zone. During low spring tides the temperature of the
water trapped in the inner reef flat moat and small pools and depressions
on the exposed outer reef flat can be elevated to levels that inhibit
coral growth altogether in some locations or reduce the diversity to a
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few species in other areas. Elevated temperature effects are greatest
in the small pools and depressions on the exposed outer reef flat zone
and least in the deeper and larger water mass of the inner reef flat
moat. Reef-flat platforms with submerged outer reef flat zones are
least affected because water circulation is maintained to a greater
extent with the water mass at the reef margin. The most diverse coral
community found during this study was on the submerged outer reef flat
zone at Transect 2 in Tumon Bay, where 59 species were recorded.
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Table 2. Number of coral genera and species occurring on the transect zones and subzones at
Tumon, Agana, Agat, Fouha, and Ylig Bays. The number of genera and species
includes corals recorded on the transects and those observed within a 10 meter
band on each side of the transects. A single asterisk (*) indicates a reef zone
that was not divided into subzones and a double asterisk (**) indicates a reef-
flat platform that was not divided into either zomes or subzones.

Table 2. continued

Z0NES AND ' ZONES AND
SUBZONES GENERA SPECIES| SUBZONES GENERA SPECIES
TUMON BAY 1 AGANA BAY 3
Inner Reef Flat Zone Inner Reef Flat Zone
Sand Subzone 1 1 Sand Subzone 6 8
Scattered Coral Subzone 8 11 Scattered Coral Subzone 5 6
Coral Subzone 11 23 Coral Subzone 8 20
Outer Reef Flat Zone Quter Reef Flat Zone
Pavement and Pool Subzone 6 7 Pavement and Pool Subzone 6 9
Pavement Subzone 2 2 Pavement Subzone 2 2
TUMON BAY 2 AGAT BAY 1
Inner Reef Flat Zone Inner Reef Flat Zone* 1 2
Sand Subzone 3 5 Outer Reef Flat Zone* 10 18
Scattered Coral Subzome 4 8
Coral Subzone 12 23 AGAT BAY 2
Inner Reef Flat Zone
Quter Reef Flat Zone* 22 59 Sand Subzone 0 0
Sand and Sea Grass Subzone i 1
TUMON BAY 23
Inner Reef Flat Zone Quter Reef Flat Zone
Sand Subzone 1 i Scattered Coral Subzone 5 6
Scattered Coral Subzone 7 11 Pavement and Pool Subzone 9 22
Coral Subzone 11 20
AGAT BAY 3
Quter Reef Flat Zone Inner Reef Flat Zone
Pavement and Pool Subzone 4 4 Sand Subzone 0 0
Pavement Subzone 2 2 Sand and Sea Grass Subzone 1 1
Pavement and Rubble Subzone 1 1
AGANA BAY 1
Inner Reef Flat Zone Outer Reef Flat Zone* 18 40
Sand Subzone 1 1
Scattered Coral Subzone. 7 9 FOUHA BAY N-1
Coral Subzone 4 5 Reef-Flat Platform*#* 1 1
Outer Reef Flat Zone* 5 5 FOUHA BAY N-2
: Inner Reef Flat Zone#® 1 1
AGANA BAY 2 Outer Reef Flat Zone* 9 16
Inner Reef Flat Zone
Sand Subzone 1 1 FOUHA BAY S-1
Scattered Coral Subzone 5 6 Reef-Flat Platform#* 1 1
Coral Subzone 10 16
FOUHA BAY 8~2
Outer Reef Flat Zone Reef-Flat Platform** 1 1
Pavement and Pool Subzone 4 4
Pavement Subzone 1 1

50

ZONES AND ZONES AND
SUBZONES GENERA SPECIES SUBZONES GENERA SPECIES
YLIG BAY N-1 YLIG BAY N-4
Inner Reef Flat Zone Inner Reef Flat Zone* 3 3
Sand and Rubble Subzone 0 0 Outer Reef Flat Zone
Scattered Coral Subzone 2 2 Pavement and Pool Subzone 1 1
Pavement Subzone 1 1
Quter Reef Flat Zone* 2 2
YLIG BAY S-1
YLIG BAY N-2 Inner Reef Flat Zone* 3 3
Inner Reef Flat Zone Quter Reef Flat Zone* 7 10
Sand and Rubble Subzone 1 1
Scattered Coral Subzone 4 6 YLIG BAY S5-2
Inner Reef Flat Zone* 4 4
Outer Reef Flat Zone* 1 1 Outer Reef Flat Zone* 7 8
YLIG BAY N-3 YLIG BAY S-3
Inner Reef Flat Zone* 3 3 Inner Reef Flat Zone* 4 5
Outer Reef Flat Zone* 1 1 Outer Reef Flat Zone* 2 2
51
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OTHER MACROINVERTEBRATES
by

Charles Birkeland
Introduction

There is a tremendous diversity of invertebrates such as gastropods
and polychaetes on the reef flats of Guam (cf. Roth 1976, Kohn and
White 1977), but the holothurians are by far the most prevalent group of
large macroinvertebrates in terms of biomass. The holothurians are pre-
dominant to the extent that most of our attention will be directed
towards this group. Holothurians (also called "trepang", "beche-de-mer",
and "sea cucumbers") are a popular food to Europeans, Japanese, and
other peoples. The prevalence of holothurians on reef flats throughout
the tropical Pacific (Bakus 1968) indicates that their feeding activity
of transporting sediments through their stomachs might be of general
importance to the ecology of the reef flat communities. Information on
the distribution and abundances of holothurians is of value to resource
management programs and ecological investigations because of their po-

tential importance as food and possibly also as a major factor influ-
encing the structure of reef flat communities.

Methods

The population densities of macroinvertebrates were quantified by
counting the number of invertebrates within one meter of the transect
along its length. The counts were made as the observer swam along the
transect, holding the meter stick perpendicular to the tramsect line
with one end of the meter stick touching the line. The data were grouped
and tallied in terms of ten-meter intervals along one side cof the
transect line. The animals were then counted in similar ten-meter rec-
tangular quadrants along the other side of the transect line. This pro-
cess was repeated along the entire lenghts of the transects and the

data were recorded separately for the different zones. Care was taken

to look under rocks, in crevices and among coral heads along the tran-
sect,

Results

The frequencies and abundances of macroinvertebrates along three
transects {(north, middle,and south) in each of Tumon Bay, Agana Bay, and
Agat Bay are given in Tables 1, 2, and 3, respectivelv. Twelve species
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of holothurians were found along the transects in Tumon Bay and eleven
species were found along the transects in Agana Bay. Despite the number
of species present, well over half (often over 90%) of the holothurians
along all transects on the inner reef flat were of the species Holothuria
atra (Table 4). Holothuria atra was very prevalent, having an average

abundance in the general order of magnitude of one per square meter
throughout both bays (Table 5).

There were generally more holothurians in Tumon Bay than in Agana
Bay, in terms of both abundances and numbers of species (Table 5). Other
than that, there were no clear or consistent patterns of differences in
abundances or diversities that emerged from comparisons between Tumon
Bay and Agana Bay or from comparisons between the north, middle, and
south transects in each of the bays. H. atra generally became more pre-
dominant as one moved towards shore on the inner reef flat in both
bays and the number of species of holothurians were generally greatest
in the coral zone of the inner reef flat of both bays (Tables 4 and 5).

Holothurians were far less abundant and diverse in Agat Bay
(Table 3) than in Tumon Bay or Agana Bay (Table 5). However, echinoids
appeared to be relatively more prevalent in Agat Bay.

The reef flat at Fouha Bay was largely exposed to desiccation on
low spring tides. Because of this, few holothurians and other macro-
invertebrates were found along the transects and those few that were
seen were in tide pools. Therefore there were too few data obtained
along the transects to be summarized in tabular form so they will be
stated as follows. Two transects were taken on the north side of the
bay. The first was 100 m long and in the 200m? area surveyed, only three
Holothuria leucospilota and one Actinopyga mauritiana were found. The
second transect was 61 m long and only a single Trochus niloticus was
found. The first transect along the south shore of the bay was 85 m
long. A total of five Holothuria atra, twelve H. leucospilota, and one
Echinothrix diadema were found along this transect. No macroinvertebrates
were found along the entire second transect from the south shore of the

bay.

The reef flat at Ylig Bay was similar to that at Fouha Bay in that
there were few macroinvertebrates on the reef flat because of severe
desiccation during low spring tides. Holothurians were found mainly in
the tide pools. Eight transects were taken in Ylig Bay, four on the
north side and four on the south side. The data are presented in Table 6.

In order to obtain representative weight measurements of holothurians
for biomass estimates, ten Holothuria atra and seven H. leucospilota
were collected from Pago Bay and net weights (damp-dry weights) were
measured in the laboratory on a triple-beam balance. Holothuria atra
averaged 245% 111 gms (Y ¥ g) and H. leucogpilota averaged 437 I 99 gms.
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Despite the quantity of literature on the ecology of holothurians
(cf. Bakus 1973 for a review), all of the conclusions to date concerning
the importance of holothurians in the community are speculative. That
holothurians are relatively unimportant may be argued on the basis that 1)
they do not significantly alter the grain size of sediments that pass
through their guts (Bonham and Held 1963), 2) that they are toxic and
serve as prey for very few predators (Bakus 1968, Bakus and Green 1968),
and 3) their main source of nutrition is organic matter and microorganisms
in the sediment (Bakus 1973) so they do not serve a major role as pre-
dators. However, without experimental evidence from field studies, it
1s too early to dismiss the importance of holothurians in marine com-
munities. There might be second order effects on the benthic community
from the turning over, mixing, and trangportation of sediments. There
may be second order effects on the community from the digestion of
bacteria, other microorganisms, and organic matter in the sediments. There
is the possibility of an ianfluence on recruitment of benthic macroinver-
tebrates from digestion of both the recruits as the sediment is consumed
and from the alteration of the nature of the substratum through the
feeding activities. The distribution and abundance of other deposit-
feeding macroinvertebrates might be stongly affected by the predominant
holothurians. The importance of these second order interactioms on the
functioning of the benthic community can only be assessed with field
experiments.

Holothurians are abundant in bays such as Tumon and Agana in which
the reef flat has an extensive moat compoment. Holothurians are scarce
in bays such as Fouha and Ylig in which nearly all of the reef flat is
exposed to severe desiccation during low spring tides.
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continued

Echinothrix diadema

Reef Subarea

Stacistic
Holothuroidea

Reef Area

Table 2.

Stichopus chloronotus

Stichopus horrens
Actinopyga echinites
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Stenopus hispidus

Table 3. Macroinvertebrates found along three tramsects in
M=(2) middle, S=(3) south].

Agat Bay [N=(1) north,

The frequency (£) is the number of 10 m2

quadrats in which the species or genus was observed (the numerator) over

the toral number of 10 m2 quadrats examined (the denominator)
and ﬁtﬁndard deviations are of the numbers of individuals per.lo m
The "+" means the species was observed near,

The means

reot A AGAT BAY
ce rea Inner RGEf Flat Cute Reef F
Statistic (£) Y+s (£) e ¥ ia;
TAXA Transect
Gastropoda
Trochus nileoticus M
( 1/32 .0
s ( 1/40) .02 ( 2/18; .13
Bivalvia
Tridacna maxima M ( 1/40) .02 ( 2/32) 06
s ( 3/18) .17
Asteroidea
ophidissterid sp. s ( 2/18) 11
Ophiuroidea
Ophiocoma sp. M (4/32) .31 +1.03
Echinoidea
Echinometra mathaei N - ( 2/14) .29 + .83 ( 274 ) 5
. .
(10/32) .88 + 1.
S ( 1/40) .02 ( 7/18) 5 + ' ;4
Diadema sp. N ( 1/14) .07 o
g E 4532) 16 + .45
. 2/18 W11 7
Echinothrix diadema N ( 2/14) .29 + .83 ( 2/4 ; 2 ;1
g (17/32) 3.19 + 4.78
Heterocentrotus (/18 156 £1.38
mammillatus M ( 1/32) 03
Holothuroidea
Actinopyga echinites N ( 1/14) .07
M
( 4/32 A4 + 1.
e . S (10/40) 38+ .77 ) 100
ctinopyga mauritiana M ( 5/32)
.22 .
S ( 1/40) .02 ( 2/18) 11 * o
e A M ( 2/60) .12 ( 8/32) .31+ .59
5 (16/40) .82 + 1.13 ( 1/18) 06 )
Holothuria leucospilotla M (1/60) .02 ( 1/32) .03
3 ( 9/40) .55 % 1.69 ( 1/18) .06

Crustacea
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quadrat
but not on, the transects.



Table 4. A comparison of the number of species and population densities
of holothurians between the three transects in Tumon Bay and
Agana Bay. The population density and relative importance of
Holothuria atra are -also compared between the three transects.
AGANA BAY TUMON BAY
TRANSECT s M N 5 M N
SAND
Nol species 2 1 6 1 3 3
No. AGm2 7.34 3.32 1.78 .17 23.28 .65
No.H.atra/10m?| 7.33 3.32 1.66 .17 23.14 .56
% H. atra 99.9 100 93 100 99.4 86
SCATTERED CORAL
No. species 2 2 6 9 4 5
No./ E0m? 33.89 5,04 9.4 6.94 41.35  11.78
No.H.atra/l0m? [ 33,83 4.48  8.33 | 6.05 40.57  11.32
% H. atra 99.8 89 89 87 98 96
CORAL
No. species 4 4 i0 9 8 7
No./ 10m 2 12.35 4.18  13.42 | 17.87 17.94  14.36
No.H.atra/10m2} 8.85 2.5 11.78 | 12.13 15.33 8.12
%Z H. atra 72 60 88 68 85 57
PAVEMENT AND POOL
No. specles 4 3 6 2 7
No./ 10m2 7.06 8.32 30.4 .29 28.8
No.H.atra/10m2| 6.61 1.0 22.6 0 7.0
% H. atra 94 12 14 0 24
PAVEMENT
No. species 3 2 1 8 6
No./ 10m2 10. 67 .64 .62 | 28,13 5.75
No.H.atra/10m2| 4.0 07 .62 17.13 2.15
% H. atra 37 11 100 61 37

B8

e . — | —

-

Table 5. A comparison of the number of species and population densities
of holothurians between Tumon Bay, Agana Bay and Agat Bay.
INNER REEF FLAT OUTER REEF FLAT
Scattered
Sand Cozal Coral
TUMON BAY
No. species g 9 11 12
No./10 m? 8.0 20.0 16.7 18.7
AGANA BAY
No. species 7 6 10 4
No./10 m? 4.1 16.1 10.0 5.5
AGAT BAY
No. species 4 4
b |
v 1
Ne./10 m? .7 ,6
B89



Table 6.

Macroinvertebrates found along eight transects in Ylig BRay.

Four

transects were from the north side of the bay and four were from

the south side of the bay.

denominator).

The frequency (f) is the number of

10 m“ quadrats in which the species or genus was obsgerved (the
numerator) over the total number of 10 m quadrats examined (the

The means and standard deviations are of the numbers

of individuals per 10 m2 quadrat, The "+" means the species was
observed near, but not in, the transects.

North _ South _

(£) Y+s (£) Yis
Trochus niloticus {4/100) .04 (1/130) 01
Lambis lambis | (1/130) .01
Echinometra mathaei (4/100) .07 + .38
Tripneustes gratillia (2/100) .02
Diadema s8p. (1/100) .01
Echinothrix diadema - (3/100) .06
Echinothrix calamaris (2/130) .02
Stichopus chloronotus (1/130) .01
Actinopyga echinites (3/100) .09 + .59
Actinopyga mauritiana +
Bohadschia argus (2/100) .03
Holothuria atra (25/100) 3.45 + 8.94 (4/130) .03
Holothuria leucospilota (20/100) .85 + 3.36 (6/130) .05 + .26
synaptid sap. (1/130) 01
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