
I

•
April 1977

\•",

Technical Report No. 34
\

• •

..,.

,
-MARIHE ENVIRONMENTAL BASELINE REPORT
COMMERCIAL PORT, APRA HARBOR, GUAM



April 1977

University of Guam Marine Laboratory

Richard H. Randall

Roy T. Tsuda

Steve Neudecker

James A' Marsh, Jr.

Clifford Neubauer

Logan Kock

Technical Report No. 34

U.S. Army Corps of Engineers

Contract No. OACW84-77-C-0005

Submitted to

Lucius G. Eldredge

Deborah Grosenbaugh-Hamel

Steve Hedlund

John Eads

Richard Dickinson

The Marine laboratory

University of Guam

APRA HARBOR, GUAM

Charles E. Birkeland

t·1itchellChernin

Russell Clayshulte

Frank Cushing

Jon Day

Steven S. Amesbury

MARINE ENVIRONMENTAL BASELINE REPORT

COMMERCIAL PORT



Current and Sediment Movements
1. Zone I
2. Zone II
3. Zone III

Water Chemistry Analysis
Substratum Characterization
Biological Survey

1. Benthic Algae
2. Corals
3. Macroinvertebrates
4. Fishes
5. Zooplankton

ANTICIPATED IMPACTS OF INCREASED DREDGING OPERATIONS

REFERENCES CITED

TABLES

FIGURES

RESULTS AND DISCUSSION

Current Pattern Studies
Water Chemistry Analysis
Substratum Characterization
Benthic Algae
Corals
Macroinvertebrates
Fishes
Zooplankton

METHODS

Sasa Bay
Piti Channel and Commercial Port
Jade Shoals

ACKNOWLEDGEMENTS

DESCRIPTION OF THE SITES

INTRODUCTI ON

Page

1

1
2

2

3

3
4
5

6

6
8
8
8
9

10
11
11

12

12
12
14
16
18
19
22
22
25
30
37
40

41

44

45

72

Scope of Work
Personnel

TABLE OF CONTENTS



3. To evaluate and predict the environmental effects of increased
sedimentation and other environmental modifications that may be caused
by dredging, filling and land-clearing operations related to Commercial
Port improvements.

Scope of Work

In order to assess and compare the impact on the environment of
alternative plans for improving on the navigation and docking facilities,
the U. S. Army Corps of Engineers contracted the University of Guam
Marine Laboratory to fulfill the following objectives:

1. Obtain baseline data on the marine environment in the Commer­
cial Port area, Pit; Channel, Jade Shoals and Sasa Bay at Apra Harbor;
the data to include information on the current patterns, water chemistry,
substratum sediment composition, zooplankton, benthic algae, corals,
macroinve~tebrates and fishes.

2. To identify the major marine ecosystems and any unique
features of the local marine environment.

An extensive collection of data is available for the marine environ­
ment in Piti Channel through which a large portion of the water in the
Commercial Port area enters. These data are presented in a series of
five annual technical reports and summarized in Marsh and Doty (1976).

This report presents the results of a marine environmental base­
line study of Commercial Port, Apra Harbor, Guam for the U. S. Army
Corps of Engineers. The purpose of this study is to provide data and
general information on the local water current patterns, water chemistry,
substratum composition, and the species composition, abundance and dis­
tribution of zooplankton, algae, corals, macroinvertebrates and fishes
in the Commercial Port area of Apra Harbor. This information is planned
for use by the Army Corps of Engineers in assessing the environmental
impacts of each of several possible plans for improving the navigation
and docking facilities of the Commercial Port area. Probable environ­
mental effects will be one of the criteria used in the selection of
the particular plan of improvement.

The University of Guam Marine Laboratory received the notice to
proceed on this study on 9 December 1976. A rapid completion of a
short-term project was called for and the field work was finished by
13 February 1977.

INTRODUCTION



We thank Mr. Fred Cochran, Vice President and General Manager of the
Guam Oil and Refining Company, for permiSSion to use the Gorco Pier to set
up our surveying instruments. Mr. Joe Baza, Security Chief for Gorco, was
most helpful in making the actual arrangements. Commander Howard lewis,
assigned to the office of Commander, Naval Forces Marianas, kindly provided
information and maps of the harbor and coordination with U. S. Navy commands.
We also thank the office of the Captain of the Port, U. S. Coast Guard,
for helping us coordinate our work schedule with ship schedules and harbor
traffic. Mrs. Terry Balajadia went above and beyond the call of duty in
typing the manuscript under extreme pressure.

ACKNOWLEDGEMENTS

Frank A. Cushing: Boat operation
John E. Eads: Boat Operation

MARINE TECHNICIANS

Mitchell Chernin: Current studies
Russell Clayshulte: Sediment studies, current studies coordinator
Jon E. Day: Bivalvia
Richard "E" Dickinson: Mollusca
Deborah Grosenbaugh Hamel: Water chemistry, current studies
Steven Hedlund: Current studies coordinator
R. Logan Kock: Current studies
Clifford Neubauer: Current studies
Steve Neudecker: Corals

Steven S. Amesbury: Fishes, Plankton
Charles Birkeland: Macroinvertebrates
Lucius G. Eldredge: Gastropoda, Crustacea
James A. Marsh, Jr.: Study Coordinator
Richard H. Randall: Corals .
Roy T. Tsuda: Algae

GRADUATE STUDENTS

FACULTY

All personnel are.from the Marine Laboratory of the University of
Guam, either faculty, graduate students or marine techni.cians.

Personnel

More specifically, a comprehensive survey consisting of detailed
current pattern studies, water chemistry analysis (including N02-Nt
N03-N, P04-P, 02, salinity, turbidity, temperature and substratum
composition studies and a quantitative sampling of the composition,
abundance and distribution of zooplankton, benthic algae, corals,
macroinvertebrates and fishes was to be conducted in Area A. A recon­
naissance survey of substratum composition and qualitative information
on species composition and distribution of the benthic algae, corals,
macroinvertebrates and fishes was to be conducted in Area B.
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Sasa Bay

Sasa Bay (Area B) is the largest of the three study areas, forming
an embayment 1.8 kilometers long in an east-west direction, 1.8 kilometers
wide along the eastern end, and 0.8 kilometers wide at the western mouth.
The depth is quite variable, ranging from about 20 or more meters at the
western end where it adjoins the main part of Apra Harbor, to shallow
reef-flat platforms which are partly exposed during low spring tides
along the shorelines. The Sasa and Aguada Rivers empty into the east

Although the entire study area lies within the relatively protected
environment of the barrier reef-lagoon system of Apra Harbor. consider­
able differences in benthic community structure and reef physiography
are found from one part to another. Because of these differences, it
is convenient to divide the study area into four regions (Fig. 1). The
largest and most complex of these areas is Sasa Bay (referred to as
Area U in the scopes of work) which is found at the east end of Apra
Harbor between Dry Dock Point and POL Causeway to the north and Polaris
Point to the south. The second and third areas consist of the much dis­
turbed Piti Channel and Commercial Port areas which are situated between
Dry Dock Point and Poi Causeway to the south and Cabras Island to the
north. The fourth area is Jade Shoals which consists of two patch reefs
that rise up from the deep lagoon floor west of Dry Dock Point. The
latter three areas are referred to as Area A in the scope of work. A11
four of the study areas have been disturbed to varying degrees by dredg­
ing, land-filling, and construction activities. A causeway between
Cabras Island and the main island of Guam separates Tepungan and Piti
Channels which previously provided a natural pass from the northeast
corner of Apra Harbor to the Philippine Sea. The only connection between
these two bodies of water now is through the Cabras Island and Piti
Power Plants which pump sea water from the Tepungan Channel and Piti
Canal for condenser cooling and then discharge the heated water into Pit;
Channel. The effect of this thenmal discharge into Piti Channel has been
reported on and is currently being studied by a University of Guam,
Marine Laboratory team (Marsh and Doty, 1976). The Commercial Port of
Guam facilities and the U.S. Navy occupy the southwestern side of Cabras
Island and the western end of Dry Dock Point. The remaining shoreline
along the south side of Cabras Island has been greatly altered by dredg­
ing and filling. Both Dry Dock Point and connecting Pol Causeway and
Polaris Point are artificially 1andfi11ed lagoon areas. Mangrove swamp
occupies the eastern shoreline of Sasa Bay and scattered mangroves have
become established on the artificial shorelines along Pol Causeway and
the eastern side of Polaris Point. Distribution of mangroves and char­
acterization of the shoreline along the three study areas are shown in
Figure 1.

DESCRIPTION OF THE SITES



Pit; Channel and Commercial Port areas have been greatly altered
by dredging, land-filling, and construction. A number of channelways,

The shallow platforms forming the upper surface of patch and
fringing reefs are relatively fl~t but are difficult to walk across
because of irregular topography consisting mostly of large in situ
dead coral colonies. Tracey (1964) mentions that many corals in the
vicinity of this study area were probably killed during earlier dredg­
ing and land-filling activities in Apra Harbor. These large in situ
dead colonies suggest that this area once supported a much more
diverse and developed coral cummunity. ,Relief on these shallow plat­
forms is generally less than 30-50 cm, but at places may be up to a
meter where local holes and depressions occur. living corals are
small and scattered, being mostly found near the peripheral regions
where the platforms are slightly deeper and grade downward to the
1agoon slope.

Pit; Channel and Commercial Port

, Reef structure is complex within the bay, consisting of isolated
patch reefs which rise from the lagoon floor, tc near the surface,
and a lagoon fringing reef consisting of an irregular system of shal­
low anastomosing platforms which at places enclose a number of deeper
secondary lagoons (Figs..1 and 2). Based primarily upon their physio­
graphic structure, the reefs in the bay can be divided into three
distinct lanes: the reef-flat platforms formed by the shallow upper
surface of isolated patch reefs and fringing reefs, the peripheral
lagoon slopes which extend downward into deeper water from the shallow
reef-flat platforms, and the deep flat to undulatory lagoon floor.

The lagoon floor is principally a depositional environment where
clay. silt, sand, and coral-algal-mollusk rubble accumulate. Examina­
tion of these lagoon floor deposits at most places revealed a soft
plastic mud intermixed with lime sand and Halimeda and shell fragments.
wnich give the mud a gritty texture. Near patch and fringing reefs the
deposits become less muddy and contain a greater fraction of sand and
cora1-a1gal-mo1lusk rubble. The clay and mud fraction of the lagoon
floor sediments consists mostly of detrital volcanic material brougnt
to the bay by the two rivers at the east end. Sediments became cons­
picuously more muddy toward the mouths of these two rivers (Fig. 2).
No corals were found on the lagoon floor except for ~n occasional
colony that had slumped downward from a nearby patch or fringing reef
lagoon.slope. Because of their large size, these slumped corals 5ur-.
vive and grow well in the deeper turbid water of the lagoon fToor~ but
normally coral planulae cannot colonize the soft muddy substrates
found there.

end of the bay, bringing fresh water and detrital sediments to the
reefs from the adjacent alluvial lowlands and steeD volcanic mountain
slopes. .
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Jade Shoals is an elongate submarine ridge about 600 meters long
that reaches to or near the surface, forming patch reefs at two loca­
tions which are separated by a short depressed region about six meters
deep (Figs. 1 and 2). The patch reefs rise up from the lagoon floor
about 35 meters deep on the northwest side and about 25 meters'deep
on the southeast side. Dredge samples from the lagoon floor reveal a
substratum consisting mostly of mud intermixed with some sand and
cora1-alga1-mollusk rubble. Toward the base of the patch reef the
deposits become more sandy and rubb1y. The lower patch reef slope~
are rubbly with algal areas consisting predominantly of sand, rubble.
and rocky outcrop. This type of substratum grades upward into a region
with more rocky outcrops and, a~ places, forms cliffs and overhanging
ledges at the upper margin.

The upper surface of the patch reefs forms shallow platforms
which, on the southwest sides, have local areas that expose during
low tides. In general these intertidal regions are composed of sand,
gravel, and rubble which thinly veneer an' underlying reef rock pave­
ment. Corals are mostly absent in these rubbly areas. The remaining
upper platform surface is somewhat undulatory, ranging in depth from
one to two meters, and is predominantely composed of reef rock pavement
studded here and there with knobs and knolls abundantly populated with
Millepora dichotoma colonies.

Jade Shoals

causeways, and islands have been dredged and constructed in much of
the area (Fig. 1). Two power plants discharge heated water into Piti
Channel at the east end, and nearby a series of submerged pipelines
cross the shallow reef flats from Cabras Island ,to the main island.
Except for the dredged channelways, much of the eastern end of the
region exposes during low spring tides. Commercial Port, U~St Navy
and Gorco fueling doc~s occupy the western end of the region which has
been dredged to allow the dockin~ of ships and boats.

Sediments in the eastern end of Piti Channel consist of fine
and coarse sand intermixed with variable amounts of coral-a1ga1-
mollusk rubble. Abundance of rubble consisting mostly of arborescent
Acropora and ramose and massive Porites species indicate that a rich
and diverse community of corals was previously developed here before
being altered by dredging. land-filling, and construction activities.
Dredging samples adjacent to the Commercial Port and fueling wharf
facilities show the bottom to composed of mud and fine sand inter­
mixed with ~ome rubble. Between the dredged western end of Piti
Channel and the shallow reef-flat platforms at the eastern end, a
small relatively undisturbed region of patch reefs and mounds is
found (Sta. 15, Fig. 1).
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Detailed current studies were conducted in the Apra Harbor-Commer­
cial Port area on 27, 28, and 29 December, 1976, and 4, 5, 10, 11, and
12 January, 1977. These dates were selected in order to ascertain the
major circulation patterns during rising and falling spring tides and
neap tides. The study area was divided into three major zones of
study delimited as follows (Fig. 3): Zone I, extending from the
eastern inner dredge line of Commercial Port to the western edge of
Western Shoals, and including the northern edge of Jade Shoals; Zone
II, extending from the eastern dredge line of Commercial Port approxi­
mately 300 m onto Tidal Flats C and D and including the western end of
Piti Channel; and Zone III, subdivided into three natural areas includ­
ing the inner portions of Flats C and 0 and the western end of Flat B,
in the vicinity of the Gorco pipeline. All work was conducted during
daylight hours to avoid potential shipping interference at night.

Three types of current studies were employed. Zone I was covered
by using drift drogues suspended at three depths to indicate the move­
ment of the surface water layer (top 2-3 m) and the subsurface water
layer (extending from a depth of 6-7 m to 12-13 m). Additional infor-.
mation on the subsurface water layer and subsequent transport of the
detrital sediments was obtained by utilizing SCUBA to track subsurface
dye patches. The surface water layers in Zones II and III were studied
by tracking fluorescein dye patches.

Drift drogues consisted of a l-m tall aluminum vane with a cross
shape (as seen in transverse section) suspended from a buoy by a length
of line. The length of the line was varied to suspend the vane at three
depths, in a surface water layer of 1-2 m, a subsurface layer of 6-7 mt
and a deeper layer at 12-13 m in the outer portion of Zone I. The
drogues were given sufficient weight to reduce the above-water exposure
of the buoys to a height of 10-15 cm. Any additional weight resulted
in negatively buoyant drogues.

Drogue trac~ing was accomplished by using two surveying transits
placed 100 m apart on the Gorco Pier (Fig. 3). Paired readings from
these transits allowed drogue positions to be plotted by triangulation.
Establishment of semi-permanent tripod locations and backsights
(prominent features found on orthographic maps of Apra Harbor) allowed
for exact re-establishment of the tripods on different days, thus
achieving a high degree of accuracy. The only difficulty with the
method was in the late afternoon, when the glare of the sun on the
water decreased visibility. Four drogues wer~ released for each
tracking set, one each at depths of 1 and 6 m in the inner portion of

Current Pattern Studies

METHODS



Dye stUdies at Jade Shoals and in Piti Channel. the Secondary
Channel, and the Connecting Channel between Flats C and 0 were con~
ducted by using an inflatable boat and a meter tape attached to the
anchor line at the water surface. The boat was allowed to drift in
front of a dye patch for 25 m in the channels and 50 m at Jade Shoals.
The position of the bowline of the boat (centered on the dye patch)
was then determined by triangulation with paired transits (in the case
of Jade Shoals) or by using a hand-bearing compass· and direct visual
plotting on field maps (in the case of the channels).

A series of SCUBA dives at the eastern and western ends of the
Commercial Port had a two-fold purpose: 1) to ascertain vertical and
horizontal water movements at a depth of 12-17 m. and 2) to note
turbidity in the lower portion of the water column and the effect of
ship movements on subsurface circulation patterns and,the resultinQ
disturbance of the substratum. Subsurface dye tracking was accom­
plished by utilizing fluorescein dye, a meter tape, and an underwater
hand-bearing compass. The dye was released 1 m above the substratum;
and the direction of movement, elapsed time, and depth of the patch
were recorded every 10 m. Because of rapid diffusion of the dye, it
was necessary to locate the approximate center of the patch and renew
it with more dye after 2-3 m of movement. Care was taken to avoid
diver disturbance of the dye patch as much as possible. This method
is not very precise. but it does give an indication of current direc­
tion and velocity at subsurface depths.

Wind direction and velocity were measured hourly with a hand-held
anemometer. Tide readings were taken from a tide staff at intervals
of 2-3 hrs and at the predicted times of tidal highs and lows. Since
the interest was in tidal changes rather than absolute water levels.
no attempt was made to correlate the tide-staff readings with the
published tidal records.

Surface fluorescein dye tracks were utilized to chart circulation
patterns in Zones II and III.Dye track distances were measured with
calibrated tapes or by stadia, with the use of a surveying leveling
rod. Directions of movement were determined by employing surveying
transits located at one of three semi-permanent tripod locations
(Fig. 3). Dye patches were allowed to move fixed distances {25 m} and
the direction determined; or, alternatively, they were allowed to
move for a fixed time, with the direction of movement and distance
(as determined by stadia) being recorded.

the Commercial Port area and one each at depths of 1 m and either 6 or
12 m in the outer portion of that area. Positions of the drogues
were plotted every 30 min, and tracking sets usually continued 2 hrs
between resets.

7
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Benthic Algae

Two methods were used to quantify the algae in the five habitats
found in Study Area A. See Fig.l for locations of habitats and
~tations. In those areas where algae were diverse and/or abundant
{outfall lagoon, reef, and Jade Shoal).the point-quadrat technique was
used to obtain values representing percent cover. A small gridded

Laboratory analyses of the samples 'were made for general composi­
tion, particle size, texture and relative sorting. An estimate of
the amount of silt and clay present was obtained by washing ca. a 10-g
portion through a 200 mesh sieve. The retained material was then
examined under a starescopic microscope (10-60 x) for the determina­
tions.

General substratum descriptions were obtained from field observa~
tions. Further analysis of sediments from several sites in Study
Area A were perfonmed on samples returned to the laboratory. The
samples ~ere collected in the field by scooping'a small amount (10-15 g)
from the sediment interface into a plastic petri dish. Sediment
collection was random within a collection area, with a minimum of two
samples per area. Additional sediment samples were obtained from six
sites in the outer portion of the study area by using a pipe dredge.

-See Fig. 3 for sample sites. Sediment samples were preserved in 70%
ethanol. .

Substratum Characterization

Water Chemistry Analysis

Water samples for chemical analyses were collected at six dif­
ferent stations (Fig. 3) on three different days; two samples were
collected on two of the days,to bring the total number of sampling
times to five. Two high tides, two low tides, and one falling tide
were represented. Surface samples were dipped up in a plastic bucket
and deeper samples were collected with a van Oorn bottle. Field
temperature was measured with a mercury thermometer. Dissolved oxygen
samples were siphoned~into 300-ml BOD bottles and analyzed according
to the azide modification of the standard Winkler procedure (APHA,
1971). Salinity was measured with a hand-held refractometer.
Nitrogen and phosphorus samples were collected in plastic bottles and
placed in an ice chest for transport to the laboratory, where they
were frozen for later analysis. Nitrite nitrogen, nitrate nitrogen,
and reactive phosphorus were analyzed according to the methods of
Strickland and Parsons (1968). Turbidity samples were collected in
plastic bottles and analyzed in the laboratory with a Hach turbidi­
meter (Model 21OOA), using the nephelometric princip1e.

8
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Sc1eractinian, coenothecalian, and hydrozoan coral communities
were investigated qualitatively at Sasa Bay and both qualitatively
and quantitatively at Jade Shoals and Piti Channel. At Sasa Bay, a
15 to 30 minute search was made at 20 stations (Fig. 1, Stations A-T)
from which a checklist of corals was compiled (Table 10).and the
physiographic reef structure and associated sediments were noted. At
Piti Channel similar qualitative assessments were made at 15 stations
and at Jade Shoals a general reconnaissance was made at both the
northern and southern patch reefs on the upper shallow patch reef
surface and steeply dipping lagoon slopes (Fig. 1, Stations 1-15 at
Piti Channel and upper surface and slope stations at Jade Shoals).

Quantitative assessments were also nade at Station 15 in Piti
Channel and on the upper shallow surface of the northern patch reef
at Jade Shoals by using the point-centered quarter or point-quarter
technique (Cottam et a1., 1953). Nineteen sample points at Jade
Shoals and seventeen sample points in Piti Channel were selected by
randomly throwing a geology hammer 3 to 5 meters ahead while swimming
over the surface of the two stations. The axes of the quadrants were
determined by the orientation of the handle of the hammer and the
chisel blade of the hammer head.

Corals

The other method used in areas where few algae occurred was to
simply make a visual estimate of the dominant algae as was done for
the channel area, where tows were made along the length of the main
channel and portions of the secondary channel. This method provided
a more meaningful estimate of algae over a greater area. All algae.
and sea-grasses observed in each of the five habitats were recorded.

In Area B, those algae which could be identified by si.ghtwere
recorded from each of the stations. Coral rubble, shells and mud
which possessed algal turf were collected and returned to the labora­
tory for further examination.

quadrat (25 cm x 25 em), consisting of 25 squares and 16 interior
points where the grid lines intersected, was tossed haphazardly 20 to
25 times in each sample site. Each algal species was recorded at
every point at which it occurred. If no alga was found under the
pointss then whatever was present, e.g., sand, rubble, dead coral,
live coral, was recorded. In a few cases, turfs of intermixed fila­
mentous-like algae were present and were simply recorded as turf.
These turfs were collected and later examined in the laboratory where
species were detenmined. 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 transect, i.e., 16 x Number of Tosses =
Total Number of Points.

9



In Area Bt thirteen study sites were examined qualitatively for
the presence of species. In Area A, samples were taken with haphazard
tosses of a 0.25 m2 quadrat which was partitioned into 0.01 m2 sections.
The scale to which the counts were made depended upon the local
abundance of the species.

Macroinvertebrates

Additional qualitative data was also incorporated in the coral
community, reef structure, and sediment analysis from previous field
notes recorded from field observations made between the years 1966 and
the present.

relative frequency = frequency value for species X 100
total frequency values for all species

importance value = relative density + relative
percent coverage + relative frequency

frequency = number of points at which species occurs
total number of points

relative percent coverage = percent coverage for species
total coverage for all species.

percent coverage = density of species X average dominance
value for species

X total density of
all species

density = relative density of species
100

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

The average dominance vaIue for each species is defined as the
average areal coverage of all individuals of the species encountered
in the sampling. The following calculations were used to estimate
the population and community parameters:

total density of all species = unit area
{mean point-to-point distance)2

The coral nearest the sample point in each quadrant was located
and the specific name, diameter of the colony, and the distance from
the center of the colony to the sample point was recorded. If no
colony was observed within a maximum distance of 2 meters, the
quadrant was recorded as having no colony with a diameter of zero and
a sample point to colony distance of 2 meters.

10



Zooplankton

Zooplankton collections were made with a 0.5 m diameter, 0.35 mm
mesh net. A series of tows made on December 6, 1976, were designed
to test for tidal fluctuations in the plankton communities in the
Piti Channel area, and to determine if outer harbor water could be
identified, by its plankton constituents, in the Piti Channel area.
Two tows were made in the Secondary Channel (Fig. 3) during ebb tide
(10:20-l0:45) and two more during flood tide (15:50-16:20). Another
tow was taken in the region of Jade Shoals (Fig. 3) around 13:10.

A set of tows on December 17, 1976, were performed to evaluate
day/night changes in the composition of the zooolankton communities.
Nighttime tows (0500-0615) were made in Sasa Bait the outer
harbor, and Commercial Port area (Fig. 1). Daytime tows (1700-1750)
were made in these same three areas, as well as in lower Piti Channel
and in the Secondary Cnannel (Fig. 3).

Two areas of Apra Harbor were visually censused for fishes: Jade
Shoals and the area to the immediate east of the Commercial Port
dredged area. Censusing was performed by swimming a measured transect
line, enumerating the fishes seen within one meter of either side of
the transect line. SCUBA was used for the deep transect at Jade
Shoals (30 m in depth), while snorkeling equipment was used for the
other transects.

Fishes

Four different bivalve habitats were sampled in Sasa Bay: muddy
intertidal areas, sandy intertidal areas, muddy bottom areas deeper
than 1 m, and coral knolls. Bottom sediments from scattered areas in
each habitat were sieved through a screen with 0.65 m2 (~") mesh
openings. Population data for two of the most common bivalve speCies,
Saxostrea mordax (Gould) and Gafrarium tumidum (Roeding), were
collected.- In muddy areas near Rhizophora communities, ten 0.1 m2
quadrats were haphazardly selected, dug to a depth of approximately
5 to 7 cm and sieved. Members of the genus Saxostrea were found
attached to any solid substrate in the upper 0.5 m of water.
Rhizophora proproots, fallen trees, boulders, a metal pier, bivalve
shells, and a WWII tank were found to be heavily encrusted by S.
mordax individuals. On an oil barrel which provided a relatively even
surface, we counted the number of oysters in ten 7.5 cm x 7.5 cm
quadrats. Shell-free wet weights of the bivalves were determined in
the laboratory.
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Directions of the l-m drogues were approximately the same
as wind direction in most cases; the wind carried these drogues
toward Western Shoals. Sometimes these drogues veered north­
ward away from the shoals and curved at right angles to the
direction of the wind (Figs. 3 and 6). Several large, barely
submerged floating objects (e.g., a tire) were observed to·
followed this curving pathway also. There was no evidence
for a tidal effect on the directions of movement of the l-m
drogues. The observations indicate a continuously strong out­
ward (westward) flow of surface waters.

The 6-m drogues moved generally in the direction of the
wind and the surface current, but patterns were more variable
and complex than for the l-m drogues. As the drogues passed
from the confines of the narrow decking area into the wider
stretch of water just east of the Gorco Pier, they tended to
veer either north or south; movement was more uniform outside
(west) of the pier. On one day several drogue sets started
out in the general direction of the wind and then Showed a
strong turn northward at a right angle to the wind; this
caused a dog-leg pathway in the plots of the drogues (Fig. 5).
On another day (Fig. 12) there was a weaker curvature in the
same direction. The zig-zag pattern in Fig. 11 shows another

Drogue observations in Zone 1 are plotted in Figs. 4-13,
and additional information is given in Tables 1-4. Initial
field observations indicated that the drogue paths were
strongly influenced by the prevailing wind, which was from
the east at 10-15 knots with gusts up to 25 knots. There
w~s a definite external wind effect on both the 1-m and 6-m
drogues because of the extension of their floats above the
water surface. The attachment of weights to make the buoys
ride lower in the water reduced this external wind effect but
did not eliminate it entirely. Drift directions of the l-m
drogues followed the wind more closely than those of the 6-m
drogues (Figs. 4, 5, 7, 9 and 12). The greatest wlnd effect
was in more westerly regions of Zone I outside the narrow
confines of the docking area; this effect was greater still
west of Jade Shoals where there was greater wind fetch un­
obstructed by port structures. Despite the external wind
effect. the drogues give a good indication of actual water
movement in the first one to six meters of the water column.

1. Zone 1

Current and Sediment t40vements

RESULTS AND DISCUSSION



.
Drogues with vanes suspended at the l2-m depth were set

at the outer release point (Point a) only, because the water
depth at the more eastern release points (b and c) was not
great enough to allow free movement of such vanes. The 12-m
drogues moved outward directly toward Western Shoals and
showed no changes in direction of movement with tidal changes.

Velocities of the drogues ranged from 0.03 to 0.33 m/sec
for the l-m sets, 0.03 - 0.10 m/sec for the 6-m sets, and
0.02 - 0.07 m/sec for the l2-m sets (Tables 1 and 2). The
1-m drogues showed no definite pattern of change with tidal
changes. The 6-m and l2-m drogues moved significantly slower
on riSing tides than on falling tides.

Some observed movements of the 6-m drogues suggested
flow reversal at that depth on rising tides, carrying water
into the Commercial Port area from th~.west. If water volume
in the area is to be maintained, there must be such a sub­
surface flow. Outflow of cooling water from the two power
plants at the eastern end of Piti Channel totals no more than
about 13.4 m per sec (slightly more than 180,000 Ra110ns per
min), Even·with all the cooling water pumps operating,
this is riotsufficient to account for the total volume in the
surface-water layer moving westward out of the Commercial Port
area on rising and falling tides. The strong outward surface
flow of water probably influenced the drogue floats strongly
enough to prevent a total drogue reversal even if there was
such a reversal at the level of the vane. Various drogue
modifications were tried to see if a flow reversal could be
observed, but none were observed.

In a further search for a subsurface inflow. several
SCUBA dives were made in Zone I during strongly rising tides.
One such dive in the western end of the zone (Fig. 14.
Table 3) demonstrated some inward (eastward) flow of dye, but
the movement was predominantly northward. Velocity was approx­
imately 0.03 m/sec. There was considerable spiraling and
diffuse streaming at divergent angles. There is a strong
possibility that this area has low-velocity eddy currents and
small, discontinuous inward-flowing currents. This is the
region of the Commercial Port with the greatest complexity
of water circulation patterns; these are probably affected by
the bottom topography dropping off abruptly from a depth of
about 18 m to about 30 m. A dive in the eastern end of the
zone revealed inward and upward flow from a depth of 12 m to
9 m; continued inward flow was maintained at 9 m.

situation in which the 6-m drogue moved to the left of the
wind for a period of time. These changes in the direction
of drogue movement occurred primarily on rising tides and
strongly suggest a reversal of subsurface flows or possibly
a complex eddy system at the 6-m depth.
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All current patterns in this area were charted by track­
ing dye patches with transits. Results are shown in Figs.
15-17 and in Tables 5 and 6. The general trend for major
current patterns is clear; however the detailed pattern for
individual dye tracks is probably variable.

In general, on falling tides there is an outward movement
towards the harbor of the water masses of Piti Channel, Flat C,

It was noted at all three dive sites that when sediments,
which consist of silt with low to high percentages of clay
and fine sands, were disturbed they tended to slowly migrate
upward in a large cloud-like mass. This colloidal suspension
then moved with outflowing currents and possibly also moved
inward at the site of ship disturbance. There was very slow
settlement of suspended silts after even a small disturbance.
Ship movements in the Commercial Port raised great quantities
of silty sediments which rose into the surface waters and
rapidly dispersed throughout the water mass in the shipping
lane. Three to four hours after a ship had docked, there
was little decrease of turbidity in the water column, as
judged visually. It was also noted that the sediment cloud
had moved toward Jade Shoals in the strong outward surface
flow. This indicates that under present conditions the Jade
Shoals area is being continually subjected to moderate-to­
heavy siltation because of shipping. A dive on the north­
eastern side of Western Shoals revealed moderate-to-low silta­
tion occurring shallower than 30 m and a marked increase at
about 37-40 m. This indicates that presently the major portion
of the outflowing silt load is deposited before it reaches
Western Shoals. The greater siltation at about 37 m is prob­
ably a result of previous dredging activities, with the upper
talus slopes having been partially swept clear of fine
detrital materials by currents.

2. Zone II

A dive off the northeast corner of Jade Shoals (Fig. 14,
Table 4) during a weakly dropping tide showed strong outward
flow of water moving in the direction of Western Shoals.
This outward flow was continuous from the surface to a depth
of 33 mt and there was no noticeable change in velocity with
depth.

The dive at the western end of Commercial Port also
revealed a strong effect of ship movements on subsurface
current patterns. The effect of a large cargo carrier moving
into the docking area was to cause a westward flow, and
numerous small eddies were created.
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Water movement directly westward of the point between
Flats C and 0 increases in velocity on its outward flow for
a dropping tide (Fig. 17: I", R, U, F") but remains rela­
tively constant on a riSing tide (Fig. 15, F~ Fig. 16, F').
There is a tendency for the water in the area to drift south­
ward on its way out to the harbor (Fig. 17, II', R)~ and in
the case of Path I (Fig. 15) there is a near-reversal. This
drifting effect is most likely due to wind, but Path I might
reflect a more complex eddy situation.

As stated previously, Flat 0 was the only area of Zone
II to show a flow reversal for a change in tide. On a fall­
ing tide, the velocity decreased as the water mass moved out
toward the harbor (Fig. 15, L; Fig. 17, S). The opposite
was the case on a rising tide, i.e., the velocity increased
as the water moved eastward on the flat (Fig. 16, H'; Fig. 17,
T). The change in direction of Path T could be attributed to
a decrease in depth, along with wind influence.

Since Paths K and L (Fig. 15) were charted at the same
time, we have reason to believe that on an ebb tide the velo­
city is approximately four times greater on Flat C than on
Flat D. This phenomenon is probably due to the fact that Flat
C receives a greater volume of water from the power plants via
Upper Pit; Channel than does Flat D.

In summary, on a falling tide the waters of Piti Channel
on Flat C and Flat 0 all move at faster velocities at points
further east and dissipate as they approach the point of the
peninsula separating Flats C and D. As the waters of Flats
C and 0 and the Secondary Channel move past the point there
is convergence, with a tendency for waters from Flat C and the

and Flat 0 (Figs. 15~ 16, 17). For the most part, there is
not a flow reversal on a rising tide. The only dye tracts
that showed such a reversal were those on Flat 0 (Fig. 15.
H, L). The surface waters of Piti Channel continued moving
outward towards the harbor on a rising tide. with a slightly
lesser velocity than was recorded for a falling tide (Fig. 16,
B'). However. Marsh and Gordon (1973) reported a slight
reversal on a rising tide. On Flat C dye patches also showed
slower velocity on a rising tide, but only Path G (Fig. 15)
showed a reversal. On this flat, the velocity is greater
further eastward on the flat, decreasing as the water mass
approaches the point of land separating Flats C and 0 (Fig.
15. K and J; Fig. 17, M and N). There were not enough data
recorded for the Secondary Channel to make a statement regard­
ing velocity changes. However, the water mass in the channel
moves at a slower velocity than the water mass on Flat C or
in Piti Channel.
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Slow-moving water in the Connecting Channel (Fig. 20, C)
converges with the slightly faster-moving water of the
Secondary Channel (Fig. 18, F). The combined water mass then
moves south in the extension of the Connecting Channel toward
Flat O. As water moves around the bend and onto Flat 0, it
spreads out and shows an increase in velocity on falling
tides but not on rising tides (Fig. 22A, 228). As water
moves down the flat it continues traveling at a relatively
fast velocity on falling tides but shows a decreasing
velocity and an eventual reversal on rising tides (Figs. 228,
23). The reversal results when westward-flowing water meets
water flowing eastward from the harbor.

In summary, there is a dominant westward outflow of water
in Zone IlIon both ebb and flood tides. The only reversal
occurs on Flat 0, which corresponds with the data recorded
for Zone II. warm water from the power plants moves do~m Piti
Channel, across Flat C and into the Secondary Channel,
introducing a warm surface layer on top of a cooler subsurface

Water on Flat C moves toward the harbor, with a tendency
to drift south toward the Secondary Channel (Figs. 18, 19, 20).
This movement toward the channel is probably the result of
wind effect and the force of water moving away from the
power plants and o~to Flat C from Upper Piti Channel. Water
on the eastern end of Flat C moves slowly westward and picks
up speed as it approaches the point of the peninsula and
converges with the water moving onto the flat from Piti
Channel (Fig. 19, A, B, C, D.). This is true for both rising
and falling tides.

Some of the water moving across Flat C enters the
Secondary Channel, at which point an interesting phenomenon
occurs (Figs. 18,20,21). It appears that in an area near
the slight bend of the Secondary Channel there is a splitting
effect. Part of the surface water moves west toward the
harbor, and part reverses direction and flows eastward up
the channel. This phenomenon was more distinct on a rising
tide than a falling tide. In addition, Path C in Fig. 21
shows a depth pattern rather clearly. At this point, a
large quantity of dye was released near the surface and also
about 2 m below the surface. The surface patch moved west­
ward, while the subsurface patch moved eastward up the
channel. A vertical temperature difference was also noticeable
to snorkelers.

Water moves eastward in the Connecting Channel (Fig. 18,
AI, B', 0; Fig. 19, B, H), rounds the bend and continues
southward until it reaches the junction with the Secondary
Channel.
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\~aterChemistry Analysis

Table 7 presents results of chemical analyses of water samples
(sampling locations are shown in Fig. 3). Temperatures are within the
range of a large number of observations reported by Marsh and Gordon
(1973, 1974) and Marsh and Doty (1975, 1976). Temperatures were higher
at the stations on the tidal flats than the deeper-water stations in
the afternoons but not in the mornings, again consistent with many
previous observations. Turbidity values were somewhat variable, rang­
ing from 0.12 to 2.2 NTU (nephelometric turbidity units) in the deeper
waters and from 1.3 to 4.8 on the tidal flats. Salinity was relatively
constant from station to station and from time to time, with no pattern

Three detailed profiles were run in the vicinity of the
Gorco pipelines between Flats Band C (Figs. 24 and 25). A
semi-permanent benchmar~was established on the peninsula near
the eastern end of Flat C so that surveying methods could be
used to plot bottom topography in relation to mean lower low
water. Transect B skirted the edge of a shallow sand bar for
about 80 m. It crossed the upper pipeline at 15-28 m from
the peninsula and skirted the edge of a steep drop-off
between 40 and 80 m. Transect A ran directly along one of
the parallel pipelines, whicH wa$ exposed for the first 90 m
and buried from 90 to 160 m. Transect C ran south of the
pipelines and is considered to be the boundary between Flat
C and Lower Piti Channel. It crossed,the northern edge of a
shallow sand bar on Flat C b~tween 40 and 65 m.

The topographic features seen in the profiles (Fig. 25)
probably strongly influence observed current patterns in the
area and in turn are shaped by the currents. The pipeline
across the channel causes eddies in this area and leads to
shifts in sediment deposits. Some water from these eddies
moves toward Flat C, where the shallow sand bar partially
,deflects it into the Secondary Channel. On high tides more

• water can move directly across the sand bar onto the main
portion of Flat C.

The profiles can be repeated at a later time to see if
there are future changes in the area.

layer. Water pumped from the power plants helps to flood
Zone III during rising tides. However, there must be
another source of flooding water also, and this source is
apparently a subsurface inflow in Piti Channel and the
'Secondary Channel (Fig. 21, C) on strongly rising tides.

We conclude that any dredging in Zone II will have little
effect on Zone III because of the predominantly westward
movement of water currents.
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The substratum characteristics show extensive variation in the
study area. The study area can be divided into five basic substratum
or depositional type~ (see Fig. 3). The shallow inner channels (Piti
Channel, Secondary Channel, Connecting Channel, and portions of Flat
B) are a mixture of terrigenous and biogenous sediments of recent
origin. The sediments show considerable variation in sorting size,
texture, sorting and composition. The sediments are primarily of a
depositional nature. The shallow inner flats (Flats B, C, and D) are
predominantly biogenous sands and gravels. There is a noticeable
introduction of terrigenous material at the eastern ends and adjacent
land masses. There is a gradation of sorting size, with the finer
material at the western end. There is a small isolated coral and
limestone area at the western end of Flats C and 0 that extends to the
eastern dredge line of Commercial Port. This area is a biogenous
structural feature with coral and limestone as the major constituents.
The sediments grade from silty sands to coarse gravel and rubble. The
area has a very uneven topography, which permits increased faunal
diversity. The Commercial Port and adjacent harbor floor is primarily
a uniform silty ooze. The top 50-100 em is a loosely packed accumula­
tion of silty clay, fine sands, and medium to coarse sands. This area
is a major depositional zone for fine detrital sediments washed in
from adjacent land areas. It contains both terrigenous and biogenous
sediments. The shoal reefs (Jade Shoals and Western Shoals) are
biogenous features. Both shoals show heavy siltation on the talus
slopes. The upper talus slopes of Western Shoals are mostly swept

Substratum Characterization

Observed nutrient levels were generally low and characteristic of
what is found in unpolluted w~ters. Reactive phosphorus values were
relatively constant with time and station and fell within the same
range previously reported by Marsh and Gordon (1974) for the area.
Nitrite nitrogen levels were low or indetectab1e; the occasional
exceptions are inexplicable. Nitrate nitrogen values were more vari­
able, with no obvious reason for the variability; however, the observa­
tions were consistent with those of Marsh and Gordon (1974).

Dissolved oxygen values generally showed an increase between
morning and afternoon sampling times on a given day, probably reflect­
ing metabolic activity of the biological communities. The greatest
changes between early morning and late afternoon samples occurred at
the tidal flat stations. Observed values were generally equal to or
higher than saturation values, except for early morning observations
at the tidal flat stations. The lowest value observed at these
stations was 85% of the saturation level. The oxygen data generally
are similar to those of Marsh and Gordon (1973, 1974) and Marsh and
Doty (1976) and reflect a healthy condition.

to the small changes found; this is consistent with previous observa­
tions reported by Marsh and Gordon (1974) and Marsh and Doty (1976).

. .
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Sediment samples for laboratory analyses were collected from Jade
Shoals, the eastern and destern ends of the Commercial Port shipping
lane (by SCUBA), and at six dredge sites (Fig. 3). The dredge sites

The sediments on Flat 0 (see Fig. 3) are similar to those found
on Flat C. The sediments are fine to medium grained sands, with high
concentrations of silty sand on the southern edge. This silty sand
contains a high organic content (20-50% decomposed organic matter).
There is an extensive anaerobic layer beneath the surface along the
entire southern edge. There is a definite introduction of terrigenous
material on this flat that contains low percentages of volcanic material.

The sediments on Flats C and 0 integrate into the patch reef at
the western end. There is a marked increase in the amount of coral
and limestone rubble. There is a tendency for this area to be covered
by a veneer of silty sands and silty clays. with the thickest veneer on
the southern ~d~. The stronger currents from Piti Channel and Flat C
tend to remove a large portion of the fine detrital material. A more
detailed discussion of this area is found in the biological sections.

The sediments on Flat C (see Fig. 3) are characterized by an
abundance of Mollusca shells, mostly bivalves. The sediments are well
rounded to subangular with angular material becoming prominent toward
adjacent land and fill areas. The sediments are mostly well sorted,
with some isolated pockets of poorly sorted material, due to large
co~al and limestone rubble. The sediments get progressively finer
toward the western end, where pockets and belts of packed silty sand
are found.

clean of fine datrital material, while Jade Shoals shows only moderate
sweeping.

·The adjacent sediments in the inner portion of the study area are
pale brown to white, fine-, medium-, or coarse-grained limestones.
referred to as Sh;oya soils. They contain some dark organic coloring
and less than 10~ fines in the top several cm. Since the inner portion
is bounded by large amounts of artificial fill, there is a great deal
of unidentified limestone and gravel, including large boulders, rubble.
cobbles, earth, trash and scrap iron, occurring on the flats and in
the channels. The fines introduced into the flats and channels are
mostly a result of drainaga from the Inarajan and Pago clay deposits
found on adjacent land areas.

The inner channels contain fine sands and silts grading into
coarse sands and gravel. The silty sands are usually in pockets or
belts. There is a marked increase in the amount of Halimeda debris
in the channels. The sediments vary from well to poorly sorted, with
rounded to angular grains. The western ends of Secondary and Piti
Channel contain higher percentages of fines. These sediments tend to
be more biogenous in origin.
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Marginopo~ vertebral is
Sorites margina1is
Heterostegina suborbicularis
Baculogypsina sphaerulata
Homotrema rubrurn
Amphlstegina madagascariensis
Rotalis sp.
Uln ueloculina spp.
rllocullna spp.

Elphidium sp.
Srirolina arietina
G o6igerina sp.
Gypsina plana

Dredge samples 1-5 were uniform with respect to the sorting size.
texture, sorting and general composition. These dredge samples were
comparable to the dive samples. with one major difference. The dive
samples showed a higher faunal diversity and concentration; this is a
result of sampling method. Dredge sample 6 contained no sediments.
This sample consisted of limestone secretion rock and coral. There
were corals, foraminifera, polychaetes and sponges attached to rock.
This is not a representative sample of area in regards to sediments.
It was indicative of the faunal assemblage.

Dredge samples 1-6 and dive samples are characteristic of the
general substratum. They contain high percentages of silty sands and
fine sands. The substratum doe$ contain some limestone blocks, boulders.
cobbles, fine to coarse gravels and recent coral rubble. The predomi­
nant organismson the substratum are sponges. The sediments contain
sponge spicules. small Mollusca shells, coralline algae fragments,
sparse Halimeda plates and foraminifera tests. The Foraminifera are
as follows:

1 and 2 - Between Gorco Pier and the NE corner of Jade
Shoals at 15 fathoms;

3 - The western end of the Commercial Port shipping
lane at 9 fathoms;

4 - The eastern end of the Commercial Port shipping
lane at 6 fathoms;

5 - 200-300 m north of the central portion of Jade
Shoals at 18 fathoms;

6 - The talus slope of Jade Shoals at 17 fathoms.

were as follows:
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1. Benthic Algae

Sasa Bay--Twenty-five species of benthic algae and one
species of sea"grass were recorded from Sasa Bay. Of the 25
algal species (Table 8), only 16 species were collected or
observed in the inner portion of the bay and an additional
eight species were recorded on a reef (Station K) at the

Biological Survey

The biota are divided into five groups! benthic algae, corals,
macroinvertebrates, fishe~ and zooplankton. Because different methods
were used in the different study areas and because a different emphasis
and approach was given to the different study areas, the three major
areas of study (Sasa Bay, Piti Channel and Commercial Port) and Jade
Shoals are each discussed separately under each taxonomic heading to
allow for easy cross-referencing of different taxa in a given area or
a given taxonin different areas.

The talus slopes of Western Shoals show a marked difference from
those aT Jade Shoals. There· is considerably less detrital material
on the upper slopes with the fine detrital sediments restricted to
pockets and canyons. The sediments are fine to coarse sands with
little or no silt deposition. Coral and limestone sands are the
dominant constituents. The slope from 15-30 m appears to be mostly
swept clean of fine detrital sediments. There are isolated pockets of
silty sands to medium sands. Fine sands and silty sands were less
than 20% of sediment deposit. Sponges are the dominant organismsin
this zone and contribute greatly to the substratum characteristics.
The slope from 30-40 m showed a marked increase in the percent of
silty sand·and fine detritus. The silty material fanned large ooze
pockets. The silty sands comprise 40-60% of the sediment deposit.

The silty sands tend to become very packed beneath the silty ooze
interface. This layer contains higher percentages of coarse rubble
that is subrounded to angular. This material ;s a result of previous
dredging. Visual observation and sediment samples snow this substratum
zone to be highly uniform.

The sediments from the talus slope of Jade Shoals are predominant­
ly coralline material. They include coral fragments, coralline algae,
Mollusca shells, Foraminifera, and limestone sands. The sediments
are fine to coarse grained and show wide variation in texture (well
rounded to very angular) and sorting (well to poorly sorted). The
sediments are mostly white to buff with some iron staining_ toward
the top of the shoal. The sediments get progressively finer toward.
the bottom of the talus s19pe and at 18-20 m are similar to harbor
floor sediments.
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Algae were absent in the mangrove zone (Stations A·D);
none were found on the prop roots of Rhizophora. A thin
crust of Microco1eus lyngbyaceus was the only alga found at
the base of a Rhizoehora stand at Station E where the sub­
stratum was solidifled by the entangled mats of Rhizophora
roots. A small stand of the seagrass Enhalus acoroides was
found about 50 m from shore off Station A. Avrainillea
obscura and Halimeda macroloba were growing in the compact
sandy-silty substratum near shore at Station F and L, res­
pectively.

The shallow reef flats of the bay consisted of consoli­
dated calcareous material, i.e., dead coral and rubble,
interspersed among loose silty substratum. Algae were again
absent from the silty substratum but covered at least 6Q per
cent of the consolidated material. Halimeda opuntia seemed
to comprise the greatest algal biomass on these reefs. The
low matted "vaughaniella II stage of Padina tenuis, as well as
H~pnea ~speCi and Laurencia sp., covered an extensive portion
t e ree. aUler~a vertlcll1ata was present as isolated
clumps on the ree and Polysiphonia upolensis was conspicuous
on dead Acropora branches.

By far the richest area in terms of algal diversity was
Station K which had 14 species. The dominant algae here were
a mixed turf of Jania capi1lacea, Gelidiopsis intricata, and
two species of Polysiphonia.

Piti Channel and Commercial Port--Twenty-one species of
benthic algae and two species of sea-grasses were recorded
from the Piti Channel and Commercial Port areas (Table 9).
All of the algae are typical of lagoon situations adjacent to
a large land mass with freshwater runoff. None of the algae
or sea-grass can be considered as endangered or threatened
species.

Twelve species of algae and one species of sea-grass were
present in the outfall lagoon which is characterized by its
warmer surface water caused by the effluent from both the Piti
and Cabras thermal outfalls. The algal communities here were
by no means homogeneous but rather reflected the thermal gra­
dient from the outfalls to the channel. Station I, adjacent
to the Piti outfall, is a sandy shallow area about 1 m deep
which possessed (N=20) a luxuriant growth of Pad;na tenuis
(7l~ cover) in association with Dictyota bartayresli (9%
cover) and Gracilaria salicornia (1% cover).

entrance of the bay. Station K represented a habitat unlike
the other stations in that the substratum was composed of
consolidated material which was ideal for algal attachment.
The water was also much clearer than at the other stations.
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Sasa 8ay--In general, the shallow reef-flat platforms at
the eastern end of the bay (Stations A-E, G, Nand P) were
barren of living corals where turbidity and sedimentation are
greatest, although corals are absent 'on much of these platforms
because of reef surface eXDosure during low tides. Stations
located around the central part of the bay (Stations H-J, R,
and S) support a poor to moderately diverse community of corals
(5 to 32 species, Table 10), whereas the stations at the western
end of the bay (Stations K and T) were most diverse (55-68 spe­
cies, Table 10). It is interesting that the attenuation of
coral diversity and dominance from eastern to western stations
follows a similar gradient of high to low levels of sedimenta­
tion and turbidity from the eastern to western end of the 8ay
(Fig. 2). Visibility at Station R, the most eastern station
where corals occurred, was less than one meter and a thin film
of mud a~d silt covered the rocky substratum at most places,
whereas at Station K, the most western station, visibility was
2-4 meters and thin patchy sediments on the rocky substratum
conslsted mostly of larger sand and rubble-sized bioclastic
sediments instead of mud and silt. Fresh water discharge from
the Sasa and Aguada Rivers during peak flows may also be inhi­
biting coral growth on some of the eastern stations but large
in situ dead colonies suggests that corals grew there in the
recent past. In order of abundance and tolerance to high
levels of sedimentation and turbiditylthe most common corals
on the shallow platforms are Porites lutea, POCilloaora dami­
cornis, Leptastrea purpurea, Montlpora lobulata, an MontrpOra
ehrenbergi.

Greatest coral diversity and dominance occurs on the
slopes between the shallow patch and fringing reef-flat
platforms and the lagoon floor. Surface relief on the slopes
is irregular, consisting of large (up to a meter) dead and
living colonies interspersed with smaller dead and living
corals, coral-algal-mollusk rubble, sand. and mud. Downslope the
mud and sand fraction becomes more abundant and living and dead

2. Corals

Jade Shoals--Jade Shoals is a large patch reef where only
37% of the substratum (N=25) is covered by algae. Fine sand
{31~} and coral rubble (3l~) make up the remaining shoal.
Dictyota bartayresn (14~), Padin~ tenuis (11~). algal turf (8%),
and Lobophora yariegata (4%~were the dominant algae on the
shoal. The turf was comprised mostly of Laurenci~ sp. and the
sporophyte generation of-Asparagorsis taxiformis. with a few
filaments of Jania capillacea, Po ysiphonia sp., and Centroceras
clavulatum intenmixed. Tydemannia expeditioni~ was only present
on the edge of the shoal. Dictoyota bart~yre~iwas the only
alga seen on the upper slopes in water 3 m deep.
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Jade Shoals--Because of considerable rubble areas lack­
ing corals on the northernmost patch reef the overall per­
centage of coverage for the'uppen ree~ surface was only 4.6%,
even though high domfnance,was found along the northwest side
(T~ble llA). Coral density was similarly quite variable witH
the overall value being 159 per 100 m. Although coral
dominance and density were not measured on the southernmost
patch reef. observations there revealed that these parameters
are probably greater. IIn order of !Ibundance,the-most commonly

curring corals on the upper patch reef surface were Porites
lutea in overall distribution. Porites (~) iwayamaensls and­
Porites (5.) convexa which dominate the surface at the north­
west end 01 the northernmost patch reef and in general along
the peripheral margin of botH patch reefs, Milli~ra dichotoma
in dense clump on small knobS and knolls scatter over the
surface of both patch reefs, and Porites andrewsi which is
most predominant around the peripheral margln of both patch
reefs. Psammocora contigua fonns conspicuous grey-brown clumps
locally on the south end of the northernmost patch reef and

coral colonies, less ab4ndant (F.ig'.2). Slumping is evjdent
at places'. partic1,l~arlyat thE!'western end 'of the bay where
~e.. _sTopes are longer ~nd steeper. which accounts for the
presenc~of some larg~ disoriented. colonies on the lower
slopeseand' allows fo~ the-population of'soft muddy sub­
strates which would' not otherwise be colonized,. Most of the
c9ra1 species tonmon1y found 0"...the shallow patch and fring­
;-ng.r.eef-fl_at,.platf,9nnsare-a.lsQ founQ.on the deeper. lagoon
'~~opes, but he.::e~Iley'reach a RUch gr.-eatersize. Other
cooinon corals more or less "res,tricted to the-lagoon slopes
are large ramose mounds of yellow and brown Porites- andrewsi,
yel1ow~brown columnar and explanate masses of MOnti~ora
spumosa, large c~lumnar yellow to blue-grey~bro~ ~ umps of
Porites (5.)'iwayamaensis and Porites (~) convexa~ irregUlar
twhteq14iid contorted dark br.~n colonies. of Porltes (~)
banzootalata:, and greyish tirown'knobby crumps -of Galaxea
clavus ...Montipora. scemosa is a ,un:ique"cora:lto thi~.habi,tat
ana·~o d_ate has not .en found els~tiere on:Guam. Qui~e,
abundant Ilut s~H ~n.stze: aJl4[nconsprcuous are the pea­
siz~ colQnies of Stylaraea e!nctata which grow on the under­
side of loose rubbl~f'l:~t_the uppg", part of the slope and·
Sty10coenie1'1a annata' patches; whictt fonn small thumb-sized
encrustations tn shaded overhangs'. holes, and'projections.
In gener~l ~he dive~ity and dominance ot the corals in this
zone follows the sarnedi"stribution·pattern, in relati'on to
sedimentation and t~rpidity l,vels, as that previo~sly

~ descri~ fo~ t~.shallow reef~flat_platfQrms. Colony s~ze.
and ~iversity is ~qmewhat reduc~d at places aroun~'Stations
K and T where the'·natura l slopes -have been altered by dredg­
ing•.
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Piti Channel and Commercial Port--Fifteen stations were
investigated for corals in this study area (Fig. 1).
At Station 1 through 5, 8, and 14 no living corals were found;
at Stations 6, 7, 9, 10, and 13 only one to four colonies of
Porites 1utea were observed; and at Stations 11 and 12 widely
scattered colonies of Porites lutea and an occasional colony
of Pocil10pora damicornls were found. Corals are scattered to
locally very abundant on the upper surface and sides of patch
reefs at Station 15 where eleven species were recorded.

At the eastern end of Pit; Channel water temperatures are
elevated because of thermal discharge from power plants, which
except for a few tolerant species probably prevents recoloniza-

'more widespread and scattered on the southernmost patch reefJ1
Montipora species, except for a few scattered colonies of, '
MontiRora 10bu1ata and Montipora sp. 1, were conspicuously
uncomnon on the northernmost patch reef and only slightly - - ---
more abundant on the southernmost patch reef.

Coral distribution on the patch reef slopes is quite
variable from place to place depending upon depth, topography,
and degree of disturbance from previous dredging activities.
In general greatest coral dominance and diversity were found
on the upper part of the slopes where they grade into the
shallow patch reef surface, and a general decrease was observed
when measuring depth (Fig. 2). The southeast slope of the
northernmost patch reef has been altered by dredging and coral
diversity and dominance is reduced considerably. The upper
slopes at the northwest 'side of both patch reefs are more
diverse and have greater coral dominance than at other loca­
tions;arborescent Acropora thickets first start appearing here,
and at the north patch reef this region is dominanted by
Porites (5.) iwayamaensis and Porites (S.) convexa which form
an almostiUnbroken expanse of even-topped columnar colonies.
Down slope both coral diversity and dominance decrease as
more surface area is occupied by finer grained sediments and
turbidity increases (Fig•.2). Slumping is evident where slopes
are steep and deeper water species such as Pavona praetorta,
Pachyseris speciosa, Leptoseris incrustans, Leptoseris
mYcetoseriodes, Herpolitha limax, and Mycedium sp. 1 make their1
appearance.~The deep slopes of Jade Shoals is the only loca- ,
tion on the island where Pectinia 1actuca has been found to
date. Corals become wideTy scattered and patchy in occurrence \
where the slope flattens out to the lagoon floor. Porites (~)
horizontalata appears to tolerate high levels of sediment
accumulation and is the most common coral on the deeper slopes.
As the plastic mud of the lagoon floor is encountered corals
are absent except on an occasional small patch of hard sub­
stratum here and there.
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_- Sasa Bay is the largest of the three study areas with
, 88 species and 31 genera of corals recorded (Table 10). ,! Thirteen species of corals were found in this area that wereJ
~

not recorded at either Jade Shoals or Piti Channel. '
Montipora spumosa has not been recorded from any other
locality on Guam, although it was fairly widespread and
common at stations located in the western part of the bay
(Table 11). Because of the rivers emptying into the eastern
end of the bay the levels of sedimentation and turbidity were
greater here than at either Jade Shoals or Piti Channel.
Before the land-filling of Dry Dock Point, Pol Causeway. and
Polaris Point and the dredging at the west end of the bay,
this area probably supported one of the most diverse coral
communities on Guam. The presence of numerous patch reefs.
submarine mounds, and a fringing mesh reef enclosing a number
of secondary lagoons in this region also indicates a previous
period of reef development that is not so evident today.

Piti Channel has been altered more by dredging9 land­
filling, and construction than any other part of the study
area. This region was once a natural channel or pass that
connected the eastern end of Apra Lagoon with the Phi1ippin~
Sea and examination of sediments and dredge material indicates
the preser~eof a previous coral community that was quite
diverse and well developed. The small area of patch reefs
located at Station 15 (Fig. 1) is responsible for over 80
percent of the 11 species recorded from this area. Greater
dominance of corals was measured at this transect than at
Jade Shoals. Although only the upper reef surface was quanti­
tatively sampled at Jade Shoals, time did not permit the
sampling of the upper slopes which qualitatively appear to
have a greater surface of corals than the patch reefs at Sta- "
tion 15 in Piti Channel. The unique feature of Pit; Channel \
is the presence of Pavona frondifera at Station 15 which has v
not been recorded elsewhere on Guam. but here is the dominant
species present. The relative richness of the coral commu­
nity at Station 15 is best explained as a local region which
hasn't been disturbed to the same degree as other parts of
the channel and the corals present represent a re1ictcommunity
from an area that once supported a considerably more diverse
and developed community.

In general, corals are absent on the lagoon floor habi­
tats hileresoft plastic mud and the presence of burrowing
organisms that are responsible for developing the widespread
cone-and-funnel topography are found. Successful coral
settlement on soft sediments is unlikely, but even if some do
become established on small intermixed larger sized fragments
of rubble the rapid turnover of sediments from burrowing
organ;sms would rapidly bury the newly settled coral planulae.
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Stations A-E were all in mangrove communities; Stations
A-C were very similar (Fig. 1). Mangrove growth tended to
be dense at A and becoming more sparse towards Station C.
The substratum at all three stations was composed of thick
mud and silt and the water visibility was poor. At Stations
A and 8 at the Sasa River mouth area and just north of the
river the salinity was 31%0. At Station C (Fig. 1), the
salinity was 34%°' The only gastropod noted at all three
stations was the high intertidal littorine littorina scabra.
It was found attached to the manga1 prop roots and on man­
grove leaves above the high tide level. The oyster Saxostrea

Sasa Bay--There is a noticeable zonation of inverte­
brates in Sasa Bay from the mangrove shore (Stations At A',
a, C, G) seaward to Station K (Fig. 1). Along the shore at
the north, east and south sides, the mangrove community
dominates, salinity is lower than normal seawater, and the
water is more turbid. Stations I, J, and K had the clearest
water and the most normal salinity. The fauna associated
with these changes are typical of the areas. The mangrove
area had a typical crustacean and mollusk association.
Stations I, J. and K had the most diverse fauna (Table 12),
consisting primarily of large sponges and shal.low-water
crustaceans. Station L was most atypical because of its
disturbed (oil-covered) nature; however, several intertidal
crabs were collected.

3. Macroinvertebrates

Corals are best developed on the steep upper slopes of
patch and fringing reefs where sediments are least likely to
accumulate. A distinct gradient of decreased coral diver­
sity and dominance was 'foundwith increased depth on these
slopes which correlates well with increasing rates of sedi­
mentation and decreased available light. Light can not be
the limiting factor completely, though, because in habitats
where turbidity levels were high, specific corals could be
found if stable·hard,substrates were available. Coral diver­
sity and dominance also increases in a horizontal gradient
from the habitats near river mouths where high levels of
sedimentation and turbidity occur, to more distant habitats
away from such an influence.

Within the entire study area a total of 110 species
representing 40 genera were recorded. Although this is a
remarkably high number of species considering the high levels
of sedimentation and turbidity and degree of prior distur­
bance by land-filling. dredging, and construction, the total
number of species could probably be increased by 15 percent
with a more thorough investigation.
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mordax was also found attached to the prop roots,though
below the high tide level and in decreasing abundance from
Station A to C. Other species present in abundance were
fiddler crabs (Uca sp.). grapsid and portunid crabs,
cerithiid gastropods (only at Stations A and B), and the mud.
skipper fish (Periophthalmus koelreuteri). The substratum
was covered and composed of sediments with sand. mollusk
rubble, and volcanic rock. At Station C, there were numerous
crab burrows, fewer oysters on roots than at A or Bt but with
Periophta1mus koelreuteri and with sediments with lime below
the surface layer.

Many freshly broken fragments from the oyster and from
the bivalve Gafrarium tumidum were found at Station B which
may indicate predation by the mangrove crab Scylla serrata
(this crab has been traditionally caught in this area, though
none were seen during this study). Station B had many thick,
black, tar-like deposits covering the substratum (cf. GEPA
1976:93). Some of these deposits were as large as 4 m2. Also
noted at Station B were the gastropod Cerithium sp. (numerous)
and the b~rrows of the land crab Cardisoma sp.

Stations 0 and E had a more consolidated substratum,
mostly sand, and the water was less turbid. The plant commu­
nity on shore at Station 0 was composed predominantly of'
Avjcpnnja at the shore and Rhizophora further inland. Sta­
tion E was near the attenuated end of the mangrove community.
The salinity was 30%0 at Station 0 and 34%0 at Station E.
Only one root branch was found with oysters. A few indivi­
duals of Littorina scabra were found on Avicennia leaves at
Station 0 and Cerithium sp. were noted on the prop roots of
Rhizophora at Station E. The bivalve Gafrarium tumidum was
found in this zone and sampled as will be discussed below.
Other invertebrates noted were the portunid crab (Thalamita
crenata,)and an unidentified grapsid crab found to be eating
a small fish in a mangrove tree.

Stations F, H, and I were all part of patch reefs within
the bay. A layer of silt covered the substratum at all three
stations, though siltation at Station I was less and was pro­
bably due to its more seaward location. The salinities at
Stations F, H, and I were 31%0, 34%0 and 35%0, respec­
tively. Station F had some isolated live coral patches and
a few mollusks including Chicoreus penchinati, Morula (Cronia)
margariticola,and Septifer bilocularis. None or these were
common. Other invertebrates included the purple sponge, the
black didemnid ascidian,and the shrimp associated with gobies.

Station H had a loose rubble substratum and was heavily
silted. The bivalves~al1eus malleus and Arca ventricosa were
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Station Mwas at the innermost part of a small cove.
The substratum was a fine silt with a lower anaerobic ooze.

T

very commo~as·w~s ~he.gastropo4 Clm!tium gutturnium~
-This: statiort had' tw~ other' notabl'e~~,occuerences, One of
these, was. thei pr.esence of th~! coral' Porites. sjr~-with.'fresh
scars characteristie·otrPar.rot-fis~grazing~. The other was
theLcollection' of thetoyster Pinctada;martensii; thespectes
use;l"'in tfle<culturedf;pearl industry' of Japan. A number of .
sponges 'a~~,ascidians~w~r~ present on:~he ~ndersides! Of a
fel loose flat~toppedl"'bol,llders~ . . .

... - >, ~ .
, ~ ! •

~ Sta.tiol'll Irwas, in'; il\..'more'exposedflocation~ and had>many
live· corals and ;lshes. The sof~ coral Sinwlaria polydactyla
an~'a numb~rot.nspong~s were common. Malleus. malleus was -
conmonthough not as atJundant as ~t Station. H.- Th~ gastro-

~h • p(jd_~Morula. C-Cronia)!margari.ticola~ was-found!amongst the' J

." 10pseJIcoral'rubble and the sponge Cfnacfiyr~australfensis
wa~ aTso connon.. p~~.1adia bivalveS' we._recailnon. in th4tr sub~·
str~tulJI~(2o;30/0.Zrn f9~ ~ s~mpleS). ... ..

• • Ii,. '. " '~. _~ ,....... r)
_ Sta.tioij;;,Gwas, loc~t~ in'. th~~~~~llow.water t~at forms

~~ th~ moq.thOF ~ sm~ll tr-ibu,t~.ry <.the;Ag!AadaRfver}"-emptying
int~ % the: ba.Y;-... Avicennia arid' RhizoPhoraroccupied, th~' shore,
The substratum was ~ thick, black, anaerobic mudcomposedof·

:.-' Itt": + :'tl decaying~organic'! 1itter and. various· molluscan· fragments .• '
Irl - The·sa.1inity was.320/00. Littorina; scabra was noted on the
i, Rh;zophora~and Avicennia. ana aLsm~n blac~,g.rapsid·crab was

... '; observed also on the' mangrove trees , A few oysters were pre-
, sent 0,.," t~e ,mangr.ov~~roots., ',. '.

J •

Station J {salfnity 35'?/~0}' was located in a sandy area
with, san&1isolated coral patches. Porites microatolls Had .
much evidence of fish grazing'.. Soft corals, Sinularia
polydacty1a, were very common. Sponges, bivalves._ ar)d the
he",!i't crab Dardanus megistos were-observed. .

•... • .... J ,.

, Station- K ha~ greater exposure. tor 'the· ocean than any
other station· sampled•. The salinity was 35~/oo. This was
where the greatest variety' of gastropods was found. Thes~
included th~ strombid Lambis lambis (common)and the muricids
Drupel1a cornus,and Chicoreus penchinati. The sea cucumbers
Holothuria bivittata and li. argus. were noted only at this
station. Numeroussponges, soft corals (Sinularia polydacty1a),
and solitary ascidians were also present.

~ .
Station l (salinity 3~o/oo)was a shore collection.

Invertebrates were mainly planaxid gastropods and xanthid and
grapsid crab~. A small portunid crab was also collected.
The only bivalve observed was Malleus malleus. Nerita nor
littorina were found.
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In general, the inner part of the bay, A-H, are charac­
terized by heavy siltation and turbid water. In many areas
the substratum is composed solely of thick silty muds which
are often anaerobic. The molluscan fauna is sparse except
for littorina scabra found attached to vegetation above the
high tide line at Stations A-E and Gi Malleus malleus and
Cymatium gutturnium at Station Hi and the occurrence of
Gafrarium tumidum at Stations 0 and E.

Crustaceans were also sampled quantitatively. Among
mangrove communities Uca SPa was locally abundant. A mean
density of one patch was 22 crabs per m2 ± 14 crabs (n=20).
We also found one isolated clump of about 5,000 hermit crabs
Clibanarius striolatus. Nowhere else did we find these her­
mit crabs in our 2-1/2 hours of searching. This implies a
significantly clumped distribution. Barnacles were limited
to the solid substrata above the sea floor. Approximately
760 Chthamalus SPa per square meter were found on an oil
barrel.

The bivalve species that appeared most successful in
Sasa Bay were attached to solid surface above the muddy bottom.
Of the common bivalve species, only Gafrarium tumidum was
infaunal.

Invertebrates included abundant Cerithium sp. and numerous
ghost crab burrows. A small portunid crab was also collected.

Bivalve mollusks are usually the prevalent inverte­
brates in sheltered soft substratum bays and so a special
effort was made to sample the Bivalvia in Sasa Bay. Gafrarium
tumidum occurred only in patchy areas. Where individuals of
G. tumidum were fairly abundant, the mean density was 14 m2i
5=1.0 (n=10, 0.1 m2 quadrats). The shell-free wet weight
biomass·was 8.0 gm/m2. Saxostrea mordax was more abundant
and was found profusely coverlng most solid surfaces in the
upper 0.5 m of water in Sasa Bay. On one such flat surface we
counted these oysters in ten 56.3m2 guadrats and got a mean
of 14.2 ± 3.74. This number per 56.3 cm2 implies a population
density of 2,500 per m2 1 665 per m2. The average shell-free
wet weight (meat) biomass is therefore about 636 g per m2 ~
426 g (roughly 1.5 pounds shell-free wet weight per square
meter).

Scattered among the clumps of S. mordax were numerous
small Septifer bi10cularis which numbered approximately 8.670
per square meter. The biomass of Septifer bilocularis was
not determined since these bivalves were too small «1 em)
to be of economic value.
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The fine sediments of Sasa Bay appear to be a likely
habitat for infaunal and semi-infaunal bivalves. However.
very few infaunal bivalves are found. Rhoads and Young (1970)
found a similar occurrence in areas of heavy sediment deposi­
tion~ If sediments accumulate rapidly, then bivalve larvae
may have difficulty settling. An abundance of attached
bivalves indicates the productivity of Sasa Bay.

Piti Channel and Commercial Port--Macroinvertebrates
showed very clumped distributions in Piti Channel and Commer­
cial Port as already emphasized in the distribution of crus­
taceans in Sasa Bay. Although ,quantitative samples were
taken, the great abundances of species in some areas and their
absence from most other.areas makes it a great waste of space
to present data in tabular form. Therefore, information on
macroinvertebrates taken at stations in Piti Channel and Commer­
cial Port areas (Fig. 1) will be given in paragraph form.

At Station 2 (Fig. 1) the substratum was composed of
compacted sand and silt, vertical down to the low tide level.
Twenty-eight 0.01 m2 quadrats were taken to count Macropthalmus
SPa (crab) burrows in a colony of 65 m2 in area and the number
of burrows per quadrat was found to be 3.14 ± 2.24. This
implies the colony to be composed of 20~400 ± 14,600 crabs.
The burrows of Cardisoma SPa (crabs) and Periophtalmus
koelreuteri (fish) were also present. littorina scabra (a
gastropod) was also present in Station 2~

Station 3 was in an area of gravel and rubble substratum.
Thirty-two 0.1 m2 quadrats wt:retakep to help calculate the
number of Planaxis sulcatus (a snail) in a 20 m2 patch of
snails. The number of snails per quadrat was found to be
2.53 ± 1~81. This implies that a total of about 5,000
± 3,600 Planaxis were present in the patch. The snail Nerita
plicata was also present, but it was rare.

Station 6 was along a seawall. Cassiopea SPa (a scypho­
zoan medusa), Actinopyga SPa (a holothurian),Trochus niloticus
(a gastropod), Sabel1astarte indica (a sabel1id worm), chitons,
and limpets were present at the bottom of the seawall or on
sediments at the base of the seawall. A large form of

The outer stations, I-K, are much less silty and have a
more diverse assemblage of gastropods as well as corals and
associated fishes. There were also more different species
of gastropods noted at the outer stations. It is believed
the disparity between the molluscan fauna of the inner and
outer areas is greater but due to time limitations the inner
area was more intensively sampled (8 stations) than the outer
(3 stations).
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Another patch of Planaxis sulcatus was found at Station
11 and thirty-two 0.01m2 quadrats were taken. The mean
abundance per quadrat was 5.38 ± 4.20.

In an area of small boulders, rubble, and gravel at
Station 12, we found Nerita reticulata, a species which is
usually rare. We also found a 20m2 patch of Cerithium moras
and took thirty-two 0.OTm2 quadrats. The average abundance
was 8.0 ± 4.4 per quadrat suggesting a total population of
about 16,000 ± 8,800. On the north side of the steep-sided
fill islet at Station 12, Planaxis sulcatus was rare. On
the rubble substratum of the south side of the islet, a

On a substratum of gravel and rubble at Station 10, two
large patches of P1anaxis sulcatus were each sampled with
thirty-two 0.01m2 quadrats. The larger patch (100m2) con­
tained an average of 6.81 ± 3.77 P1anaxis per quadrat for a
total of about 14,600 ± 8,500 Planaxis in the patch. Nerjta
polita were also present in the area but scarce. In deeper
areas at this station, the prevalent organisms included the
holothurians Bohadschia bivittata and Euapta sp., an aggrega­
tion of urchin Diadema sp., stomatopods,and the gastropod
Lambis lambis.

Two species were sampled separately at Station 9. On
the hard-packed supratidal sand area, a 210m2 colony of Uca
(Amphiuca) chloro hthalmus crassipes (Adams and White) was
sampled with 32 samples 0.25m2 each). The mean abundance
was found to be 5.28 ± 2.90. This implies a total popula­
tion of 4400 ± 2400 fiddler crabs in this single colony.
On a sand, gravel,and rubble substratum at Station 9, thirty­
two 0.01m2 quadrats were taken in a 16m2 patch of P1anaxis
sulcatus. The mean abundance was found to be 3.53 ± 2.11
which implies that the population constituting the patch
was 5,600 ± 3,400.

Station 8 was in an ~rea of gravel with scattered
rubble. Thirty-two O.Olm quadrats were taken in a 100m2
patch of P1anaxis sulcatus which were found to have a mean
abundance of 6.28 ± 5.13m-2. This implies that 63,000 ±
51,000 p1anaxjs were present in the patch.

~

Station 7 was near a seawall by the Cabras Power Plant
outfall. littorina scabra were sampled on the seawall with
thre 5m2 quadrats and found to be in an abundance of 41 ±
17m-2.

Littorina scabra was common. A 5m2 quadrat contained 74
individuals, a 1m2 quadrat contained 14 and a 10m2 quadrat
contained 44. This implied an average_of 8.25 Littorina
scabra m-2.
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Station 15 was a patch reef with a remarkably extensive
coral cover. The coral community was not diverse, but large
moo.ospecificclumps of coral covered extensive areas. As
mentioned above in the section on corals, one of the patches
is composed of a coral species found nowhere else on Guam.
This area is particularly interesting for ecological studies
because of the extent to which the coral community exists
in monoculture patches.

One hundred 0.25m2 quadrats were taken at Station 15.
Most of the quadrats that did not land on coral contained
only rubble, Halimeda, Padina, Oictyota,and other algae.
Six of the quadrats contained the sponge Cinachyra australiensis
with 2.5 ± 1.4 sponges per quadrat that contained any. The
sponge Terpios sp., the holothurian Holothuria atra,and a
social coral11morpharian anemone were each rouna-rn three
quadrats. The gastropoa Lambis lambis and the feather-
duster worm Sabellastarte indica were each found in two
quadrats and the bivalve Malleus .malleus, the soft coral
Sinularia polydactvla,and a hermit crab were found in only
one quadrat each. Two individual Oiadema and one large aggre­
gation of Diadema were also observed but this species never
occurred in any of the one hundred quadrats.

Jade Shoals--Fifty 0.25m2 quadrats were taken for m3~ro­
invertebrates on the upper surface of Jade Shoals at 1.3m2
depth. The black sponge Terpios sp. was present in eight of
the quadrats, and the soft coral Sinularia polydactyla, the
gastropod Trochus nilotica, the gastropod Conus sp., and the
holuthurian Holothuria atra were found in only one quadrat
each. Also observed on the upper surface of Jade Shoals, but
not occurring in the quadrats were: the sponges Cinachyra
australiensis and Sponge sp. 2, the urchin Diadema sp., the
holothurian Bohadschia argus, the asteroid Linckia laevigata,
a large black-and-blue predatory opisthobranch and the gastro­
pod Cerithium sp. Most of the horizontal surface was covered
by rubble and algae.

12m patch of Planaxis sulcatus contained a populat~on with
an average density of 11.0 ± 5.2 Planaxis per O.Olm quadrat
(n = 32). The population must have contained about 13,000
± 6,200 P1anaxis.

A 10m2 area of Uca (Thalassuca) vocans burrows were
found in the su~ratida1 sand substratum at Station 14.
Seventeen 0.25m quadrats were taken and a mean density of
burrows was found to be 3.29 ± 2.42 burrows per quadrat. If
we assume one crab per burrow, the population must contain
about 130 ± 97 crabs.
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Sasa Bay--A brief survey of the fishes of Sasa Bay was
made on November 20, 1976. Visual cenusing was used on the
coral-dominated reef areas near the mouth of Sasa Bay.
Further to the east in the bay, the silt suspended in the water
reduced visibility to a few inches and no fishes could be
observed. Several fish traps are being operated in Sasa Bay,
and the catch of two of these traps was examined and the
species 1isted.

A beach seine was used to sample fishes adjacent to two
beaches near the mouth of the bay•

4. Fishes

The vertical wall at Jade Shoals gives way to a sloping
substratum of living corals, coral rubble and sediment
between the depths of 8 and 14m. Many suspension feeders are
prevalent in this area including the light blue tubular sponge
Sponge sp. 2, Terpios sp.t Sinularia polydactyla. Ophiothrix
sp., Ascidia gemmata, a clear social tunicate,and a bright
yellow didemnid. A very large (28 em diameter) cushion star
Culcita novaeguiniensis was also observed at this depth.

The soft coral Lobophyton sp. was observed below 15m and
Sinularia and LOboph¥ton were both found to 30m. Several
gigantic zoanthid po yps (probably Palythoa sp.) were found
at a depth of 21m and were measured to be 50 em in diameter.
Ophiothrix extended arms for 30 cm from crevices which implies
that they were at least 60 em in diameter (arm-to-anm-tip.
Ascidia ~~~ was abundant on scattered rubble clear to
30n where tt,~ soft sediment bottom was predominantly occupied
by burrows from the shrimp-goby association.

Twenty-five 0.25m quadrats were taken for macroinverte­
brates along the vertical walls and undersides of overhangs
at 2m depth on Jade Shoals. The bright .yellow solitary
tunicate Ascidia gemmata was prevalent and found in ten of
the 25 quadrats with a mean abundance of 4.8 ± 2.8 in those
ten quadrats in which it was found. Sponge sp. 2 was found
in two of the quadrats. A light blue tubular sponge, the
black sponge Terpios sp.t a yellow, red and blue zoanthid
anemone, the soft coral Sinularia polydactyla, a bright
yellow didemnid tunicate, and the gastropod Lambis lambis
(on a shelf), were each found in only one of the 25 quadrats.
Ophiothrix was abundant along the vertical walls. These
ophiuroids are suspension feeders that reach their arms out of
crevices in the walls.
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These reef areas were not e~pecial1y rirh i~ f'~~e5.
although there are probaoly corsicierably mere s~s~ies ~~ f::.,~s
present in these areas than were observed dJring t1~s ~rief
survey.

P.-:ar.tf-Juridae
Acanthul-us xanthouterus Cuvier and V,j·er·:~""'r)-:::'
Ctenochaetus striatus l'iuoy and Ga;mard)

Apogonidae
Para~ia guinguelineata (Cuvier and Valencic~~c:)
other unidentified cardinal fishes

Blenniidae
Meiacanthus atrodosalis (Gunther)
other unidentified' b'fenn~es

Chaetodonti dae
Chaetodon auriga Forskal
C. bennett; Cuvier
C. ulietensis Cuvier

Gobi idae
~nblY90bius alb;mac~~~t~s (Ruppell)

labridae
Hemigymnus fasciatus (Bloch)
H. melapterus (Bloch)
Stethojulis bandanens;s Bleeker
juvenile labrids

Lutjanidae
Lutjanus vaigiensis (Quay and Gaimard)
?colopsis cancel latus (Cuvier and Valenciennes)

Pomacentridae
Abudefduf coelestinus (Cuvier)
Amblygliphidodon curacao (Bloc~'
Dascyllus aruanus (Linnaeus)
Eu omacentrus albifasciatus (Schleael and 1~l.Il1e;\
E. lividus Bloch and Schneider) W

Glyphidodontops leucopomus (Lesson)
Scaridae

Scarus sordidus Forskal
Siganidae

5iganus spinus (Linnaeus)
Synodonti dae

unidentified lizard fish
Zancl idae

Zanclus cornutus (Linnaeus)
~any unldentlfied lavae and juvenile fishes

ihe fol1m·dng species of fish \·Jere 1J:~~rl/;.d 1~~-fj·,~·-;~
witn coral reef structures in Sasa Bay.



Piti Channel Commercial Port--Three parallel transects,
totalling 190m, were censused in the area just inside the
zone dredged for Commercial Port (Table 13). The substratum
showed a zonation which, proceeding from the Commercial Port
end, consisted of a Padina zone, a,Dictyota zone, a Halimeda
zone, a Pavona zone, and a zone of scattered corai heads,
dead coral, and silt. The Padina,Dictyota, and Halimeda
zones had few fishes. The Pavona zone had considerably more
species, and large numbers of some forms, particularly
Chromis caerulea, Oascyllus aru.anus.ARagon compressus.
and juvenile cardinal fishes (Apogonidae). lhe zone of

Acanthuridae
Acanthurus xanthopterus Cuvier and Valenciennes

Carangidae
Scomberoides santi-petri (Cuvier)
Caranx melampygus Cuvier

Diodontidae
Diodon hystrix Linnaeus

Holocentridae
Flammeo sammara (Forskal)

Leiognathidae
Gerres argyreus (Block and Schneider)

Siganidae
Siganus spinus (Linnaeus)

It was not known for how long the trap had been operat­
ing since the catch was last removed so no rate of catch
could be calculated for the fish traps.

A few species were collected by beach seining:

Gerres argyreus (Bloch & Schneider)
Hyporhamphus dussumieri (Valenciennes)
Kuhlia represtris (Lacepede)

Mullets of an undetermined species were seen leaping out
of the net as the net was brought on to the beach.

Preliminary observation revealed a rather small number
of fish species. However, observation was hampered by the
poor underwater visibility, and a considerably larger number
of species may have been present. The presence of five fish
traps in this bay indicates the presence of a moderate number
of food fishes in this area. {There appeared to be a rather -
large number of juvenile fishes of various species in -_or

Sasa Bay. It might be well to direct studies to determine
whether Sasa Bay is a nursery area for developing fishes . ....---..

In the two fish traps examined the following fish
species were seen:
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Certain groups appear to be restricted to, or at least
notably more abundant in, the outer harbor area (including
Jade Shoals), particularly ostracods and chaetognaths. The
zooplankton communities of the Piti area are typically
dominated by crab zoeae. The Commercial Port area has

Ni9ht~time catches in the outer harbor and in the Commer­
cial Port area are significantly greater than daytime catches,
while daytime zooplankton abundance appears somewhat greater
in Sasa Bay 'Table 15). Ostracods, copepods, and Lucifer
are consistently more abundant at night, while pteropods and
fish eggs are more abundant during the day. Other groups
show variability in their day/night abundance in different
areas.

5. Zooplankton

The tow~ taken on different phases of the tide cycle
in the Piti secondary channel show no clear indication of
tide-related differences in the zooplankton community
(Table 14). The greatest variation is caused by the unusually
high abundance of crab zoeae on the first ebb-tide collection
which was not observed on the replicate tow made some 15
minutes later. The major difference between the ebb-and
flood-tide collections appears to be the relatively high
abundance of gastropods in the latter collections. The
largest concentration of gastropods, based on the December
17 sampling, is in the Commercial Port area (Table 15), and
these may be exported into the secondary channel during -flood
tide. As the Piti secondary channel appears to the area of
most marked tide-related fluctuations in current direction,
the general lack of tidal variation in the plankton commu­
nities here can probably be generalized to the whole Piti
area.

Jade Shoals--The fish fauna at Jade Shoals is fairly
diverse (Table 13). Many of the fish species found here are
plankton feeders, especially the more abundant ones. Schools
of the plankton feeding fusilier Caesio caerulaureus were
observed feeding. in the waters at the edge of Jade Shoals.
The fish community at 10 meters appears to be more abundant

--than the community along the top of the reef.

scattered coral heads and silt had a moderate number
of species in relatively low abundance, except for
a large concentration of young cardinal fishes among the
spines of the urchin Diadema. The Piti backwaters may
provide refuge for these juvenile fishes until they mature
and recruit to other communities.



The faunal communities in the Commercial Port shipping lane will
probably remain in much the same state as at present. If disruption
occurs from increased dredging, it is probable that a faunal community
similar to the present one will become reestablished. It is anticipated
that the silty ooze in this area will be greatly increased, thereby
providing a long term source of disruptable sediments. The full impact
of dredging cannot be completely ascertained. due to the limited study
period.

A coral species, Pectinia 1actuca, found on the lower slopes of
Jade Shoals, has not been found elsewhere on Guam. At Station 15 (Fig.
1), at the boundary of the Piti Channel and the Commercial Port area,
the patch reefs are richly covered by Pavona frondifera. This species
is known only from this location on Guam. These statements on the
absence of these species from other locations around Guam is based on
over 450 field trips to areas all around Guam dating back from the
present to 1965.

I
i

The circulation patterns observed in this study strongly suggest
that increased dredging operations will profoundly affect the biological
communities on Jade Shoals and Western Shoals. Jade Shoals may receive
as mUCh, or more, additional siltation than Western Shoals in the event
of more dredging activity, but the biota of Western Shoals may be more
greatly distressed. This is because the biota presently existing on
Jade Shoals are already accommodated to a heavy stress from siltation
and may be able to handle an increased load. (On the other hand, they
may be nearing their threshold of tolerance.) The biotic community at
Western Shoals is not presently as well adjusted to receiving a stress
from sediments and therefore may not be able to adjust to increased
sedimentatiOn.;.

'i,
i~
t

high abundances of gastropods, lucifer, copepods, pteropods,
and larvaceans. Sasa Bay is characterized by abundant Jstra­
cods and chaetognaths, apparently derived from outer harbor
waters, as well as crab zoeae, pteropods, and "shr-imp" zoeae,
more characteristic of the Commercial Port-Piti Channel area
(a variety of decapod and anomuran zoeae are combined in the
category "shrimp" zoeae). The ichthyoplankton shows an inte­
resting distribution with fish eggs being restricted to the
Sasa Bay, Commercial Port, and Piti areas, while fish larvae
are most abundant in the outer harbor. This probably reflects
the life history patterns of a number of marine fishes in
which the eggs are spawned in inshore areas, and the ,lavae
subsequently migrate to offshore waters for their growth and
develooment. ,The relatively high abundance of fish eggs in
the Sasa Bay, Commercial Port, and Piti areas suggest that
these may be spawning areas for a number of marine fishes.

ANTICIPATED IMPACTS OF INCREASED DREDGING OPERATIONS
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-
, The Jade Shoa 15' area!"is",therichest. in' fi'sh sped ~s of the areas

, surveye!i:!.'ManY. of these~fishes,. and especi~11i the mor~ abundant speci es ~
are plankton feeders. This fisH fauna is particularly liable to adverse
impact due to increasing. suspended silt in the water and the diversity
of this fish community can be expected to decline if dredge-caused silta-
tion occurs in thi~ area. '



Siltation is a major problem for demersal species and turbidity
;s a major problem for plants and for animals which are symoiotic with
plants. However, heterotrophic suspension feeders attached to suhstrata
a.b.ovethe sediment are not adversely affected to such a great degree.

Qecause the oyster S. mordax was found attached to most any surface in-)
he upper 0.5m of tne bay. the raft culture of oysters should be con-/"
idered for Sasa Bay as an alternative economic use of this region~If

we calculate that about 1-1/2 pounds of oyster meat is produced on a
square meter of SUbstrate, th~n using local retail store prices, the
value of these oysters rang~ from S4.50 to S7.s0 per square meter. A
raft 3m x 3m with sixteen 3m x 0.3m collecting surfaces suspended into
the water would provide 288m2 of surface. Theoretically this could
collect 432 pounds of shell-free oysters ~'Jhichif priced at a rate com­
parable to local prices would be2eQuivalent to about S1700 per raft.
The area of this raft ;s only 9m comp~red to the total surface area of
the bay which is about 2200,OOOm2.

Dredging operations are not expected to cause significant chanqe~
in salinity, temperature. N03-N or P04-N. Dissolved oxygen levels are
not expected to be greatly affected because water in the area has good
circulation. Ship propellors mix the water in the channel all the WdY
from the surface to the bottom,
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Reactive
Temp. Turbidity Sa1;ni ty Oxygen Phosphorus "Q •. . '" .." 2 - .• "'v3-:~"

Station e'C) UITU) (ppt) (mg/l) ("g-at/l) (~g-a~/l )

29 Dec 76, 0630-0730 hrs, low tide

1 27.9 0.6 31.1 6.30 0.21 -o- 5.1
2 27.3 0.8 33.3 6.09 0.21 -0- 6.8
3 28.5 2.3 33.9 5.98 0.19 -0- 0.80
4 28.9 1.7 34.4 5.60 0.17 0.07 1.1
5 29.0 1.3 33.9 5.90 0.19 -0- 0.68
6' 27.7 2.8 33.9 5.69 0.11 -0- 1.4

29 Dec 76, 1700-1800 hrs, falling tide

1 28.0 2.1 34.4 6.49 0.16 -0- 0.58
2 28.5 1.6 33.9 6.57 0.12 0.23 0.31
3 29.0 2.2 33.9 7.23 0.17 -0- 0.,64
4 30.9' 2.1 34.4 7.14 0.10 -0- 0666
5 30.8 1.3 31.6 7.10 0.13 o. 14 8.4
6 30.3 4.8 32.2 7.04 0.06 -0- 7.1

4 Jan 77, 0630-0700 hrs, high tide

1 surface 27.7 0.36 33.9 6.19 0.21 -0- 1.8
1 10 m 27.0 0.39 33.9 6.53 0.10 -0- 0.07
2 surface 27.7 0.77 33.9 6.28 0.14 0.09 0.60
2 10 m 27.6 0.79 33.9 6.28 0.10 -0- 0.70
3 27.8 1.2 33.9 6.11 0.12 -0- 2.3
5 23.5 1.8 33.9 5.52 -0- 0.09 1.0
6 27.9 2.4 33.9 5.73 0.18 0.11 0.71

4 Jan 77. ca. 1800 hrs, high tide

1 surface 27.9 0.17 35.0 7.11 0.12 -0- 8.7
1 10 m 27.6 0.21 27.2 6.95 0.10 0.02 0.51
2 surface 28.4 0.18 33.9 7.08 0.09 -0- 5.75
2 lOrn 27.2 0.12 13.3 6.81 0.08 -0- 0.37
3 30.3 0.37 32.8 7.10 0.07 -0- 6.4
5 31.0 7.26 O. 11 -0- 0.44
6 30.3 7.75 0.07 0.50

12 Jan 77, 0630-0730, low tide

1 27.5 0.46 33.9 6.74 0.12 -0- 0.51
2 28.0 0.98 33.9 6.19 0.22 -0- 5.7
3 23.E :.0 33.9 5.77 0.12 -0- 1.5
r- 22.3 3.3 33.9 5.90 0.18 -c- 2.5::>
6 27.5 4.8 33.9 5.52 0.18 -~- C.2e

Resul ts of 1.'later chemistry analyses. SaMpling station
locations are shown in Fig.

Table 7.
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x
X

x
X

X
X
X

X
X

x

X

x
X

X
X

X

X
X

x

x
X

XX

X
X
Xx

xx

xx

x
X

x

x

x

x

x
X

Chlorophyta
Avrainvi11ea obscura J. Ag.
Caulerpa racemosa (Forssk.) J. Ag.
Caulerpa serrulata (Forssk.) J. Ag.
Enteromorpha clathrata (Roth) J. Ag.
Halimeda macroloba Decaisne
Halimeda opuntia (L.) Lamx.
Tydemannia expeditionis W. v. Bosse

Phaeophyta
Dictyota barta resii Lamx.
Feldmannia indica Sonder)

Womersley and Bailey
Hydroclathrus clathratus (C. Ag.)

Howe
Lobophora variegata (Lamx.) Womersley
Padina tenuis Bory
Sargassum polycystum C. Ag.
Sphacelaria tribuloides Meneghini
Turbinaria ornata (Turner) J. Ag.

Cyanophyta
Calothrix pi10sa Harvey
Hormothamni on,enteromorphoides

B. and Flo
Microcoleus lyngbyaceus (Katz.)

Crouan
Schizothrix calcicola (Ag.) Gomont
Schizothrix mexicana Gomont

Tidal Jade
Channel Flat Reef Shoal
(VI-VII) (VIII) (IX·X) (XI)

Outfa 11
LaQoon
(i-v)Species

Table J. Checklist of marine benthic algae and sea-grasses observed
in Study Area A, Apra Harbor, December, 1976 and January,
1977 •
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X
XX

X
X

X

X
X
X
X

X
X

X
X

X
X

X

XX
X

X

X

NUMBER OF SPECIES

Rhodophyta
Amphiroa foliacea Lamx.
As~ara~opsis taxiformis (De1ile)

0111ns and Harvey
[sporophyte stage]

Centroceras c1avulatum (C. Ag)
Montagne

Galaxaura fi1amentosa Chou
Galaxaura oblongata (E. and S.) Lamx.
Gelidie11a cf. myr;ocladia (Boerg.)

Feldm. and Hamel
Gelidio sis intricata (Ag.) Vickers
raci arla salicornia (Mert.) Grev.

Hypnea esperi Bory
Jan;a capillacea Harvey
Laurentia SPa
Leveillea jungenmannioides Harvey
Polysiehonia SPa
Spyridla filamentosa (Wu1f.) Harvey

Anthophyta
Enhalus acoroides (L. f.) Royle
Halophila minor (Zool.) Hartog

Outfall Tidal Jade
Lagoon Channel Flat Reef Shoal
(I-V) (VI-VII) (VIII) (IX-X) (XI)Species
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+
1

HOLOCENTRI DAE
Adioryx spinifer (Forskal)
,..ranrneosp.

+

31+
GOBIIDAE

Amblygobius a1bimaculatus (Ruppel1)

HEMIRAMPHIDAE
unidentified half-beaks

3
21
2

1
1

1
1
+
+
5
1
+

CHAETODONTI DAE
Chaetodon auriga Forskal
c. bennett; CUYierc. citrinellus CUYier
~. ephippium Cuyier
C. trifasciatus Mungo Parkc. ulietensis CUYier
Heniochus chrysostomus Cuyier

BLENNIIDAE
Meiacanthus atrodorsalis (Gunther) 4

1
BALISTIDAE

Sufflamen chrysoptera (Bloch & Schneider) +

1

100
765

23
1
3

1
+
1
+

1

Jade Shoa ls ~1(Juthof
Meter 10 Meters Pit; Channel

ACANTHURID E
Acanthurus mata Cuyier and Valenciennes
~. nigroris CUYler and Valenciennes
~. xanthopterus CUYier and Valenciennes
Ctenochaetus striatus (Quoy & Gaimard)
Zebrasoma f1avescens (Bennett)
I. yeliferum (Bloch)

Table 13. Fishes observed at survey sites in Apra Harbor on December
6. 1976. + = present, ++ = abundant
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Jade Shoals Mouth of
Species 1 Meter 10 Meters Piti Channel

LABRIDAE
Epibulus insidiator (Pallas) +
Gomphosus varius lacepede 1
Halichoeres trimacu1atus (Quoy & 1

Gaimard)
Hemigymnus me1apterus (Bloch)
labroides dimidiatus (Cuvier and +

Va1end ennes)
Stethojulis bandanensis Bleeker

lUTJANIDAE
~ Aphareus furcatus (lacepede) +

Caesio caerulaureus Lacepede ++
lutjanus vai iensis (Quoy & + 1 1

Gaimard
Sco1opsis cance11atus (Cuvler and +

Valenciennes)

POMACENTRIDAE
Abudefduf coelestinus (Cuvier) 1
Amblyglyphidodon curacao (Bloch) 34 65
Amphiprion melanopus Bleeker +
~. perideraion Bleeker +
Chromis caerulea (Cuvier) 1 46 233
Dascyl1us aruanus (linnaeus) + 35 70
D. trimacu1atus (Ruppell) + 3
Eupomacentrus albifasciatus (Schlegel 1

and Muller)
E. lividus (Bloch and Schneider) 36
~. nlgricans (lacepede) 6
Glyphidodontops leucopomus (lesson) +
Plectroglyphidodon leucozona (Bleeker) 7
unidentified sp. A 5
unidentified sp. B 7

SCARIDAE
Scarus sordidus Forskal + 5

Table 13. (continued)
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Table 13. (continued)

Jade Shoals Mouth of
S~ecies 1 Meter -10 Meters Piti Channe1

ZANClIDAE
Zanclus cornutus (Linnaeus) + 1

Transect length (m) 40 75 190

Number of species censused 17 17 15

Total species observed 36 19 15

Number of individuals/m2 .94 1.14 3.29
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Jade
ShoalsOrganisms

foraminiferans 0.08 0.11 0.03 0.02 0.08
medusae 0.10 0.05
pteropods 0~79 0.07 0.07 0.03 6.37
gastropods 0.41 1.46
polychaete larvae
ostracods 8.82
copepods 2.07 0.18 0.03 0.33
It\Ysids
Lucifer 0.01
stomatopod larvae 0.03 0.03
crab zoea larvae 23.61 1.25 1.52 0.54
"shrimp'· zoea 1arvae 1.18 0.08 0.01 0.17 0.41
chaetognaths 0.01 12.17
larvaceans 0.15 0.07 0.05 0.11 11.52
fish eggs 0.20 0.62 0.01 0.02
fish larvae 0.48 0.17 0.14 0.66 0.24
miscellaneous 0.05 0.03

TOTAL 28.72 3.63 2.28 3.10 39.95

Table 14. Zooplankton abundance in Piti secondary channel and around
Jade Shoals, December 6, 1976. Abundance in number of
organisms per m3 of water filtered.
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'fl,;ri,J,rt'!. ~':'I;of' sttJ~: ,1r.;.-a srvw::"l~; ,:.,ra! sta t ior .l-c! t:"un~l,,:=: ~~·:l1t~.,~';,..
5t:Jt!.ar.s /'.-T ar e Lccc t ec ir: 5.3;3 ~~y I'::~.-1:: in ~iti ;'-1a:,~-:::.
';rrows sbov the Jccat tcns cf th(' po int+c eaz e r ..~ crans ect s a:
Jade Shoals and Piti C;~annel. Pa':.C;1 reefs :ir" enc1o,~·.;,~ '.\ (!·~ttl".:I
lines and fringing ree~s are stipple~. ?ro!ilc~ ~-A' 3n~ 3-[" ~:~
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