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INTRODUCTION AND PROJECT NARRATIVE 

By 

Richard H. Randall 

Introduction 

Because of present and anticipated coastal development along the northern 
part ot Tanapag reef platform the Coastal Resource Management (CRM) Office, 
Commonwealtr " j' the Northern Mariana Islands, requested assistance from the 
University of r.uam Marine Laboratory in obtaining a baseline marine assessment 
of the reef pl~tform between Puntan Dogas and Puntan Magpi (Fig. 1). Data and 
recommendation .. obtained from this assessment will be used by CRM to make 
sound coastal management plans and regulatory decisions for this coastal 
region. Because of impending development adjacent to Unai Papau CRM requested 
that this part of the reef platform be assessed as quickly as possible as 
Phase I and that the remaining platform regions be assessed at a later time as 
Phase II. 

A proposal to conduct a marine assessment adjacent to Unai Papau (Phase 
I) was submitted to CRM in October, 1984, and an agreement between the CRM and 
the University of Guam Marine Laboratory to conduct such an assessment was 
entered into on November S, 1984 (CNMI Government Contract No. CO - 3887). 
Fieldwork for Phase I was conducted January 8-11, 1985, and a final report 
(Randall et a1., 1985) was submitted to CRM in May, 1985. A proposal to 
assess the remaining parts of the northern Tanapag reef platform (Phase II) 
was subm1tted in July, 1985, and an agreement between the CRM and the 
University of Guam Marine Laboratory to conduct such an assessment was entered 
into on Aug. 8, 1985 (CNMI Government Contract No. CO-10692). Fieldwork for 
Phase II was conducted March 24-30, 198G. This report incorporates fieldwork 
data acquired during both phases of the study. 

Project Description 

This study consists of a limited marine survey of the Tanapag reef 
platform that lies between Puntan Dogas and Puntan Magpi. The study area is 
shown in Figure 1. Within this study area a quantitative assessment of major 
marine organisms was conducted and the general surface current patterns and 
substrate characteristics determined. Data obtained from these studies were 
used to delermine anticipated impacts upon the marine environment resulting 
from proposed coastal development and to make recommendations to minimize or 
mitigate such impacts upon the area. 

The study area was quantitatively assessed along eight transects (A-H), 
C, D, and E during Phase I and A, B, F, G, and H during Phase II. The eight 
transects were run perpendicular from the shoreline across the reef platform 
as shown in Figures 2-5. During fieldwork for Phase I time limitations 
allowed only two transects (C and E) to be run across the entire reef 
platform. A third shorter transect (D) was run from the shoreline midway 



between the two longer ones to provide a more comprehensive assessment of the 
inner part of the reef platform where anticipated impacts from development 
were expected to be greatest. The distribution and community structure of 
macroalgae, seagrasses, corals, fishes, macro invertebrates other than corals, 
general surface current patterns, and substrate characteristics were analyzed 
along the eight transects. 

Scope of Work 

A. Community Structure 

1. Corals: 

Coral (scleractinian, hydrozoan, coenothecalian, stoloniferan, and 
alcyonacean species) communities were analyzed along the transects by 
using the point-centered (also called the point-quarter) technique as 
described by Randall et al. (1984), and by making a general 
reconnaissance of the overall study area. From these data 
distribution and comm~nity structure (colony size distribution, 
density, frequency, and coverage) of the corals were determined. 

2. Algae and Seagrasses: 

Benthic algal and seagrass communities were analyzed along the 
transects by using the point-quadrat method described by Best (1982), 
and by making a general reconnaissance of the overall study area. 
From these data the distribution and community structure of the 
benthic algae and seagrasses (coverage and frequency of occurrence) 
were determined. 

3. Macroinvertebrates: 

Macroinvertebrates (other than corals) consisting principally of 
molluscs, echinoderms, and crustaceans were analyzed at intervals 
along the transects by using the line-quadrat method described by 
Randall et al. (1984), and by making a general reconnaissance of the 
overall study area. From these data the distribution and density of 
benthic macroinvertebrates were determined. 

B. Currents and Substrate Characterization 

1. Currents: 

Current speed and direction were determined by using the dye-injection 
technique described by Strong et al. (1982) at intervals along the 
transects. These data were used to characterize and map the general 
current patterns within the study area. 
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2. Substrate Characterization: 

Characterization of the substrate was determined along the transects 
by using the point-quadrat method described by Best (1982), and by 
making a general reconnaissance of the overall study area. These data 
were used to determine the distribution of unconsolidated surface 
deposits (limesand, gravel, rubble, and boulders) and consolidated 
reef rock. 

C. Environmental Impact and Recommendations 

1. From data of parts A and B above the anticipated impact upon the 
marine environment was determined in relation to proposed development 
adjacent to the coastal areas. Recommendations were also made to 
minimize or mitagate such impacts. 

Personnel 

A. University of Guam Marine Laboratory Faculty 

1. Richard H. Randall - Principal Investigator 
Work Specialty - Corals and assistance with currents and substrate 
analysis during Phase I and II. 

B. University of Guam Marine Laboratory Graduate Student Assistants 

1. Susanne C. Wilkins 
Work Specialty - Algae and seagrasses plus substrate characterization 
during Phase I and II. 

2. Paul D. Gates 
Work Specialty - Currents and substrate analysis during Phase I and 
fishes during Phase II. 

3. James B. Neill 
Work Specialty - Macroninvertebrates (other than corals) during Phase 
I. 

4. Thomas S. Potter 
Work Specialty - Macroninvertebrates (other than corals) during Phase 
II. 

5. Alan E. Davis and Ahser Edward 
Work Specialty - Currents and substrate analysis during Phase II. 

3 



Literature Cited 

Best, B. R. 1982. A quantitative assessment of the marine algae and other 
cornmon biotic and abiotic benthic constituents of the Luminao-Cabras-Piti 
Reefs. pp. 19-21. In Randall, R. H., and L. G. Eldredge [eds.), 
Assessment of the shoalwater environment in the vicinity of the proposed 
OTEC development at Cabras Island, Guam. Univ. of Guam, Mar. Lab. Tech. 
Rept. No. 79. 208 p. 

Randall, R. H., H. G. Siegrist, Jr., and J. B. Neill. 
and an environmental evaluation of three coastal 
proposed amphibious assault training exercises. 
Misc. Rept. No. 47. 26 p. 

1984. A marine survey 
regions of Tinian for 
Univ. of Guam, Mar. Lab. 

Randall, R. H., P. D. Gates, J. B. Neill, and S. C. Wilkins. 1985. A marine 
survey of the Tanapag reef platform adjacent to Unai Papau. Univ. of 
Guam, Mar. Lab. Misc. Rept. No. 48. 55 p. 

Strong, R. D., R. H. Randall, T. L. Smalley, B. Bumoon, and O. Bowoo. 1982. 
Environmental assessment for proposed dredging operations in Yap Lagoon. 
Univ. of Guam, Mar. Lab. Tech. Rept. No. 78. 88 p. 

4 

• 

• 



II> 

• , • 

Puntan 

A 

: ... :.:.-: .. :- ... :::'. ~T··::· .', 

o 2000 4000 . , ' 

FEET 

:" .... : ... . :' . . . ' . . . . .. . " .'. . 

Figure 1. Map showing the location of the overall study area on Saipan 
(inset) and the locations of transects A-H. 



... , .~ .:. . 

.' .: . "_:::" ",',. _~ _.'''i I"Ih ... 
. " ,', ', ... ; ,.' .. : ,- . ",'".' ::. 

&-1r-__ 
Inner Seagrass 

8-
2
r-__ 

Outer SeagrlSS 

8-31--__ 
Inner Backreef Moat 

'" 

PI., .. INn ;,' 
.. 

~". 

"""',,-,' .. "" .• -;..... "'-"':;-f,' ,,::";, ':;:;""""''' ",:' :::" 1,,-1 
Inner seagrass 

Inner Patch Reef Platfor,,) 

.-­.. -
" 

.'/ Paten Reef 

A-2 

" 

. :i···· 

• 

, 
I 
I 

• I : : 
8-4 r-__ Middle 8ackreef Moat Outer,,~atcn Reef Platform ~---iAf~ ' 

........ I 

8-5r-__ 
Outer Backreef Mea.. 

.. 

B-6L---~ -au,ter R.~f Flat Platform 
" 

..... _~T ~r I:,;n:..s.e c t B 

/ 
N 

o , .. 100 , 
METERS 

200 , 

, 
", 

~each DepOSits 

'''''''''' ... ROCky Shorelines 

" 
" , 

......... --.. ~.-- ... ~, /' 

• , 
• , 

.--~-

" 

---

Inner Backreef Moat _---jA-4 

Out.er Backreef Moat ~---1A-5 

'. 
" 

............. 
". 

'. 

Outer Reef Flat 
Platform 

Transect A 

, 
• . 

Figure 2. Map showing physiographic zonation patterns and the locations of 
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CURRENTS AND SUBSTRATE CHARACTERIZATION 

by 

Ahser Edward and Alan E. Davis 

Introduction 

Current and substrate characterization data were generated for the 
northern part of Tanapag Lagoon on January 8-10 (Phase I), 1985 and March 
24-30 (Phase II), 1986. Transects C, D, and E (Phase I) and A, B, F-H (Phase 
II) were studied by methods described individually in the current and 
substratE parts of this section. 

Both currents and substrate characterization were determined at 20-meter 
intervals on transects C, D, and E and at lO-meter intervals on transects F,C, 
and H. At transects A and 5 excessive water depth and strong currents 
required that six sub transects , designated Al-A6 at transect A and 51-56 at 
transect 5, be laid out parallel to the shore and prevailing current as shown 
on Figure 1. Substrates and currents were studied at the up-current end of 
each of these subtransects, except at subtransect A3 (stations 7,8,9) where 
the data was collected at the down-current end. Three sampling stations were 
established for subtransects Al-A3 on transect A and Bl-56 on transect B; one 
20 met~rs shoreward of the subtransect, a second one at the subtransect, and a 
third onf 20 meters seaward of the subtransec t. At each of these three 
sampling stations one or more replicates were made for current observations 
and substrate characterization. Where strong currents were encountered (at 
transect A stations located on subtransec ts A4-A6) a person was tethered on a 
50-meter line from an anchored inflatable boat for current observations. The 
substrate study was done either from the boat anchor line or the 50-meter 
tether. At these sub transects all observations were made at one sampling 
station. Ordinal numbers were assigned to sampling stations, beginning at the 
shoreward station. Subtransect designations are included for reference in the 
tables, and on current maps (Figs. 1-4 and Tables 1-2) . Current and substrate 
data from transects C, D, and E of Phase I (Randall et al., 1985) were 
incorporated into this section. 

Currents 

Current Analysis Methods 

Fluorescein dye was injected into the water at each ~tation on the 
transect line. During Phase I dye drift readings at transects C-E were made 
at 20-meter intervals, whereas during Phase II additional personnel allowed 
lO-meter intervals to be used at transects F-H. As previously mentioned 
transects A and 5 were treated differently. The time was recorded immediately 
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prior to injecting dye at each station in order to evaluate the rate of 
current measured in respect to prevailing tidal conditions. Dye injections 
were made just below the surface of the water in order to reduce the influence 
of wind-generated surface-water movement. In most cases dye patches were 
observed until a dominant directional component was established. At each 
injection station the distance the dye patch traveled, elapsed time for 
travel, and directional heading of dye patch movement were recorded. 

Water Movement Analysis and Discussion 

From the study of transects C, D, and E (Randall et a1., 1985), data 
revealed a prevailing longshore drift throughout the reef moat zone which 
move!! generally from an east-northeast to west-southwest direction. 
Furthermore, under the tidal conditions that existed during the study, it 
appeared that the directionality of the established longshore current is free 
from influences that might often be induced by tidal fluctuations. Similar 
phenomena were observed during the second study phase of transects A, B, and 
F-H. 

Further north at transects F-H, the direction of the current seemed to be 
more variable due to prevailing sea conditions such as surf, swells, and the 
depth of water in the areas of the transects. Shallow depth combined with 
periodicity of translatory wave action resulted in confused current patterns. 
At transect H, 14 readings were made. All readings showed no organized 
current pattern because of the strong movements of oscillating translatory 
waves. At transect G the presence of a shallow rock pavement caused sudden 
reflection of waves and created unusual current patterns as seen in Table 1 
and Figure 3. The stations of this transect showed a lagoonward flow and 
similar velocities, as recorded earlier from transects C-E except for the two 
stations nearest the reef margin which showed a seaward current flow. At 
transect F, 27 current readings were taken and all showed disorganized current 
patterns. Readings made near the reef margin showed a seaward current flow. 

The current directionality and speed measured at transect C, station 30, 
represents the horizontal movement of water caused by a wave breaking at the 
reef margin which momentarily overwhelmed the usual water flow pattern of the 
longshore current. The opposite situation was observed at transect C, station 
31, when a wave trough reached the reef margin and the water piled up from a 
previous wave break began f lowing seaward. For the above reason, transec ts 
stations nearest the reef margin sometimes have currents that flow in a 
seaward direction (Table I, Figures 1-4) • 

At stations A6 and B6, data revealed a dominant flow of water from the 
reef margin toward the moat. In the central moat of transect B (B2-B5), the 
velocity of current appeared to be the highest with a direction that parallels 
the moat axls. 

As the lagoon is approached on transect A the current pattern becomes 
less variable and the direction becomes more uniform as is revealed by 
stations A4-AS, possibly with increasing current velocity due to a 
constriction of the moat by a patch reef at station A3 (Fig. 1). 
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The narrow northern end of the island of Saipan points obliquely into the 
north equatorial drift current setting up local currents which run in a 
north-northeast to south-southeast direc tion on both sides of the island 
(Cloud, 1959). The east-northeast to west-southwest longshore drift revealed 
throughout the study site results from the local geographic orientation of the 
shoreline. The majority of the water piled up in the reef moat area most 
likely flows via longshore drift into Tanapag Lagoon and eventually returns to 
the Philippine Sea as described during Phase I of the study (Randall et al., 
1985). 

Substrate Characterization 

Substrate Characterization Methods 

The substrate at each station was characterized using a quadrat rigged 
with intersecting grids. The quadrat used for transec ts A-H consisted of a 
square frame of copper pipe, 25 centimeters on a side, with four parallel rows 
of nylon cord tied across each dimension, so that 16 equidistant intersecting 
points were contained within the quadrat. To characterize the substrate the 
quadrat was tossed randoml y within a 5-meter radius of a station. Bottom 
material that occurred beneath each intersecting point was assigned to one of 
nine classes, A-I, as outlined in Table 2. For some quadrat samples fewer 
than 16 points were recorded, due to errors in the field. 

In Table 2 data is given for substrate composition sampled by the random 
toss quadrat method for eight transects on the northern arm of Tanapag Lagoon. 
Depchs for some stations are indicated in parentheses in the distance from 
shore column. 

Substrate Analysis 

Cloud (1959) noted that Tanapag Lagoon has a morphological appearance of 
a barrier reef in the middle part, grading into a fringing reef to the north 
(where this study was done) and to the south. The lagoon there effectively 
becomes a moat. Our observations were done in this region, blanketing the 
extent from a deeper moat at transect A to the shallow reef flat platform at 
transects G and H. Cloud also mentions that exposure of bare reef rock 
platforms increases at the northern and southern arms of the lagoon. The data 
of the present study supports this interpretation. 

The longest transect, also nearest to the lagoon proper, is transect A. 
The character of transect A is more complex than the others, partly by virtue 
of the presence of a large patch reef at the shoreward end. Sorting of 
.c1astics is poorest on the outer reef platform, represented by subtransect A6. 
Sorting increases toward the innermost subtransect zones, where seagrass traps 
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the smallest size fractions (the muds). A zone of living and dead coral is 
found in the middle part of the moat at subtransect A3. Reef rock was exposed 
in this zone, as well as on the outer reef platform at subtransect A6. 

In the inner zone of transect B the chief means of navigation were 
through the prominent moat channels in a region dominated by shallow seagrass 
beds. On the central platform the water was two to three meters deep with 
scattered assorted clastics, coral, and fleshly and calcareous algae. 
Neogoniolithon dominated sub transect B4. On subtransect B5 arborescent 
Acropora patches formed conspicuous thickets on a rubbly sand plain in water 
about 2 meters in depth. 

On transect F, large hummocks of sand were observed piled up behind 
thickets of Acropora in the central moat region. Table-like areas comprised 
of compacted unconsolidated rubble, bordered by steep microatoll-like 
terraces, were imposed on a somewhat deeper underlying topography about 60 
meters from shore. During Phase I of this study it was noted that a fine 
sediment fraction dominated the inner 40 meters of transects C, D, and E. 
Similar substrate conditions exist for transect F. From 40 meters out to near 
the platform margin a heterogeneous clastic assemblage was found that grades 
into larger rubble, boulders, and pavement. This transition is not as abrupt 
as that on the inner flat from sand to heterogeneous clastics. The gravel 
component seems to be more prominent in the region from 60 to 150 meters 
seaward of the beach. Larger moveable fractions are less restricted, but also 
experience a peak in distribution over the inner-middle platform. At the 
platform margin clastics are conspicously unsorted. The presence of live 
coral at 50 meters was conspicuous. Patchy distribution of coral elsewhere is 
perhaps expected in an unconsolidated assemblage such aR this one, subject as 
it is to overturning by storm wave surge. 

Cloud (1959) refers to the northern reach~s of the lagoon as a fringing 
reef. This is best represented by transects G, only 80 meters in length, and 
H. At transect G, this fringing platform experiences a sharp transition at 
about 30 meters from shore from the sand of the inner zone to a zone comprised 
of rock pavement with little or no moveable clastic component. Fleshly algae, 
and further seaward calcareous algae are present. The smooth platform of the 
inner reef flat grades into a region of greater relief on the outer 50 meters, 
where reef rock pavement is exposed. 

Transect H consisted of reef rock pavement with a thin veneer of members 
of various sedimentary classes. On the inner part of the transect an algal 
mat was commonly encountered one or two centimeters thick in which was trapped 
a more or less dense burden of sand or small gravel (to 3 or 4 mm). 
Articulated coralline algae, probably Amphiroa sp., formed a morphologically 
similar m~t on the outer platform. Shallow moat development is noted by Cloud 
(1959) for even the fringing reef system of the northern lagoon. The outer 
reef platform is in equilibrium with sealevel, as noted by its shallowness at 
low tide, and the'luxurient coral growth just inside the platform margin where 
the shallow moat begins. 
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The Phase I report of this study noted the consistent dominance, along 
transects C, D, and E, of fine fractions of sediment along the beach. This 
trend is found in every transect studied, including A, B, and F, G, and H. 
The mechanism of sorting is increased suspension of fine fractions of the reef 
detrital production, with mud being washed out by wave and current action, 
either being trapped by seagrasses, moved into deeper regions, or carried into 
the Philippine Sea. 

Sargassum polycystum was not dominant during the Phase II study, as it 
was during Phase 1. There were complications in the simple pattern of 
gradation toward larger classes of sediments toward the reef margin, some of 
which might have been due to the more complex physiography of transects A and 
B, where zonation is more extensive. On transect A toward the reef margin the 
sediments are unsorted, while on transect B a trend toward increasing size 
indeed seems to be dominant at the outer margin. It thus appears that the 
zone of highest wave assault may be characterized by either or both of these 
characters. 

Seagrasses increase in the inner moat zone southward from transec t C. 
Within this seagrass zone the finest sediments, the silt and clay fractions, 
are trapped. 

An additional substrate feature noted on the reef platform at transects G 
and H in particular was a more or less shallow coating of other sediment 
classes overlaying a solid reef rock pavement, which can be of considerable 
relief, or smooth and pavement-like. Such a reef rock pavement was not so 
obvl.oUS at other transects to the south. It is obvious as well, but not 
evident from an examination of the data, that on the inner reef platform at 
transects G and H an algal mat serves to trap sand. Sometimes this sand 
occurs as only a thin dusting, while at other times giving indications of 
being a sand mat in which algae can be discriminated. On transect H, as 
mentioned above, the algal mat was seen to grade into an articulated 
calcareous algal mat (possibly an Amphiroa sp.) of identical structure. 

At transects C, D, and E sand is more abundant in the inner zone, with 
abundant seagrasses. A finer mud fraction also is extant but not reflected in 
our classification scheme. This fraction, not apparent at the extreme 
northern arm of the lagoon, is abundantly present from transect C south. 

Potential Effects of Land Clearing and Dredging 

As noted in Phase I of this study, dredging activities would suspend fine 
sediment in the water column. It is no doubt true that this material would be 
carried with the predominant longshore set, much of it being transported out 
of the lagoon with the water mass. Sorting of particles will occur, resulting 
from differential sedimentation of various fractions. Believed to be of 
special importance in the fate of this material is the presence of abundant 
seagrasses near transects A through E of this study . Trapping of fine 
sedimentary classes by seagrasses has been suggested. The effects of 
deposition of large amounts of fines is not known. Some of the burden will be 
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deposited on the floor of the moats. Formations such as the Acropora patches 
on Transect F with developed hununocks of sand may accumulate some of this 
sediment. It seems doubtful that sediment input would continue at such levels 
as to affect the growth of corals. 

In case of land clearing, terrigenous sediments might experience a 
similar fate, with the added effect of supplementation of mineral nutrients in 
the ecosystem. Long term alteration of the chemical makeup may be obviated by 
constant flux of ocean water through the system. 

It is suggested that the seagrass beds be monitored for potential effects 
due to the mentioned processes of sediment trapping • 
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Table l. Tanapag Lagoon current study data for transects A-H. See Fig. 1 for 
transect location. 

Transect A: March 28, 1986; High Tide at 8:45 = .64 M 
Low Tide at 15:13 = .00 M 

Station Dist. From Time Current Speed Bearing Stage of 
no. Shore (M) of day (M/SEC) (DEG) Tide 

1 (AI) 4 16:25 .040 274 E. Flood 
1 (AI) 4 16:27 .086 143 E. Flood 
2 (AI) 14 16:33 .026 273 E. Flood 
2 (AI) 14 16:35 .042 185 E. Flood 
3 (AI) 44 16:42 .114 238 E. Flood 
3 (AI) 44 16:43 .082 238 E. Flood 

4 (A2) 80 17:28 .254 227 E. Flood 
4 (A2) 80 17:29 .257 223 E. Flood 
5 (A2) 100 17:12 .161 272 E. Floo"'.: 
5 (A2) 100 17:14 .156 280 E. Flovd 
6 (A2) 120 17:01 .160 278 E. Flood 
6 (A2) 120 17:02 .212 283 E. Flood 

7 (A3) 344 13:06 .263 262 M. Ebb 
7 (A3) 344 13:09 .276 267 M. Ebb 
8 (A3) 364 13:23 .300 252 M. Ebb 
8 (A3) 364 13:25 .291 287 M. Ebb 
9 (A3) 384 13:34 .230 268 M. Ebb 
9 (A3) 384 13:35 .260 282 M. Ebb 

10 (A4) 742 12:14 .517 227 M. Ebb 
10 (A4) 742 12:15 .547 227 M. Ebb 
10 (A4) 742 12:16 .489 232 M. Ebb 
10 (A4) 742 12:17 .460 230 M. Ebb 
10 (A4) 742 12:18 .470 234 M. Ebb 
10 (A4) 742 12:19 .448 239 M. Ebb 
10 (A4) 742 12:21 .544 234 M . Ebb 

11 (AS) 961 11:27 . 525 226 E. Ebb 
11 (AS) 961 11:31 .433 230 E. Ebb 
11 (AS) 961 11:32 .373 232 E. Ebb 
11 (AS) 961 11:33 .413 236 E. Ebb • 
11 (AS) 961 11:34 .418 228 E. Ebb 
11 (AS) 961 11:35 .391 236 E. Ebb 
11 (AS) 961 11:36 .418 242 E. Ebb 
11 (AS) 961 11:37 .535 228 E. Ebb 

12 (A6) 1157 9:46 .631 196 H. Tide 
12 (A6) 1157 9: /,7 .550 190 H. Tide 
12 (A6) 1157 9:49 .423 183 H. Tide 
12 (A6) 1157 9:50 .438 185 H. Tide 
12 (A6) 1157 9:51 .465 187 H. Tide 
12 (A6) 1157 9:52 .465 192 H. Tide 
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Table 1. Cant. 

Transect B: March 26, 1986; Low Tide at 13:50 - .16 M 

Station Dist. From Time Current Speed Bearing Stage of 
no. Shore (M) of day (M/SEC) (DEG) Tide 

1 (B1) 23 12:18 .239 284 L. Ebb 
1 (B1) 23 12:20 .137 286 L. Ebb 
2 (B1) 43 12:27 .181 283 L. Ebb 
2 (B1) 43 12:32 .240 286 L. Ebb 
3 (B1) 63 12:40 .411 248 L • Ebb • 3 (B1) 63 12:45 .412 281 L. Ebb 

4 (B2) 135 13:16 .265 258 L. Ebb 
4 (B2) 135 13:22 .335 362 L. Ebb 
5 (B2) 155 13:27 .695 274 L. Ebb 
5 (B2) 155 13:31 .427 250 L. Ebb 
6 (B2) 175 13:37 .452 254 L. Ebb 
6 (B2) 175 13:44 .475 262 L. Ebb 

7 (B3) 278 14:41 .352 279 L. Tide 
7 (B3) 278 14 :53 .542 265 L. Tide 
8 (B3) 298 14:55 .446 250 L. Tide 
8 (B3) 298 14:56 .416 270 L. Tide 
9 (B3) 318 14:57 .457 260 L. Tide 
9 (B3) 318 14:59 .379 248 L. Tide 

10 (B4) 410 13:57 .519 252 L. Ebb 
10 (B4) 410 13:59 .629 248 L. Ebb 
11 (B4) 430 13:51 .467 233 L. Ebb 
tl (B4) 430 13:52 .420 233 L. Ebb 
12 (B4) 450 13:41 .576 249 L. Ebb 
12 (84) 450 13:42 .432 240 L. Ebb 

March 27, 1986; High Tide at 8:19 - .64 m. 
Low Tide at 14:29 - .08 m. 

13 (B5) 541 10:51 .400 269 E. Ebb 
13 (B5) 541 10:52 .370 273 E. Ebb 
14 (B5) 561 11:04 .490 257 E. Ebb 
14 (B5) 561 11:06 .688 257 E. Ebb 
15 (B5) 581 11:16 .365 250 M. Ebb 
15 (B5) 581 11:24 .538 247 M. Ebb 

16 (B6) 706 10:10 .375 210 E. Ebb 
16 (B6) 706 9:59 .531 190 E. Ebb 
17 (B6) 726 9:44 .459 200 E. Ebb 
18 (B6) 746 9:38 .489 201 E. Ebb 
18 (B6) 746 9: 31 .353 202 E. Ebb 
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Table 1. Cont. 

Transect C: January 9, 1985; High Tide at 10 : 23 = . 62 M 
Low Tide at 15:30 = .38 M 

Station Dist. From Time Current Speed Bearing Stage of 
no. Shore (M) of day (M/SEC) (DEG) Tide 

1 20 9 :20 .155 260 L. Flood 
2 40 9:24 .056 261 L. Flood 
3 60 9:31 .070 251 L. Flood 
4 80 9 :40 .138 230 L. Flood 
5 100 9 :45 .080 251 L. Flood 
6 120 9:52 .108 252 L. Flood 
7 140 9 :58 .071 250 L. Flood 
g 160 10 :07 .181 225 L. Flood 
9 180 10:18 .185 232 High • 

10 200 10:28 .180 235 High 
11 220 10:40 .138 232 E. Ebb. 
12 240 10:47 .195 240 E. Ebb. 
13 260 11 :00 .226 223 E. Ebb. 
14 280 11 :08 .324 258 E. Ebb. 
15 300 11:18 .157 252 E. Ebb. 
16 320 11 :26 .238 243 E. Ebb. 
17 340 11 :40 .167 253 E. Ebb. 
18 360 11 :51 .182 255 E. Ebb. 
19 380 11 :57 .136 235 E. Ebb. 
20 400 12 :08 .105 208 E. Ebb. 
21 420 12 :18 .077 235 M. Ebb. 
22 440 12 :26 .129 275 M. Ebb. 
23 460 12:37 .118 240 M. Ebb. 
24 480 12:43 .171 259 M. Ebb. 
25 500 12:56 .142 252 M. Ebb . 
26 520 13:03 . 100 251 M. Ebb . 
27 540 13:13 .105 253 M. Ebb. 
28 560 13:25 .106 220 M. Ebb. 
29 580 13:32 098 238 M. Ebb. 
30 600 13:45 .168 130 L • Ebb. 
31 620 14:00 • 181 305 L. Ebb. 
32 640 14:07 .244 277 L. Ebb. 

Transect D: January 8, 1985; Low Tide at 14:49 = .41 M 

Station Dist. From Time Current Speed Bearing Stage of 
no. Shore (M) of day (M/SEC) (DEG) Tide 

1 20 14:01 .056 241 L. Ebb . 
2 40 14:15 .043 224 L. Ebb. 
3 60 14:33 • 067 225 L • Ebb. 
4 80 14 :40 .072 317 L. Ebb. 
5 100 14:47 .123 221 Low 
6 120 14 :59 .088 219 E. Flood 
7 140 15:05 .105 206 E. Flood 
8 160 15 :16 .132 263 E. Flood 
9 180 15:31 .235 264 E. Flood 

10 200 15:44 .253 245 E. Flood 
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Table 1. Cont. 

Transect E: January 10, 1985; High Tide at 11:01 - .62 M 
Low Tide at 16:23 - .36 M 

Station Dist. From Time Current Speed Bearing Stage of 
no. Shore (M) of day (M/SEC) (DEG) Tide 

1 20 10:01 .135 262 L. Flood 
2 40 10:04 .227 248 L. Flood 
3 60 10:10 .173 259 L. Flood 
4 80 10:14 .078 263 L. Flood 
5 100 10:26 .048 270 L. Flood 

• 6 120 10:36 .041 024 L . Flood 
7 140 10:40 .026 062 L. Flood 
8 160 10:49 .097 200 L. Flood 
9 180 10:57 .162 221 L. Flood 

10 200 11:07 .157 216 High 
11 220 11:14 .108 199 E. Ebb. 
12 240 11:23 .175 225 E. Ebb. 
13 260 11:28 .102 218 E. Ebb. 
14 280 11:35 .102 254 E. Ebb. 
15 300 11:39 .041 219 E. Ebb. 
16 320 12:02 .118 208 E. Ebb. 
17 340 12:06 .053 288 E. Ebb. 
18 360 12:23 .068 279 E. Ebb. 
19 380 12:27 .042 220 E. Ebb. 
20 400 12:31 .107 228 E • Ebb. 
21 420 12:44 • 160 218 E. Ebb. 
22 440 12:47 .100 248 M. Ebb. 
23 460 13:13 .077 232 M. Ebb. 
24 480 13:17 .085 242 M. Ebb. 
25 500 13:2l .031 198 M. Ebb. 
26 520 13:40 .047 118 M • Ebb. 
27 540 l3:45 • 154 108 M. Ebb. 
28 560 14:07 .105 203 M. Ebb. 
29 580 14:10 .047 300 M. Ebb. 
30 600 14:15 .127 215 M. Ebb. 
31 620 14:35 .173 163 L. Ebb. 
32 640 14:38 .046 203 L • Ebb. 
33 660 15:03 • 030 275 L. Ebb. 
34 680 15:07 .071 156 L. Ebb. 
35 700 15:11 • 099 212 L. Ebb • 

Transect F: March 25, 1986; High Tide at 18:59 = .56 M 
Low Tide at 13:13 = .24 M 

Station Dist. From Time Current Speed Bearing Stage of 
no. Shore (M) of day (M/SEC) (DEG) Tide 

1 4 13:01 .105 229 L. Ebb 
2 10 13:06 .043 208 L. Ebb 
3 20 13:12 .057 180 L. Ebb 
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Table 1. Cont. 

Transect F: March 25, 1986; High Tide at 18:59 = .56 M 
Low Tide at 13:13 = .24 M 

Station Dist. Form Time Current Speed Bearing Stage of 
no. Shore (M) of day (M/SEC) (DEC) Tide 

4 30 13:17 .057 237 L. Tide 
5 40 13:21 . 155 212 L • Tide 
6 50 13 :27 .206 253 L. Tide 
7 60 13:35 .169 230 L. Tide 
8 70 13:41 .088 134 L. Tide 
9 80 13:51 .243 212 L. Tide 

10 90 13:55 .188 293 L. Tide 
11 100 14:01 .184 255 L. Tide 
12 110 14:06 .190 167 L. Tide 
13 120 14:11 . 056 211 L • Tide 
14 130 14:18 . 127 280 E • Flood 
15 140 14:23 .078 283 E. Flood 
16 150 14:32 • 090 185 E • Flood 
17 160 14:39 . 082 260 E • Flood 
18 170 14:43 • 145 349 E • Flood 
19 180 14:51 .155 162 E. Flood 
20 190 14:58 .086 058 E. Flood 
21 200 15:08 • 226 190 E • Flood 
22 210 15:24 .175 355 E. Flood 
23 220 15:26 . 263 139 E • Flood 
24 230 15:29 • 178 232 E . Flood 
25 240 15:31 • 119 330 E . Flood 
26 250 15:34 . 825 287 E . Flood 
27 260 15:36 . 432 287 E • Flood 

Transect C: March 25, 1986; High Tide at 7:31 = .56 M 
Low Tide at 13:13 = .24 M 

Station Dist. From Time Current Speed Bearing Stage of 
no. Shore (M) of day (M/SEC) (DEC) Tide 

1 4 9:44 .133 211 M. Ebb 
2 10 9:51 .380 028 M. Ebb 
3 20 9:55 .330 223 M. Ebb • 
4 30 9:59 .363 270 M. Ebb 
5 40 10:05 .110 238 M. Ebb 
6 50 10:06 .112 230 M. Ebb 
7 60 10:17 .125 241 M. Ebb 
8 70 10:25 .156 303 M. Ebb 
9 80 10:32 .220 309 M. Ebb 
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Table 1. Cont. . 

Transect H: March 24, 1986; Low Tide at 12:36 = .32 M 

Station Dist. From Time Current Speed Bearing Stage of 
no. Shore (M) of day (M/SEC) (DEG) Tide 

(Sta. Exposed) 
1 
2 10 12:43 .130 240 L. Tide 
3 20 13:06 .103 180 E. Flood 
4 30 13:21 .213 185 E. Flood 

• 5 40 13:30 .053 154 E . Flood 
6 50 13:42 .136 015 E. Flood 
7 60 13:50 .190 087 E. Flood 
8 70 13:58 .089 206 E. Flood 
9 80 14:00 .309 175 E. Flood 

10 90 14:05 .384 308 E. Flood 
11 100 14: 11 .110 126 E. Flood 
12 110 14:20 .380 260 E. Flood 
13 120 14:32 .051 040 E. Flood 
14 130 14:38 .275 162 E. Flood 

• 
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Table 2. Substrate characterization of transects A-H in Tanapag Lagoon. Point 
counts of nine different substrate characteristics (A-I ) are given 
for each quadrat station . Percent coverage f or each type of 
substrate characteristic (A-I) is also given f or the entire transect 
(percent coverage ~ total points of a substrate characteristic that 
occurs on a transect divided by the total number of transect points x 
100). Definitions of substrate characteristic symbols A-I are given 
below. 

A - Sand: grain size less than 2 mm 
B - Gravel: grain size less than 4 cm 
C - Cobbles, rubble, or boulders: grain size larger than gravel 
D - Pavement: in si t u reef r ock 
E - Living coral: 
F - Coralline algae: any calcareous algae 
G - Sea grass or fl e shly algae 
H - Loose Halimeda segments 
I - In situ dead coral 

Transect A: March 28, 1986. 

Station 
no. 

1 (Al) 
1 (A1) 
2 (Al) 
2 (Al) 
2 (Al) 
2 (Al) 
3 (Al) 
3 (Al) 
3 (Al) 
4 (A2) 
4 (A2) 
5 (A2) 
5 (A2) 
6 (A2) 
6 (A2) 
7 (A3) 
7 (A3) 
8 (A3) 
8 (A3) 
9 (A3) 
9 (Po3) 
9 (A3) 

10 (A4) 
10 (A4) 
10 (A4) 
11 (AS) 
11 (AS) 
11 (AS) 

Distance from 
Shore in meters 

4 
4 

14 
14 
14 
14 
44 
44 
44 
80 
80 

100 
100 
120 
120 
344 
344 
364 
364 
384 
384 
384 
742 
742 
742 
961 
961 
961 

A 

4 
16 

4 
1 

4 
4 

1 
2 
1 
4 
1 
1 

2 
1 
1 
6 
9 
1 
3 
8 
14 

B 

2 

2 

1 
7 
7 
S 
6 

10 
6 
2 

3 

4 
5 
4 
6 
6 
3 
2 
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C D E F G 
(Point Counts) 

4 
8 
9 
6 
3 
4 

4 

2 
2 
1 
2 
1 
2 

1 

2 
1 
7 
S 
7 
6 
8 
7 
2 

1 
1 

5 
3 
4 
5 
4 
4 
1 

16 
1* 15 

9*** 

16**** 
10 
19+ 
16+ 
11 

1 

1 
1 6 

1 
2 

2 2 
1 1 

3 
2 
6 

1 S 
3 

H I 

1 

1 
1 

, 



Tran. A. Cont. 

Station Distance from A B C D E F G H I 
no. Shore in meters (Point Counts) 

11 (AS) 961 10 2 4 
12 (A6) 1157 ** 16 
12 (A6) 1157 4 2 5 5 
12 (A6) 1157 6 10 
12 (A6) 1157 4 5 3 4 

Total Points 106 90 62 81 28 7 144 0 3 
Percent Coverage 20.3 17.3 11.9 15.5 5.4 1.3 27 .6 0 0.6 

* Halimeda 
** Unsorted clastics. 
**** Enha1us 
*** Ha1oI'hila 
+ Ha1odu1e 

Transect B: March 26 and 27, 1986 

Station Distance f rom A B C D E F G H I 
no. Shore in Meters (Point Counts) 

o * Shoreline 13 1 2 
1 (B1) 23 6 9 
2 (B1) 43 16 
2 (B1) 43 8 1*** 7 
3 (B1) 63 14 2 
3 (B1) 63 9 1 2 4 
4 (B2) 135 4 12*** 
4 (B2) 135 2 14*** 
5 (52) 155 3 1 3 9*** 
5 (B2) 155 16 
6 (B2) **** 175 8 5 3 
6 (B2) 175 7 6 1 2 
8 (B3) * 298 13 2 1 
8 (B3) 298 11 1 1 2 

• 8 (B3) 298 12 2 2 
8 (B3) 298 9 2 4 

10 (B4) 410 4 4 2 2 

• 10 (B4) 410 4 1 3 3+ 5 
11 (B4) 430 1 15+ 
11 (B4) 430 9 5 2+ 
12 (B4) 450 8 2 1 5+ 
12 (B4) 450 6 J 5 2+ 
12 (B4) 450 2 5 6 2+ 1 
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Trans. B. Cont. 

Station Distance from A B C D E F G H I 
no. Shore in meters (Point Counts) 

13 (B5 ) 541 4 1 9 2 
14 (B5) 561 3 3 2 7 
14 (B5) 561 16++ 
15 (B5) 581 16++ 
15 (B5) 581 15+++ 1 
15 (B5) 581 15 1 
15 (B5) 581 4 6 6 
16 (B6) 706 8 4 4 
17 (B6) 726 4 8 1 3 
18 (B6) 746 3 3 8 2 

Total Points 179 52 95 15 33 40 106 0 0 
Percent Coverage 34.4 10.0 18.3 2.9 6.3 7.7 20.4 0 0 

* B3 was sampled only at one station, and no current reading was possible at a 
shoreline station. Therefore, the numbering of the current stations differs 
f rom that of the sediment stations. 

** Halimeda 
*** Ha10du1e 
**** Rubb1y sand plain 
+ Neogonio1ithon 
++ Acropora rubble 
+++ Acropora / Po1ysiphonia complex 

Transect C: January 9, 1985. 

Station Distance from A B C D E F G H I 
no. Shore in meters (Point Counts) 

1 20 16 
2 40 16 
3 60 10 6 
4 80 16 
5 100 4 8 4 
6 120 16 
7 140 15 1 
8 160 11 5 
9 180 9 7 

10 200 16 • 
11 220 14 2 
12 240 12 4 
13 260 9 5 2 
14 280 9 4 3 
15 300 11 5 
16 320 4 6 6 
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Trans. C. Cant. 

Station Distance from A B C Il E F (: II [ 
no. Shore in meters (Po in t Counts) 

17 340 1 3 12 
18 360 1 4 3 8 
19 380 5 3 8 
20 400 1 3 8 4 
21 420 2 2 10 2 
22 440 2 4 2 8 
23 460 6 6 4 
24 480 1 2 4 9 
25 500 14 2 
26 520 9 5 2 
27 540 8 7 1 
28 560 1 4 8 J 
29 580 3 13 
30 600 ) 12 1 
31 620 1 11 1 3 
32 640 16 

Total Points 202 62 120 0 52 1 5 32 12 18 
Percent Coverage 39.4 12.1 23.4 0 10 . 1 2 . 9 6 . 2 2 . 3 3.5 

Transect D. January 8, 198~. 

Station Distance from 
No. Shore in Heters A B C E F (; H 1 

1 20 16 
2 40 16 
3 60 16 
4 80 1 15 
5 100 14 2 
6 120 15 1 
7 140 14 2 
8 160 11 5 
9 180 7 9 

10 200 11 :, 

• 
Total Points 120 23 1 0 0 0 16 0 0 

Percent Coverage 75.0 14 . 4 0 . 6 0 0 0 10 . 0 0 0 
--~--~-, 
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Transect E: Jan. lO, 1985 

Station Distance from 
No. Shore in Meters A B C D E F G H I 

1 20 16 
2 40 15 1 
3 60 13 3 
4 80 10 6 
5 100 8 3 1 4 
6 120 13 1 1 
7 140 16 
8 160 16 
9 180 15 1 

10 200 5 1 2 8 
11 220 8 8 
12 240 11 3 2 
13 260 12 2 2 
14 280 16 
15 300 5 9 2 
16 320 15 1 
17 340 12 4 
18 360 3 10 1 1 
19 380 1 2 13 
20 400 5 6 5 
21 420 15 1 
22 440 10 1 5 
23 460 14 2 
24 480 4 2 < 5 J 

25 500 5 3 5 3 
26 520 6 5 5 
27 540 2 3 11 
28 560 3 5 8 
29 580 6 2 7 1 
30 600 1 3 12 
31 620 1 15 
32 640 2 2 12 
33 660 2 14 
34 680 4 1 1 11 
35 700 3 3 5 2 1 

Total Points 224 46 108 17 34 25 25 0 78 • Percent Coverage 40.2 8.3 19.4 3.1 6.1 4.5 4.5 o 14.0 

30 



Transect F: March 25, 1986. Depth indicated in parentheses at stations 1-3. 

Station Distance from A B C D E F G H I 
No. Shore in Meters 

1 4 «0.3 m) 16 
2 10 «1m) 6 5 4 1 
3 20 (lm) 15 1 
4 30 *** 12 3 1 
5 40 *** 16 
6 50 1 4 11 
7 60 3 5 6 1 1 
8 70 + 1 4 7 1 2 
9 80 2 8 2 2 2 

10 90 8 1 2 3 2 
11 100 5 4 6 1 
12 110 1 6 5 2 1 1 
13 120 1 5 4 2 2 1 1 
14 130 1 5 5 1 1 3 
15 140 2 3 6 i 1 3 
16 150 3 3 10 
17 16b 4 1 1 5 3 1 
18 170 4 2 8 2 
19 180 7 1 1 5 2 
20 190 10 2 1 3 
21 200 1 11 3 1 
22 210 1 2 13 
23 220 1 2 7 2 1 3 
24 230 9 3 3 1 
25 240 3 2 3 5 2 1 
26 250 3 6 1 3 3 
27 * 260 9 1 6 

Total Points 117 45 79 76 48 43 8 0 14 
Percent Coverage 27.2 10.5 18.4 17.7 11.2 10.0 1.9 0 3.3 

* Relief to 30cm. 
** Table elevated 0.3m above surrounding substrate 
*** Sand a veneer of <1-3 cm over pavement 
+ unconsolidated rubble with trapped sand, some showing, with reef rock 

under 10 cm. 
Note: Inner zone: Tables of <0.6m abruptly superposed on sand in 1 m of 

• depth • 

• Transect G: March 25, 1986. Depth indicated in parentheses at stations 5, 6, 
and 9 . 

Station Distance from A B C D E F G H 1 
No. Shore in Meters 

1 4 10 6 
2 10 7 1 8 
3 20 14 2 
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Trans. G. Cont. 

Station Distance from A B C D E F G H I 
No. Shore in Meters 

4 30 1 9 6 
5 40 (G.6M) 6 5 
6 50 (0.6M) 1 8 3 4 
7 60 3 9 4 
8 70 6 4 6 
9 80 (0.5M) 3 3 2 8 • 

Total Points 20 2 1 35 14 18 47 2 0 
Percent Coverage 14.4 1.4 0.7 25.2 10.1 12.9 33.8 1.4 0 

Notes: 
1,2,3,4 smooth platform grading into more relief further seaward. 

Transect H: March 24, 1986. Depth indicated in parentheses at stations 1-5 
and 7. 

Station Distance from A B C D E F G H I 
No. Shore in Meters 

1 0 (0.3M) 1 3 
2 10 (0.6M) 4 2 9 1 
3 20 (0.5M) 3 5 2 1 4 
4 " 30 (0.6-0.9M) 2 1 2 3 8 
5 40 (0.6M) 8 1 3 4 
6 50 1 1 3 4 7 
7 60 (0.5M) 2 3 1 3 4 
8 70 8 2 2 
9 80 9 6 

10 90 2 4 10 
11 100 4 11 1 
12 110 7 5 3 1 
13 120 1 3 11 1 
14 130 16 

Total Points 44 9 16 36 50 18 41 0 1 
Percent Coverage 20.5 4.2 7.4 16.7 23.3 8.4 19.1 0 0.5 • 

* On eage of microato11 type ledge 

• 
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A QUANTITATIVE ASSESSMENT OF MARINE PLANTS 

by 

Susanne C. Wilkins 

Introduction 

A baseline marine assessment of an area of the northern Tanapag reef 
platform was conducted on Jan. 8-11, 1985 (Phase I), and on Mar. 24-30, 1986 
(Phase II). The objective of this portion of the study was to assess the 
shallow benthic flora of this area. Data from both Phase I and Phase II 
studies are incorporated into this report. 

Methods 

Marine plants and substrate were quantified by using the point-quadrat 
method described by Best (1982) along eight transects (A-H) as shown in 
Figures 1-5, pp. 5-9. Transects A-H, with the exception of transect D, ran 
from shoreline to near the seaward edge of the outer reef platform. Transect 
D was shorter and extended only partway across the reef platform between 
transects C and E. Transects A and B were each divided into six 100-meter 
subs transects as shown in Figure 2, p. 6. These subtransects were run 
parallel to the reef axis, principally within the various physiographic zones 
that were discriminated, and numbered consecutively from 1 through 6 from the 
shoreline. 

The point-quadrat method provides data from which a rapid general 
assessment o f percent cover and f requency of occurrence of any marine plant 
species is possible. Thus, distribution patterns and evenness or patchiness 
of benthic plant species can easily be recognized. The benthic plant 
assemb l ages were analyzed by tossing a gridded quadrat at 10-meter intervals 
along the length of each transect or subtransect. The quadrat consisted of a 
square frame of copper pipe, 25 centimeters on a side, with four parallel rows 
of nylon cord tied across each dimension, so that 16 intersecting points were 
contained within. Each plant species was recorded at every point it occurred. 
If algal turf was encountered under the points, samples were taken to the 
laboratory and species present in each sample were identified. If no marine 
plant was found under the points, then whatever was present, e.g. sand, dead 
coral, coral rubble, or live coral was recorded. 

Percent cover for each transect was calculated by taking the total points 
at which a species occurred, divide d by the total points per transect. In 
addition, frequency of occurrence was calculated by taking the number of 
quadrat tosses in which a benthic constituent occurred, divided by the number 
of tosses per transec t. Both cover and frequency values were converted to 
percent by multiplying by 100. Additional algal species along the transect 
were also recorded. 
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The first 100 meters of transects C, D, and E, initially sampled during 
Phase I, were resurveyed during Phase II of this study. 

Results and Discussion 

Results of the survey are presented in Tables 1-4. A total of 64 species 
of marine plants were quantified within the study area. The highest percent 
COver (70.1%) was recorded on subtransect B-2, an area of thick seagrass beds. 
Other transects with abundant algal cover included substransect A-I and 
transect G. 

Prevailing longshore currents occurring throughout the northern moat area 
usually flowed in a west-southwesterly direction (Cloud, 1959, and this 
study). Such current patterns strongly influence the distribution and 
orientation of bottom sediments, resulting in sand being the most dominant 
textural substrate component of nearshore areas. These nearshore areas are 
frequently dominated by seagrass beds. Fine sediments appear to be trapped in 
these zones, resulting in a gradual buildup of the surface. Halodule beds, 
for instance, frequently have a mound like configuration. 

The areas closest to the reef edge are affected by strong undirectional 
currents as a result of wave transport from the platform margin into the 
backreef moat areas. Such currents were particurlarly strong at subtransects 
A-6 and B-6. 

Habitat variations as indicated on the transect location maps (Figs. 2-5, 
pp. 6-9) can basically be arranged into 4 different zones: 1) sandy bottom 
area with or without seaweed, 2) shallow areas of gravel and rubble with 
coraline algae and scattered live corals, 3) patches of living corals among 
areas of boulders and sand, and 4) outer reef flat pavement areas. 

Marine plants can be categorized and described with respect to the zones 
they were recorded in. The sandy substrate nearshore is restricted to those 
species which are able to tolerate salinity fluctuations and which possess 
modified attachment organs, for example, creeping rhizomes as those of 
Halodule and Halophila, or sand binding hold-fasts as those of Halimeda 
macroloba (Randall, 1978). Although Sargassum polycystum, with thalli over a 
meter long was recorded within the nearshore areas of transect E during the 
Phase I survey, percent cover was quite low. During the resurvey of this same 
transect during Phase II, only Sargassum hold-fasts were recorded indicating 
seasonal changes in the abundnce of this alga. 

A definite increase in the number of species and diversity was noted in 
areas near the reef platform margin. Algae such as Gelidiopsis intricata, 
Boodlea composita, Microcoleus lyngbyaceus, Dictyosphaeria versluysii, and two 
Sphacelaria species represent the prominent lagoon turf form~ng species along 
transects C-R. Most corraline algae, especially Lithophyllum and 
Neogoniolithon, seemed to grow well both in areas of very strong current as 
well as in calmer areas. 
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Potential Effects of Coastal Development 

Environmental impacts arising from development along the shoreline of 
Tanapag reef platform will primarily be of two types: those of a temporary 
nature during construction and those of a continuous nature arising from 
permanent structures, additional discharges, and run off. 

Increased sedimentation during excavation and the generation of sediment 
plumes could affect marine communities downstream. Increased freshwater 
seepage caused by excavations on land and increased runoff may result in 
nutrient rich effluent and possible eutrofication of nearby waters. 
Additional impacts may include some changes in the direction of the currents 
causing changes in sediment deposition and thus changes in the composition of 
the marine plant community. 
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Table 1- Frequency and percent cover of the benthic flora of six 100 m-subtransects along 
transect A at Tanapag Reef running parallel to shore. Plain numbers indicate 
percent coverage, numbers in parentethesis indicate frequency of occurrence 
converted to percent (see Methods in text). Algal species occurring epiphytic 
on other algae or occurring in the vicinity of the transect are marked with an X. 

~A 
1 2 3 4 5 6 

CyCDJjil1ta (bl.ue-gra:Il) 
IbmDtIamim enterUWIf''lOi.des Barnet & Thuret 0.6(9) 1.2(18) 
Mi.crocoleus Iyngbyaceus (Kutz.) Czooan 1.2(18) 1. 7(18) 
Sch:imthrix ca1Mrola (Ag.) Ga!mt 1.2(18) 1.2(9) 1. 7(27) 
Sch:imthrix nex:i.cana Ga!mt 1.2(9) X 0.6(9) 

<hl.ttUjAlyta (green) 
Caulerp! antoens:is YII!Bda 1.7(18) X X 

w Dictyoo(ilaeda cavermsa (F=i<.) Boerg. 0.6(9) X 
Q\ Dictyos!hleda vers1uysii W. v. Ih3se 1.2(18) 1.7(18) 

IIalineIa IIIICI'Ol.oba IlecaiSIe X 
Haline!a opuntia (L.) lame. 1.7(18) 2.3(18) 4.0(27) 1.7(18) 2.8(27) 
Haline!a simJlans 1.2(9) 
Valooia fa..<¢i pi ata Her. 1.2(9) 
lkIotea argentea Zanard. X X 

Haq:illta (lnwn) 
Dictyota bartayresii lame. X X 
Dictyota cervi.comis Kutz. 1.2(18) 1.2(9) 
Dictyota rnabi li s Setch. 1.7(27) 
Feldmnni.a :inIica (Sender) \bJersley & Bailey 1. 7(18) 
lDbo(hna variegata (lame.) \bJersley 1.2(18) 0.6(9) 
Pad:!na tenius !lory 2.3(18) 1.2(9) 1. 7(27) 
Ralfsla PS!!gOE!ILs:is Setch. X X 
Sar, JD polycystun C. Ag. (1D1d fmlts) 1. 7(18) 
S!tB:elaria trjJ:JJ10ides M!!negh. X 2.3(27) 2.8(36) 
'furblnaria ornata (Thrner) J. Ag. X 

• 
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TabWe 1 oontinued •.•••••••. 

RluluPljta (red) 
AcantlJJlima spicifera (Vahl) Iloerg. 23.4(73) 
Am!hlrm fragll j sed... lame. 4.0(36) X 
Centroceras mimItun Yanada X 1.2(9) 
CemoillD gnclllinun Griff. & Gerd. 1.2(18) X 
Cemniun 0BZat1enese Iao;m X 
Geli.diopsis intricata (Ag.) Vickers 1.7(18) 
Geli.dillD pnglllllD (Sta:kh.) l.eJolis 0.6(9) X 
Gelidiel1a acerosa (ForS<.) Fel!imm & Jmel 0.6(9) 1.2(9) 
Griffithsla tenius C. Ag. 0.6(9) X 
Ib~ tenella (C. Ag.) I9!geli 0.6(9) X 
HydrolitlDi reinboldii (W. v. Boese & Foslie) Foslie 2.3(27) 2.3(27 2.8(36) 4.0(45) 
Jania cap; l1acm &rvey 1.2(9) 1.7(18) 0.6(9) 
launn:ia sp. 14.2(73) 

'" U!veillee jU"S",UBlidoides (ller. & tmt.) 1Iarv. X X .... 
LitlrJJjty llllD DJJl.occense Foslie 1.7(18) 
Neogmi.olitlDi frutes:ens (Foslie) Setch. & li3scn 0.6(9) 5.7(27) 
Polys:i.!imia s::op4arun 1Iarv. 1.2(18) 1.2(18) X 
Spyridia filmEntosa (Wulfen) 1Iarv. 10.2(54) 

AIitliJjJlyta (seagrasses) 
Fnhalus acoroides (L. F.) Roy Ie 10.4(18) 2.3(27) 
lb10dule tmi.nervis (ForS<.) Ascherscn 21.8(54) 
Ihlo!hlla mimr (Zoll.) den Imtog 1.2(9) 

llBI coral 5.7(27) 10.8(54) 5.1(27) 4.5(27) 
Cocal rock 9.1(36) 24.4(100) 13.3(45) 
Live coral 6.2(27) 16.5(64) 1.2(18) 19.4(36) 
~ 10.8(27) 2.8(18) 4.0(18) 2.8(18) 
SarJI 42.0(82) ~.6(82) 24.4(54) 00.2(100) 66.5(100) 42.7(64) 

Sea cucumber 0.6(9) 0.6(9) 
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TabLe 1 continued ••.••••••. 

Sea Urchin 

Ntmer of plant genera/transect 
Ntmer of plant species/transect 
Overall percs1t plant coverage 

Total nudler of plant genera 
Total nudler of plant species 

14 
15 
59.3 

36 
43 

13 
13 
16.5 

10 
11 
'}J).7 

7 
7 

33.2 

1.2(9) 5.7(9) 

7 
7 

29.0 

7 
7 

12.1 
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Table 2. Frequency and percent cover of the benthic flora of six 100 subtransects along 
transect B at Tanapag ~eef running parallel to shore. Plain numbers indicate 
percent coverage, numbers in parentethesis indicate frequency of occurrence 
converted to percent (see Methods in text). Algal species occurring epiphytic 
on other algae or occurring in the vicinity of the transect are marked with an X. 

'I1WfiID' B 
1 2 3 4 5 6 

Cyw..,...,ta (blue-green) 
Ikn1IDtbmUm entet ooolficldes Bornet & 'Ihlret 0.6(9) 
Hicrocoleus 1vngbyaceus (lutz.) <Zooan 1.2(9) 2.3(18) 
Sch:imthrix caldcola (Ag.) Gcomt 1.2(9) 10.9(45) 1.2(9) 1.2(9) 1.2(9) 
Sch:imthrix oexi.anl Gcomt 0.6(9) 1.2(18) 1.2(18) 

0.6(9) 
0ilir0pJyta (green) 

Caul.erpI Iacaoosa (Foci<.) J. Ag. 1.2(9) 
Di.ctyosplJEI is cavet"InB (Foci<.) Baerg. 1.2(18) 

... Di.ctyospleeda versluysti W. v. Bosse 1.2(9) 2.3(~) 
\D Fntetoomple c1athrnta (Roth) J. Ag. 1.7(18) X 

IhliJreIa DBCrOloba I8:a:isne 1.2(18) 1.2(18) 
IhliJreIa OjJl!ltia (L.) lame. 2.3(18) 1.2(18) 1.2(18) X 1.7(18) 
Nemer: is anrulata Didd.e 1.2(18) 
Valaria fast:lgiata 1m. X X 
Valooia ventricosa J. Ag. X X 

Hatq:i.yta (~) 
Dictyota bartayresii lame. 2.3(27) 1.2(9) 1.2(9) 1.2(9) 
Di.ctyota cervicornis Kutz. X X 
Di.ctyota frjabjljs Setch. 1.7(18) 2.8(18) 
Fe1<hmnnia :irdica (Scn:ler) Ibtersley & Bailey 1.2(18) 
I.obopna variegata (lame.) Ibtersley X 1.7(27) 
Padina tenius Bory 1.7(27) 
Ralfsia f8l1goellsis Setch. X 1.2(18) 
SpI1acelaria furc:igera Kutz. X 
SJtacelaria tribuloides Ii!negh. 1.2(18) 2.3(27) X 
SpI1acelaria sp. X X 
ThrbiJeris ornata ('fumer) J. Ag. 1.2(18) 1.7(18) 



Table 2 continued •.••••.•. 

RIuIoP'jla (red) 
Acant:lqrora spicifera (Vahl) Boerg. X 12.3(64) 
Aoptira! tragi 1 i ssi lIB I.anx. X X 0.6(9) 
Centroceras minutun Yanada 0.6(9) 
Ceraniun 1II!2at1enese IBwsoo 1.2(18) X 
Ge1axaura mociO!lata Kjellm. 1.7(27) 2.3(23) 1.2(18) 
GelidioJms intricata (Ag.) Vickers 1. 7(18) 1.7(18) 0.6(9» 
Gelidiun pusillun (Stackh.) Iahl i s 1.2(18) 
Gelidie11a acerosa (Forsl<.) Feldnann & IIaIcl 
Griffithsia tenius C. Ag. X X 
!Iydrolithn reinboldii (W. v. Bosse & Foslie) Foslie 4.0(27) 1.7(18) X 
i!yJnea esperi fury 1.2(18) 
Hnnea JBIII!lSB J. Ag. 0.6(9) X 
Jania capi 1 1 area Harvey 1.2(18) 1. 7(9) 01.2(18) 1.7(18) 2.3(27) 
Jania tenella Kuetz. 1.2(18) 

~ Leveillea jungeruBnnioides (Her. & M3rt.) 1Iarv. 1.2(18) 1.2(18) 1.7(27) 0.6(9) 1.7(18) 
L:i.agaora sp. 1.2(18) 
Lith:lJ!!ylllJll ooltJCCe!lSE! Foslie 0.6(9) 1. 7(18) 
NEqpri.olithn frut:eocens (Foslie) Setch. & thsoo X 1.2(9) 2.3(27) 16.7(82) 1.7(18) 
PolysiJimja scopulorun 1Iarv. 0.6(9) 
Porolithn cnkodes (Keydri.ch) Foslie 0.6(9) 
Sp?rolithn sctmi.dtii (Foslie) Gordoo, l1lsak::i. & Akid<a X 1.2(18) 
Spyridia fi.1aJmtosa (Wulfen) 1Iarv. 8.5(36) 2.8(18) 0.6(9) 
Tolypioc1adia glcneru1ata (Ag.) ScJmi.tz 1.2(9) X 0.6(9) 1.2(18) 
Unidentified turf 2.3(27) 

Antlqilyta (seagrasses) 
Iblodule uninervis (Forsk.) Aochers:fl 14.8(36) 53.4(73) 
1Ial0lhlla nrloor (Zoll.) den Hartog 9.1(36) 

Imd coral 2.8(18) 9.7(36) 5.1(27) 
Coral rock 2.3(27) 25.6(54) 
Live coral 10.4(27) 41.3(64) 6.8(27) 
PaVBlEl1t 1.2(18) 
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T~ 2 ~ ......... 

Rubble 13.9(36) 12.5(27) 13.6(36) 
Sar¥I 48.8(91) 25.6(64) 64.4(100) :D.4(1OO) 18.8(45) 24.4(64) 

Sea cucumber 1.2(18) 2.3(18) 0.6(9) 1.2(18) 
S~ 1.2(9) 1.2(18) 0.6(9) 
Snail 0.6(9) 1.2(18) 

tbiler of plant genera!u .... " .... t 13 15 15 11 12 11 
tbiler of plant spedes!u .... "ect 15 15 16 11 13 14 
Overall percent plant coverage 48.3 70.1 34.8 42.3 16.3 20.4 

Total nmiJer of plant genera ~ 
Total nmiJer of plant species :£l ... -



Table 3. Frequency and percent cover of the benthic flora of six transects (C,D,E,F,G,H) 
along Tanapag Reef. Plain numbers indicate percent coverage, numbers in parente-
thesis indicate frequency of occurrence converted to percent (see Methods in text). 
Algal species occurring epiphytic on other algae or occurring in the vicinity of 
the transect are marked with an X. 

'llWm:IS 
C D E F G H 

Cyarqil,ts (blue-green) 
Colothrix crustscea (~ & 1luret) 0.4(3) 
IbnmtJamion ent.eralD!")fui.des Bomet & 1luJret 0. 5(3) 0.1(1) X 
Mi.crocoleus 1 yngbyaceus (KlItz.) Crouan 0. 1(2) 0.2(3) 2.4(20) X 0.2(4) 
Schizothrix ca1cicola (Ag.) Ga1mt 0.6(6) X 0.3(3) 2.4(31) 7.0(50) 0.5(8) 
Schizothrix ned.cana Ga1mt X X 1.4(l5) 0.8(12) 

Oil.aro!tryts (green) 
fueLg Iia forbesii 1Brv.) FelcJmm 0.2(4) 

"" 
1hxl1ee COlplSits (1Brv.) &am 1.0(9) 0.5(4) 

N Cau1.erJB CIIhlgua <lain. 0.1(2) 
Caulerps antoensis Yamda X X 1.0(8) 
Caulerps apresroides (West) C. Ag. 0.1(2) 
Caulerps racamsa (Forsk.) J. Ag. 0.2(1) 4.7(38) 
Caulerps sertularioides (Qnel.) \b.e 0.2(2) 
Cau1.erJB serrulats (Forsk.) J. Ag. 1.4(8) 2.3(12) 0.5(4) 
Cau1.erJB taxifolia (Vahl.) C. Ag. 0.7(4) 
ChletaJvl!:ia crassa (C.Ag.) X 0.2(4) 
0U0r0desnis fastigiats (C. Ag.) X 0.5(8) 
Codiun geppii O. C. Scltnidt 1.2(12) 
DictYOSJttaeria cavemosa (Forsl<.) Boerg. 0.3(4) 0. 1(1) 1.0(8) 
Dictyu>!iaeria vers1uysii W. v. Ihsse 0.8(9) 0.4(4) 1.9(15) 3.1(25) 0.5(8) 
Fnt.erall?rJila clathrats (Roth) J. Ag. X 
Hal.ineIa di8:oidee Oocaisle 0.2(2) 
Hal.ineIa IIBCI'Oloba Oocaisle 0.2(3) 
Hal.ineIa opmtia (L.) 1anx. 0.4(4) 0.8(4) 2.9(31) X 1.4(15) 
Microdictym d<mura:i. Setch. 0.1(2) 0.2(3) 
Valonia fastigiats liar. 0.1(2) X 
Valonia ventricosa J. Ag. 0.1(2) X X 0.5(8) 
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Table 3 con.ti.ruJed •••••••••••• 

Udotea argentea Zanard. 0.2(2) X 

Raq:i'jta (brom) 
Dictyota lmtayresii I.amc. 0.8(6) 0.3(4) 0.2(1) X X 
Dictyota cervicornis Kutz. 0.2(2) 0.2(4) 
Dictyota friabi1is Setch. 0.8(12) 0.7(8) 
lDboPma vari.eg!lta (I.amc.) \okmersley 0.6(8) 0.4(4) 1.0(15) 0.5(4) 
Padina mioor Ymada 0.1(1) 
Padina tenius !lory 0.2(3) 0.3(4) 0.1(1) 
Ralfsia pBII!!OEIISis Setch. 0.5(8) 1.6(25) 
Sarp,i!!wn po1ycystun C. Ag. 0.3(2) 0.9(3) 
SJiIacelaria furcigera Kutz. X 0.5(4) 
SJiIacelaria triOOloides 1BIegh. 0.6(8) 0.7(7) X 1.6(25) 1.2(12) 
SJiIacelaria sp. 
Thrbinaria ornata (1\mJer) J. Ag. 0.3(3) 1.4(4) 1.9(15) 0.8(12) 1.0(8) 

~ 

'" RluIuj:i.yta (red) 
Acant/p!Xma spicifera (Vah!) Baerg. 0.7(6) 0.1(1) 
Anprlrca fragi Ii ssi nB I.amc. 0.2(3) 0.1(1) 1.4(15) X 1.4(15) 
Centroceras minutun Yanada X 2.3(25) 0.2(4) 
Cenmi.un graci1linun Griff. & Card. 0.2(3) 1.0(15) X 
Cenmi.un OB2atlenese I8woon 0.2(3) 0.1(1) 
Gelidiopsis intricata (Ag.) Vickers 0.2(3) 0.2(3) 0.5(8) 2.3(12) 0.5(8) 
Gelidiun di veri.catun It!rtens X X 0.2(4) 
Gelidiun pusillun (StBckh.) leJo1is 2.3{l2) 0.5(4) 
Griffithsia tenius C. Ag. 0.1(2) X 
Ie posiJ:O:rtia teoilla (C. Ag.) Naegeli X 1.4(15) X 
Hydrolitlni reinboldii (W. v. Boose & Faslie) Faslie 0.3(3) 4.3(15) 3.1(25) 1.4(15) 
~ esperi !lory 0.4(4) 0.2(3) 0.2(4) 
IIyJnla J!II1OOSEI J. Ag. 0.2(3) X 
Jania cam 11 oc... Harvey 0.79D 0.5(6) 1.9(15) 9.4(25) 1.2(12) 
Jania teoilla Kuetz. 7.0(38) 0.7(8) 
li!veillea jtmgernmurioi.des (1Jer-. & Mrt.) Harv. 0.1(2) X X 0.7(8) 
LitIDiilYllun DDluccense Foslie 1.1(8) 0.9(6) X 1.7(15) 



18h1e 3 continued ....••..• 

Lithoporella pacifica (Heydr.) Foslie 0.9(12) 
I!!ogali.olitlnt frutescens (Faslie) Setch. & M.sm 0.2(3) 0.3(3) 1.0(8) 1.9(12) 1.7(19) 
PalysiJimia SCO!AI1orun 1Iarv. 0.4(8) 0.2(3) 1.0(15) 0.2(4) 
Pterocladia ~ lI3w9Jn 11.7(38) 
Sporolitlnt sclmi.dtii (Faslie) Gorden. M3saki & AIcid<a 0.3(3) 0.2(3) 0.8(12) 
Spyridia fiJaJEntosa (Wulfen) 1Iarv. 0.1(1) 
Toly¢oc1ad;a glaIerulata (Ag.) Scl1IIitz X 0.8(12) 
lhidentified turf 0.2(3) 1.9(15) 

Antl'qityta (seagrasses) 
IIol.odul.e uninervis (FarsI<.) As::her3:n 12.2(24) 27.5(54) 
IhlOIhlla mimr (Zoll.) den Hartog 3.3(18) 2.3(9) 

iBId coral 3.1(12) 8.6(21) 5.8(31) 10.6(23) 
Chral. rock 9.1(18) 8.4(22) 5.8(31) 5.5(38) 7.7(15) 

~ Live coral 7.6(18) 7.8(29) 25.5(70) 3.1(25) 12.3(46) ~ 

PaV8IBlt 1.0(3) 3.7(6) 6.7(54) 1.8(12) 1.0(8) 
1Wbb1e 2.5(9) 0.6(14) 6.6(11) 4.3(8) 3.1(38) 8.9(23) 
SaM 47.0(82) 68.8(95) 54.8(78) al.6(54) 17.2(ffi) 37.3(69) 

Sea cucumber 0.1(1) 0.8(12) 
Sea \lrchin 2.3(25) 0.2(4) 
S~ 0.8(12) 
StarfiSl 0.2(4) 

NW>er of plant genera/transect 32 5 25 18 17 24 
Numer of plant spec; es/transect 41 5 2B 19 al 3J 
Overall percent plant coverage 29.7 31.2 8.9 31.6 65.2 21.9 

Total mIIiler of plant genera 46 
Total rumer of plant species 64 

lslgth of transects (m) 65) 210 700 XJO 00 13J 
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Table 4. Frequency and percent cover of the benthic flora of the first 100 m of transects 
C, D, and E (resurveyed) at Papau Reef. Plain numbers indicate percent coverage, 
numbers in parentethesis indicate frequency of occurrence converted to percent 
(see Methods in text). Algal species occurring epiphytic on other algae or 
occurring in the vicinity of the transect are marked with an X. 

Chlorophyta (green) 
Chaetamorpha crassa (C. Ag.) 
Enteromorpha clathrata (Roth) J. Ag. 
Halimeda opuntia (L.) Lamx. 

Phaeophyta (brown) 
Dictyota bartayresii Lamx. 
Lobophora variegata (Lamx.) Womersley 

Rhodophyta (red) 
Ceramium mazatlenese Dawson 
Hypnea pannosa J. Ag. 
Polysiphonia scopulorum Harv. 
Spyridia filamentosa (Wulfen) Ha. 

Anthophyta (seagrasses ) 
Halophila minor (Zoll.) den Hartog 

C 

0.6(9) 

x 
x 

23.9(73) 

TRANSECTS 
D 

1.2(18) 

13.6(45) 

0.6(9) 

E 

0.6(9) 

1.2(18) 

2.3(9) 

1.2(9) 

Coral rock 
Rubble 
Sand 

Sea urchin 
Snail 
Bivalve 

2.3(9) 
65.9(100) 

1.7(9) 

61.9(100) 93.2(100) 

1.2(18) 
1.2(9) 

4.0(18) 

Number of plant genera/transect 2 4 3 
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--------------------------------------------------------------------------------------------
Table 4 continued •...••..••.. 

Number of 
Overall 

plant 
percent 

Total 
Total 

number of 
number of 

species/transect 
plant coverage 

plant 
plant 

genera 
species 

2 
29.9 

8 
8 

4 
16.0 

3 
4.7 



CO RALS 

BY 

Richard H. Randall 

Introduction 

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

The principal objectives of this part of the study were to determine the 
distribution and community structure of corals within the study area. 

METHODS 

Coral communities were analyzed along transects by using the plotless 
point-centered or point-quarter technique of Cottom et al. (1953). Eight 
transects were established within the study area by placing a plastic 
surveyors tape along the bottom at the locations shown in Figures 1-5, pp. 
5-9. Sampling was conducted along the entire lengths of transects C through 
H, which were oriented perpendicular to the shoreline. Because of the long 
lengths of transects A and B sampling at each was conducted along six 100-
meter subtransects that were oriented parallel to the shoreline. Locations of 
these subtransects were selected to represent zones of physiographic variation 
encountered across the reef platform. Random sampling points were then 
established by throwing a geology hammer from the surface at ten-meter 
intervals along the length of each transect. Throws along transects C-h were 
made by standing at, or swimming over, each ten-meter transect interval facing 
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toward the west (Puntan Dogas side of the transect) and tossing the hallllller 
over ones shoulder into a five-meter-wide corridor along the east side of the 
transect line. At sub transect locations along transects A and B sampling was 
conducted in a similar manner except that each throw was made by facing the 
ocean and tossing the hammer over ones shoulder toward the shore. Where the 
thrown hammer came to rest a sample point was established at the intersection 
of the hammer handle and head. Four quadrants were then formed around the 
point by establishing one axis along the hammer handle and another at right 
angles to it along the hammer head. The coral nearest the sample point in 
each quadrant was located and its specific name, size (diameter or maximum 
length and width), and the distance from the center of the corallum to the 
sample point were recorded. From these point-quarter data the following 
calculations were used to estimate community structural parameters: 

1. 1 d f all i unit area Tota ensity 0 spec es = 2 
(mean point-to colony distance) 

2. Relative density = ____ ~i~n~d~i~v~i~d~u~a~l~s~o~f~a~s~p~e~c~i~e~s~ ___ X 100 

total individuals of all species 

3. Density = ____ -!rc.::e::l:!a~t:.:i~v~e=_:d~e~n:!:s~i=_t!:,yL~o.!:f....!!a:.....::s~p:!:e~c:.:!i:!:e:..::s~ X total density of all 
species 

4. 

5. 

6. 

100 

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

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

Relative percent coverage = Percent coverage for a s pecies 
total coverage for all species X 100 

7. Frequency = number of pOints at which a species occurs 
total number of points 

8. 

9. 

Relative frequency = frequenc y value for a s pecies 100 
total of frequency values for atl species 

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

Colony size distribution data (Y = arithmatic mean, s = standard 
deviation, and w z size range) were also calculated from the point-quarter 
data. 

Quantitative data of the coral species encountered from the point-quarter 
analysis are presented in Table 1. The coral species encountered during the 
point-quarter analysis indicate the predominate and common species along the 
transects. The presence of uncollllllon and rare species, not encountered during 
the point-quarter analysis, were determined f or each transect by making ten­
minute snorkel observations along each side of the transect line for each 100 
meters of transect length. An overall list of species is compiled for each 
transect zone by combining those encountered during the point-quarter analysis 
(Table 1) with those from snorkel observations in Table 2. 
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Results and Discussion 

Physiographic Description of the Study Site 

Although the study area represents a part of the overall Tanapag barrier 
reef system, a distinct navigable lagoon between the shoreline and outer reef 
platform is either poorly developed or absent. Adjacent to transects A and B 
the deeper lagoon areas located west of Puntan Dogas shoals into a shallower 
backreef moat which at most locations is less than 2.5 meters deep during low 
tides. This shoaling trend, as well as a reduction in overall reef width, 
continues to the northeast where adjacent to transects C through F the 
low-tide backreef moat depth ranges from 1.5 to less "than 0.5 meters. At the 
extreme northeastern end of the study area the reef becomes a narrow fringing 
reef platform which during low tides is mostly exposed at transect G and only 
covered by a few decimeters of water along the inner part adjacent to transect 
H. 

Overall bottom topography within the moat is somewhat undulatory with a 
relief that generally ranges from a few decimeters in shallower parts to a 
meter or more in deeper regions along transects A and B. Principal 
topographic relief features include a large patch reef on the inner part of 
transect A, hydrodynamically accumulated mounds and low ridges of bioclastic 
sediments, thickets of branching corals, and local mounds, knobs, and 
pinnacles composed of individual or aggregate clumps of living and dead coral 
colonies. During low tides many of these topographic relief features extend 
upward to or near the surface which makes small boat navigation difficult to 
impossible. Isolated seagrass patches trap and hold sediments which imparts a 
low hummocky relief of a decimeter or more along the inner parts of the moat 
between transects A-E. 

Overall physiography of the outer reef platform within the study area is 
more homogeneous than that of the adjacent backreef moat. Relief is somewhat 
subdued with a reef surface that appears truncated because of upward reef 
accretion to approxmately the mean tow tide level. Principal relief features 
include an occasional intertidal or supratidal block that has been transported 
onto the platform surface by storm waves. Scattered rubble-floored holes and 
pockets generally less than 5 decimeters deep were also occasionally observed. 
Where the outer reef plaform slopes downward into the backreef moat 
topographic relief conspicously increases because of abundant isolated and 
aggregate clumps of corals forming knobs and pinnacles. Where the moat is 
deepest along transects A and B such coral prominences may have a relief of up 
to two meters. 

The substrate in the backreef moat mostly consists of a truncated reef 
rock platform patchily or thinly veneered with coarse bioclastic sand, gravel, 
and rubble. The sediment veneer is thickest in the deeper parts of the moat 
at transects A and B and becomes more patchily distributed as the water depth 
decreases from transects C to F. Sediments also accumulate along the inner 
backreef moat where seagrass patches tend to stabilize and accumulate silt and 
sand-sized particles. In the outer part of the backreef moat sediment texture 
becomes coarser and more patchily distributed among outcrops of reef rock and 
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clumps and thickets of corals. Although strong currents keeps much of the 
outer reef platform surface swept free of sediments, some local patches were 
found on the floors of scattered holes and depressions. 

Coral Distribution and Community Structure 

Coral size distribution, frequency, density, and percentage of substrate 
coverage by zones for each transect are given in Table 1. Distribution of all 
coral species by zones for each transect are given in Table 2. 

A cummulative total of 93 coral species representing 13 families and 30 
genera were recorded from the entire study area (Table 2). Of these 93 
species only 2, Pocillopora damicornis and Acropora aspera, were COmmon to all 
8 transects, and of the remaining 91 species 4 were common to 7 transects, 5 
were common to 6 transects, 9 were common to 5 transects, 12 were common to 4 
transects, 16 were common to 3 and 2 transects, and 29 were found only at 
single transect locations. Species richness along individual transects that 
extend across the entire reef platform ranged from 60 species at transect B to 
12 species at transect G (transect D with only 3 species extends only across 
the inner part of the backreef moat where corals are rare). 

One of the most noticeable aspects of corals on the Tanapag reef platform 
is their unequal distribution along the transects from the shoreline to the 
outer reef platform. Some platform areas are without corals at all, while 
other areas support communities ranging from a few widely scattered colonies 
and species to regions dominated by a relatively rich diversity of species. 
Because of this variation in coral distribution it was necessary to divide the 
reef platform into a number of zones in order to make a realistic quantitative 
assessment ot the coral community. 

Corals were widely scattered, rare, or absent from most of the seagrass 
and inner backreef moat zones. The presence of abundant unstable sediments 
and sediment-trapping seagrass patches, along with the possibility of elevated 
water temperatures during low spring tides when water circulation on tile 
platform is minimal, probably ac~ounts for the near absence of corals in those 
zones. Many of the corals that were found in these inner platform zones 
consisted of broken fragments of branching species that had apparently been 
transported there by storm waves. Many of these coral fragments were also 
observed to be in a poor state of health, as evidenced by dead areas and loss 
of pigment. Coral density, percentage of substrate coverage, colony size, and 
species richness increase dramatically from the inner backreef moat zones to 
the outer backreef moat and outer reef flat platform zones (Tables 1 and 2). 
Factors responsible for increased values of these community structural 
parameters include more area of stable substrates for colony recruitment 
(larger-sized pieces of boulder rubble and bare reef rock), absence of 
seagrass beds, presence of arborescent species which can successfully colonize 
unstable sandy substrates by fragmentation, and better water circulation, 
particularly during low spring tides. Exceptions to the above patterns of 
coral distribution were found at transect A where a patch reef occupies a 
large portion of the inner backreef moat and at transect H where a narrow reef 
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flat platform replaces the backreef moat. At both of these locations the reef 
platform is dominated by large areas of reef rock instead of sandy sediments 
and seagrass beds and is occupied by a community of 5 to 21 reef coral species 
which cover 12 to 23 percent of the substrate. 

Anticipated Impact from Coastal Development 

Because of the near absence of corals in the seagrass and inner and 
middle backreef moat zones and the pattern of longshore currents in the 
region, anticipated impacts from dredging and construction activities along 
the coastal region of Tanapag Lagoon are not expected to seriously affect the 
coral communities living on the outer parts of the reef platform. Although 
such impacts are expected to be minimal, a sediment-charged dredge plume could 
affect coral communities located on the patch reef at transect A and on the 
inner reef flat platform at transect H. 
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Table 1. Coral size distribution, freq.aroyand relative fr~, density and relative density, percent coverage and relative 
coverage, and ~e values for ooral species at Transects A thrrugh H. Species are listed in order of their 
:iq>ortance values. 

Transect No. Size Distrftuticn Relative Dmsi~ Relative Percent Relative IDp:>rtance 
Reef Zone (Colony DiaDeters in an) Frequa">:y Frequency (Per m ) Density Cover Percent Value 
Coral Species n Y s w Cover 

Transect A-I 
Inner Seagmss Zone 
(40 ~ters fran stvre) m coral encrunterEd 

Transect k-2 
!mer Patch Reef 

Platform zone 
(llO ~ters fran stvre) 

'" Hel:iopora coerulea 18 17.8 13.0 4.0-45.2 0.80 38.10 1.87 45.00 7.02 76.64 159.74 
N Pocil.lop?ra damicornis 17 6.9 5.5 1.G-20.8 0.90 42.86 1.76 42.50 1.06 11.57 96.93 

~~lobulata 5 15.8 4.4 12.5-23.3 0.40 19.05 0.52 12.50 1.06 ll.79 43.34 

Totals: 40 12.9 10.8 1.0-45.2 4.15 9.16 

Transect A-3 
OJter Patch Reef 

Platform Zone 
(380 ~ters fran srore) 

He]; •• para coerulea 22 ll. 5 ll.2 3.0-44 .8 0.90 45.00 6.42 55.00 12.71 54.71 154. 71 
Pavona divaricata 6 18.9 14.2 6.5-42.4 0.20 10.00 1.75 15.00 7.21 31.04 56.04 
Poc:illopora danioornis 7 8.1 6.1 3.G-20.8 0.50 25.00 2.04 17.50 1.57 6.76 49.26 
l1:lnti~ra lobulata 2 17.9 7.5 12.6-23.2 0.20 10.00 0.58 5.00 1.60 6.89 21.89 
Sylocoeniella arnata 2 1.9 0.7 1.4-2.4 0.10 5.00 0.58 5.00 0.02 0.09 10.09 
Goniastrea retiformis 1 7.3 0.10 5.00 0.29 2.50 0.12 0.52 8.02 

Totals: 40 ll.7 10.9 1.4-44.8 ll.66 23.23 



Table 1. (cootiwed) 

Transect No. Size Distribut::kn Relative ;:,) Relative Percent Relative ~ 
Reef Zone (Colony DiaDeters in CJJJ.~ Frequency Freq.JellCy Density Cover Percent Value 
Coral Species n Y s w) Cover 

--
Transect A-4 
limer Backreef ~t 

Zone 
(7SO Deters fron stPre) 

Psaom:x:ora stelJata 20 3.4 1.3 1.4-6.3 0.60 85.71 0.04 95.24 0.004 80.00 260.95 
Actopgra aspera 1 5.9 0.10 14.29 0.002 4.76 0.001 20.00 39.05 

Totals: 21 3.5 1.3 1.4-6.3 0.042 0.005 

Transect A-5 
(hter Backreef ~t 

Zone 
(970 Deters fron siDre) 

..,. .., 
Actopora aspera 3 16.1 5.4 9.9-20.0 0.20 SO.OO 0.0004 60.00 0.0009 81.82 191.82 
Mill.epora tUJerosa 2 8.5 0.0 8.5- 8.5 0.20 SO.OO 0.0003 40.00 0.0002 18.18 108.18 

Totals: 5 13.1 5.7 8.5-20.0 0.0007 0.0011 

Transect A-6 
(hter Reef Flat Platform 

Zone 
(1180 Deters fran sb:lre) 

Actopora tenrls 2 49.1 15.1 38.4-59.8 0.20 5.41 0.16 5.00 3.13 26.18 36.59 
G:miastrea edwardsi 6 9.6 4.3 5.3-17.5 O.SO 13.51 0.47 15.00 0.40 3.35 31.86 
Itmtipora verrilli 3 17.9 17.4 6.0-37.9 0.20 5.41 0.24 7.SO 0.97 8.11 21.02 
Pocillopora el.egans 2 30.8 1.8 29.5-32.0 0.20 5.41 0.16 5.00 1.17 9.79 20.20 
Porites lutea 3 19.6 10.6 7.5-27.4 0.20 5.41 0.24 7.SO 0.87 7.29 20.20 
Acropora palifera 1 52.6 0.10 2.70 0.08 2.SO 1.72 14.41 19.61 
Hel1opora coerulea 1 SO.l 0.10 2.70 0.08 2.50 1.55 12.98 18.18 
Cyphastrea serail:ia 2 16.0 1.3 15.0-16.9 0.20 5.41 0.16 5.00 0.32 2.68 13.09 
Acropora nasuta 2 12.0 11.3 4.0-20.0 0.20 5.41 0.16 5.00 0.26 2.17 12.58 
Stylo!:b>ra DDrdax 2 12.5 7.1 7.5-17.5 0.20 5.41 0.16 5.00 0.23 1.92 12.33 



Table 1. (cmt:iruEd) 

Transect It>. Size Distr:ilJutim Relative IlEru;i~ Relative Percent Relative lDportance 
Reef Zone (Ool.ony DiaDeters in em) Frequency Frequency (Per m ) Density Cover Percent Value 
Ooral Species n Y s w Cover 

Porites australiensis 2 12.5 4.3 9.4-15.5 0.20 5.41 0.16 5.00 0.20 1.67 12.00 
Cyphastrea chalc:i.dicun 2 4.9 0.6 4.5- 5.3 0.20 5.41 0.16 5.00 0.03 0.25 10.66 
Favia pallida 2 5.2 1.0 4.5- 5.9 0.20 5.41 0.16 5.00 0.03 0.25 10.66 
Platygyra pini 2 5.2 0.7 4.7- 5.7 0.20 5.41 0.16 5.00 0.03 0.25 10.66 
Acropora studeri 1 30.0 0.10 2.70 0.00 2.SO 0.56 4.68 9.88 
Fbcillopora verrucosa 1 19.0 0.10 2.70 0.00 2.SO 0.22 1.84 7.04 
Leptastrea transversa 1 13.7 0.10 2.70 0.00 2.SO 0.12 1.01 6.21 
Pavcna duerdeni. 1 11.2 0.10 2.70 0.00 2.SO 0.00 0.67 5.87 
Ooscinaraea sp. 1 1 5.3 0.10 2.70 0.00 2.SO 0.02 0.17 5.37 
Leptastrea p.np.n:ea 1 5.3 0.10 2.70 0.00 2.SO 0.02 0.17 5.37 
Favia favus 1 5.7 0.10 2.70 0.00 2.SO 0.02 0.17 5.37 ----

Totals: 40 16.5 14.4 3.5-59.8 3.19 11.957 

'" 
Transect &-1 

~ Imler Seagrass Zooe 
(SO meters fron sOOr-e) no corals encountered 

Transect &-2 
Outer Seagrass Zone 
(145 meters fran shroe) 

Fbcill~ra damicornis 33 6.2 5.3 1.~20.3 1.00 90.91 0.20 97.<X:. O.ll 52.38 240.35 
Portes lutea 1 45.9 0.10 9.09 0.01 2.94 0.10 47.62 59.65 ----

Totals: 34 7.4 8.6 1.~5.9 0.21 0.21 

Transect &-3 
Imler Backreef M::lat Zone 
(280 meters fran stvre) 

Fbcillo~a damicornis 21 4.1 4.6 1.~21.5 0.80 SO.OO 0.12 63.64 0.03 22.90 136.54 
Acr~ra aspera 7 12.8 13.5 2.~36.4 0.40 25.00 0.04 21.21 0.10 76.36 122.55 
PsaDIIDCOra stellata 5 1.5 0.5 1.~ 2.4 0.40 25.00 0.03 15.15 0.001 0.76 40.91 

Totals: 33 5.5 7.9 1.~36.4 0.19 0.131 



Table 1. (coot:lrued) 

Transect No. Size Distribution Relative Densi~ Relative Percent Relative IJJportaoce 
Reef Zone (Colony DiaDeters in em) Frequency Fr~ (Per m ) Density Coller Percent Value 

Coral Species n Y s w Coller 

Transect ~ 
Middle Backreef Moat Zone 
(430 meters fran sI-ore) 

AcIO\Xlta aspera 12 25.2 19.0 6.9-64.7 0.60 30.00 0.54 30.00 4.12 91.96 151.96 
P .... "" iOOIB stellata 17 3.8 1.5 2.0- 6.9 0.80 40.00 0.77 42.50 0.10 2.23 84.73 
Poc111"lX>Ia dan:I.comis 10 6.1 6.0 1.4-17.5 0.50 25.00 0.45 25.00 0.25 5.58 55.58 
Cyphastr ... serailia 1 5.5 0.10 5.00 0.05 2.50 0.01 0.22 7.72 

Totals: 40 10.9 14.2 1.4-64.7 1.81 4.48 

Transect B-5 
(Alter Backreef Moat Zone 
(560 meters fran sI-ore) 

"" Acropora aspera 20 28.6 16.3 4.9-54.0 0.80 42.11 2.70 50.00 22.69 93.14 185.25 '" Pocillopora dan:I.comis 14 8.5 3.4 2.0-16.0 0.60 31.58 1.89 35.00 1.24 5.09 71.67 
MillepJla tuberosa 3 8.6 1.8 6.6- 9.9 0.20 10.53 0.41 7.50 0.24 0.99 19.02 
AstreCJpJIB myriophthalma 1 11.5 0.10 5.26 0.14 2.50 0.14 0.57 8.33 
Sty l0c0erdella annata 1 4.9 0.10 5.26 0.14 2.50 0.03 0.12 7.88 
Porites (S.) sp. 1 1 4.6 0.10 5.26 0.14 2.50 0.02 0.00 7.84 

Totals: 40 18.5 15.5 2.0-54.0 5.42 24.36 

Transect B-6 
(Alter Reef nat Platform 

Zone 
(720 meters fran siDre) 

Monti I "1B verrilli 4 19.9 9.2 14.4-33.5 0.40 11.43 0.44 10.00 1.58 13.54 34.97 
Mmti~ra tuberculosa 2 31.0 27.811.3-50.6 0.20 5.71 0.22 5.00 2.32 19.88 30.59 
Porites lutes 3 23.6 9.3 13.0-30.3 0.30 8.57 0.33 7.50 1.59 13.62 29.69 
Platygyra pini 4 9.2 2.7 5.5-11.8 0.30 8.57 0.44 10.00 0.31 2.66 21.23 
Gooiatrea e:lwardsi 4 8.7 1.9 7.0-11.4 0.30 8.57 0.44 10.00 0.27 2.31 20.88 
Pocillopora verrucosa 4 8.1 2.1 5.0- 9.4 0.30 8.57 0.44 10.00 0.24 2.06 20.63 



Table 1. (coo.tinuerl) 

Transect No. Size Dist:rilJuticn Relative De:lsi~ Relative Percent Relative lrqx>rtance 
Reef Zone (Colony DiaDeters in em) Frequen::y ~ (per m ) Density Cover Percent Value 
Species n Y s w Cover 

Pocillopora damiromis 4 ll.l 8.3 3.~20.0 0.20 5.71 0.44 10.00 0.40 3.43 19.14 
M:mtiporaehrE!llbergii 2 20.7 4.2 17.7-23.6 0.20 5.71 0.22 5.00 0.75 6.43 17.14 
Porites aust:ralierlsis 1 37.3 0.10 2.86 O.ll 2.50 1.20 10.28 15.64 
Mille!Xlrd I2latyphylla 1 36.3 0.10 2.86 O.ll 2.50 1.13 9.68 15.04 
~ti!Xlra roffDeisteri 1 28.2 0.10 2.86 O.ll 2.50 0.69 5.91 11.27 
Acropora stu:leri 1 28.0 0.10 2.86 O.ll 2.50 0.68 5.83 11.19 
Cyj?hastrea serailia 1 12.0 0.10 2.86 O.ll 2.50 0.12 1.03 6.39 
Goniasttea retiformis 1 10.8 0.10 2.86 O.ll 2.50 0.10 0.86 6.22 
Favia llBtthai 1 8.0 0.10 2.86 O.ll 2.50 0.06 0.51 5.87 
LeJ2tastrea purpurea 1 8.5 0.10 2.86 O.ll 2.50 0.06 0.51 5.87 
StylopOOra mordax 1 8.5 0.10 2.86 0.11 2.50 0.06 0.51 5.87 

.." !'&all'" cora coo.t:igua 1 7.5 0.10 2.86 0.11 2.50 0.05 0.43 5.79 0\ 
Favia pallida 1 5.0 0.10 2.86 0.11 2.50 0.02 0.17 5.53 
Sty 1ocoen:W1a arnsta 1 2.8 0.10 2.86 O.ll 2.50 0.01 0.09 5.49 

Totals: 40 14.7 11.1 2.8-50.6 4.40 ll.67 

Transect C-l 
Inner Backreef !-mt Zone 
(CHlO meters) m corals encountere:i 

Transect C-2 
Middle Backreef !-mt ZDne 
(~250 meters) 

Pocillopora damicornis 21 5.61 2.52 1.0-10.5 .588 62.49 .007 77.78 .002 15.38 155.65 
Acropora aspera 5 24.28 10.88 17.4-42.8 .294 31.24 .002 18.52 .009 69.24 119.00 
Ac~f= 1 28.70 .589 6.27 .0003 3.70 .002 15.38 25.35 

Totals: 27 9.93 9.55 1.0-42.8 .0093 .013 



Table 1. (cont:irue::l) 

Transect No. Size Distrihltion Relative ;:~ Belative Paceut Relative IDp:Irtance 
Reef Zone (Colony DlaDeter in em) Frequen:y Frequen:y DI!IIS1ty Cooer Pe=!nt Value 
Coral Species n Y s w CDver 

Transect C-3 
Outer Backreef M:lat Zone 
(2.50-'530 meters) 

Poc:i.llDpora damicornis 50 7.66 5.89 1.0-21.8 .821 35.95 1.29 44.64 .94 21.97 1<Yl.56 
Psamrocora CDOt:Igua 29 16.89 9.00 3.0-35.0 .607 26.58 .75 25.89 2.14 50.00 1<Yl.47 
M:Jntipora l.obilata 17 12.33 8.30 3.0-35.9 .321 14.m .44 15.18 .75 17.52 46.75 
Psamrocora stelJata 5 3.50 1.45 2.4- 6.0 .143 6.26 .13 4.46 .01 .23 10.95 
Acropora fOIllllSa 3 10.73 6.24 5.2-17.5 .107 4.68 .00 2.68 .09 2.10 9.46 
Porites lutea 2 18.00 16.97 6.0-30.0 .071 3.11 .m 1.79 .19 4.44 9.34 
Acropora aspera 3 9.73 5.60 5.2-16.0 .107 4.68 .00 2.68 .07 1.64 9.00 
Acropora msuta 2 8.55 3.75 5.9-11.2 .071 3.11 .m 1.79 .03 .70 5.60 
Platygyra pin! 1 17.40 .036 1.58 .03 .89 .~ 1.40 3.87 

v. Totals: ill 11.00 8.27 1.0-35.9 2.90 4.28 ... 
Transect C-4 
Outer Reef Flat PlatfOIlll 

Zone 
(530-630 meters) 

Acropora msuta 16 13.23 9.90 3.2-32.9 .750 23.71 2.41 33.33 5.~ 36.69 93.73 
Poci 11 .. para dan:icornis 9 6.18 6.25 2.0-21.0 .667 21.07 1.36 18.76 .77 5.58 45.41 
Acropora pal ifera 4 20.85 18.07 2.0-45.5 .333 10.52 .60 8.33 3.21 23.28 42.13 
t1mti~ra lobulata 6 14.62 7.25 6.3-25.9 .333 10.52 .90 12.50 1.83 13.27 36.29 
Stylophora umdax 4 11.83 10.26 3.9-21.0 .333 10.52 .60 8.33 1.04 7.54 26.39 
Gorriastrea retifoIlllis 3 8.37 6.96 4.2-16.4 .250 7.90 .45 6.25 .37 2.68 16.83 
Acropora aspera 1 30.7 .083 2.62 .15 2.00 1.12 8.12 12.82 
Pavona verosa 2 9.15 2.62 7.3-11.0 .167 5.28 .30 4.18 .21 1.52 10.98 --
Acropora squarrosa 1 9.0 .083 2.62 .15 2.00 .10 .73 5.43 
Porites lichen 1 7.1 .083 2.62 .15 2.00 .~ .44 5.14 
Porites <2.) coovexa 1 4.0 .083 2.62 .15 2.00 .<Yl .15 4.85 

Totals: 48 12.21 10.22 2.0-45.5 7.22 13.79 



Table 1. (contirue:l) 

Transect tb. Size Distrihlt:im Relative 
~~ 

Relative Percent Relative inplrt:ance 
Reef Zone (Colony D:laDeters in em) Frequen::y Fre<p:!l1CY IJensl.ty Cover Percent Value 
Species n Y s w Cover 

Transect D-1 
Inner Backreef Klat Zone 
(0-150 meters) m corals ea:runtered 

Transect D-2 
Middle Backreef Klat Zone 
(150-200 meters) 

Acropora fOIIIDsa 7 23.11 22.70 2.4-56.5 .600 42.86 .019 46.67 .001 .65 189.95 
Acropora~ 1 14.0 .200 14.28 .003 6.67 .004 2.60 16.20 

'" 
Pocillopora damicornis 7 21.57 1.43 1.4- 5.6 .600 42.86 .019 46.67 .00.' .65 93.85 

00 

Totals: 15 12.91 18.09 1.4-56.5 .041 .006 
Transect E-1 
Inner Backreef Klat Zone 
(O-SO meters) 00 corals eocountered 

Transect E-2 
Middle Backreef Moat Zone 
(80-250 meters) 

Pocillopora danicornis 23 5.51 4.72 1.0-16.3 .706 46.14 .029 48.94 .014 13.46 100.54 
Acropora~ 11 12.55 7.62 2.4-23.4 .412 26.92 .014 34.40 .023 22.12 72.44 
Acropora fOIIIDsa 10 12.95 8.09 3.9-27.5 .294 19.22 .012 21.27 .022 21.15 61.64 
MJnt:ip?ra lobulata 2 33.75 11.1025.9-41.6 .059 3.86 .003 4.26 .024 23.00 31.20 
1Iel~ coerulea 1 46.00 .059 3.86 .001 2.13 .021 20.19 26.18 

Totals: 47 11,07 10.21 1.0-46.0 .059 .104 



'!able 1. (cont:lwed) 

Transect ltl. Size Distribution Relative Densi~ Relative Percent Relative ~e 
Reef Zone (O'llmy Dialleters :In CD) Freq.e.:y Frecper1cy (Per m) Density Cover Percent Value 
Coral Species n Y s w Cover 

Transect B-3 
CUter Backreef M:lat Zone 
(25(}-560 ueters) 

Acropora aspera 58 16.13 13.00 2.4-64.4 .871 37.02 .97 46.76 3.29 62.12 145.90 
Acrop"rn palifera 19 15.57 9.26 4.5-38.5 .419 17.81 .32 15.31 .86 16.23 49.35 
PocillDpora damia>rn:is 15 8.24 6.10 2.0-23.4 .323 13.73 .25 12.10 .21 3.97 29.80 
Acrupua fonnosa 10 8.:;8 6.12 3.0-21.0 .129 5.48 .17 8.06 .14 2.64 16.18 
~ti,. 'La lobllata 5 14.84 11.26 4.5-28.6 .129 5.48 .00 4.03 .21 3.97 13.48 
Goniastrea edr.mdsi 6 11.07 7.16 3.0-18.0 .129 5.48 .10 4.84 .13 2.46 12.78 
~tipora ehrenberJdi 3 20.3) 13.29 5.0-28.5 .007 4.12 .05 2.42 .21 3.97 10.51 
~tiP"rn QIXlaSteriata 1 23.5 .032 1.36 .02 .81 .07 1.32 3.49 
Acropora irrewJ.aris 1 19.7 .032 1.36 .02 .81 .05 .94 3.11 

'" Sty10pDrn m=Iax 1 18.0 .032 1.36 .02 .81 .04 .76 2.93 
~ Millpp"Ia tuberosa 1 15.0 .032 1.36 .02 .81 .03 .57 2.74 

~tiMa tubercul.osa 1 15.0 .032 1.36 .02 .81 .03 .57 2.74 
Acropora nasuta 1 11.0 .032 1.36 .02 .81 .02 .38 2.55 
Goniastrea retiformis 1 5.5 .032 1.36 .02 .81 .004 .00 2.25 
Sty1ocoenie1la anmta 1 1.0 .032 1.36 .02 .81 .001 .02 2.19 

Totals: 124 14.25 11.8 1.0-f>4.4 2.10 5.29 
Transect B-4 
CUter Feet Flat Platform 

Zone 
(560-700 ueters) 

Auop;n:a pal i fera 15 24.54 15.00 4.0-44.0 .571 25.00 1.70 26.78 10.80 44.83 96.61 
Acro~a aspera 19 19.11 13.21 5.0-52.8 .500 21.89 2.15 33.92 8.91 36.99 92.00 
Styl.o!b>rn m=Iax 8 8.61 6.39 2.0-23.0 .286 12.52 .90 14.29 .77 3.20 30.01 
Poei lloMa dan:i.comis 4 6.07 1.48 4.0- 7.5 .286 12.52 .45 7.14 .13 .54 20.20 
G<Dlastrea retiformis 2 21.60 8.34 15.7-27.5 .143 6.26 .22 3.57 .89 3.69 13.52 
Goniastrea edIomdsi 2 17.10 8.34 11.2-23.0 .143 6.26 .22 3.57 .58 2.41 12.24 
AcroIX>Ca nasuta 1 27.00 .071 3.11 .11 1.79 .65 2.70 7.60 



Table 1. (cont:irue1) 

Tl:ansect ~. Size Distributioo Relative Densit~ Relative Percent Relative Importance 
Reef Zooe (Colony Diameters in on) Frequency Frequency (Per m ) Density Cover Percent Value 
Coral Species n Y s w ColTer 

Poc:illopora verrucosa 1 25.90 .071 3.11 .11 1.79 .60 2.49 7.39 
Porities lutea 2 13.00 0.00 13.G-13.0 .071 3.11 .22 3.57 .03 .12 6.80 
Acropora 1rreg.llaris 1 21.20 .071 3.11 .11 1.79 .40 1.66 6.56 
Astreopora myriqilthalma 1 19.4 .071 3.11 .il 1.79 .33 1.37 6.27 

Totals: 56 17.92 12.98 2.G-52.8 6.30 24.09 

Transect F-l 
!mer Backreef Moat Zooe 
«(}-9Q meters) 

Acropora aspera 26 10.2 9.2 2.4-46.2 1.00 56.49 1.10 72.22 1.59 70.98 199.69 
Acr~ra palifera 1 35.7 0.11 6.21 0.04 2.78 0.42 18.75 27.74 

~ PsaDmocora stellata 4 3.5 0.4 3.G- 4.0 0.22 12.42 0.17 il.ll 0.02 0.89 24.42 
Pocillopora dam:icornis 3 6.2 7.3 1.G-14.5 0.22 12.42 0.13 8.33 0.07 3.13 23.88 
M:lntipora lobulata 1 17.4 0.11 6.21 0.04 2.78 0.10 4.46 13.45 
Psamo:>cora cont~ 1 10.4 0.11 6.21 0.04 2.78 0.04 1. 79 10. 78 

Totals: 36 10.00 9.5 1.G-46.2 1.52 2.24 

Tl:ansect F-2 
<Alter Backreef Moat Zooe 
(9(}-19O meters) 

Acr~ra aspera 23 19.0 13.5 4.6-53.7 1.00 47.62 4.78 57.50 20.16 80.74 185.86 
Pocillop:>ra danicornis 8 4.3 2.5 loG- 8.5 0.40 19.05 1.66 20.00 0.30 1.20 40.25 
Goniastrea retiformis 1 45.6 0.10 4. 76 0.21 2.50 3.40 13.62 20.88 
Psanmocora stellata 4 3.2 1.2 1.4- 4.0 0.20 9.52 0.83 10.00 0.08 0.32 19.84 
Porites australiensis 2 9.7 5.9 5.5-13.9 0.20 9.52 0.42 5.00 0.36 1.44 15.96 
Pavona varians 1 19.5 0.10 4.76 0.21 2.50 0.62 2.48 9.74 
Pavona verosa 1 5.5 0.10 4.76 0.21 2.50 0.05 0.20 7.46 

Totals: 40 14.3 13.4 loG-53. 7 8.32 24.97 



Table lo (coot:imJei) 

Transect No. Size Distribution Relative Densi~ Relative Percent Relative lD¥Jrtance 
Reef Zone <Colony Diameters in em) Frequency FreqJe!lCy (Per m ) Density Cover Percent Value 
Coral Spades n Y s w Cover 

Transect F-3 
CUter Reef Flat PlatfOIID 

Zooe 
(190-260 meters) 

Acropora digitifera 5 15.0 3.0 9.0-16.7 0.57 18.14 loCll 17.86 1.73 27.13 63.37 
Porites 1utea 8 6.8 4.2 2.0-14.5 0.57 18.14 1.73 28.57 0.84 13.29 60.00 
Pocillopora damicornis 4 5.6 7.2 2.0-16.3 0.43 13.68 0.87 14.29 0.47 7.44 35.41 
Acropora aspera 2 17.2 9.0 10.8-23.5 0.29 9.23 0.43 7.14 1.13 17.88 34.25 
funtipora Elaniuscula 1 21.2 0.14 4.45 0.22 3.57 0.76 U.03 20.05 
GJniastrw retifoIIDis 2 8.1 0.6 7.7- 8.5 0.29 9.23 0.43 17.14 0.22 3.48 19.85 
Galaxea fascicu1aris 1 16.0 0.14 4.45 0.22 3.57 0.43 6.80 14.82 

0'0 Pavona var:ians 1 14.1 0.14 4.45 0.22 3.57 0.34 5.38 13.40 ... 
Pavona sp. 3 1 5.9 0.14 4.45 0.22 3.57 0.06 0.95 8.97 
Acropora azurea 1 U.O 0.14 4.45 0.22 3.57 0.24 3.80 11.82 
Acropora squarrosa 1 5.3 0.14 4.45 0.22 3.57 0.05 0.79 8.81 
Porites australiensis 1 5.5 0.14 4.45 0.22 3.57 0.05 0.79 8.81 

Totals: 28 9.9 6.0 2.0-23.5 6.Cll 6.32 

Transect G-1 
Inner Reef Flat Platform 
(0-30 meters) 

Acropora digitifera 2 5.0 0.1 4.9- 5.0 0.67 40.36 0.006 33.33 0.001 25.00 98.69 
Acropora cerwlis 2 4.5 0.0 4.5- 4.5 0.33 19.88 0.006 33.33 0.001 25.00 78.21 
Acropora aspera 1 4.9 0.33 19.88 0.003 16.67 0.001 25.00 61.55 
Porites 1utea 1 5.0 0.33 19.88 0.003 16.67 0.001 25.00 61.55 

Totals: 6 5.3 1.1 4.5-5.0 0.018 0.004 



'lBbl.e 1. (c:mdIued) 

TraIlsact No. Size Distdb.ri,.., Relative 

~') 
Relative PercEnt Relative IDportanct 

Feet Zone (Colaty Diameters in an) ~ Fre<p:!llCy Density Coller Percent Value 
Coral Species n y s w Coller 

Transe:t G-2 
Mer Reef Flat PlatfOllD 
(3:l-8O meters) 

Porites aust::rali.ensi 4 15.3 8.1 5.2-25.0 0.40 14.29 0.14 20.00 0.30 51.37 85.66 
Porites lutea 4 9.3 3.3 5.5-12.4 0.60 21.43 0.14 20.00 0.10 17.12 58.55 
Acropora dig:! tifera 6 4.2 1.4 2.4- 5.9 0.60 21.43 0.20 30.00 0.03 5.14 56.57 
Porites anme 1 22.2 0.20 7.14 0.03 5.00 0.13 22.26 34.40 
Auopoxa cerEBlis 2 3.0 0.8 2.4- 3.5 0.40 14.29 0.07 10.00 0.005 0.86 25.15 
Foci 1 1, 'para danicornis 1 5.5 0.20 7.14 0.03 5.00 0.00l 1.37 13.51 
Foci]]"pora verrucosa 1 5.0 0.20 7.14 0.03 5.00 0.006 1.03 13.17 

C7\ Porites ~.) ~ 1 4.5 0.20 7.14 0.03 5.00 0.005 0.86 13.00 N 

Totals: 20 8.3 6.6 2.4-25.0 0.67 0.584 

TraIlsact 11-1 
Inner Reef Flat PlatfOllD 
(0-80 meters) 

Acropora aspera 10 13.1 13.5 3.5-49.5 0.63 28.00 3.20 31.25 8.41 67.07 126.32 
Foci)], 'para danicornis 12 4.6 2.3 2.4-10.0 0.75 33.33 3.84 37.50 0.78 6.22 77.(]5 
Porites lutea 4 5.1 4.8 1.4-12.0 0.25 11.11 1.28 12.50 0.43 3.43 30.04 
Gooiastrea retifonnis 1 29.0 0.13 5.78 0.32 3.13 2.11 16.83 25.74 
ktopora d;!&!:tifera 2 6.3 1.1 5.5- 7.0 0.13 5.78 0.64 6.25 0.20 1.59 13.62 
¥qiora mi.crocooo;; 1 15.0 0.13 5.78 0.32 3.13 0.57 4.55 13.46 
Porites australieDsis 1 2.4 0.13 5.78 0.32 3.13 0.02 0.16 9.07 
Acropora nasuta 1 3.0 0.13 5.78 0.32 3.13 0.02 0.16 9.07 

Totals: 32 8.4 9.4 1.4-49.5 10.24 12.54 



Table 1. ( contirued) 

Transect No. Size Distribution Relative 

~') 
Relative Percent Relative lnp:lrtance 

Reef Zone (Colony Diameters in an) Frequen::y Frequeocy Dmsity Cover Percent Value 
o:>ral Spe::ies n Y s w Cover 

Transe:t &-2 
<Alter Reef nat PlatfOIID 
(~130 meters) 

Acropora d~tifera 6 9.5 4.9 4.5-15.5 0.80 30.77 10.44 30.00 9.01 15.48 76.25 
Acropora cerealis 6 6.4 1.4 5.0- 8.9 0.60 23.re 10.44 30.00 3.48 5.98 59.~ 

Acropora aspera 2 29.0 5.7 24.9-33.0 0.20 7.69 3.48 10.00 23.41 40.22 57.91 
Acropora squarrosa 3 12.5 10.8 5.5-24.9 0.40 15.38 5.22 15.00 9.57 16.44 46.82 
Goniastrea retiformis 1 24.0 0.20 7.69 1.74 5.00 7.87 13.52 26.21 
Pocill .. pora d!airornis 1 18.3 0.20 7.69 1.74 5.00 4.59 7.89 20.58 
Porites lutea 1 4.5 0.20 7.69 1.74 5.00 0.27 0.46 13.15 

'" ~ Totals: 20 U.87 8.7 4.5-33.0 34.80 58.20 



Table 2. List of coral species I'ECOI:ded fraa transects A througll H. List also :!ncluIes species observed within d 5-meter wide ban:l 
~ each side of tre Udii~:ts. 

Transects A B C D E F G H 

Taxm Transect lb. 1 234 5 6 123456 1 2 3 4 1 2 1 2 3 4 123 1 2 1 2 

Class - AlIllCe£lA. 
Order-~ 

Suborder - lIS'IRJO)OOINA 

Family - ASmOOlENIIllAE 

StylocoeoielJa anmda X X X X X X X X 
(Ellrmberg) 

Family - 'nW1NASI'ERIID\ 

Psammcora cot~ (Fsper) X X X X X X X 
P<.iillii >COm digitata X X X X 

0\ Milne FdI.mds ani Haime ... 
Pswrocora obtusangula X X 

(l.aDSrck) 
Psammcora stellata X X X X X X X X X X 

(Verrill) 
PM" III ocora sp. 1 X 

Family - RX:IllDRlilllAE 

StylopbJra nnrdax (IBna) X X X X X X X 

Seria~ hysttix IBna X 

Pocillopora ,daId.cmnis X X X X X X X X X X X X X X X X X X X X X X X X 
(Umeaus) 

Pocillopora danae Verrill X 

PodJ J"pOYd eJ-'S IBna X X 
Pocillopora 1:!gulata IBna X 
Poci II "jXJId setchelli X X X X X X X 

Ik>ffneister 
Pocill"jXJYd verrucosa X X X X X X X X X 

(Ellis ani Solanier) 



• 

Table 2. Cont. 

n:. rae tB A B C D E F G H 

'll!xm Tranaect It>. I 2 3 4 5 6 1 234 5 6 1 2 3 4 1 2 123 4 123 1 2 1 2 

Faoily - AaVlUUIlAE 

Acrup?!3S aspeIa (DBna) X X X X X X X X X X X X X X X X X X X 
AcI¥18 azurea X 

Veron ani Willace 
Acrup!ta cereal:ls (Dana) X X X X X 
Acrop?!a djgI.tifera (DBna) X X X X X X X X X X X 
AcruPJ!! fODlJ:l6B (DBna) X 
Acrop?!a bmiliJs (Dana) X X X X 
Acrupxa irregularis (Brook) X X 

0'0 Acrop?!a nasuta (Dana) X X X X X X X X X ..,. 
Acrupxa ocellata ~) X X 
Acrup!ta palifera (LaoBrck) X X X X X X X X X 
Acrup!ta mthi (Brook) X 
Acrupxa sprrosa (I;lIreOOetg) X X X X 
Acropora stu:leri (Brook) X X X 
Acrop?!a surrulosa (Dana) X X X 
Acrop;>La tenrls (Dana) X X X 
AcrOlXlta sp. 2 X 

Astreopura. myriLptthalm (laIsrck) X X X X X 

MJntilXlrB ehrE!1bergii Verrill X X X X X X 
MJntipora b:>ffme:isteri Iells X X X X X 
MJnti\XlLa loOOlata Bematd X X X X X X X X X X X X X X X X X 
MJntipora umasteriata (Farskal) X X 
l-blt1"'[8 21an111~lla (llana) X X X X 
MJntipara tuberrul.osa (laJarck) X X X X 



Table 2. Calt. 

Transects A B r. D E F G H 

Tallon Transect NJ. 1 2 3 4 5 6 1 234 5 6 1 2 3 4 1 2 1 2 3 4 1 2 3 1 2 1 2 

M?ntip?ra verrilli VIII.f!bm X x X X X x 
M:nt:iJma verru:osa (Iam.rck) X 
M:nt:ip;lra sp. 2 X 

Suborder - RlIGIm\ 

Family - !tGAIUCIID\E 

Pavona divar:lcata (laIBrck) X X 
Pavona duerderl. Vaughan X X X 
Pavona varians Verrill X X X X X X 
Pavona verosa (Flu:mberg) X X 

0'\ Pavone sp. 1 X X 
0'\ 

Pavona sp. 2 X 
Pavona sp. 3 X X X X X 

Family - Sl1lEFASIREID\E 

Cosclnarea sp. 1 X 

Family - FlN;1ID\E 

~~~tes X 
(LinnasJs) 

FungIa (plwractis) scutaria X X 
(laIBrck) 

Family - RlUTIIlo\E 

Qniopora lobata X 
Milne Fdwards arxI HajJIe 



'nIbl.e 2. Coot. 

Tran8ects A B C 0 E F G H 

nam Tl:ansects No. 123 4 5 (, 1 2 3 4 5 6 1 2 3 4 1 2 1 234 123 1 2 1 2 

Porites (Porites) amae X X X 
Crosslald 

Porites (Porites) australiensis X X X X X X X X X X X X 
V~ 

Porites (lbrites) licIsJ. X X 
Dana 

Porites (Porites) lntea X X X X X X X X X X X X X X X X X X 
Milne Fmards and IiaiD2 

Porites (Porites) uurra}UlSis X X X X X 
V~ 

Porites (PoritE!S) solida X X X 
(Farskal) 

Porites (Synaraea) caM!lIa X 
Verrill 

Porites (Synaraea) ~ X X 

'" (Forskal) 
..... Porites (Synaraea) sp. 1 X X 

Suborder - FAVIlN!\ 

Fauily - FAVIlllAE 

Favia favus (Forskal) X X X X 
Favia IIBtthai Vaughan X X X X 
Favia p"111da (Dana) X X X X X 
~ .,tell igera (Dana) X X X X 

Favites abdita (Ellis and X 
Solander) 

Favites n 1H (Wells) X X X 

¥ariJyllia cr1spa (I.amttk) X 

Gooiastrea ed!omdsi 0Evalier X X X X X X X X 
Gooiastres pectinata (Elu:eb:Ig) X 
Gooiastres retifonn1s X X X X X X X X X X X X X X 

(Iamrck) -



Table 2. Coot. 

Transects A B C D E F G H 

'IBxm Transects N:l. 1 2 3 4 5 6 123 4 5 6 1 2 3 4 1 2 1 2 3 4 123 1 2 1 2 

Pla~ dESda1ea X 
(Ellis aIXI SoIamer) 

Platygyra pin! Chevalier X X X X X X X X 

Leptoria PII)'gia X X X X X 
(Ellis aIXI SoIamer) 

!\ydroJ:h?ra ,microco<llJs X X X X 
(laoBrck) 

M:Jntastrea curta (Dana) X 

Leptastrea bottae (Milne X X 
FdI.mds an:! Ha1me) 

Leptastrea pnpA"ea (Dana) X X X X X X 

Leptastrea transva'sa X 

~ ~ 

Cyphastrea ,chalcidirun X X X 

(Forskal) 
Cyphastrea micriophthalnB X 

(laMrck) 
Cyphastrea .serailia X X X X X X 

(Forskal) 

F.chirrJJma lllJl!llosa (Fsper) X 

Fanily - oct1LINIDAE 

Gal.axea fasc1n ,1 aris X X X X X X 

(LinnaeJs) 

Fanily - lIBSIME 

lobophYllia CO!)'IIilosa X 
(Forskal) 



DIble 2. Cmt. 

Talnsects A B C D E F G H 

'IBlIDn Tnmsects !i:>. 1 2 3 4 5 6 123 456 1 234 1 2 1 2 3 4 123 1 2 1 2 

UlboiiiYllla costata (IBm) X X 
lLb dtyllla le .... :Iddi X 

(BILEdJerg) 

Older - <XJEN::IlJIfO\L 
Fatdly - HE1.IlJlUUIl!\E 

Heliopora ,coerulea X X X X X X X X X X X 
(Pallas) 

Class - KiIHll.Clt\ 
Older - MIllERlUNA 
Family - MIILEl'C1UIlt\E 

0- M:I.llepora diciDtam X X X 
~ 

HI 11.". <ta l!latypltylla X X X 
~ am atremerg 

M:I.llepora tU>eroSi Bosclma X X X X X X X 

Older - S'l'"ilASl'HUN! 
Family - S'IYIASIEUllAE 

Dist:lch>pora viDlacea (Pallas) X X 

Total Species per 05lB9639 246212253 o 4 19 22 1 3 3 53931 142017 411 2115 
Transect Zone 

Total Genera per 05156619 246131021 o 31211 1 2 3 51915 10 13 8 2 5 12 8 
Trailsect Zone 

Total Species per 49 60 32 3 57 34 12 29 
Trailsect 

Total Genera per Transect 21 22 17 2 25 16 5 14 
Total Species for the 

Sbdy Area 93 
Total Genera for the 

Sbdy Area 30 



Macroinvertebrates 

by 

Tom S. Potter 

Methods 

Macroinvertebrate fauna was assessed along each transect (A 1-6, B 1-6, 
C, D, E, F, G, and H) within the study site (Figs. 1-5, pp. 5-9). For the 
purpose of quantification, a meter stick was placed perpendicularly to each 
transect line and a visual census was made of the epibenthic 
macroinvertebrates occurring in this area along successi'.!e 10-m sections of 
each transect. This yielded successive 1 X 10 meter (10m) quadrats for the 
length of each transect. 

When organisms were encountered outside the given sampling area along a 
transect, a note of occurrence was made. Voucher specimens (for the purposes 
of identification) were collected for major taxonomic groups on all transects. 
These were deposited in the University of Guam Marine Laboratory zoological 
collection. 

Macroinvertebrates were grouped into the zones in which they were 
encountered. The beginning and end of each zone are expressed in the number 
of meters they occur from the beginning of the transect (Tables 1-2, and 5-6). 
Within each zone densities for each species of 2 organism encountered were 
expressed as the number of individuals per 10m quadrat occupied by the 
organism (Tables 3-4, and 7-8). 

The data on Tables 1-4 for transects C, D, and E were obtained during the 
Phase I study (Randall et al., 1985). The data on Tables 5- 8 are follow up 
data for the first 100 m of each of the transects C, D, and E, 14 months after 
the Phase I st,udy. 

Results 

Because of the vast diversity of the invertebrates that inhabit coral 
reef ecosystems, the results of this survey were divided into three sections: 
echinoderms, mollusks, and remaining invertebrates. 

Echinoderms 

The abundances of echinoderms are listed in Table 3. Within this group, 
the holothurians (sea cucumbers) were the most common group encountered. They 
were also found to have the widest range of distribution, being found from the 
shoreline to the platform margin (Table 1). Holothuria atra was by far the 
most common macroinvertebrate encountered in this survey. Holothuria ~ 
along with~. leucospilota inhabited areas of sand as well as that of rubble. 
One species, H. marmorata, was found only in sandy substrate, whereas 
Actinopyga echinites, !. mauritiana, Bohadaschia argus, and Stichopus 
chloronotus were present in habitats of coralline rubb l e and live coral. 
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Holothuria cinerascens, !>.. hilla, and !!.. impatiens were found buried under 
rubble or burrowed under live coral. The wide range of habitats occupied by 
the various species of holothurians may account f or their dominant numbers and 
high densities . 

The echinoids (sea urchins) were the second most abundant group of 
echinoderms encountered (Tables 1 and 3). They occupied a narrower 
distributional range than the holothurians and were restricted to areas of 
stable SUD strate (coral l ine rubble, seagrass, live coral). With the exception 
of one case, the densities of sea urchins were highest near the reef margin. 
Echinothrix diadema and Diadema savignyi were usually found together and were 
most dense near the reef margin. For this report the sea urchins Diadema 
savignyi and D. setosum have been combined under the name Q. savignyi. Along 
transects A6 and B6, they were the most dominant invertebrate observed. 
Toward the middle of the lagoon along transects AS and B3, which crossed 
different patch reefs, the urchin Echinometra mathaei was present in high 
numbers and was the most conspicuous invertebrate observed. Two specimens of 
the species Beterocentrotus mammillatus were collected near the reef margin on 
transects A6 and E. 

The asteroids (starfish or sea stars) were the third most common 
ec~inoderm group encountered. Like the sea urchins, the sea stars were found 
ir. areas of stable substrate. Five species were observed (Tables 1 and 3). 
More thorough sampling, including nocturnal sampling, would probably yield 
greater numbers or individuals and species of sea stars in the study site. 

Ophiuroids (brittle stars) were found on transects A3, A6, C, E, F, and 
G. 

Mollusks 

Gastropods were the most common class of mollusks encountered on all 
transects (Tables 2 and 4). The gastropods were fairly evenly distributed 
throughout the transects. As a whole, the gastropods were encountered in 
lower densities than those of the echinoderms, although there were some 
noteworthly exceptions to this trend. 

Near the shore, cerithiids and buccinid£ were encountered in local areas 
within the sand-seagrass complex at densities too great to allow for an 
accurate quantification of their true numbers. Such high density assemblages 
have been labled "TNTC" , meaning "too numerous to count." Such notation was 
also used in limited cases for the holothurians and echinoderms. A simple 
quantification of a subset of the~e high density populations yielded a density 
range of 50-200 individuals per m , depending on the organism. This figure is 
an estimate, but it serves as a guideline for relative and actual abundances. 

The top shell, Trochus niloticus, was present in coralline rubble and 
live coral habitats near the reef margin. 
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Bivalves tended to inhabit areas of sand in the middle of the lagoon and 
areas of sand associated with seagrass near the shore. The striking exception 
to this was the presence of tridacnid clams in areas devoid of sand because of 
their need to anchor on hard substrates. 

Six members of the subclass Opisthobranchia (sea slugs) were encountered 
within the sampling areas. On transects A4, F, and G the shelled 
opisthobranch Otopleura mitralis was encountered in the sandy areas. On each 
of the transects A3, B3, B6, C, and E single specimens of four different 
nudibranchs were observed - one on each transect. 

Other Invertebrates 

Ascidians were found to be too numerous to count in localized regions in 
the seagrass beds and under rocks in various parts of the study area. 

Sand-dwelling hemichordate worms, Ptychodera flava, were encountered near 
the shore on transects E and F where sand was present over a hard platform of 
limestone pavement. These worms occurred in numbers often too numerous to 
count. 

Several members from the class Crustacea were found inhabiting different 
transects. Numerous holes and actual specimens of the burrowing red reef 
lobster, Enoplometopus occideutalis, were encountered in the sandy areas of 
transects A2, A3, A4, B2, B3, B4, B5, F, and H. In addition, several mounds 
of the burrowing shrimp, Callianassa sp., were observed in the muddy sand On 
transects Al and A2. Single specimens of various unidentif i ed species of 
stomatopods (mantis shrimp) were encountered on transec t s A3, B4 , F and H. A 
single pair of Stenopus hispidus (banded coral shrimp) wa s encount ered within 
the large strands of Sargassum seaweed on transec t E. Dardanus sp. (hermit 
crabs) were encountered on transects C, E, and B5 . Smal l hermit crabs 
occupying shells from the gastropod Cerithium zonatus and Cerithium alveoulus 
were found on transects Al and Bl in numbers too numerous to count . Specimens 
of the xanthid crab, Actea tomentosa, were observed in rubble on transects A2, 
A3, B2, B6, F, and G. A specimen of the xanthid crab, Zosymus aeneus, was 
encountered in rubble on transect H. 

Non-coral cnidarians were represented by five patches of the sea anenome, 
Entachmaea quadricolor, in areas of live coral or coralline rubble . On 
transect C there were two patches, and on transects B5 , E, and F, single 
patches were observed. 

Three species of polychaetes (marine worms) were observed . Under a rock 
on transect A5 the bristle worm, Eurythoe complanata , was found. The 
sedentary feather duster worm, Sabellastarte sancti j osephi, was encountered on 
transects B5 and B6. The smaller sedentary Christmas tree worm, Spirobranchus 
giganteus, was observed on transect A5 . 

Several colonies of sponges (Porifera) were observed throughout the study 
area. One colony of Terpios sp . was noted near the margin on transect C. A 
red encrusting sponge was observed on transect B4 . A similar looking sponge 
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but black in color was found on transect H. On transects F, G, and H, 
extensive colonies of a green encrusting sponge covered the limestone pavement 
and rubble. Colonies of an erect orange sponge were observed on transects A2 
and F. Several colonies of a similar looking erect brown sponge were present 
throughout much of transect B5. 

Results of the Follow-up Survey on the First 100 m 
of Transects C, D, and E 

The results from the first 100 m of transects C, D, and E (Tables 5-8) 
appeared to show that these areas have not changed much over the last 14 
months with respect to the amount and diversity of visible macro invertebrate 
fauna. Holothuria atra was the most common invertebrate and was present on 
all three transects. Holothuria ill!!. and !!. leucospilota were the only 
echinoderms encountered. Among the mollusks observed, Cerithium zonatus was 
the most abundant and was sometimes present in numbers too high to count. 
Other gastropod mollusks present in recognizable numbers were Rhinoclavis 
aapera, !. fasciatus, and Cantharus undosus. The most notable bivalve 
mollusks were Fragum fragum and Ctena bella. 

Other notable invertebrates were encountered on all three transects. 
Ascidians were found on transect D in localized areas on the seagrass in 
numbers often too high to count. The sand-dwelling hemichordate, Ptychodera 
flava, was observed on transect E. Mounds from a burrowing callianassid 
shrimp were encountered on transects C and D. Holes and specimens of the 
burrowing red reef lobster, Enoplometopus occidentalis, were observed on 
transects D and E. The burrowing crab Calappa hepatica was seen on transect 
C. On transect E several specimens of the dome-shaped sponge Cinchyra 
sustraliensis were recorded. 

Discussion 

As previously mentioned, coral-reef ecosystems are among the most 
diverse, highly complex, and dynamic environments on earth. In order to 
accurately and completely describe the fauna of such a system, a variety of 
sampling techniques must be employed. The data presented here represent that 
portion of the macro invertebrate community which diurnally resides on or very 
close to the substrate surface and which does not rapidly avoid human 
observers. Given these limitations, this report provides sufficient data to 
make basic predictions concerning the macro invertebrate community sampled in 
the given study areas. It is important to note that nocturnal sampling, more 
extensive sampling, and sampling below the substrate surface would add to the 
results presented herein. 

Anticipated Environmental Impact Upon The Marine Communities 

As is normally the case, a loss of or drastic change in the available 
habitats would pose the most serious threat to the macro invertebrate fauna in 
this area. Such alterations could include changes in the amount of available 
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substrate, changes in water quality, changes in current velocities and flow 
patterns, and near shore eutrophication. Any and all of these could be 
incurred through careless construction and land use practices by man. With 
proper planning, however, the invertebrate resources described by this survey 
could continue to thrive along with increased human utilization of this area. 
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~ABLB 1. Distributional aonatlon of occurrence for echinoder.s. Zones are deter.ined by the dlsta~ce 1n aeters fro. 
the starting snd of the transect. A dash (-) repre.ents that the organ1 •• wa. not found on that tran.act. An 
N represents the occurrence of the organls. on the transect 11ne. but outside the sampling area. 

8PBCIE5 

Opbluroldea (Brittle stars) 
Opbieam •• p. 

Asteroidea (Sea stars) 
Cpletta Doyacguineoe (Huller' Teo.chel) 
Frgg'a mllllpgrello (Lamarck) 
Llnkl. loeylgota (Linnaeua) 
L. multlfora ,LalRarck) 
Ac.ntb.,t,r plonel (Linne.us) 

Crinoidea 
CovaCh". sChlCg,l' (Carpenter) 

Echln01dea (Sea urchins) 
Diodem, a,yigDyi Michelin 
Bcbinothri. diode.. (Linne.us) 
TOIQpneuBtes pileoins (Lamarck) 
T['pOeygtes grottllA (Linnaeus) 
BebiooltepbonUI .,iculaty. A. ~ga8Bi. 
Bsblngmetro Math,el (de Blainvelle) 
HeteroccntrotuB mammilJ.tua (Linnaeus) 

Rolothurlodea (Sea cucumbers) 
Sticbppul cblo{oootuR Brandt 
S. borrenB Selenka 
Actioapyg' ecblnlteB (Jaeger) 
6. maurltl.n. (Quoy , Gaimerd) 
Bohadgcbla axaua Jaeger 
B& NArmpr.t. Jaeger 
l.obidodemAI se.per ionu. (Selenka) 
"plothurio AtLA Jaeger 
B. ,xiologo H. L. Clark 
8. sincr"eena (Brandt) 

Al 

80-90 

90-100 

0-100 

A2 

70-00 
0-10 
0-100 

0-90 

90-100 

20-50 

60-100 

0-100 

~RAN8B~ 

A3 

90-100 

30-90 

80-90 

70-100 

0-100 

A4 

N 
N 

II 

20-50 

AS 

10-20 

0-10 
0-10 

0-100 

A, 
0-10 

0-100 
10-20 
70-80 

20-40 

0-100 
0-100 

30-40 
20-90 
70-80 

0-100 

90-100 

0-100 
80-90 
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TABLB 1. (continued) 

SPBCIES 

Ophiuroidea (Brittle atars) 
ophigomO sp. 

Asteroldea (S.a atars) 
Culettl nOvo'gulneae (Muller , TroBchel) 
Fropi, milliporcll. (Lamarck) 
LinkS. IOeyiq,t. (Linnaeu.) 
L. ayltlfora (Lamarck) 
AClotbaoter planci (Linnaeus) 

Crinoidea 
Camintbul ,cblegelt (Carpenter) 

Echinoidea (Sea urchins) 
Diodem' I'yigDyl Michelin 
Bchinotbrll 41.d05' (Linnaeus ) 
TOIQpnep,ten pilcoluB (Lamarck » 
TrlpneuBtel grotill' ( LinnaeuB) 
EcbtoQAteph'O"1 'S'qullty. A. AgasBiz 
Ecbipometro matboei (de Blainvelle, 
Beterocentcotul m.gmillotug (LInnaeus ) 

Bolothuriodea (Sea cucumber B) 
Stichopua chlprgDotus Brandt 
a. barren. Selenka 
ActingPXg' esbloiteR (Jaeger) 
&. maurltlana (Quoy , Galmard) 
Bob.aacbio ~ Jaeger 
A& .,ragrot. Jaeger 
Lobidgdema 8 "mpcrilnum (Selenka) 
Rplothurto ~ Jaeger 
H. A.io10g. R. L. Clark 
B. sineraasen. (Brandt) 
B. hillI Lea.on 
B. imp.tiene (Forskal) 

B1 B2 

N 80-90 

0-100 0-100 

0-10 

TRANSECT 
B3 B4 

0-10 

30-70 

0-100 

0-10 

0-30 

0-10 

60-70 
20-80 

40-100 

0-50 

0-100 

0-100 

B5 

30-40 

10-20 
10-20 

90-100 
90-100 

60-70 

0-100 

30-90 

0-90 

0-100 

B6 

10-80 

0-100 
0-100 

50-100 

50-60 
10-90 

II 
0-30 

10-40 

0-100 

30-100 
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TABLB 1. (continued) 

sPlCIBS TRANSBCT 
C D B F G H 

Opbiuroid •• (Britt1. atars) 
ODhie:oma. ap. 620-630 650-660 60-210 50-60 

A.teroid.. (S.a at.r.) 
eplelt. nAvI.guin,ac (Huller , Teo.chel) 
,romi, .11Iiporell. (Lamarck) 

500-700 

Link'. l •• yiglt. (Linnaeus, 300-620 250-700 100-160 
L •• ultifor. (Lamarck) 
Ae.nkb •• ~er Dianei (Linn.eua) N 560-670 

Crinoide. 
~o .. n~bu. scbleaeli (Carpenter) 

Bcbinoide. (Se. urcbina) .... oi.d • ., "yigDyf Michelin 490-700 600-610 200-220 60-70 0-130 
~ Rcbinotbri, di.dem, (Linnaeua) 590-650 560-670 190-210 70-80 20-130 

ToxApn.yat.s piteolng (Lamarck) 650-660 
!"PDGulte. grit ill. (Linneeus) 
BcbinQ'tcpb,nuB AclGul'tuB A. Aga.siz 690-700 
EcbtogIDCtro mAthac' (de Blalnvelle) 320-650 150-690 lJO-210 60-70 
HeterocentrotuB mammillatuB (Linnaeua) 

Holotburiod.. (Sea cucumber.) 
Sticbgpul cblpronotus Brandt 350-620 670-690 120-220 30-90 a. horren • Selenka 300-520 
,etioppyS' echtnitea (Jaeger) 640-650 N 
A • .,uriti,n. (Ouoy , Gaimard) N 200-220 60-80 llO-DO 
'pbad,cbi. ~ Jaeger 400-550 N N 
~ •• r.prata Jaeger 10-30 
Lobido"'MI IClmtri.nue (Selenka) N 
Bolothyrt. AtLA Jaeger 0-640 0-2l0 0-700 0-220 0-80 0-90 
B. 'Iiplpg' B. L. Clark 640-650 
B. cinrr'IcePB (Brandt) 200-220 60-70 
B •• 4uli. Lesson 140-250 
B. lUUll& Lesson 80-120 0-210 0-240 50-60 
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TABLE 1. (continued) 

SPECIES 

B. impatiens (Forskal) 
B. letlco§pilota (Brandt) 
B. Dpbili. (Selenka) 
SvnaptA macplatA (Chamisso , Eysenhardt) 

C D 

590-600 
140-630 

200-400 

TRANSECT 
E F G B 

170-180 
220-650 10-210 10-10 0-80 

50-60 
520-100 



co -

TABLB 2. Distributional aonation of occurrence for .allusks. lanes are determined by tbe distance in meters from the 
starting end of tbe transect. A dash (-) represent a that this organiam wa. not encountered on the transect. 
An H repre.enta the occurrence of the organlam on the tranaect line but out.lde the sampling area. 

SPBCIBS 

Gastropoda 
ACNeids. 

p.t.110i4. Cb.pg([Qrum Lindberg • Ver.eij 

Trocbld •• 
Trochu. ni'oticul (Linn •• us) 
%. ioto.ty. Kiener 
%. ~ GJDeUn 
!estul pyr.... (Born) 

Turblnld.e 
~ ',py.toaua Linnaeus 
~. eetolYB Caelin 
'atre' rbpdo.to .. Lamarck 

Ph.al.nelll~~: 8g11do (Born) pb.,ioQ' __ 

Neritidae licIt' Linneeus hf t to .9 ______ _ 

Vereetidae ... tm. Sowerby nlndroPA'" 

Cer1tbUd.e 
Ccrith'u •• 1YCplYI (Harmon 6 Jaquinot) 
c. soluano Soverby 
C. nodu)oAY. Brugulere 
C. loo'tum (Wood) 
Rhipo,l.,!. .aper. (Linnaeus, 
B. f"Ciot. (8ruguiere) 

Al A2 

0-60 

JO-70 

TRANSECT 
AJ A4 

JO-40 

60-70 JO-90 
70-100 

AS A6 

0-50 

50-70 

70-80 

0-90 

10-10 
90-100 
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TABLI 2. (contlnued) 

IPICIBI 

Stroabld •• 
r.mbi, sbir'S'o Linneeus 
~. lalbi. Linnaeus 
L. trnDc'to (Kiener) 
8trQPby. 1!::=~Y1Y' (Roedlng) a. 1.nt i g Linnaeus 
a. lubnADUI Linnaeus 

cypr •• ld •• 
cype •••• noutul Linna.us 
c. belygl. Linn.au. 
c. ~ Linnaeus 
~. monett Linnaaus 
C. tigrl8 Linnaaus 

Naticida .. 
NIt leA ep. 

C.asldu 
c •• ,i, carnut' (Linnaeus) 

cymatHdae 
Cymattua muricinum (Roeding) 
c. ntcQb.ricum (Roeding) 
pi.toraio AnUa (Linnaeus) 

Bureldae 
BuLlA bufoni. (G.elin) 

Muricldae 
IIXiUl& IIlWIII Roed log 
D. rictnu, (Linnaeus) 
Horul. jClA (Roeding) 
CbiGorAY' hrpnneuA (Link) 

TRANSBCT 

Al A2 A3 A4 A5 A, 

0-10 90-100 
N 

60-90 

70-80 

30-40 
10-20 

N 90-100 
50-60 

N 

10-20 
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T"BLE 2. (continued) 

SPBCIBS TR"NSECT 

Buccinidae "1 "2 "3 "4 "5 "6 
Caotb,rYB CumoOUR (Dillwyn) 
t. undolu, (Linnaeus) 

FasciolarUda. 
LlttED' IAsul.tua (Reeve) 30-40 
L. pglygonua (Reeve) 
Peristernia nas.atuIa (L.mark) 

Ol1vidae 
al12A annulato Gmelin 

Vasida. 
llA..aUIa turbine] lna (LinnaeU8) 50-60 30-50 

QD ... Harpidae 
~ IngurettA (Roeding) 

MitrUdae 
~ imperialis (Roeding) 
H. littcrota Lamarck 

CostellarUda. 
Yexillum e".perAtnm Gmelin 50-80 x. amobilis (Reeve) 60-80 
X. Gocg"'tua (Helbling) 40-50 

Conidae 
CQ.Iw.a chaldanl RoecUnq 
c. coconutua Gmelin 
c. distAD. HwasB 50-60 
C. ebrofty. Linnaeua 
C. eburDeu. Hwass 
C. floyidu. Lamark 
C. litter.tu1 Linnaeua 70-80 



TABLE 2. (continued) 

SPECIES TRANSECT 
A1 A2 A3 A4 A5 A6 

c. ~U8 Swass 
C.Linnaeua 
t. ppltG.riuR Hwass 50-60 10-20 c. querciou@ Solander 
,. ratty& SwaBs 20-30 
C. ..ngytooleotua Quoy , Gaiaard 
t. ~a1ie Hwase 70-80 30-40 
,. Linnaeue 
C. yttulinul 8wass 

Terebr idae 
Tereb'l .. eulato (Linnaeu8, 90-100 
%. BlJbl.ta (Linnaeua) N 

00 
j:o. 

Bivalvia 
Mytilidae 

t.lodiolua ag. 

Pinniilae 
Rinn& muricDto (Linnaeus) 

I aognominidae 
laoanaman g&XDA (Linnaeus) 

Lucinida. 
Ctan& bAll& (Conrad) 40-80 
Cod,kia nunc~.t. (Linnaeua) 

cutidae 
Cardita varieaato Brugulere 

CardUdae 
Fraaua fraaua (LinneauB) 10-20 10-30 

• • 
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TAtlLE 2. (continued) 

SPECIES TRANSECT 

Gastropoda °1 B2 B3 B4 B5 86 
Acmaeidae 

patelloida chamo[rorum Lindbe[g , Ve[meij 

Trochidae 
Trochu, ntloticuB (Linnaeus) O-BO 20-60 40-100 
!I:. fntextuQ Kiener 
!I:. ~ Gmelin 20-30 
Tectus Dvramis (Born) 40-50 60-70 

Turbinidae 
~ orgystoIDuS Linnaeus 
l. setoBus Gmelin 
A6trea rhodoBtoma Lamarck 

00 
<:PI phasianellidae 

phasianella solida (Bo[n) 

Neritidae 
NeritA plicoto Linnaeus 

Vermetidae 
DendrODoma maxi~a Sowerby N 0-70 0-100 60-80 

CerithHdae 
Ceritbium Alyeolus (Harmon' Jaquinot) 
c.. columna Sowerby 
C. DgduloBum Bruguiere 10-90 50-60 30-40 
C. zonatum (Wood) 10-20 
Rhinocloyis Aspero (Linnaeus) 0-10 0-10 
B. faacioto (Bruguiere) 90-100 tI 0-10 

Strombidae 
[/ombia chirogco Linnaeu8 
L. lomb!s Linnaeu8 
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TABLB 2. (continued) 

SPBCIBS 

~:i!:::~:ii~:!:~:ding) 
lubuopu@ Llnnaeu8 

Cypraeidae 
eype'" Annulya LinnaeuB 
,. belyola Linneeus 
,. lvD& Linneeus 
t. monoto Linnaeus 
~. tigris Linnaeus 

Maticida. 
Hatis' sp. 

cuaiclae 
co •• i. cotOtlt. (Linnaeus) 

CymatHllae 
cymAtium Wiricinum (Roeding) 
,. niGobar!cym (Roeding) 
Oi.tO[Big ADUA (Linnaeus) 

Buraiclee 
AULI& byfonia (Gmelln) 

Murlc!llae 
~ mALUm Roed!ng 
D. ricionl (Linnaeus) 
"prula ~ (Roeding) 
chicore"a brUnnell8 (Link) 

Buccinillee 
c.nthory, fumlUI (Dillwyn) 
C. undoIng (Linnaeus) 

TRANSECT 
Bl B2 B3 B. 

20-30 

30-80 

B5 

N 

B6 

90-100 

90-100 



TABLE 2. (continued) 

SPECIES TRANSECT 

Fasciolar Udae 
Bl B2 83 B. 85 B6 

LatiruB moculotuB (Reeve) 
L. pplY90Dl18 (Reeve) 
Peristernia Dassatula (Lamark) 

Ol1vidae 
ClixA annulato emelin 

Vasidae 
~ turbine))UI (Linnaeus) 90-100 0-90 

Hupidae 
B4LgA omouretta (Roeding) 

i: Mitriidae 
HitLA imperiali. (Roeding) 
H. litterata Lamarck 

Costellar Udae 
YexilluID exAsperotum Gmelin 
Y. ,mobilis (Reeve) 
y_ cOIgoatym (Helbling) 

Conidae 
CQnua choldeus Roeding 
c. cgroolltuB Gmelin 
c. distan6 HWlse 
c. ehIaeus Linnaeus 
C. eburneus HWASS c. flayiduB Lamark N 
c. lit t erot Y8 LlnnaeuB 
C. lividus Hwass 50-60 
C. ~ Linnaeus 
.c. pu)icariul HWASS N 60-70 
c. QUerCinuB Solander 



• • 

TABLE 2. (continued) 

SPECIES TRANSECT 
Bl B2 B3 B4 DS B6 

t. (Attus HwasB c. ,aoguinolentua Quoy , Gaimard 
C. spoDsal!a HwaSB 
~. ~ Linnaeus 
t. yitulloUI Hwess 

Tel'ebridae 
l:t:I:e:br::A mll;iullta (Linnaeus) 
~. sublata (Linnaeus) 

Bivalvia 
Mytilidae 

00 Modiolus G. 
\D 

Pinnidae 
finnA muricAta (Linnaens) 60-70 

Isogno1llinidae 
Isoanomon Q&Xn4 (Linnaeus) 10-20 

Lucinidae 
ct£nA ~ (Conrad ) 40-90 10-50 
Codakia Dunc~Ata (Linnaeu8, 

Cartidae 
Cardita vaci~aAtA Bruguiece 

CardUdae 
Praaum fraaum (Linneaus) 0-100 0-40 70-80 

Tridacnidae 
Tridacna ma.iza (Roeding) 0-10 



10 
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TABLE 2. (continued) 

SPECIES 

Tellinldae latnm tredale 
QuidD'p'gUI pI ~nhinAtA (Linnaeus) 
SputArcop'p" A ) 
Tellin' robust. (Hanley 
Tel1101 Age 

Veneridee ttnatum (Linnbeua' Grofrorium ~pe~s~~~;;_ 
~ tumldum (Roedlng ) 
~. - risa (Linneau8 
GlycOdootA t:roalypbica (conrad) 
LigcQDCba h ticul.ta (LinnA8us) PeriglyptA Ar~e~_~ ____ _ 
lltn G. 

• 

TRANSECT 
Bl B2 B3 B4 B5 B6 

40-50 

10-20 

40-50 

40-50 
80-90 

• 



• • 

fAilLE 2.· IcontIliiied) 

SPBCIES TRANSECT 
C D E F G H 

Gaatropoda 
ACIDaeidae 

Patelloida chamorrorum Lindberg , Vermeij 0-10 0-10 

Trochidae 
T[oSbuI nilotiey. (Linnaeus, 340-580 340-700 120-190 120-130 
%. inttxtu. Kiener 
~. l:AIIIIA Gllelin 
~eetua DYraaia (Born) 630-640 90-100 

Turbinidae 
~ Afgyatomu1 Linnaeua 110-120 
T. 'otagu• Gmelin 210-220 100-120 
Aatx&A rbodo'toma Lamarck 530-540 

\D phaaianellidae - Phaaiane11a Bolida (Born) 

""dtida. 
Merit' pltSAt' Linnaeus 0-10 

Verlletidae 
nendroooma maxima Sowerby 330-630 250-G10 90-120 

Cerithiidae 
ceritbtua alyeolnl (Harmon , Jaquinot) 
C. splumnl Sowerby 
c. npdu)oBnm Brugulere 30- 400 10-210 40-60 
t. lonatum .(Wood) 30-400 10-210 30-280 50-60 
Rhinost.!,. AlperO (Linnaeu8) 0-70 0-10 
B. f'8C iat. (Bruquiere) 60-90 0 0-190 40-50 

Strombidae 
LAmbie ShirlS" Linnaeos 
L. logbt. Linnaeus 



TABLE 2. (continued) 

SPECIES TRANSECT 
C 0 E F G H 

L. truQGota (Kiener) 
Stromb", gibbcrulllB (Roeding) 0-60 0-10 
a. lenttgioo8uB Linnaeus N 
a. lubu.nua Linnaeua 140-500 0-50 0-20 

Cypraeidae 
CyprlC' oDnul"a LinnaeuB N 10-60 20-30 
C. belyo). Linnaeus N 
C. lXnl LinnaeuB c. mgpeta Linnaeus 300-650 300-700 110-150 ;10-70 
C. tigris Linnaeus 

Natielda. 
\0 Hat!,· ep. .... 

Canidae 
CalAi£ CDrnuta (LinnaeYs) 

Tonnida. 
Tonna perdiz (LinnaeuB) N 

Cyutlldae 
cYP'ttym myrietau" (Roeding) 
C. nlcoh,risum (Roeding) 500-510 
niato,sio ~ (Linnaeus) 20-30 

Buraidae 
~ hufpnl. (Gmelin) 20-30 

Muricidae 
~ mPXUm Roeding 120-130 
D. ricinus (Linnaeos) 50-60 
Morulp lID (Roeding) 490-560 60-00 
r.hisareUB brunneus (Link) 610-620 



• 

TABLE 2. (continued) 

SPECIES TRANSECT 
C D E F G H 

BuccinleSae 
Cootho,,,, fumpQua (Dillwyn) 30-400 10-210 30-280 
C. n.odal '" (Linnaeus) 

Fasciolar Udae 
LitSey. mOGul.tus (Reeve) 
L. folyaoDuB (Reeve) 
Per atern!. nassatyla (Lamark) GO-70 

DHvldae 
ClixA annulate Gmelin 440-450 

Va aid .. 
~ turbinel!us (Linnaeus) 500-510 540-550 180-190 50-10 10-20 

\C .... HarpieSa. 
H4XDa omgUtetto (Roeding) 30-40 

MitrUeSae 
HitLA imperialis (Roeding) 300-310 
H. Ittterot' Lamarck 0-10 

Coateller Udae 
Ve.illum eXAspcrotym Gmelin 
~. aaobitts (Reeve) 20-30 0-10 
~. corgD.tum (Helbling) 

ConieSa. 
tADua ,haldeus Roeding N 50-60 
C. cgrpDutul Gmelin N 
c. dtBtOQ§ Hwass 
c. tbroftys Linnaeus 420-430 40-540 O-GO 
C. eburneys Hwass 40-50 
c. (loyidu§ La~rk 160-11 0 60-10 
c. litterotu8 Linnaeu8 



TABLE 2. (continued) 

SPECIES TRANSECT 
C D E F G If 

c.. 1 iyiduB HWASS 0-10 60-70 120-130 c. ~ Linnaeus N 
C. pulicAriu8 Hwass 0-10 c. guercinu§ Solander n 
C. (attuB Hwass 300-510 690-700 70-80 
t. §Anguioo)entlJ § Ouoy & Gaimard 
C. &poDsolis Hwass 0-20 c. yellixum Gmelin N 
C. ~ Linnaeus 
C. yitulinuB Hwass N 

Terebridae 
Tercb" maculata (Linnaeus) 
~. sllb!ata (Linnaeus) 

\0 
~ 

Bivalvia 
Mytilidae 

Modiolus .&l). 40-80 50-60 

Pinnidae 
Ei..nnA muricata (Linnaeus) 

Isognominidae 
Isoanoman RaLDA (Linnaeus) 160-170 

Lucinldae 
CtADA ~ (Conrad) 50-80 
Codakia Dunctata (Linnaeus) 

Cartldae 
Cardita varleaata Bruguiere 160-170 

CardUdae 
Fraaum frlcurn (Linneaus) 480-490 30-270 0-50 

• 
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TABLB 2. (continued) 

SPBCIES 

Tridacn!dae maxima (Roeding) TridocDa a_w_~_~_. __ 

Tellinidae 1 tym Iredale 
Ouidnopogua pI A binata (LinnaeU8) --- nAg'o 19° _____ _ 
;:Ylt~:Qinbu't' (Hanley) 
Tel1ino All-

veneridae ~~t~l~n~o~t~y_m (LlnnaeuB) Grofrorium ';Mc __ 
" tYBlidllm (Roeding) ) 
M· ~ marico (Linneau8 
GlyCOdODh'hltrOQJyphiCI (Conrad) 
Ltpeone

h
• ticulotA (Linnaeus) periglYDto .. r~e~ _____ _ 

lliU .Ill. 

C 

380-570 

80-90 

80-90 

o 

• 

TRANSECT 
B r 

590-600 150-190 

G H 

30-50 



~ 

TABLE 3. Abundances for echinoderms. Densities are given as individuals pe r lO ~2 . followed by the number of quadrats in 
which this organism was found. A dash (-) represents that this organism was not found on that transect. An N 
represents the occurrence of the organism on the transect line, but outside the sampling area. 

SPECIES 

Ophiuroidea (Brittle stars) 
Opbitamo sp. 

Asteroidea (Sea stars) 
'ulett. noyoeS"ineAe Hluller , Troschel) 
Froml, ml1119o[e11a (Lamarck) 
LIoktA laeyigAt. (Linnaeus) 
L. Fultifo{, (Lamarck) 
ACAotbAAter plAnct (Ltnnaeus) 

Crinoidea 
'pmontbu1 Ichlegeli (Carpenter) 

Echinoidea (Sea urchins) 
Diadem. loy1gpvi Michelin 
Ecbinptbrtx diadema (Linnaeus) 
Tpxopneliltea pileolul (Lamarck) 
Trippeuateg gratill, (Linnaeus) 
EchinoetephADug acigulatuB A. AgAssiz 
Echinometr. mothaei (de Blainvelle) 
Hctfttocent{otllA mamrnillatus (Linnaeus) 

Holothuriodea (Sea cucumbers) 
StipbOPU6 chlO{ODgtu§ Drandt 
S. bOrteD1 Selenka 
Actinapyga ephipitea (Jaeger) 
1. mouritiaoa (Quoy , Gaimard) 
BQhodachio 4LQUA Jaeger 
~ marmgroto Jaeger 
(,obldpdemAB RemperiaDum (Selenka) 
Holotburla A.U.A Jaeger 
B. AxlolOgo H. L. Clark 
B. cineroscCDR (Brandt) 

• 

Al 

1.0 (1) 

1.0(1) 

34(10) 

A2 

1.0(1) 
1.0 (1) 
2.0(7) 

2.4(5) 

1.0(1) 

1.0(2) 

1.0(2) 

8.7(10) 

1.3 

1.0(1) 

1.3(4) 

1.0(1) 

24(3) 

3.8(9) 

TRANSECT 
A4 

II 
N 

N 

1.0(1) 

115 

1.0(1) 

2.0(1) 
10(1) 

1.4 (10) 

A6 

1.0(1) 

1.9(10) 
1.0(1) 
1.0 (1) 

1.0(2) 

TlnC(10) 
5.4(10) 

1.0(1) 
1.0 (5) 
1.0 (1) 

1.0(1) 

1.0(1) 

1.4(5) 
1.0(1) 
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TABLE 3. (continued) 

SPECIES 

B. hJJJ.A Lenon 
B. impat icD1 (Fo[skal) 
B. leuca'pilgto (Brandt) 
B. noblll, (Selenka) 
Synapta m"ul.ta eCho.leBO , Eysenhardt) 

Al 

1.8(4) 

A2 

7.6(9) 

TRANSECT 
A3 A4 

3.0(1) 4.3(10) 

1.0(1) 

AS 

7.1 (9) 

"6 

7.3(7) 



TABLE 3. (continued) 

SPECIES TRANSECT 

Ophiuroidea (Brittle stars) 
81 82 83 B4 85 B6 

oohicoma ap. 

Asteroidea (Sea stars) 
cUleSt. DQyoeguincoe (Muller , TroBchel) 1.0(1) 1.0(1) 
Fromla miIIigarello (Lamarck) 
Linki' loeylgotA (Linnaeus) 1.0(3) 1.0(1) 3.3(7) 
L. multifgra (Lamarck) 1.0(1) 
~canthaster cIanci (Linnaeu,) 

Crinoidea 
comanthua schleaeli (Carpenter) 

Echinoidea (Sea urchins) 
IJ) Diadema aaylgnyi Michelin 2.0(1) 1.0 (1) 18(10) 
go EcbioQtbrix diadema (Linnaeus) 1.0(1) 3.8(10) 

TQIQpneuate§ pl1eolu8 (Lamarck) 1.0(1) 1.5 (2) 
TripneuAtes grottlla (Linnaeus) N 1.0(1) 1.5(2) 1.0(1) 
EcbinoBtephapu3 Aciculatys A. Agassiz 1.0 (1) 
Echinom,tr, mothaei (de 81ainvelle) 1.0(1) 1.3(4) 41(10) 1.3(4) 
Heterocentrotus mammillatus (Linnaeus) 

Holothuriodea (Sea cucumbers) 
Stichopua chlg[oootus Brandt N 
S. borrens Selenka 4.0(2) 
ActlnopygA echloites (Jaeger) 
&. mauritiono (Ouoy , Gaimard) 
BobodsQbio A1aUA Jaeger 1.0(2) 1.0(1) 
~ mormorata Jaeger 1.0(2) 
I"bldMe;,§ so"neriaDUR' (Selenka) 
Holothuria At1A Jaeger H(10) 35(10) 1.0(3) 1.2(6) 1. 0 (5) 1.5(1) 
B. AX 1010gA H. L. Clark 
B. CiDeraaCeDO (Brandt) 
Ji. hil.lA Lesson 1.0(1) 6.9(10) 5.7(10) 3.2(5) 5.0(7) 
B. 1mpatiCD' (Forskol) 

• 
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TABLE 3. (continued) 

SPECIES 

Ophiuroldea (Brittle stars) 
ophicoma ap. 

Asteroidea (Sea stars) 
Clllett, 00yo0911ioooe (Muller , Troschel) 
Fcoml' milliporello (Lamarck) 
J.inkio laevigoto (Linnaeus) 
L. mnltifQra (Lamarck) 
&contboster plonei (Linnaeus) 

Crinoidea 
cgmonthu§ schlegeli (Carpenter) 

Echinoidea (Sea urchins) 
piadema Boyignyi Michelin 
Echioothrix diademo (Linnaeus) 
TQXopneustes pileol'" (Lamarck) 
T(ipaGuate, grottllo (Linnaeus) 
EcbioostepboDUS aciculatus A. Agassiz 
Rcbiogrnetra matboei (de Blainvelle) 
HeteroQent(otll6 mammillotu6 (Linnaeus) 

Holothuriodea (Sea cucumbers) 
SticbopUB Chlo(QQotuB Brandt 
s. horren6 Selenka 
ActioQPyg' echipite' (Jaeger) 
A. mauritiAn, (Ouoy , Gaimard) 
Bobodachio ~ Jaeger 
B£ mormorota Jaeger 
LabidodemlB ,cmperioDuID (Se1enka) 
Holotburi. A.t.I.A Jaeger 
B. Iliolog' H. L. Clark 
B. cinero6ce pB (Brandt) 
B. eduliB Lesson 
B. h1llA Lesson 

• 

C 

1.0(1) 

1.1(10) 

N 

1.0(3) 
3.4(5) 

1.6(1) 

1.0(2) 

18.0(58) 

1.6(5) 
3.0(6) 

D 

39.5(21) 

6.5(11) 

TRANSECT 
E F 

1.0(1) 

1.0(1) 

1.4(13) 

1.0(2) 

3.0(5) 
4.6(9) 
1.0(1) 

1.0(1) 
10.9(31) 

II 

1.5(2) 
1.0(4) 
1.0(1) 

II 
1.0(2) 

N 
14.7(66) 
1.0(1) 

1.5(4) 

1.5(2) 

1.0 (3) 

1.5(2) 
1.0(2) 

2.2(6) 

1.0(4) 

N 
1.0(2) 

N 
1.0(2) 

4.2(18) 

1.0 (2) 

G 

1.0(1) 

1.0 (1) 
1.0(1) 

1.0(1) 

3.0(2) 

14.4(8) 

3.0(1) 

3.0(1) 

H 

1.2(9) 
1.0(1) 

1.1(3) 

5.5(2) 
II 

3.1(9) 
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TABLE 4. Abundances of mollusks. Densities are given as individuals perlO m2, followed by the number of quadrats in 
which this organism WAS found. A dash (-) represents that this or94n15rl1 was not found on that transect. An N 
represents the occurrence of the organism on the transect line, but outside the sampling area. 

SPECIES 

Gastropoda 
Acmaeldae 

potelloido chOIDOrrQrym Lindberg , Vermeij 

Troch1dae 
Trochu8 nilot icus (Linnaeus) 
~. inteltu§ Kiener 
%. = Gmel1n 
Tectua pyramis (Born) 

Turb1n1dae 
%uLbg argy§tgmuB Linnaeus 
~. setgsys Gmelin 
Astrea rhodostoma Lamarck 

phas1anell1dae 
pbo8ionella 601ida (Born) 

Neritidae licota Linnaeus HeritA .0 __ _ 

vermetidae Alima Sowerby Pcndrgpoma _m ____ _ 

Cer1thl1dae 
Cerithiym alveolus (Har~on , Jaquinot) 
t~ cglumna Sowerby 
t~ hodulpsum Bruguiere 
C. zonatym (5-lood) 
8hthoclayis Aspera (Linnaeus) 
B. ('Beiata (Bruguiere) 

• 

Al A2 

8.0(4) 

TllTC (4) 

TNTC(2) 

TRANSECT 
AJ A4 

1.0(1) 

1.0(1) 1.0(4) 
1.0(2) 

AS A6 

1.0(J) 

1.0(2) 

1.0(1) 

5.2(8) 

2.0(1) 
1.0(1) 
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TIIBLE 4. (continued) 

SPECIES 

Strombidae 
Lambis chirogca Linnaeus 
L. lambis Linnaeus 
L. truDcata (~iener) 
Stromhus gihberylus (Roeding) 
S. leotigipoAus Linnaeus 
S. luhuanns Linnaeus 

Cypneidae 
Cypraea ilDPulus Linnaeus 
C. belyola Linnaeus 
C. hn.x. Linnaeus 
C. moneta Linnaeus 
C. tigris Linnaeus 

Naticidae 
Natica sp. 

Cassidae 
cassia sarouto (Linnaeus) 

cymatiidae 
Cymat fum mur'icinum (Roeding) 
C. picoboricum (Roeding) 
DiBtprsio ~ (Linnaeus) 

Buraidae 
JllU.AA bl1fopio (Cmelin) 

~Iuricidae 
~ ~ Roeding 
n. ricinus (Linnaeus) 
Morulo Wl4 (Roeding) 
CbicoreUB brlloneilS (Link) 

• 

TRANSECT 
Al 112 113 114 AS 116 

1.0(1) 1.0(1) N 

1.3(3) 

1.0(1) 

1.0(1) 
2.0(1) 

N 1.0(1) 
1.0(1) 

1/ 

1.0(1) 
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TABLE 4. (continued) 

SPECIES 

Buccinidae 
C,"thorps (umgRU' (Dillwyn) 
c. undolu$ (Linnaeus) 

Fasciolariidae 
L.tif"' mAcylotuB (Reeve) 
L. polygonu. (Reeve) 
peristernia DA§satu}a (Lama[k) 

01ividae 
~ ,pnulata Gmelin 

Vasidae 
XAlWm ~urbinellu9 (Linnaeus) 

Harpidae 
BAxRA amguretta (Roeding) 

Hitriidae 
HitLA imperlolls (Roedlng) 
H. litterAto Lamarck 

costellarildae 
vexillum eXAaperatym Grnelin 
y. omabilis (Reeve) 
y. co[ooatym (lleibling) 

Conidae 
~ cbaldeu§ Roeding 
C. c;oroDlltu§ Grnelin 
C. dietane Hwass 
c. ehIaeua Linnaeus 
C. ehUlneUA Hwass 
c. flayidus Lamark 
c. litterotYB Linnaeus 

Al A2 

1.0(1) 

1.0(1) 

TRANSECT 
A) A4 

1.0(1) 

1.0() 
1.0 (2) 
1.0(1) 

y 

~ 

AS A6 

1.5(2) 

1.0(1) 



• 

TABLE 4. (continued) 

SPECIES TRANSECT 
Al A2 "3 A4 AS "6 

c.. liyidus Hwas. 
C. milcA Linnaeus 
C. pulicariuR Hwass 1.0(1) 1.0 (10 
C. guerc;tnuB Solander 
c. r::lttUI Rwass e .. ,ooguinolentt,§ Quoy , Gaillard 1.0(1) 
C. SpODIll!, Hwass 
C. ~ Linnaeus 
C. yitu]inus HwasB 

1.0(1) 1.0(1) 

Terebridae 
Terehro Iloclllilt. (Linnaeus) 1.0(1 ) 
f. luhlota (Linnaeua) N ..... 

0 

'" Bivalvia 
Hytilidae 

nodio1uB lUI. 

Pinnidae 
EiDDA myricota (Linnaeus) 

Isognominidae 
Isoanomon ~ (Linnaeua) 

Lucinidae 
~ ~ (Conrad) 2. 7 (4 ) 
Codakia Dunctata (Linnaeus) 

Cartidae 
Cardita varieaata Bruguiere 

Cardiidae 
Fraaum fraaum (Linneaus) 1.0(1.) 2.0(1) 
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TABLE C. (continued) 

SPECIES 

Tridacnidae ima (Roeding) Tt idAcna mAX 

T llinidae 1 tum Iredale 
e QuidnapAgus pa ~Qbinata (Linnaeus) arcopagia 6 ) ~. 'gbusta (l1anley Tel InA 

TellinA .GD. 

Vener id~e 
Grafroriym pectinatum (Linnaeus) 
~ . tymidum (Roeding) 
GlycQdoDto matica (Linneaus) 
Lioconcba bieroglyphica (Conrad) 
periglypla reticylotA (Linnacus) 
EiU.t JiR. 

TRANSECT 
Al A2 A3 A4 AS A6 

1.0(1) 1.5 (2) 

2.0(1) 1.5(2) 1.5 (2) 

1 . 0(2) 

• 
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TABLE 4 . (continued) 

SPECIES TRANSECT 

Gastropoda 
Bl B2 B3 84 BS 8 6 

Acmaeidae 
Patelloida chamorrorum Lindberg , Vermeij 

Trochidae 
TrpcbllA oiloticuB (Linnaeus) 1.0(3) 1.0(2) 1.0 (3) 
~. intextu§ Kiener 
~. J:l!I1II.II Gmelin 1.0 (1) 
Tectu8 nvramis (Born) 1.0(1) 1.0(1) 

Turbinidae 
~ acgystpmuB LinnaeuB 
%. IfttO§UB Gmelin ... Astrea rhodQstomo Lamarck 

S phasianellidae 
Phasianella solida (Born) 

Neritidae 
Nerita plicato Linnaeu8 

Vermetidae 
DendroDoma mo~imo Sowerby II 4.3(4) 6 . 0(4) 11 (2) 

CerithUdae 
Cerithium olveo1us (Harmon' Jaquinot) 2.0(1) 
C. columnA Sowerby 
c. DOdylosum Bruguiere 1.0(2) 1.0 (1) 1.0(1) c. 2onotum (Wood) 5.0(1) 
RbinQclayi& asperA (Linnaeus) 2.0(1) 1.0 (1) 1.0 (1) 
a. (A§efato (Bruguiere) II 2.0(1) 

Strombidae 
Lambis chirogco Linnaeus 
L. lombis LinnaeuB 



.... 
i 

TABLE 4. (continued) 

SPECIES 

L. truDc.to (Kiener) 
StrpmbuB gihbernlua (Roeding) 
s. lcntlgiooRus LinnaeuB 
~. luhuinul Linnaeua 

Cypraeid.e 
Cyp"" .nnulUR Linnaeua 
C. belypl. Linnaeus 
C. lXDl' Linn.eua c. moneta Linnaeus 
C. tieri. Linn.eua 

Natic:idae 
N.tiS' ap • 

caaaidae 
C •• ,ls sorouto (Linnaeus) 

Cymatiidae 
cymltium mnricinum (Roeding) 
C. nicphAricum (Roeding) 
ni.to,aio AnUa (Linnaeus) 

Buuidae 
AuLIA bufgpia (Gmelin) 

"urieidae 
~ mALUm Roeding 
n. ricinus (Linnaeua) 
Moryla ~ (Roeding) 
CbicQrCU8 brUDneUa (Link) 

Bueeinldae fumgsua (Dillwyn) (.nthlrps ) 
C. nodoluS (Linnaeus 

~ 

TRANSECT 
Bl B2 B3 B, 

1.0(1) 

1.5(2) 

• 

BS 

N 

86 

1.0(1) 

1.0(1) 
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TABLE 4. (continued) 

SPECIES TRANSECT 

Fasciolar iidae 
Bl B2 83 B4 Bs B6 

Lotirug maculotUQ (Reeve) 
L. polY9QOllB (Reeve) 
P~riat~rnia nassatula (Lamark) 1.0(1) 

Olividae 
Cl1xA annulate Gmelin 

Vasidae 
~ turbinelluB (Linnaeus) 1.0(1) 1.3(3) 

Harpidae 
IALRA omouretto (Roeding) ... Mitriidae 

~ BitIA imperialis (Roeding) 
H. litterato Lamarck 

Costellar i idae 
yexil1um exoaperatum Gmelin 
Y. omobilis (Reeve) 
Y. caronatum (Helbling) 

Conidae 
.c..o.n.u.a chalden8 Roeding 
C. COCODllhlB Gmel in 
c. distoDa HWASS 
C. ebraeuB Linnaeus 
C. eburnellB Hwass 
C. flayidu8 Lamork N 
c. 1 itterotllR Linnaeus 
C. l1yid08 Hwass 1.0(1) 
c. ~ Linnaeus 
C. pulicoriuB Hwass N 1.0(1) 
C. gllcrcinuB Solander 



TABL& 4. (continued) 

SPECIES TRANSECT 
Bl B2 B3 B4 BS B6 

c. (Atty, Rwa •• 
C. BonguinoleotpG Quoy , Gaimard 
c. 'PODRolts HwaSB 
C. ~ Linnaeus 
t. yitylious Hwass 

Terebridae 
TereheD "Gulota (Linnaeus) 
.t. Rublat, (Linnaeus) 

Bivalvia ... Mytilidae ... MadiaIu, G · 
C) 

pinnidae 
EiDDA .Yeieoto (LinnaeuB) 1.0(1) 

Isogno.inidae 
Isoanomon ~ (Linnaeua) 1.0(1) 

Lucinidae 
ct&DA ~ (Conrad) 3.0(3) 1.0(3) 
Codokio nunctato (Linnaeua) 

Cartidae 
Coedit. vat1eaato Bruguiere 

Cardiidae 
Pfaaum f~aaum (Linneaus) 1.2(3) 1.2(6) 1.0(l) 

Tridacnidae 
Tridacna ma~iDa (Roeding) 1.0 (1) 

• 



... ... .. 

TABLE 4. (continued) 

SPECIES 

Tellinidae latum Iredale 
Quidnapogul pi bioota (Linnaeua) ScutarcoQogio seq ) 
Tellioa [obu§ta (Hanley 
Telltna .m-

veneridae tioatum (Linnaeus) Grafrariull pee . 
G. tumidum (Roedlng) neaus) 
GlycodoDtA mAri~ty!~t~a (Concad) 
LiocoQcba biefYqulata (Linnaeus) peciglyptA fe 
ili.u. ~ • 

.. 

TRANSECT 
Bl B2 B3 B. BS B6 

1.0(1) 

1.0(1) 

2.0(1) 

1 . 0(1) 



TABLE ,. (continued) 

SPECIES TRANSECT 
C 0 E F G II 

Gastropoda 
Acmaeidae 

Patelloida chamorrorum Lindberg , Vermeij 27.0(1) 16.0(1) 

Trochidae 
TCQchys nilQtlcus (Linnaeus) 1.8(8) 4.0(10) 1.0(2) 2.0(1) 
%. lotextuB Kiener 
:r. l:lIIIWi Gme lin 
T~ctUB Dvcamis (Born) 2.0(1) 1.0(1) 

Turbinidae 
~ Otgygtomu§ LinnaeuB 1.0 (1) 
~. setgsps Gmelin 1.0(1) 1.5(2) 
~ea rbodoEtoma Lamarck 1.0 (1) --N Phasiandl1dae 
Phaaianella aalidA (Born) 

Neritidae 
Herll. pliCOtJ Linnaeus 4.0(1) 

vermetidae 
nendroooma maxima Sowerby 8.8(4) 3.5(4) 4.0(3) 

CerithUdae 
ceritbium alveolus (Harmon' Jaquinot) 
C. columnA Sowerby 
c. nodulpBum Bruguiere TIITC (14) 1.9 (7) 1.1(7) 1.5(2) 
c. zooptym (Wood) TNTC (14) TNTC (17) TNTC (19) 1.0(1) 
Bhinocloyis aspera (Linnaeus) 1.7(3) 1.0(1) 
R. ('ReiAtA (Bruguiere) 1.0(2) 1.0(4) 1.0(1) 

Strolllbidae 
(.,mbis chirlgco Linnaeus 
L. 11mbis Linnaeus 

• 



• • • 

TABLE 4 . (continued) 

SPECIES TRANSECT 
C 0 E F G H 

L. truncato (Kiener) 
StrpIDbus gibbc{Ulus (Roeding) 3.8(4) 15.0(1) 
S. lentigioQ8us Linnaeus 1/ a. lllbnanus Linnaeus 2.0(2) 2.0(3) 4.0(2) 

Cypraeidae 
Cypraeo IODulua Linnaeus N 2.0 (3) 2.0 (1) 
c. belyola Linnaeus II 
C. 1lnx Linnaeus N c. moneta Linnaeus 2.7(14) 2.0(1) 1.0(3) 3.0(3) 
C. tigris Linnaeus 

Tonnidae 
.-... %AnnA perdix (Linnaeus) N ... 

Naticidae 
Natiea ap. 

Cassidae 
Cassis cornuta (Linnaeus) 

Cymatiidae 
cvmotium muricinum (Roeding ) 
c. nicobaricum (Roeding) 1.0(3) 1.0(1) 
nistorsio ADUI (Linnaeus) 1.0(1) 

Bursidae 
~ bufonia (Gme1in) 1.0(1) 

Mudcidae 
~ ~ Roeding 1.0(1) 
D. ricinus (Linnaeus) 1.0(1) 
Morula llllA (Roeding) 1.5(2) 1.0(2) 
chicoreus brunDeus (Link) 1.0(1) 



TABLE 4. (continued) 

SPECIES TRANSECT 
C 0 E F G H 

Buccinidae 
Contborus fUmOlYI (Dillwyn) TllTC (14) TUTC(17) TUTC(19) 
c. UndQIUB (Linnaeus) 

Fasciohriidae 
LatiruB maculotu3 (Reeve) 
L. pgIY90QuS (Reeve) 
pcristernia naasatula (Lamark) 2.0(1) 

Oliviclae 
~ lonulot' Gmel!n 1. 0(1) 

Vasidae ... ~ turbine!lu. (Linnaeu.) 1.0(1) }'0(1) 1.0(1) 1.5(2) 1.0(1) ... 
• Harpiclae 

HALRa Imouretto (Roeding) 1.0(1) 

Hitriidae 
~ imperioltR (Roeding) 1.0(1) 
H. litterata Lamarck }.O (1) 

Costellar iidae 
yexilll1m Cloepcrotum Gmelin 
~. amAbilia (Reeve) 1.0(1) 1.0(1) 
~. cgrooatum (Helbling) 

Conidae 
CQnua chaldeuB Roeding U 1.0(1) 
c. CO[ODutUB Gmelin N 
c. ¢iGtODS Rwass 
C. ebroeU9 Linnaeua }. 0 (1) N 1.3(3) 
c. eburneys "WISS c. floyiduB Lamotk 1.0(1) 1.0(1) 
c. litteratus Linnaeus 

• 
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TABLE 4. (continued) 

SPECIES TRANSECT 
C 0 E F G H 

C. liyidus Hwass 1.0(1) 1.0(1) 1.0(1) 
c. milta Linnaeus N 
c. pulicarius Hwass 1.0(1) 
C. gyercinus Solander N 
C. rattu§ Hwass 1.0(1) 1.0(1) 1.0(1) 
C. saoguinoleotus Quoy , Gaimard 
C. &paDsalis Hwass 3.0(2) 
c. ~ Linnaeus 
c. v.it..ul inus Hwass II 

Terebridae 
Terebril moculata (Linnaeus) ... %. §pblata (Linnaeus) ... 

'" Bivalvia 
Mytilidae 

Modiolus .ag. 1.0(2) 2.041) 

Pinnidae 
EinnA IDuricAta (Linnaeus) 

Isognominidae 
ISQanomon ~ (Linnaeus) 1.0(1) 

Lucinidae 
Ct&Da ~ (Conrad) 2.0(2) 
codakia Dunctata (Linnaeus) 

cartidae 
Ca~dita ¥aIiegata Bruguiere 2.0(1) 

Cardiidae 
Fraaum fraaum (Linneaus) 1.0 (1) 1.0(1) 1.7(3) 1.2(5) 
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TABLE 5. Distributional zonation of occurrence for echinoderms on the 
first 100 m of transect C, D, and E.14 months after data 
presented on Table 1 was obtained. Zones are determined by the 
distance in meters from the starting end of the transect. A dash 
(- ) represents that this organism was not found on that transect. 
An N represents the occurrence of the organism on the transect, 
but outside the sampling area . 

SPECIES 

ophiuroidea (Brittle stars) 
OphicQlj1a sp. 

Asteroidea (Sea stars) 
Culcita ngvaeguineae (l~uller & Troschel) 
Frgmia millipgrella (Lamarck) 
Linkia laevigata (Linnaeus) 
L. multifora (Lamarck) 
Acanthaster planci (Linnaeus) 

Crinoidea 
Cgrnanthus schlegeli (Carpenter) 

Echinoidea (Sea urchins) 
piadema sayignyi Michelin 
Echingthrix diadema (Linnaeus) 
Tgxgpneustes. pileolu8 (Lamarck) 
Tripneustes gratilla (Linnaeus) 
EchingstephaDJJ5 pcicylatus A. Agassiz 
Echingmetra mathaei (de Blainvelle) 
Hetg'[ocentrotu§ mammA l1atu§ (Linnaeus) 

• 
Holothuriodea (Sea cucumbers) 

stichopus Ch1o[gDgtu§ Brandt 
s. borrens Selenka 
Actingpyga ecbinites (Jaeger) 
A. mauritiana (Quoy & Gaimard) 
Bohadschia argus Jaeger 
B& marmgrata Jaeger 
Labidgdemas semperianum (Selenka) 
Hglgthuria AtXA Jaeger 
B. axiglgga H. L. Clark 
B. cinerasceps (Brandt) 
B. hilla Lesson 
B. impatieps (Forskal) 
lI. lenCQspilgta (Brandt) 
B. pgbilis (Selenka) 
Sypapta ma&ulata (Chamisso & Eysenhardt) 

117 

C 

30- 100 

TRANSECT 
D 

0-100 

30-60 

E 

0-100 • 



TABLE 6. Distributional zonation of occurrence for mollusks on the first 
100 m of transects C, D, and E,14 months after the data in Table 
2 was obtained. Zones are determined by the distance in meters 
from the starting end of the transect. A dash (-) represents 
that this organism was not found on that transect. An N 
represents the occurrence of the organism on the transect line, 
but outside the sampling area. 

SPECIES 

Gastropoda 
Acmaeidae 

patelloida chamorrorum Lindberg & Vermeij 

Trochidae 
Trochu!l nflatiens (Linnaeus) 
%. intextus Riener 
:r. conus Gmelin 
Tectys pyramis (Born) 

Turbinidae 
Turbo argyatOIDu5 Linnaeus 
~. setQ5JJS Gmelin 
Astreo rhpdQ5torna Lamarck 

phasianellidae 
pbasianella sQlida (Eorn) 

Neritidae 
Nerita plicata Linnaeus 

Vermetidae 
Dendrpppma maxima Sowerby 

Cerithiidae 
Cerithium alyeolu5 (Harmon & Jaquinot) 
~. cplumna Sowerby 
.c. DodplQ5um Bruguiere 
~. zpnatum (Wood) 
RhiDgclayis Aapera (Linnaeus) 
B. fA§cii tA (Bruguiere) 

• 
Strombidae 

Lambie cbiragra Linnaeus 
~. lambis Linnaeus 
L. truoeata (Kiener) 
Strornbus qibbernlus (Reeding) 
s. lentiginosuB Linnaeus 
S. luhpanus Linnaeus 

Cypraeldae 
Cvnraea Annulus Linnaeus 
.c. bglygla Linnaeus 

118 

C 

50-100 

TRANSECT 
D 

10-100 
50-60 
30-80 

E 

20-90 
20-90 

• 
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TABLE 6. (continued) 

SPECIES 

~. ~ Linnaeus 
~. moneta Linnaeus 
c. tigris Linnaeus 

Naticidae 
Matica ap. 

Tonnidae 
Tonna perdix (Linneaus) 

Cassidae 
Cassis cgrnuta (Linnaeus) 

Cymatiidae 
cymatiym murisinum (Roeding) 
~. nicgbaricurn (Roeding) 
Distgrsig anaa (Linnaeus) 

Bursidae 
Bursa bufgnia (Gmelin) 

~Iuricidae 
nrupa Mgrym Roedi'ng 
D. ricinus (Linnaeus) 
Mgru la WlA (Roeding) 
Chicgreus brnoneu§ (Link) 

Buccinidae 
Cantharus fUIDg§U§ (Dillwyn) 
c. yndQ6us (Linnaeus) 

Fasciolariidae 
Latiru§ magulatus (Reeve) 
L. polyggDus (Reeve) 
peristernia na5§atu1a (Lamark) 

Olividae 
~ annulata Gmelin 

Vasidae 
VOsum tIJrbinellu§ (Linnaeus) 

Harpidae 
Barpa amguretta (Roeding) 

Mitriidae 
Mitra imperialis (Roeding) 
B. litterata Lamarck 

C 

-
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TRANSECT 
o 

N 

50-60 
30-70 

E 

-

• 



TABLE 6. (continued) 

SPECIES 

Costellariidae 
Vexillnp exasperatnm Gmelin 
~. arnabilis (Reeve) 
~. cprpnatum (Helbling) 

Conidae 
~onu§ chaldeus Roeding 
c. cQrgDutys Gmelin 
c. djstans Hwass 
c. ebraeys Li~naeus 
.c. eburneus H\oIass 
c. flayidys Lamark 
C. litterattJs Linnaeus 
.c. Iiyidys Hwass 
c. miles Linnaeus 
C. pnlicariys Hwass 
c. quercinus Solander 
.c . ratt u§ Hwass 
.c. sanguinglentus Quoy , Gaimard 
c. spgDsalis Hwass 
c . Virgo Linnaeus 
c. yitulinll§ Hwass 

Terebr idae 
Terebra maculata (Linnaeus) 
:1:. slIblata (Linnaeus) 

Bivalvia 
Mytilidae 

MQdiOlus .iJ2. 

pinnidae 
pinna mlJrjcata (Linnaeus) 

Isognominidae 
J§Q9oorngn perna (Linnaeus) 

Lucinidae 
Ctepa bella (Conrad) 
Cgdakia punctata (Linnaeus) 

Cartidae 
Card ita yariegata Bruguiere 

Cardiidae 
Fca9um fragym (Linneaus) 

Tridacnidae 
:l:ridacpa maxima (Roeding) 

120 

c 

40-70 
N 

TRANSECT 
D 

40-70 

20-60 
N 

• 

• 
• 

N 

-
10-20 

• 
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TABLE 7. Abundances for echinoderms on the first 100 m of transects C, E, 
and E 14 months after the data presented in Table 3 was obtained. 
Densities are given as individuals per 10 m2, followed by the 
number of quadrats in which this organism was found. A dash (-) 
represents that this organism was not found on that transect. An 
N represents the occurrence of the organism on the transect line, 
but outside the sampling area . 

SPECIES· 

Ophiuroidea (Brittle stars) 
ophicprna SPa 

Asteroidea (Sea stars) 
Culcita Doyaggyineae (l~uller & Troschel) 
Promia millipgrella (Lamarck) 
Linkia laeyjgata (Linnaeus) 
L. multifgra (Lamarck) 
Acanthaster planei (Linnaeus) 

Crinoidea 
Cgmanthlls schlegeli (Carpenter) 

Echinoidea {Sea urchins) 
D iadema Sayignyi r'lichel in 
Echingthrix diadema (Linnaeus) 
TQxopneustes pileglus (~arnarck) 
Tripneystes gratilla (Linnaeus) 
Echinostephanus aciculatys A. Agassiz 
Echingmetra mathaei (de Blainvelle) 
Hetergcentrgtus mammillatlls (Linnaeus) 

Ho10thuriodea (Sea cucumbers) 
Stichgpus chlptgootus Brandt 
~. hgrrens Se!enka 
ActingpygA eghinites (Jaeger) 
A. mayritiana (Quoy & Gaimard) 
Bohadachia argus Jaeger 
~ marmgrata Jaeger 
Labidodemo§ semperianum (Selenka) 

C 

Hglgthllria .il.ta Jaeger 10.9 (7) 
B. axigloga H. L. Clark 
B. cinerascens (Brandt) 
B. hilla Lesson 
B. impatiens (Forskal) 
II. 1encpspilgta (Brandt) 
a. n~g!l;: (Selenka) . 
!YDa _____ Gulata (Chamlsso & Eysenhardt) 

122 

TRANSECT 
D 

30.6(10) 

1.0 (1) 

E 

13.3(8) 



TABLE 6. (continued) 

SPECIES 

Tellinidae 
QujdnapAguI palatnm Iredale 
ScutirS9pagia 'sgbinata (Linnaeus) 
Telli", robusta (Hanley) 
Tellin' JUl. 

veneridae 
GrafrariuQ pectinatum (L i nnaeus) 
~. tllmidum (Roeding ) 
Glycpdpnt2 marica (L i nneaus ) 
Ligcgocha hiecoglyphisa (Conrad ) 
periglypta retiC1Jlata (L innaeus ) 
pitar a. 
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TRANSECT 
C D E 
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TABLE 8. Abundances for mollusks on the first 100 m of transect C, D, and 
E 14 months arter the data presented in Table 4 \~as obtained. 
Densities are given as individuals per 10 m2,followed by the 
number of quadrats in which this organism "as found. A dash (-) 
represents that this organislo was not found on that transect. An 
N represents the occurrence of the organism on the transect line, 
but ouside the sampling area. 

SPECIES 

Gastropoda 
Acmaeidae 

Patelloida chamorrgrum Lindberg & Vermeij 

Trochidae 
Trgctus niloticys (Linnaeus) 
~. intextu§ Kiener 
:t. cgnys Gmelin 
Tectus pyramiF (Born) 

Turbinidae 
Astr~a rhgdostgrna LamarcK 
~ araystoIDuS Linnaeus 
.:I. set Q§1lS Gmelin 

Phasianellidae 
phasianella sglida (Born) 

tleritidae 
Nerita plicata Linnaeus 

Vermetidae 
pendropgrna maxima Sowerby 

Ce r i th Hdae 
¢erithiYhl alyeglus (Harmon & Jaquinot) 
~. cg1Yhlna Sowerby 
~. ngdy1gsym Bruguiere 
~. zgnatys (Wood) 
Rhiop,layis ASpera (Linnaeus) 
R. fasciata (Bruguiere) 

Strombidae 
Lambis chiragra Linnaeus 
L. 1ambis Linnaeus 
L. truncata (Kiener) 
Strgmbus gibberylys (Roeding) 
~. lentigiogsus Linnaeus 
s. lyhuanys Linnaeus 

cypraeidae 
Cypraea Annulus Linnaeus 
~. hg1yg1a Linnaeus 

123 

C 

TllTC(4) 

TRANSECT 
D 

TllTC(7) 
1.0(1) 
1.0(3) 

E 

1.0(6) 
1.0(5) 
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TABLE 8. (cont inued) 

SPECIES 

c. ~ Linnaeus 
~. pgoeta Linnaeus 
~. tigris Linnaeus 

Naticidae 
Natica ~. 

Cassidae 
Cassis cgrnuta (Linnaeus) 

Tonnidae 
~ perdix (Linnaeus) 

CYIDati idae 
CymatiuID muricinuljI (Roeding) 
C. n iepba riellrn (Roed ing) 
Distprsip ~ (Linnaeus) 

Bursidae 
~ bufppia (Grnelin) 

I·jur icidae 
~ IDorum Roeding 
u. ricipus (Linnaeus) 
~'prula .\llUl (Roeding) 
Cbicgrells bCIlonelJ5 (Link) 

Buccinidae 
Captharus fUIDpsus (Dillwyn) 
C. updpsus (Linnaeus) 

Fasciola r iiclae 
Latirys macillatys (Reeve) 
L. pglygoDus (Reeve) 
Peristeroia nassatu1a (Lamark) 

Olividae 
~ appulata Grnelin 

Vasidae 
llaBurn tllrbipellus (Linnaeus) 

Harpidae 
.I:lA..a2A omQuretta (Roeding) 

Kitriidae 
HitIA irnperialis (Roeding) 
u. litterata Lamarck 

C 
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TAAIISECT 
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2.0(1) 
G.0(3) 
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TABLE 8. (continued) 

SPECIE3 

Costellar iidae 
Yexi11ym eXAsperatup Gmelin 
y. amabilis (Reeve) 
Y, .. cgrgoatum (Helbling) 

Conidae 
Conus cbaldeps Roeding 
c. CO[ODntu§ Grnelin 
c. distans liwass 
c. ebraeus Linnaeus 
C. eburneus HI<ass 
C. flayidus Lamark 
C. litteratus Linnaeus 
C. liyidus HI<ass 
C. miles Linnaeus 
t .. pylicariys Hwass 
C. guercinys Solandcr 
C. [attys Hwass 
c. sangyiDglgntus Quoy & Gaimard 
~ . sPQDsalis Hwass 
c • . yi rco Linnaeus 
c. yituliDtJ§ Hwass 

Terebridae 
Terebr§ rnaculata (Linnaeus) 
t. syblata (Linnaeus) 

Bivalvia 
IWtilidae 

tlCd lOlus ml. 

Pinnidae 
Pinon muricata (Linnaeus) 

Isognominidae 
Tsogogrnon perna (Linnaeus) 

Lucinidac 
Ctena bella (Conrad) 
codokia gunctata (Linnaeus) 

Cartidae 
Card ita yarjegata Bruguiere 

Cardiidae 
Frognm frlgum (Linneaus) 

Tridacnidae 
Tridncna maxima (ROedinq) 

12S 

C 

1.0(2) 
N 

TRAIISECT 
o 

1.0(2) 

1.5 (2) 
N 

E 

N 

1.0(1) 



TABLE 8. (continued) 

SPECIES 

Tellinidae 
Oyidnapagtl5 palattJID Iredale 
ScutArcQpagia scobinata (Linnaeus) 
Tellin" rpbusta (Hanley) 
Tellioo ~. 

Venericlae 
Grafrarium pestinatum (Linnaeus) 
li. tumidum (Roeding) 
Glycpdpnta marica (Linneaus) 
Liocoocha hieroglyphica (Conrad) 
periglypta ret icy lata (Linnaeus) 
lliAL ~. 

C 

N 
N 

II 

N 

N 
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FISHES 

by 

Paul D. Gates 

Methods 

The fish surveys were conducted from March 24 to 30, 1986. Fish censuses 
were carried out in the foIling manner. Along each of the primary transects 
(A through H) the reef was broadly classified into zones which roughly 
paralleled the shore. Zones were determined visually based on physiographic 
features which correlated with different habitat types. A 100-m transect tape 
was strectched within each zone. Then a surveyor, using snorkel or scuba, 
swam along the transect and counted the number of fish of each species within 
1 m on either side of the transect. After transect counts were completed the 
surveyor swam throughout the zone and made an additional species list of 
fishes that were present in the zone but not encountered along the transect. 

Results 

The position of the census transects relative to the permanent sampling 
transects A - H are depicted in Figures 1-4. Table 1 indicates the primary 
features of each habitat zone and lists the census transects contained within 
each classification. Results of individual transects which list species and 
numbers of individuals represented are given in Tables 2 and 3. A list of the 
additional species of fishes sighted near census transects along permanent 
transects A - E appear in Table 4. 

When census transects from the same habitat zones are considered 
collectively, general patterns are evident. The zones that are characterized 
by seagrasses or sandy bottoms 3re represented by the fewest species as well 
as the fewest individuals (Tables 1 - 4). The habitat zones nearest the reef 
platform margin, particularyly along the widest reef transects (A6, B6, and 
E2), consistently support the greatest diversity of fishes. The fish fauna 
most typical along the narrow, most northern reef platform transects (F and G) 
was comprised of small, substrate-attached species adapted to high surge 
environmen t • 

Discussion 

Several points must be addressed to fully utilize this type of survey of 
fishes. First of all, these results are best suited -to developing general 
impressions of fish assemblages within distinct habitats. The patterns that 
are represented by these results are consistent with other observations in 
similar habitats (Amesbury et a1., 1979). As habitat complexity increased 
species diversity became greater, although individuals of a single species 
were not necessarily more abundant. 
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Secondly, recruitment patterns of resident species are important. There­
fore, the time of year that surveys are made needs to be considered if data is 
gathered with comparisons in mind. The abundances and distributions of the 
pomacentrids Chrysiptera leucompomus and f. glaucus illustrate this point. 
Not only were these fishes two of the most widely distributed species, they 
were also the most abundant representatives along several census transects. 
Adult fishes of these species are most commonly associated with reef flat 
areas like transects G and H. Throughout their distribution along survey 
transects many individuals of these species were small juveniles. It seems 
likely that their abundance was related to a recent recruitment event. If 
that is the case, it is unlikely that the number of individuals of these 
species will remain at the present levels in the future. 

Additionally, these results probably under estimate the number of species 
in all habitat types. Visual censusing techniques work best for conspicuous 
species of fishes, particularly for species which are substrate- attached. 
Fishes with crepuscular or nocturnal habits, as well as species which 
generally have cryptic habits are the groups most likely to be under 
represented. 

These aspects of fish surveys point out that in a strict sense fishes are 
poor barometers for monitoring environmental change. Too many widely 
fluctuating, and in many cases, not well understood factors influence their 
reproductive success, recruitment, and permanence at any locality. Fishes sre 
likely to respond to environmental changes, but unless responses are marked 
and dramatic, it remains unlikely that any specific cause and effect 
relationship can be established for changes in fish community structure. 

Further1llOre, because of the strong prevailing currents, any effects of 
shoreline development on fish communities will have the greatest impact 
down-current, southwest of the survey area, and not where fish surveys were 
carried out. 

There is one way that development, particularly nearshore dredging., could 
directly affect fish communities in the survey area. Seagrass, and 
seagrass/sand habitats occur nearest to the shoreline. Seagrass beds served 
as nurseries for juvenile fishes of many species. Once individuals reach a 
certain size they leave the seagrass beds and become members of fish 
communities located elsewhere on the reef. Dredging away the sea grass beds 
would destroy this source of important spawning grounds for fishes. 

Literature Cited 

Amesbury, S. 5., D. R. Lassuy, R. F. Mayers, and V. Tyndzik. 1979. A survey 
of the fish resources of Saipan Lagoon. Univ. of Guam Mar. Lab. Tech. 
Rept. No. 59. 58 p. 
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Table 1. Description of habitat-zone features followed by a list of the 
census transects within each zone. 

ZONE CHARACTERISTICS CENSUS TRANSECTS 

Pavement with a thin veneer of sand •......•••..••.•...... Gl, Hl 

Scattered seagrass (Holdule uninervis) 
with sand/mud bottom ...•....•...............••.•..•..•.•. Al, Bl 

Seagrass beds (Halodule uninervis) ...•..•.•••............ B2, Cl, Dl, El 

Coral, coralline rubble, dead coral in-situ, 
pockets of sand ..........•...... "0 •••••••••••••••••••••••• A2, B4, C2, E2, 

Fl, F2, H2 

Low profile coral and dead coral in-situ ................. A3 

Sandy bottom, scattered small corals, 
coralline algae, or fleshly algae •••••••••••••••••••••••• A4, A5, B3, B4 

Predominately pavement, dead coral in-situ, 
some fleshly algae........................................ F3, G2 

Acropora beds ............................................ B5, H3 

Pavement with large limestone boulders, live 
corals, and pockets of sand .............................. A6, B6 
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Table 2. Number of individuals of fish species observed along transects A & B. 

TRANSECTS 

A B 
SPECIES 1 2 3 4 5 6 1 2 3 4 5 6 

MURAENIDAE 
Echidna nebulosa 1 

SYNODONTIDAE 
Saurida gracilis 1 

HOLOCENTRIDAE 
Neoniphon sammara 2 1 11 
Sargocentron caudimaculatus 1 
Sargocentron spinniferum 1 

AULOSTOMIDAE 
Aulostomas chinensis 1 .... ... 

"'" SYNGNATHIDAE 
Corythoichthys intestinalis 1 1 

APOGONIDAE 
Apogon novemfasciatus 2 3 1 
Chelodipterus quinquelineata 1 

LETHRINIDAE 
Lethrinus sp. 4 2 

MULLIDAE 
Mulloidichthys flavolineatus 1 
Parupeneus barberinus 2 1 2 2 
Perupeneus bifasciatus 1 
Parupeneus pleurostigmata 2 3 
Parupeneus poryphyreus 1 2 

CIRRHITIDAE 
Paracirrhites arcatus 1 2 
Paracirrhites foresteri 1 1 
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Table 2. (Continued) 

A B 
SPECIES 1 2 3 4 5 6 1 2 3 4 5 6 

CHAETODONTIDAF 
Chaetodon auriga 1 3 2 
Chaetodon citrine11 1 
Chaetodon ephippium 1 1 1 
Chaetodon k1eini, 1 
Chaetodon 1unu1a 1 1 3 
Chaetodon punctatofasciatus 2 
Chaetodon trifasciatus 7 
Heniochus chrxsostomus 1 
Megaprotodon trifascia1is 9 

POMACANTHIDAE 
Centropyge f1avissimus 1 1 

POMACENTRIDAE 
~ Chromis atripectora1is 4 1 .... 
'" Chromis caeru1ea 52 78 

Chrysiptera glaucus 13 23 
Chrysiptera 1eucopomas 3 15 3 14 7 9 1 3 76 
Dascy11us aruanus 3 38 4 6 1 70 66 130 3 
Dascy11us reticu1atus 5 
Dascy11us trimacu1atus 10 5 
P1ectrog1yphydodon dickii 3 10 
P1ectrog1yphydodon 1acrymatus 1 
Pomacentrus pavo 1 
Pomacentrus vaiu1i 22 1 4 23 5 9 13 
Stegastes a1bifasciatus 10 1 
Stegastes 1ividus 10 3 2 21 140 40 
Stegastes nigricans 68 135 8 9 

LABRIDAE 
Che1inus undu1atus 11 1 1 3 
Che1io inermis 1 1 
Coris gaimard 1 
Epibu1is insidiator 3 
Gomphosus varius 1 2 11 1 



Table 2. (Continued) 

A B 
SPECIES 1 2 3 4 5 6 1 2 3 4 5 6 

Ha1ichoeres sp. 2 
Ha1ichoeres hortu1anus 4 1 
Ha1ichoeres margaritaceus 1 15 
Ha1ichoeres trimacu1atus 12 
Halichoeres sp. 1 23 30 
Hemigymnus me1apterus 1 2 
Labroides dimidiatus 1 1 1 2 
Macrophyaryngodon me1eagris 1 
Novocu1ichthys taeniourus 1 
Stethoju1is bandanensis 2 1 1 5 
Stethoju1is strigiventor 3 6 1 6 14 5 1 5 
Tha1assoma tri10batum 4 1 
Tho1assoma hardwickii 3 
Tho1assoma 1utescens 1 17 9 
Tho1assoma quinquevittatum 3 1 

.... Tha1assoma trimacu1atus 53 36 3 7 3 5 2 39 11 35 .., juvenile 1abrids 1 12 3 1 2 3 3 2 11 12 5 C7\ 

SCARIDAE 
Ca1otomus sp. 3 1 
Scar us sp. 4 
Scar us sordidus 1 32 
juvenile scarids 23 12 

MUGILOlDlDAE 
Parapercis £lathrata 2 

ACANTHURlDAE 
Acanthurus glaucopareius 2 
Acanthurus nigrofu8cuS 1 4 
Acanthurus triostegus 1 1 
Ctenochaetus striatus 2 4 1 2 
Naso 1iteratus 8 1 2 
Zebrasoma f1avescens 7 

ZANCLlDAE 
Zanc1us cornutus 1 1 ----
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Table 2. (Con tinued) 

A B 
SPECIES 1 2 3 4 5 6 1 2 3 4 5 6 

SIGANIDAE 
Siganus ~inus 1 2 

BLENNIIDAE 
Plagiotremus tapeinosoma 1 1 
Salarias fasciatus 11 

GOBIIDAE 
unidentified goby 2 3 3 1 1 1 

- BALI STIDAE .., .... Rhinecanthus aculeatus 1 1 1 1 3 2 

MONOCANTHIIDAE 
Oxymonocanthus longirostris 2 

TETRODONTlDAE 
Canthigaster solandri 4 3 1 2 4 3 1 



Table 3. Number of individuals of fish species observed along the transects C-H. 

TRANSECTS 

C D E F G H 
SPECIES 1 2 1 1 2 I 2 3 I 2 I 2 3 

MURAENIDAE 
Gymnothorax sp. I 

HOLOCENTRIDAE 
Neoniphon sammara 4 I 2 

APOGNIDAE 
Apogon novemfasciatus 2 3 

NEMIPTERIDAE - Scolopsis cancellatus 2 ... 
00 

MULLIDAE 
Mulloidichthys flavolineatus 1 
Parupeneus barberinus 1 1 
Parupeneus poryPhyreus 2 

CIRRHITIDAE 
Paracirrhites foresteri 2 

CHAETODONTIDAE 
Chaetodon auriga 1 
Chaetodon citrinellus I I 4 
Chaetodon kleini 1 
Chaetodon lunula I 2 
Chaetodon quadrimaculatus I 2 
Chaetodon trifasciatuB 3 2 2 5 5 3 
Megaprotodon trifascialis I 
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Table 3. (Continued) 

C D E F G H 
SPECIES 1 2 1 1 2 1 2 3 1 2 1 2 3 

POMACENTRlDAE 
Amb1yg1iphydodon curacao 1 
Abudefduf septemfasciatus 6 1 1 
Chromis atripectora1is 5 
Chromis caeru1ea 20 50 10 1 10 
Chrysiptera g1aucus 4 12 12 71 43 
Chrysiptera leucopomas 1 2 2 7 1 5 61 49 87 9 47 44 
Dascy1lus aruanus 10 157 20 20 75 94 69 31 42 
P1ectrogliphydodon dickii 1 10 
P1ectrog1iphydodon 1eucozonatus 36 
Pomacentrus imparipennis 3 1 
Pomacentrus pavo 1 
Pomacentrus va!u1! 6 1 
Stegastes a1bifasciatus 2 2 1 20 4 21 95 .. Stegastes 1ividus 1 62 18 74 35 101 15 ... Stegastes nigricans 2 35 59 89 5 1 

'" 
LABRIDAE 
Che1inus undu1atus 1 1 
Chelio inermis 2 1 
Coris gaimard 1 
Epibulis insidiator 1 
Gomphosus varius 2 3 3 8 
Halichoeres sp. 3 
Halichoeres hortu1anus 1 2 2 2 
Ha1ichoeres sp. 38 28 
Hemigymnus me1apterus 1 1 
Labroides dimidiatus 2 1 
Labrichthys uni1ineatus 1 
Macropharyngodon me1aegris 1 
Stethojulis bandanensis 2 1 2 2 2 
Stethoju1is strigiventor 1 13 4 1 12 5 4 1 1 
Tha1assoma hardwickii 4 5 
Tha1assoma guinquevittatum 3 23 9 34 
Tha1assoma sp. 4 23 13 40 58 54 11 
juvenile labrids 5 3 11 3 9 8 13 11 



Table 3. (Continued) 

C D E F G H 
SPECIES 1 2 1 1 2 1 2 3 1 2 1 2 3 

SCARIDAE 
Ca1otomus sp. 2 
Scarus sp. 6 
Scarus sordidus 10 18 
juvenile scar ids 7 55 6 

TRICHONOTIDAE 
unidentified trichonotid 1 

ACANTHURIDAE 
Acanthurus glaucopareius 2 
Acanthurus 1ineatus 1 ... Acanthurus triostegus 2 1 2 

t Ctenochaetus striatus 1 1 

BLENNIIDAE 
Sa1arias fasciatus 1 1 4 4 4 

GOBIIDAE 
Amb1ygobius a1bimacu1atus 1 

BALISTIDAE 
Rhinecanthus rectangu1us 2 1 
Rhinecanthus acu1eatus 1 1 

MONOCANTHIIDAE 
Oxymonocanthus longirostris 2 4 2 

TETRODONTIDAE 
Arothron nigropunctatus 2 
Canthigaster solandri 5 1 1 2 3 1 
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Table 4 . List of additional species of fishes seen near transec t s A- E. 

TRANSECTS 

A B C D E 
SPECIES 1 2 3 4 5 6 1 2 3 4 5 6 1 2 1 1 2 

ORECTOLOBIDAE 
Nebrius ferrugineum x 

MYLOBATIDAE 
Aetobatis narinari x 

MURAENIDAE 
Echidna nebulosa x 
Gymnothorax sp. x 

SYNODONTIDAE 
Saurida ~racilis x x -• HOLOCENTRIDAE ... 
Sargocentron caudimaculatus x 
Sargocentron spinniferum x 
Flammeo sp. x 
Neoniphon sammara x x 
Ml!!£ristis kuntee x x 

AULOSTOMIDAE 
Aulostomas chinensis x 

SCORPAENIDAE 
~nanceia verrucosa x 

APOGONIDAE 
Apogon sp. 1 x 
Apogon sp. 2 X 
Chelodipterus quinquelineata x x 

SERRANIDAE 
Cephalopholis argus x 
Cephalopholis urodelus x x 
Epinephelus hexagonatus x x 



Table 4. (Continued) 

A B C D E 
SPECIES 1 2 3 4 5 6 1 2 3 4 5 6 1 2 1 1 2 

LUTJANIDAE 
Lutjanus kasmira x 

LETHRINIDAE 
Lethrinus harak x 

MULLIDAE 
Mulloidichthys flavolineatus x 
Parupeneus barberinus x x x x x x x x 
Parupeneus pleurostigma x x x x x 
Parupeneus poryPhyreus x 

CIRRHITIDAE 
Paracirrhites arcatus x ... 

.e-.... CHAETODONTIDAE 
Chaetodon auriga x x x x x x x 
Chaetodon citrinellus x x x 
Chaetodon ephippium x x x x x x x 
Chaetodon kleini x x 
Chaetodon lunula x x x 
Chaetodon melanotus x 
Chaetodon ornatissimus x x 
Chaetodon punctatofasciatus x 
Chaetodon quadrimaculatus x 
Chaetodon trifasciatus x x x x x x x x 
Chaetodon ulietensis x 
Chaetodon unimaculatus x x 
Forcipiger flavissimus x 
Heniochus chrysostomus x x x 
Megaprotodon .trifascialis x x 

POMACANTHIDAE 
Poruacanthus imperator x 
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Table 4. (Continued) 

A B C D E 
SPECIES 1 2 3 4 5 6 1 2 3 4 5 6 1 2 1 1 2 

POMACENTRIDAE 
Abudefduf sexfasciatus x 
Chromis caerulea x x 
Chrysiptera leucopomus x 
Pomacentrus pavo x x x x x 
Pomacentrus vaiuli x x 
Stegastes lividus x 
Stegastes nigr·icans x 

LABRlDAE 
Chelinus trilobatus x x 
Chelinus undulatus x x x 
Chelio inermis x x 
Coris agyula x -• Gomphosus varius x x x .... 
Halichoeres hortulanus x x 
Hemigymnus fasciatus x 
Hemigymnus melapterus x x x x 
Labroides dimidiatus x x x x 
Labrichthys unilineatus x 
Novoculichthys taeniourus x x x x x 
Stethojulis bandanensis x x 
Stethojulis strigiventor x x x 
Thalassoma hardwickii x x 
Thalassoma lutescens x 
Thalassoma sp. x x 
juvenile labrids x 

SCARlDAE 
Calotomus sp. x 
Scarus ghobban x 
Scarus oviceps x x x 
Scar us sordidus x x 
Scarus sp. 1 x 
Scarus sp. 2 x 



Table 4. (Continued) 

A B C D E 
SPECIES 1 2 3 4 5 6 1 2 3 4 5 6 1 2 1 1 2 

ACANTHURIDAE 
Acanthurus glaucopareius x 
Acanthurus mata x x x x x 
Acanthurus nigrofuscus x 
Acanthurus olivaceous x x x 
Acanthurus triostegus x x x 
Ctenochaetus striatus x 
Naso literatus x x x x x x 
Zebrasoma flavescens x x x x x 
Zebrasoma veliferum x x x 

ZANCLIDAE 
Zane Ius cornutus x x 

SIGANIDAE - Siganus spinus x 
t 

x x x 

BLENNIIDAE 
Salarius fasciatus x ---
GOBIIDAE 
Amblygobius albimaculatus x x x 
Ctenogobiops sp. x x 
unidentified goby x x 

BALISTIDAE 
Rhinecanthus aculeatus x x x x x x 

OSTRAC IONTIDAE 
Ostracion cubicus x 

TETRODONTIDAE 
Canthigaster solandri x x x x x 

DlODONTIDAE 
Diodon hystrix x 

, • • 
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ANTICIPATED ENVIRONMENTAL IMPACT UPON THE MARINE 
COMMUNITIES AS A RESULT OF COASTAL DEVELOPMENT 

by 

Richard H. Randall 

Environmental impact upon the marine community found along the coastal 
region of northern Tanapag reef platform, as a result of anticipated coastal 
development, has been briefly addressed in various section of this report. 
Here some of the major anticipated impacts are identified and addressed in 
relation to coastal development. 

Fringing reef systems, such as the northern Tanapag reef platform, are 
subject to varying degrees of influence from adjacent terrestrial land areas. 
Much of this influence consists of a terrestrial contribution to the marine 
environment in the form of surface water and groundwater runoff along with an 
associated load of suspended and dissolved inorganic and organic substances. 
Such terrestrial influence varies in magnitude, both spacially and temporally, 
even under natural conditions. Community structure of reef organisms and 
geomorphic processes become somewhat adjusted to long-term patterns of 
naturally-occurring influences. In fact, much of the spacial variation 
observed in the community structure of marine organisms on the inner Tanapag 
reef platform can be related to differing degrees of terrestrial influence. 
Corals for instance, may be locally absent from this marine community because 
of reduced salinity where surface waters periodically debouch at the 
shoreline, but seagrasses may thrive there because of terrestrial sediment 
accumulation. Most environmental impact occurs when coastal development 
significantly alters the naturally occurring spacial and temporal patterns of 
terrestrial influence upon the adjacent marine environment. 

Major anticipated environmental impacts resulting from coastal 
development include dredging to deepen nearshore reef platform areas, 
construction of docking and other shoreline facilities, beach and shoreline 
alteration by addition or removal of beach deposits, alteration of surface and 
ground water drainage patterns by removal of natural vegetation and soil 
disturbance, and introduction of pollutants into the marine environment via 
point, "surface, and groundwater discharges. 

Dredging of Shallow Nearshore Reef Platform Areas 

The impact of dredging operations to deepen nearshore areas would destroy 
and alter present reef platform habitats and their associated marine 
communities. No marine habitat areas would actually be lost, but the dredged 
area would be significantly altered. Although some marine organisms could be 
expected to colonize dredged areas the new communities would most likely be 
different from the original ones. With time, though, the dredged depressions 
could be expected to fill in and then possibly succession could restore the 
original community structure. 
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A short-term impact from dredging nearshore areas would be the generation 
of a sediment-charged plume of water that could potentially affect nearby 
marine communities. Suspended material in such a plume would be mostly silt­
and clay-size particles which could potentially stay in suspension for some 
time. Our current study indicates that such a plume would probably move along 
the shore in a southwesterly direction and eventually enter Tanapag Lagoon. 
Although marine organisms within the impacted area are somewhat adjusted to 
suspended material presently being fluxed through the inshore region, the 
dredging operations would gr.eatly increase the amount of sediment carried by 
the longshore drift. To mitigate the effects of this sediment-charged plume 
silt curtains could be installed around potential dredging areas, which would 
not completely eliminate a plume, but it would certainly minimize and restrict 
it. Also dredging during periods when the speed of the longshore drift is 
minimal might reduce plume generation or tend to confine it to a smaller 
region. 

Construction of Shoreline Facitities 

Impacts from the construction of piers, docks, ramps, and breakwaters to 
facitate boat launching, loading and unloading of boat pasRengers, and 
shoreline stabilization depend on the type of construction, size, and site 
location of such a facility. In general this class of coastal construction 
impacts nearshore environments by physically altering, shading, or covering 
subtidal and intertidal marine communities and habitats. In addition, 
nearshore current and sedimentation patterns may be altered as well. 

Shoreline Beach Alteration 

Beach alterat,ion generally consists of the removal or addition of 
unconsolidated sho~eline deposits resulting in a regression or transgression 
of a present sho"reline configuration. In some instances a beach may be 
enlarged by the addition of deposits along the landward edge without 
significantly altering present shoreline configurations. Commonly nearshore 
dredging operations involve beach progradation simply as a means to dispose of 
unconsolidated dredge spoil materials, especially if the deposits are 
principally of sand-sized texture. Larger textural spoil materials 
(boulder-sized) may also be used to stabilize certain portions of existing or 
altered shoreline areas. Removal of beach deposits to or below mean sea level 
(shoreline regression) creates new intertidal and subtidal marine habitats, 
whereas the addition of unconsolidated materials to widen a present beach in a 
seaward direction (shoreline transgression) results in a loss of marine 
habitat. Before altering a present beach shoreline configuration an 
investigation should be made to determine if such a change would most likely 
be stable. Present beach shoreline configurations are for the most part in 
some sort of dynamic equilibrium that is adjusted to all the factors of 
aggradation and degradation that influence such geomorphic systems. Beach 
alteration commonly involves changes in a natural shoreline which perturbes 
equilibrium conditions, resulting in a tendency for the system to be restored 
to its original configurat~on by natural aggrational or degrational processes, 

146 

• , 

• 



t. 

Alteration of Adjacent Terrestrial Areas 

Ground (soil and rock) disturbance as a result of land clearing, grading, 
construction, and farming activities; removal of vegetation cover; and changes 
in natural slope and drainage patterns within the watershed adjacent to the 
Tanapag reef system could have a considerable impact upon the marine 
environment, particularly on nearshore shallow platform areas. Such 
activities within this watershed area could result in more rapid runoff of 
surface waters into the marine environment during periods of heavy rainfall. 
This runoff would also most likely carry increased amounts of suspended 
particulates and dissolved materials to the coastal region as well. Impact to 
marine organisms by surface runoff has been previously reported on the reef 
platform in the vicinity of transects G and H. During this particular event 
land clearing caused increased amounts of freshwater to flow onto the platform 
during a period of heavy rainfall and was most likely the principal cause of 
the coral kill observed imediately afterwards. Shallow platform marine 
communities are particularly vulnerable to freshwater inundation during 
periods of low spring tides when water depth and circulation are minimal. 
Dilution during such times may lower normal salinity to lethal or sublethal 
levels for some organisms. Drainage basin alteration could also greatly 
increase the load of suspended materials in freshwater runoff that reaches 
coasal areas. Because of the normal longshore current patterns observed on 
the Tanapag reef platform, effects from increased terrestrial sedimentation 
would be mostly restricted to nearshore areas. Although some of this sediment 
load would be carried southwestward into deeper parts of Tanapag Lagoon, part 
would settle out as well. Seagrass patches located on inner platform areas 
between transects A-E would tend to act as a baffle and allow some sediments 
to settle out and become trapped. 
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