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ABSTRACT - Cocos Lagoon \'/ith its enclosed barri er reefs and three is 1 ands 
are prese~tly the focal point for marine recre~tion on Guam where thousands 
of tourists as v/ell as local people visit each year. The further develop
ment of support faci lities in this area is inevitable to strenqthen the 
tourist industrv. This reoort oresentsthe results of a marine survey 
conduct~d duri~~ July 1973' to D~cember .1974 with major emphases on th~ 
physiography, marine biota, and to a limited extent the water circulation 
patterns within the lagoon. 

Limited current studies thus far carried out in. the Cocos area in
dicate a mass transport o~water over the .windward reef olatform irito the 
,lagoon, and a predomi nantly seaward transport of water through ~'1amaon 
Channe 1. 

The benthic biota (algae, corals and other macroinvertehrates) are 
characterized-within 10 facies of two major biotopes - I. Lagoon, harrie'r 
reef flat platforms, and fringing reef flat platforms and II. ~1amaon and 
Manell Channel. The fishes are in turn characterized and analvzed within 
seven biotopes - I. Outside'reef, II. Channel wall, III. Lagoo:n oatch 
reefs, iv. Barrier reef flat, V. Seagrass beds, VI. Sand bottom, and 
VII. Estuarine and freshwater. 

The shallow channel margin shelves located at the 400er maiqin of 
the channel slopes (Biotope II, Facies A), as well as the,chahnel slope 
(Biotope II, Facies B), and the natch reefs in the lagoon:'fBiotope I,' 
Facies D) possess the richest assemblage of both hard and ·soft corals. 
The marine flora is rather rich and diverse in those areas characterized 
by solid substratum. The results of the fish survey reveal that the 
lagoon as a whole does not suoport a rich ichthyofauna. The channel 
v"a11 biotope possesses therich-est fish assemblage. 

Thus far, the \'1hite tern Gygi s alba candi da, the Mi crones ian 
starling Aplonis opacus guami, the blue-tailed skink Enoia cyanura, 
the recently discovered sea COVI ~ugong dugong, the hawksblll turtle 
Eretmochelys imbricata, and the coconut crab Birqus .latro can be con
sidered as endangered or threatened in the Cocos area . 

. . 
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INTRODUCTION' 

Guam has tltlO natural barri er r:eef 1 agoons -a deep -a'nd much modifi ed 
o~ne located at Apra Harbor, and a shal<lower and more natural one known 
as Cocos Lagoon, located at the,southwest corner of Guam (Fig. 1)., This 
survey is a marine ecological assessment of the Cocos barrier reefs and 
the enclosed lagoon. The region is a complex area consisting of both 
fringing and barrier reef flat pl~tforms~ a lagoon consisting of a deeper 
centrally located hollow surrounded by a broad shallow ·terrace, numerous 
lagoon patch reefs, two deep passes, a It/ooded mile-long barrier reef 
-islet, mangrove swamps, river estuar.ies, and seagra-ss beds. The small 
village of Merizo fringes about two miles of shoreline along the north

'east' corner of the lagoon. Mangroves. fringe much of the ·remaining lagoon 
shore 1 i ne southeas t of Meri ZQ. / 

The rapid rise of water related activities and i~creased use of the 
lagoon as, a tourist attraction has gener_ated a considerable amouht of 
marine development in this important natural resource ,area. This survey ' 
then serves as a baseline study to evaluate the effect of ranid develop-
ment in a rather small localized barrier reef and lagoon ecosystem. 

Under Public La,w 91-611 (Section 106 of the River and Harbor Act of 
1970) the Chief of Engineers, under the direction of the Secretary of 
the Army, was given the responsibility to ~onduct a survey of IIRivers 
and harbors in the Territory of Guam in the interest of navi qati on, 
flood control , and related water resources purposes. II As nart of this 
study the University of Guam t~arine Laboratory vIas contracted by the 
Army Corps ot: Engineers to conduct a marine environmental assessment of 
Cocos Lagoon. A contract (No. DACI,j84-72-C-001S) for this work was agreed 
upon, and the nntice to proceed was recei~ed on June 21, 1973. 

S cope oJ' l.<Jork 

Loc~tion of ·the study is Cocos Lagoon (Fig. 2). The study Objectives 
include a general assessment within the study areas of: 

a. The majoT structural elements of the ecosystems com
prising the environment of the study area. 

b. ~he dominant biological elements comprising the eco
systems in the study area. 

c. The -physical environmental factors in the study area. 



Specific work items for the study area include the following: 

a. Preparation of maps showing the major elements of the 
natural enviro,nment in the study areas. 

b. Assessment of the major elements and specifying any 
instances where knowledge -is weak or lacking. 

c. Inventory the dominant environmental and ecosystem 
elements of the study areas to include the physical 

. environment, biological elements, both flora and fauna, 
and any unique environmental elements. The dominant 
biological elements shall be those which in the cumu
lative total comprise in excess of 80 percent of the 
total population, and any species 0hich individual~y 
\compris~ 10 percerit or more of the biomass. 

d.· Give special attention to presence of rare or 
endangered species and fisheries. 

e. Note any evi dence ors tability or stress on the eco
system or populatioh. 

Utilization. The knowledge gained from this assessment will be used 
for defining Guam's water resource needs, for developing plans to meet 
these needs, and for analyzing the environmental impact of specific plans. 

Literature Review 

, There has been no single field ecological assessment for the whole 
of Cocos Lagoon, although several studies report on certain physical and 
biological aspects of the region. Studies in.which the overall investi
gations included parts or all of Cocos Lagoon, of marine and general 
geology, soils, vegetatiOri, and hydrology were made as part of a program 
of geologic mapping of some islands of the western Pacific. These in
vestigations were conducted jointly by the U. S. Army Corps of 'Engineers 
and the U. S. Geological Survey, and were published by Tracey et al. 
(1959). A later water resources supplernentwas published by Wardand 
Brookhart (1962). 

A series of ','Geological Survey Professional Papers" resulted from 
the field work and studies conducted during these investigations and 
from other ~elated special investigations. Those which include studies 
of the Cocos Lagoon region follow: 
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Chapter A. 'Tra'cey et a 1. (1964), "Genera 1 Geology of Guam" 
a general summary-of the stratigraphy, structure, 
physical geography, and geologic history of the island, 

Chapter B. Emery (1962), "Marine Geology of Guam ll 
-

studies on the general aspects of submarine geology 
whi cn i ncl ude offshore is 1 andsl ol3es, 1 ago'on floors, 

. channe 1 s through the fri ngi ng reefs, surfaces of 
barrier and fringing reefs, beaches, and rOcky shores. 

Chapter H. Ward, Hoffard, and Davis (1965), "Hydrology of 
Guam" -- studies of the ground-water areas, the 
Ghyben-Herzberg lens system, streamflow, and runoff 
characteristics of the island. 

\ ' 
". 

Chapter L Todd (1966), "Smaller Forami nifera from Guaml', -
study which records assemblages and illustrates some 
of the sp~cies of smaller Foraminifera characteristic 
of three different ages of sedimentary rocks on Guam .. 
The Forami nifera found in beach sands, on the ,reefs, 
in the 1 agoonsand channel s, a,n_d on the outer slopes 
around Guam are also recorded. ' 

Much of the descriptions of the physical environment of Cocos Lagoon 
and adjacent coastal regions is taken directly or summarized from the 
above "Geo10gic Professional Papers." 

Randall and Hol10mqn (1974) described the various physical features 
of the coastal regions of Guam by dividing it into 12, more or less \ 
similar, physiographic sectors. Sector XI of this report summarizes some 
of the previous biological and physical wor~ known about Cocos Lagoon~ 
Cocos barrier reefs, and the adjacent coastal region. The summary in
cludes a brief description of physiography, geology, soils, engineering 
aspects of geology and soils, vegetation zones, hydrology, beaches and 
rocky shorel i nes t 1 agoon and barrier reefs, 1 agoon sediments, and deve lop-
Inent and use patterns. - . 

A biological study of the Geus River Basin,which is the largest 
river basin draining into Cocos Laqoon, v.,ras made by Karni At 01. (1974). 
The report i ncl udes a generaJ descri pti on of the Geus Ri ver ,and va 11 ey 
and its associated terrestrial and aquatic flora and fauna. 

The soil s of Guam have been descri bed by Stens 1 and (1959), and the 
mineralogy of selected soils of Guam has been reported by Carroll and 
Hathaway (1963). Additional information on soils and geology can be 
found in May and Schlanger (1959). 
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Stone, (1970) gives a comprehensive taxonomic analysis of the 
vascular plants of Guam. Fosberg (1959) describes the vegetation of 
Guam and includes a vegetation map of the island. Fosberg (1960) gives 
a detailed description of the forest types and plant communities of Guam. 
Fosberg's description includes the ravine forests and savanna vegetation 
of southern Guam, wet lands, swamps, and-strand vegetatton all of which 
are ~found bordering the coastal region of Cocos Lagoon or on Cocos Island. 

Emery (1962) includes 24 species 'and varieties, of marine algae in 
his treatise on the coastal geology of Guam. These algae identified by 
L Y. Dawson, were mostly incidental collections made from the lagoon 
floor and adjacent reef flat in Cocos, Tsuda's (1972a) study on the 
b~own a~gae.of Guam include two species, Dictfota b~rtayresii and Rosen
vlngea lntrlcata, from the lagoon area •. The ollowlng year a more ex
tensive st~dy was reported (Tsuda and Kami,-1973)0~ algal succession on 
artificial reefs, constructed of tires, studied over a 26-month period 
in 9-l0'mof water on the lagoon floor. Eighteen algal species inhabiting 
the artificiql reefs were also reported. . 

Previous work on the fish~s of Guam include checklists of species 
known from the island by --Kami et a1. (1968) and Kami (1971.). Two transect,' 
stations for general fish surveyswere'conducted on artificial reefs in 
Cocos Lagoon and reported ih the ~uam Fish and Wildlife Arinual Reports 
(1965 to 1974). I ' 

A summary of coral-reef damage by Acanthaster Pl("Ci . predation in 
the Cocos Lagoon area is given in a report by Cheney 1971). This report 
co~paresthe earlier staffish surveys of Guam (Chesher, 1969; Tsuda, 
1971), and gives the current status of Acanthaster ~ist~ibution and reef 
damage around the island. 

Jones and Randall (1973) made a marine ~urvey at the mouth of 'the' 
Geus River 'arid head of Mamaon Channel. ,This survey describes the physical 
and biological aspects as well as the water circulation patterns of this 
region. A zonal distribution list of reef corals and fishes that occur 
in the area is also presente~L Similar mari ne surveys were made near the 
mouth of Mamaon Channel by Randall and Jones (1972) and Randall and 
El dredge (1974), and at the head of the Mane 11 Channel in Achang Bay by 
Randall et~. (1973). 
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r'-1ETHODS Af\jD PROCEDURES 

Th~ work for this study was divided into four more or less s~quenti~l 
ph ases. The first Dhase i nvo 1 ved a revi ew of the 1 i terature perti nent to 
the objectives outlined in the scope of work. From thi,s literature,'it 
ItJas determined in which objective areas information was weak or lacking. 

The second phase consisted of an~overall reconnaissance 'of the Cocos 
barrier reefs, channels, and lagoon to develop and map the general eco~ 
logical divisions of the area~ This operatiOn was carried out by makinq 
StU8A investigations of the deeper parts of the lagoon and in Mannell an~ 
i,1amaon Channels. The barrier reef olatforms and sh,allow laooon terraces 
were investigated mainly- by swimming ~'/ith face mask i1nd'snorkel at hiqh 
tide and walking on the eXDosed parts of the reef platform during lower. 
tides. The deeper lagoon terr;aces were investigated by snorkelers I-',ho 
\'/ere towed behind a boat. ,A,erial Dhotos ~\Iere then used to correlate 
larger scale features with those o~ a smaller nature, made by direct 

'observation, to map the area into a sysiem of ecological units. 

In this study the Cocos barrier reef-lagoon-channel system was 
divided into the primary ecoloqical unit, the biotope (Hesse et a1., 1951). 
The biotope concept normally "embraces the entire complex of hahitat con
ditions in the area defined, including substrate, accretinnal and erosiohal 
'processes, hydrologic factors, and life associations" (Cloud, 1959:374). 
The biotope descriptions are by no rl8Clns complete, for it was impossible 
to acquire all or eveD a major part of the comnlex oarameters wh~ch make 
up this ecological unit withil;l the time frame and scone"':of-''/ork ohjectives 
of thls study. The main concern here is to broadly characterize the Placro-
organisms and coral development. . 

'When distinct but consistent differences occurred within the larqer 
biotope unit, the biotope wassubdjvided into smaller ecoloqical divi~ions 
called "facies" (Cloud, 1959). 

The third phase consisted of specific biological inventories made hy 
individual .or team specialists. Specific biological inv~ntories were con
ducted for the corals (scleractinians, alcyonaceans and zoanthids) by 
Randall and Gawel, fishes by Jones and Chase, algae by Tsuda and Rechebei. 
These biological inventories were more or less indenendent studies in 
whi~h the distribution, density, frequency of occurrence, and dominance 
or bi omass of the specifi c groups were determi ned both qual itativ,ely and 
quantitatively within the descriptive framework of the various,hiotones. 

:The methodology used in the specific biological inventories is exnlained 
in each of the specific surveys. 

The fourth phase cons -j s ted of reoorti nq on the "soecifi c ",ork itef'lS II 
(~) and (e) as o~tlined in the scope of work. 



DEStRIPTION OF COCOS LAGOON, ADJACENT COASTAL 

AREAS, BARRIER REEFS, aND COCOS ISLAND 

- , 
This survey includes the Cocos barrier reefs and enclosed Cocos 

L~goon, Cocos Island, and the coastal region lyi~g between the mouth of 
Mamaon and Mane 11 Channels (Fi g. 2 arid 3). The tri angu 1 a r 1 agoon is 
enclosed/by barrier reefs nearly three miles long on the northwest side, 
three-and-a-half miles long on the south side, and by two-and-a-half -
miles of steep mountainous land and. alluvial coasta·'· l.ow land on the 
northeast side. - The Geus River forms a broad alluvial valley which 
trends northeasterly ffom the head of Mamaon Channel. Several rivers 
form alluvial Valleys and a broad coastal plain at, the head of Manell 
Chahnel.. Two deep channels connect the lagoon waters with the open sea 
Mamadn Channel opens to ~he Philippine Sea and Manell Chann~l opens to, 
the Pacific Ocean. 

Three islands are located on the S6ITfh Barrier reef. Cocos Island, 
slightly longer than a mile, lies along the west end of the s9uth barrier 
reef. A second small, sandy is 1 and has developed on the 1 agoon side of 
the barrier reef,:l ,000 feet east of Cocos Island .. Babe Island, an 
eJongated low strip of raised limestone, lies on the south barrier reef 
midway between the east end of Cocos Island and Manell Channel . 

. Cocos Lagoon, excluding the barrier reefs, has an area of ~.8 s~uare 
miles. The area of the barrier reefs and lagoon together is 3.9 square 
miles. Aside from the deep Mamaon and Manell Channels, the deepest part 
of the lagodn is about-45 feet. . 

Adjacent Coastal Areas 

Cocos Lagoon and its barrier reef probably developed on a basement 
of the Umatac formation (Tracey etal .• 1964). The.basic shape of the 
reef supports the idea that partoft:he Umatac formation dropped along 
the Cocos fault, which strikes northwest from the mouth of Manell Channel. 

The landward margin of the lagoon (Fig. 4) is bordered by a low, 
narrow, coastal plain composed of alluvium along the Mamaon thannel. 
This shelf widens into a broad alluvial valley at the head Of the channel 
and then narrows again at Jaotan Point. A low-lying section of 
argillaceous ,limestone of the Mariana formation (QTma) forms a sm~ll 
poi nton the north s ide of Achang Bay, A broad; swampy all uvi a 1. pl a in, 
composed mostly of volcanic clay and muck (Qal) borders Manell Channel 
and Achang Reef. . 
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Steep mountain slopes consisting of Facpi volcanic (Tuf) and 
Bolanos pyroclastic (Tub) members of the Umatac formation border the 
inland side of the low coastal plain. Most outcrops of these members 
are deeply weathered to red, brown, and yellow clay. 

Babe Island is composed entirely of a low strip of r~ised, solution
pitted Merizo limestone (Qrm) '1":3 feet higher than the general reef-flat 
level. Merizo limestone similar in elevation and lithologic characteristics 
to that at Babe Island also forms a low band on the seaward side of Cocos 
Island. The lagoonward side of Cocos Island ~s composed of unconsolidated 
beach depos its d~ri ved from the nearby ba rri er r~efs, ' 

The most extensive soil type along this shoreline is 'Inarajan clay, 
(Unit 10) which is d~v~loped on the low coastal plain bordering the 
lagoon (Fig. 5). A small section of Agat-Asan-Atate clay (Unit 7) is 
found,along the shoreline near the mouth of Mamaon Channel. ' 

Atate-Agat clay (Unit 6), Agat-Asan-Atate clay (Unit 7), and Agat
Asan clay (Unit 8) are found somewhat inland on the volcanic slopes 
bordering the coastal pJain. Pago clay (Unit 9) is found on the upper 
all uvi alva 11 eys 'of the Geus and Mane 11 Ri vers, 

Shioya soil (Unit 12) is developed on the unconsolidated sediments 
of Cocos Island. Rocky land types (Unit l3f) are found on the lowstrip 
of raised limestone at Babe Island. Although not mapped, the solution
pitted band of limestone located on the seaward side10f Cocos Island 
should be grouped with Unit 13f. ' 

The voltanic slopes bordering this sectorare~nt~icately dissected 
by streams. The Geus River basin drains the ,largest area along the 
sector, emptying into the lagoon at a small embayment at the head of 
~amaon Channel (see Tables 1 and 2 for discharge data for this river) 
Tochog Creek and Manell River empty near the head of Manell Channel at 
Achang'Bay. The volcanic mountain land bordering the east side of the 
lagoon lies within the ground water subarea 6a. The water-bearing 
materials of this subarea are largely volcanic rock and assoc~ated 
sediments. Height of the w~ter table ranges from a few feet above sea 
level in coastal lowlands to several 'hundred fe~t in the interior high
lands. 

The vegetation zones along this sector are mapped in detail in 
Fig. 6. Mangrove communities border the shoreward side of Cocos Lagoon 
from Jaotan Point to Balang Point. Some scattered patches of mangrove 
are found near t~e mouth of the Geus River. 

The shoreline along Co,cos Lagoon is bordered mostly by alluvium, 
Near the mouth of the Geus River and at Achang Bay the shores are mud 
flats and mangrove swamps (Fig. 7). 



Unconsolidated beach deposits border the lagoonward side of Cocos 
Island and a low, rocky, solution-pitted band of limestone bounds the 
seaward side. Babe Island consists ~ntirely of. low pinnacles of sol~tion
pjtted limestone. The small islet about 1,000 feet east of Cocos Island 
is composed entirely of uncohsolid~ted beach deposits. 

Physiographic Features of Cocos Lagoon, .Barrier Reefs and Deep Channels 
I 

J 
The following description of the Cocos Lagoon and barrier reefs has 

for the most part been summarized fy'om Emery (1962). 

The topography of the floor 01 Cocos Lagoon (Fig. 8) is known 
chiefly from some. 3,000 sonic soundings made in 1945 by sound boats of 
USS BOWDITCH (AGS 4) (Emery, 1992). Figure 9 shows a.histogram analysis 
of the percentage area of Cocos L~goon, barrier reef platforms, and Cocos 
Island by depth a:nd a cumulative depth curve for Cocos Lagoon.. Based 
upon the sUbmarlne contours, Emery (1962) di vi ded Cocos Lagoon -and -asso
ciatedbarrier reefs into five physiographic units: reef, lagoon hollow, 
reef·bar, deep channel, and nearshore shelf. In this report we have in
cl~ded.ManeJl Channel as a part of. the Co~os -Lagoon-barrier reef complex 
WhlCh lncreases the number of phys.lographlc units to six. ~ 

Closest to land is the nearshore shelf, apparently merely a seaward 
'continuation of th,esmall coastal plain bordering the lagoon. Its slope 
is gentle from the shore to depths of about 5 feet at its outer margin 
which varies in width from. less than 100 feet off Merizo to about a 
quarter-of-a-mile off Jaotan Point~At its eastern end and extending to 
the deep channel of Achang Bay,' the shelf separates the reef from the 
shore, forming an area that is 1-2 feet deeper than a normal reef flat. 
Near the middle is a large indentation of the shore where the Geus River 
empties. A small mangrove swamp is present along the shore of this in-
dentation. . . 

The outermost physiographic unit of the lagoon is the barrier reef 
itself, which averages about 300 yards in width except at the northern 
end where it is blunt and some 600 yards wide, possibly because of better 
growth conditions along the side of Mamaon Channel. The outer edge of 
the, reef is a 1 ow algal ridge. ' Near its southern tip i sCocos Is 1 and, a 
mass of sand and gravel 0.11 miles square, nowhere more than about 10 
feet high. Since most of the material seen above high tide is unconsoli
dated,it is believed that the island owes its origin to waves ~nd 
currents which have transported sediments along and across the reef. An 
example of the transporting abil ity of large waves was presented by 
Typhoon Allyn of November 17, 1949, which destroyed Navy installations 
at the west end of the island, carried away part of the eastern quarter
mile of thejsland, removed a small islet just north of the east end and 
built another small islet farther north. 
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Between the nearshore shelf and the north end of the reef is .the
deep Mamaon Channel.' This is fairly straight, a mile long within the 

,reef, 100-200 yards wide, and about 100 feet deep where it passes 
through the reef. Soundings show a continuation to depths of at least 
400 feet about 1,100 yards out from the reef. The current in the 'channel 
flows outward strongly at ebb tide, and either inward or -outward weakly 
at flood tide. The channel may have been the chief original exit from 
the lagoon of fresh water brought by streams. 

The fourth physiographic unit is the shallow reef bar in the northern 
half of the lagoon which separates the nearshore shelf .and channels from 
the main part of the lagoon. Most of,the top of this reef bar i~ less 
than 10 feet deep, and it consists largely of branching and massive 
Gorals. Its position and distance from,shore indicate that it may have 
been a fringing reef, now cut off from the open sea by the ~resent 
barrier reef on whichCotos ls1and sits. Blasting operations for easier 
navigation ~n Mamaon Channel may have produced minor modifications of 
this area. 

The fi fth phys i ogr:aphi c unit i $ the deep III agoon hollow. II Its 
_ southern part is a gently u~ndulating surface generally less than 10 feet 
deep, but the northern part agai~st the reef bar is de~p and irregular. 
There a~e three main hole~, with depths of 34, 40, and 43 feet. 

-The sixth physiographic unit is th/e deep Manell Channel which 
separates ;the southeast part ,of Cocos Lagoon from the wi de Achang reef 
flat platform (Fig. 10). The head of this channel originates at the 
mouth of the Tochog Creek and the Manell River. The origin of this 
deep' channel 15 probably very' si.milar to that described above for the 
Mamaon Channel. At the mouth-of the channel the depth is greateT than 
100 feet. Aerial photos and SCUBA investigations show that the channel -
continues in a seaward dir~ction well beyond the reef margin edge, 

Sediments 

Emery (1962) collected 254 samples from the floor of Coco~ Lagoon, 
including about a dozen from near the sho~e and a few from the lagoon
ward edge of the peripheral -barrier reef platforms. Ninety more samples 
were collected from the shallow reef platforms on the east and west 
sides of Mane 11. Channel. By maki ng di rect observati ons through the 
ports of a glass-bottomed boat, between sampling points to dep\ths of 30 
feet, an estimate was formed of the percentage of sand, dead coral, and 
living coral, The most significant of the three. measured was sand, 

'which is plotted and contoured in Figure 11, Mos~ of the lagoon hollow 
is floored by a broad expanse of sand with few or no rocky masses, The 
shallow southern part of the area, exc~pt near the shore of Cocos Island, 
is 100 per: cent sandy bottom, Similarly, sand covers the shallow 



eastern part of the reef bar and the ne~rsho~e shelf. Most 6f the near
shore shelf and those parts, of the lagoon near the reef are between 50 
and lOa percent sand, ~hereas the seaward side of t~e reef and most of 
the reef bar are less than 50 per cent sang. The embayment of the near
shore shelf contains some mud mixed with sand. Practically all" bottom 
material other than ~and is either dead or living coral. The ratio of 
aead to living coral varies widely and unsystematically. The most 
striking expanse of living coral is fo~nd at the entrance of Mamaon 
Channel. Other large areas of li~ing coral, mostly Porites, are present 
along both sides of the channel off Merizo and atop the re~f bar. 
Djfferent corals, less branching and more massive, form the reef surface 
and the areas just lagoon~ard of the reef. 

" At Achang Reef ,the r~sults indicate that the inner half of the reef 
fl at is domi nantly sand, in part covered by Enha 1 us beds. Abundant 
mounds of sand one to three feet in diameter ,and-several inches high 
are scattered over the inner reef fl at surface.' The mounds are thought 
to have been ~ade by the-burrowing activities of echiuroid worms. The 
outer half of-the reef and the areas bordering Manell Channel consist 
chiefly of coral, reef rock boulders, and coril-algal reef rock-pavement 
with sand occurring only in pockets ora£a thin mat on the surface. 

Gener~l Composition 

The~omposition of each s~diment sample was estimated on a volume 
percentage basis ~sing a binocular microscope. Detrital grains from 
land runoff consist mostly of feldspar, augite, olivine, and magnetite, 
and some fine-grained sediments contain a high percentage of clay _ 
minerals. All other grains are of bioclastic origin from organisms that 
were i dentifi edaccordi ng to shape,. surface character, and suscepti bi'lity 
of the grains to staining by cobalt nitrate. Fine sand to coarse silt 
size grains too small to permit reliable identification \A/ere classed as 
fine sand and silt. 

For detailed general features' and horizontal and vertical distri
butionalanalysis of the sediments of Cocos ,Lagoon) refer to ,Emery 
(1962:22-25). 

Sediments "in Cocos Lagoon and Mamaon Channel 
. 

To simpli'fy the picture of sedill)ent distribution, the sampl~s were 
classed as fine sand and silt, Foraminifera, Halimeda debris, and coral, 
according to the most abundant constituent. Calcareous red algae and 
shells were omitted because they were chief constituents in few or none 
of the samples. The results plotted in single map form are easier, to 
visualize than separate maps of each constituent (Fig. 12). 
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In summary, i ti s evi dent that detrital sediments from the 1 and--i n
soluble residue fractions--are not carried far into the lagoon. The chief 
Foraminifera are heavy ones whi ch live on the reef ,and after death of the 
,organisms, the empty tes ts co 11 ect on the beaches inshore of the reefs. 
Halimeda evidently live best in the areas receiving new'water from Mamaon 
Channel, for their debris is most abundant there. Madreporarian corals 
and calcar~ous red algae form the bulk of the sediment. bordering the reef! 
The finest sediment from comminuted organic remains collects in the deeper 
areas of presumed quieter water, where organic growth is less rapid pro
bably because less. sunlight reaches the bottom. Thusi coarse debris is 
.not available locally, and only the finer sediment is carried there by 
currents from distant areas of growth. 

A rough value for the overall composition of the present lagoon floor 
and adjacent reef and beaches can be obtained by totaling the areas of the 
various constituents shown in Fig. 13. If the samples had' been evenly dis
tributed over the lagoon floor, the same resul~ would be obtained by 
,averaging together the composition of all 254 samples. In fact, approxi
mately the same values were obtained when this method was used (Table 3), 
The results from both methods show that the contribution by animals is 
about twice that of plants. 

Samples from Achang Reef and Manell Channel were treated in the same 
manner as those-from Cocos Lagoon and Mamaon ,Channel. The distribution of 
the sample constituents on the reef surface w~re monotonously uniform and 
dominated by comminuted coral. Halimeda debris presents the greatest 
variation; the highest concentrations are on the deep reef flat west of 
Achang Bay, and the lesser ones are near the reef edge, along par~ of 
Manell Channel, and at some beaches., Fine sand and silt is abundant only 
in Manell Channel and a10"g th~ shore at its head. Detrital grains average 
25 .per cent in the beach samples but are rare beyond 200 feet from shore. 

Chemical Composition 

1ab 1 e 4. shows the chern; ca 1 compos i ti on of sedi ment samples from Cocos 
Island, Achang Bay, Cocos Lagoon, and Mamaon Channel, 
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CURRENT PATTERNS 

A complete analysis of the currents is beyond the scope of this work 
but some rather broad and generalized patterns of tirculation can be 
drawn from four previous 24 hour studies--three in Mamaon Channel· and ,one 
in Manell Channel. 

During the field work of this project a12 hour current study was 
conducted on July .29, 1974 at two stations in the main body of Cocos 
Lagoon and another 24 hour study was made at the mouth of Mamaon Channel 
on July 30-31, 1974. During the field reconnaissance and biological 
survey periods, additional observations were also noted. 

Additional data from· a current study conducted by the Naval Oceano
graphic Office (Huddell et ~. ,1974) is also included herein, 

Previous Current Studies--in. Mamaon Channel 

The first of these studies was made in April, 1972, by Randall and 
Jones (1972), in the Mamaon Channel and adjacent fringing reef flat about 
2,500 feet lagoonward from the channel'mouth (Station C-l, Fig. 19)~, 
Current patterns on the reef flat were de1;ermined by using drift cross and 
underwater qye release techniques. In Mamaon Channel the current patterns 
were" determined by drift cross casts near the central part of the channel. 
A total of seven underwater dye' releases and seven drift cross casts, each 
cast consisting of three drift crosses set at 10 cm depth were made from 
Station A (Fig.14). . ,. , 

Seven drift cross casts were made in the Mamaon Channel from Station 
B.' Each of these drift crossc~sts consisted of three drift crosses: a 
1 m depth cross to, determi ne currents, in the( upper surface 1 ayer Qf water 
and 5 m and 10 m depth crosses to determine currents in deeper water 
layers. The axis of each dye plume and drift cross tract is plotted on 
Figure 14. Table 5 lists the magnetic bearing and velocity for each dye 
plume anddrtft cross tract. The current patterns on the lagoon reef 
flat and in the Mamaon Channel were found to be rather uniform with 
respect to current direction throughout ,the tidal cycle. During the 
entire study period there was a unidirectional seaward flowing current in 
the Mamaon Channel. This unidirectional flow is probably due to the high 
volume transport of water across the barrier reef enclosing Cocos Lagoon. 
During periods of calms and low wind ve'locitycombinea with lower fow 
water spring tides,the transport of water across the barrier reef would 
be. at a minimum,During these times the current direttion in Mamaon 
Channel could conceivably be in a lagoonward direction, According to 
Emery (1962) there may be either a weak inward or outward flow in the 
channel at flood tide, It was found that the mass transport of water 
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flowing seaward,in the Mamaon Channel was rather uniform for the upper 
10 m, layer of water because, the 1 m, 5 m, and 10 m drift crosses all 
move at about the same velocity. It is strongly suspected that the mass 
transport of water in the entire water column of the Mamaon Channel is 
rather uniform. During a SCUBA dive in the channel floor at 100 feet, a 
current similar to that measured in the upper 10 m layer of water was 
enco~ntered. ' 

A second current study was made at the head of Marilaon Channel (Jon'es 
and Randall, 1973) and adjacentfri ngi ng reef flat on January 13 , 1973 
(Station C-2, Fig. 19). Current direction was determined by injecting 
fluorescein dye into the water mass and taking a bearing on the plume 
axis. Curreht speed ~as determined by measurin~ the time and length of 
the dye drift. 

The data taken are shown on Figure 15 and in Table 6. The current 
sw~eps through the study area more or less from east to west. This con
dition predominates at all stands of the tide .. All of the water flowing 
through the study area eventually enters MamaonChanne 1 and moves wes t
ward to the Philippine Sea. These data are in agreement with a similar 
study conducted by Randall and Jones (1972), in an ar~a' along Mamaon 
Channel and farther to the west (Station C-l). On January 13 a weak 
west wind was encountered which is rare .in the study area. The result 
of this wind wa,s a reduction in current verocity (Table 6). During flood 
tides 'and strong west winds, there may be a current reversal in Mamaon 
Channel and water may ,then sweep from west to east 'across the study area. 

One series of dye releases was ma.de along the west causeway boundary. 
The two inshore stations showed a confused. oscillating pattern that was 
related to translatory surge from the Cocos Lagoon reef margin. The in
shore one third·of the study area is sheltered from prevailing winds. 
Except during periods of 50utheast and southwest winds, there is little 
wave action here. ' 

A third current study was made n~ar the mouth of Mamaon Channel on 
Decembet 1 and 2, 1973, by Randall and Eldredge (1974) (Station C~3, 
Fig. 19). Five stations were established on the reef-flat platform, An 
additional station (Station 6) was established in the middle of Mamaon 
Channel in line with the five reef flat platform stations. Curr~nt 
direction was determined by injecting fluorescein dye intp the water 
mass at Stations 1 through 5. Direction was determined by taking a 
bearing on the plume axis. Current speed was determined by measuring 
the time and length of the dye drift. Current direction was determined 
at Station 6 by using one-meter and' five-meter depth-drift drogues, Only 
relative direction was determined at this station in reference to seaward 
or lagoonward movements. A temporary tid~ staff gauge was establi'shed at 
Station 1 to determine whether or not the 'predicted tides at ApraHarbor 
followed those observed at the project site. 

Table 7 summarizes the current data for reef flat platform Stations 
1 thro~gh 5. Current vectors (direttion only) for each of the stations 
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are plotted on Figure 16. Table 8 summarizes the current data for 
Station 6, and Figure 16 shows the loc~tion and relative movement of the 
current at this,station. The observed tide followed the predicted tide, 
at Apra Harbor fairly w~ll except for the magnitude of the lower l~w-
water tide on Oecanber 2, 1973. \ 

~'Jind direction ranged fron") 1100 -1200 during most of thet\venty-four 
hour period. Velocity \vas quite variable because of the presence of rain 
squalls south of Cocos, Island. Velocity ranged from virtually no detect
able wind to gusts ·of approximately 15 knots', During this study period 
there \las conside'rable VJave transport of \vater over the south barrier 
reef into the 1 agoon; Surf 'lias observed on the morn i n9 of December 1 to 
be 2-4, feet high on the south bar~ier r~ef. The sea was calm, and vir
tually no surf was present on the northwest barrier'reef, which extends 
fro:n the \vestern tip of Cocos Island nort;least\vard to [.1amaon Channel. 

It appears that when consiJerable wave transport is present over 
both tile south and northIJ."est barrier reefs, a seav/ard-flowing, uni9irec
tional current in the 11arnaon Channel may exist regardless of the stage 
of the tide. Uhen wave transport i~ minimal, currents in the Mamaon 
Channel may flow seaward during ebb tides, may flow lagoonward during 
flood tides, or, may be variable. 

This study sho\'JS a lagoonward movement'during an ebb tide from 1300 
to 1530 oh December 1,1973. This ,lagoonward flow may have been cau~ed 
by a carry-over of the high tide, which occurred at 1243. There \'Jas 
only a slight change in height between the high tide at 1243 (2.3 ft.) 
and the low tide at 1833 (1.5 ft.). 

At 1005-1020 on December 2, 1973, a seaward-flowing current was 
observed in the namaon Channel during a flood tide. This seaward f1o\'J 
may have been caused by_an increase in mass transport of water over the 

'south barri er reef because of extensive squalls located immedi ate 1y to 
the south. The increase in wave transport may have nullified the pos
s,ibJe 1agoom'Jardmovement during t:lis flood-tide stage. 

Current direction on the reef-flat platform generally had a westerly 
component. On a few occasions at Stations 3, 4,and 5 a southerly 

.component was observed during flood tides. It shbuld further be noted 
that at Station 5 there was a weak current toward the south durin3 an 
ebb tide. There appears to bele's5 dependency along the reef-flat plat
form on the stage of the tide VJi.th regard to current direction than there 
is in the ~amaon Channel proper, although the stations close to the 
channel margin (Stations 3, 4, and 5) do respond somewhat to the water 

'movement present in the channel. 
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PreviOus Current Study at ~anell Channel 

This current study "las made at' the head of nanell Channel on. June 8 
'and 9, 1973 by Randall et ~.' (1973) (Station C-4, Fig. 19). ' The current 
patterns presented at this location were conducted over a 24 hour tide 

.cycle. Table 9 summarizes the data collected on the reef flat and ad
jacentl~nell Channel. Figures 17 and 18 shows the vartou~ current 
vectors plotted at each station. Current patterns were determined by 
tracking dye injected into the water mass and with drift crosses. In 
the general region of the partially .Finished boat basin and access 
channel (Stations 3-7) there "Jas virtually no current or, if present, it con-
-sisted of a sl ight rnover1ent to the \Jest due to vlind influence on t:1e 
upper few cm of water. On the frinGing lagoon reef flat (Stations 7-12) 
there was a general southwestern.current except from 1515 to 1540 (June 3) 
when the currents sho"led a i'/eak southern movement. Currents' in ·:'lanell 
Channel (Stations 13-16) had a ueneral westv!ard movement tm'!ard'the main 

,body of Cocos Lagoon except,during tile ,latter part of the.ebb tide and 
the first half of t!li'~ flood tide frau 0120 to 0300 (tlune 9). During 
this period of time the currents in the channel Here r~10vin9 sea,,!ard in a 
general sout~eastern direction. 

The unidirectional, seaward-flowing current fbund duri~g an earlier 
study at the head of rlama9n Channel by Randall and clones (1972) \\lasnot 
observed'during this study at the head of ~anellChannel. Instead the 
predominant ~urrent was found to be toward the west, lagoonwa~d, at the 

. head of Manel]Ch~nnel. 

Cu~rent Studies Conducted by the Naval Oceanographic Dffice 

The Naval Oceanographic Office initiated ~ study of nearshore 
currents and coral reef ecology on the island of Guam durin] 1971. 
Several of these studies \'iere .conducted in the vicinity of Cocos Lagoon. 
F 0 11 ovJi ng is a' summary of the resu 1 ts ,of t\\/O current Ineter stud i es 
(;~eters No. 407 and 418). 

Current r1eter No'. 4Q7 \lI13,S installed at the 4Q-foot depth at tne 
entrance to :1amaon Channel. The Ineter \-Jas in operation from 1230 ,~ugust 
21, 1971 to 1250 Septe~ber 9, 1971. Current speeds ran1ed up to 0.77 
knot (.39 m/sec) with 'a relatively large number of observations over 
0.5 knot (.25 m/s~c). The direction of the currents were bidirectional, 
but the predominant flow was westerly. Current directions generally 
changed in concert \--lith tidal cycles. During' tile period betvJeen August, 
21 and 27, currents through [·larnaon Channel, vari ed between i nf1 0':1 and 
outflow but Vlere strongest during irlflm'l. Although the dominant f10Vl 

. \'las westerly through .:··1arnaon Channel, currents carried "later from the 
Phi 1 i ppi n'e Sea through the channel and into the 1 agoon on several 
occasions. 
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Current ;'~ter ilo. 418 vIas installed on the bottom in 95" feeLof 
water. off the south\'Jestern ti pof Cocos Island. The meter was in 
operation from 1145 August 28,1971 to 1325 September 9,1971. Current 
speeds up to 0.65 knots (.325 m/s~c) were reco~ded; low speeds were pro~ 
bab1y due to the presence of a precipitous slope rising just east of the 
meter location, blocking the flo\'! of the dor:linant1y)nort;1~l/esterly 

-currents. The source of the dominant nort:I\'lest drift is probably the 
~orth Equatorial Current. Very little periodicity is evident from the 

. da ta recorded. 

Cur~ent Studies Conducted During This Project 

Two separate current studies \'Jere made ..;one on .July 29, 1974, near 
the central part of Cocos Lagoon and anot~er on July 30-31, 1974, at 
the mouth of ~'amaon Channel (Fi g. 19). . . 

, f \ 
" 

The study-in Cocos Lagoon was condu~t~d to determine the Jenera1' 
movement of water in the main part of the lagoon, a region vJhere no 
orevious current data are available. Uhennorlllal tradewinds are b10vtin'l 
the southern barrier reef is exrosed toconsl:Jerab1e ;;1ore v./ave assa'ult . 
than the northl'Jest barrier. T!lis Jreater \'Jave assault on the" south 
barrier results in a greater volume transport of water into the lagoon 
from the south; a condition which would probably prod~ce a general north 
to northwest current in the lagoon. The locations of Stations 1 and 2, 
shown in Figure 19, were selected to test this suspected current pattern. 
Only July 29, 1974, the weathe~ was partly cloudy with rain squalls in 
the vicinity and the south barriet reef was receivirig considerable;more 
wave as saul t than the norVw/est barri er reef. 

One meter deep drift crosses \'lere released in pairs at each station. 
Their positions were determined ~y triangulation on known points along 
the shore at the end of each drift tract. Figure 19 shows that a general 
northwest cJrrent was flowing during'the entire study period. Table 10 
shows that the greatest current speed occurred durin0 drift cross casts 
2, 3, and 4, which coincides with the periOd of ~reatest wave assault on 
the south barrier. i\ flooding tide was present at this time l'/hich It-lOuld 
also tend to' produce a rietinf10w of water into the .1agoon, especially 
from the south barrier reef because of greater mass transport there. 

The 24 hour cur,rent study conducted at the mouth of tlamaon Channel 
shows a rather typical current pattern (Fig. 20), in most respects agree
ingwith the previous current studies done there (excel!Jt for the unidirec
ticma1 flow found by Randall and Jo.nes, 1972). The deeper I'later in the 
channel allowed the use of both one meter and five meter depth drift 
crosses. For the most part both the one dnd five meter crosses moved 
together in the same direction, although the five meter drift cross 
usually moved somewhat slower. The only exception t~ this occurred 
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during drift cross cast number six when the one meter cross moved in a 
seavlard direction while tile five meter cross !10ved lagoom'Jard. This ex
ception was due,to the 02neral seaward movement Of both dri~t crosses 
durinfj the first part of the drift period, at which time Vle one meter 
became grounded. The current thenreverseJ during t!le mid-part o~ t~le 
flood tide which carried the five mel.er drift cross lagoonward while the 
grounded one meter cross remained in ~lace. Current speed was not 
computed during this study because during the drift period of most casts 
the drift c~osses became grounded on the margin.of the channel (Table 11). 

Summary of Current Data 

If Cocos Lagoon vlere filling and emptying only through :1amaon 
Channel, a periodic current. \'Jould exist in both directions .. The current 
patterns at '1amaon Channel show a predominant seaward flo\,l. Although no 
current studies 'flere conducted at the mouth of r'lan~ll Channel, period'ic 
lagoonward and seaward flows were noted at various times. The current 
patterns in i-1amaon Channel indicate the presence of another current 
system other than Vla t through the deep f\amaon Channel (Hudde 11 et~., 
1974). This other current system ,consists of a net mass transport of 
water over the windward exposed south barrier reef platform irito Cocos 
Lagoon. This mass volume transport at times even overrides the flood 
tide periods, when a somewhat weaker lagoonward flowing current should 
be presen tin tile channel (Randall and ,Jones, 1972). The presence of a 
lagoonward flowing current in these deep channels then depend~ upon the 
Inass volume transport over the barrier reefs. When mass volume transport 
is high there may be a unidirectional seaward flow of water whereas 
during times of mi~imal transport there may be a lagoonward flow during 
flood tide conditions. 

The current system in rlane11 Channel is somewhat more isolated from 
the main body of Cocos Lagoon by a wide shallow reef flat, especially 
during lower spring tides when it is then completely isolated byex~osure 
of the reef flat. ,'\t several times during the 'current study at the head 
of nane11 Channel there was a seavJard flowing current at the! moutnof 
the channel w~il~ a lagoonward flow was present ~t.its head in Achang 
Bay. This seaward flow is in part caused by mass transport of water 
over the outel~ part of Achang Reef to the east, producin{j currents which 
curve back toward ti~e channel v/here they then flo,,", seavJard through the 
channel mouth. A similar movement of ~ater was noticed on ~he barrier 
reef flat platform adjacent to the mouth of 'the channel on the west 
side. . 



BIOTOPES 

Followi ng is an outl ine of the three bi otones and associ ated faci es, 
\'Jhich VJere differentiated from the Cocos Lagoon region. Only a brief 
description and outline of th~ various units are given here as a more! 

,complete physiographic description is given in the coral section ... 
Fi gure 21 s h.mvs the 1 ocati on and di s tri buti on of the biotopes and asso
ciated facies. 

The benthi c organi SIBS, were des cri bed and ana lyzed accordi n9 to these 
biotopes. The fishes, however, were analyzed according to a different 
but more practical set of bibtopes - outside reef, channel walls, laooon 
patch reefs, barrier reef flat, seagrass beds, sand bottom, and estaurine, 
and freshwater. 

Biotope 1- This biotope includes the lagoon, barrier reef 
flat ~latforms, and fringing reef flat nlat
forms. 

Facies A - Barrier reef flat platform. The barrier 
reef platform of this biotooecorresponds 
to, Emery's (1962) "reef" physiogranhic unit. 

Facies B - Shallow lagoon terrace or floor which foms 
'a shelf extending from the laqooml/ard edqe 
of. the bat:'ri er reef and fri ngi ng reef fl at 
platforms to the 10 feet depth contour. 
This facies alONg with Facies C below ,are 
equivalent to Emery's (1962) "laCjoon" and 
II reef bar" physi ograohi c units. 

Facies C - Lagoon floor deeper than lO,feet. This 
facies is included in Emery's (1962) 
"lagoon" physiographic unit. . 

Facies 0 - Patch reefs, mounds, andlknolls which form 
distinct physiographic features on the 
lag06n floor. These features are part of 
Emery's (1962) "lagoon" DhysioCjraohic unit. 

Facies E - Nearshore shelf or fringing reef flat olat-' 
form which borders the landward side of 
Cocos Lagoon. This facies is equivalent 
to Emery's (1962) "nearsh,ore shelf" physio
graphi c un it. ' 
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Biotope II - This biotope consists of the deep ~amaon and 
Manell Channels~ This biotope is equivalent 
to. Ernery's (1962) "channell! physiographic 
unit. 

Facies A 7 Shallow channel ~arginshelves located at 
the .upper margin of the channel slopes or 
VIa 11 s. . 

, 
. Facies B - Channel slope located.beb'Jeen the upper 

channel margin or shelf and the channel 
floor. Substrate usually unconsolidated. 

Facies C - Channel slopes \,/hich form steep rocky 
i'falls or submarine cliffs, located be
t\'leen the upper channel margi~ or shel f 
and channeT floor. 

Facies 0 - Cavernous parts of_channel slopes and 
walls and the overhanging ceilings of 
submarine cliffs. 

Facies E - Channel floor, usually composed of un
cbnsolidated sedimerts: 

Biotope III - This biotope consists of the terrestrial re
gi ons at Cocos I,s 1 and and the sma 11 sand 
islet at its eastern end, Babe Island, and 
the 1 and\'la rd border along Cocos Lagoon. 

) 

Facies A - Cocos Island and sand islet. 

Facies B - Bab~ Island 

Facies C Landward border along Cocos Lagoon. 
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HARD CORAL SlJ RVEY 

The corals are discussed first because of their developmental role 
in produ ci ng much of the physi ographi c structure and sediments observed 
in the Cocos, Barri er Reef ecosys tem. 

The coral community was quantitatively analyzed by using a modified 
point-centered quarter technique as described by Cottam et~. (1953). 
In this technique/aseri~s of 10 points, 10 m apart0ere selected along 
a straight 100 m long transect line laid on the substratum. The area 
around each transect point was divided into four equal quadrants. The 
coral nearest the transect point in each quadrant was located and its 
speci,fic'name, diameter, and distance from the center of the, corallum to 
the transect point were recorded. If no coral was observed within a 
maximum distance of 5 m from the transect line, the quadrant was recorded 
as having no coral. The diameter was recorded as zero and the distance 
between transect point and coral was recorded as 5 m. 

The basa 1 area, dens ity, percentage -Of substrate- coverage, and fre
quency of occurrence of living corals were determined from the above 
data. An overall importance value for each transect species was calcu
lated by summing the relative values of each of these parameters. 

Furthermore, species seen adjacent to the transect line during a 
20 min. search were included in the checklist ~Table 12). 
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Biotope I 

This biotope includes Cocos Lagoon and its peripheral reef flat plat
forms (Fig. 21). It is subdivided,into five facies (A-E). 

Faci es A 

This facies consists of the barrier reef flat olatforms only. These 
platforms constitute a distinct facies from the fringing reef fl'atnlat
forms (Facies B) because of their ohysical isolation, different sedi~ent 
composition, and degree of exposure to waves andvJind. The trianqular-

I shaped barrier reef is isolated from the fringing reefs by tvlO deen 
c,hannels; thet~amaon Channel at the nort~ern end of the laqoon and the 
i'1anel1Channel at the 'sqlutheastern end. Emery's (1962) s'tudies reveal 
that Facies E reef flats sediments contain a cQnsiderable fraction of 
detrital sed,iments of terrestrial origin whereas the barrier reef flat 
sediments are primarily of bioclastic Origin (Fig. 22). The barrier reefs 
also receive more VJave assault, especially the southern reef ''''/hich is ex
posed predominately to the t~adewinds.and wave refraction from around the 
southern end of the, is1 and. 

The barrier reef platform can be subdivided into an outer sea\·/ard 
facing zone which is slightly elevated in' respect to the inner 1aqoomA/ard 
facing zone (Fi g.23). The seaward reef flat consists of a rather feature-' 
less flat 'reef-rock pavement (Fig. 24). In ~ lagoonward direction this 
flat barren outer pavement-grades into a rocky platform It/hich is sliqhtlv 
lower and coVered with various amounts of bOUlder rubble t At places the 
b6ulder rubble is widely scattered while at other pla~es it is -tightly 
packed forming patches a foot or more in thickness (Fig. 25). ~uring low 
spring tides much of the barrier reef flat surface is exposed .. In qenera1 
corals are mostly absent over much of the barrier reef surface because of 
this periodiC exposure during times of mid-day insolation. Shaliow 1)001s 
contain a few small corals, generally Porites 1utea and small branching, 
colonies of Psammocora stellata, Psammocora contiqua, Pocillopora dami
cornis, and Acropora teres (Table 12). 

Eight transects (see Fig. 21 for l~catjons) were run using the ooint 
quarter method on the barrier reef flat platform surface (Biotope IA) to 



determi ne coral density and percentage of substrate covered, by 1 ivi ng 
corals (TatJle 13, Transects 3, 5-10, and 22). Coral density ranged from 
~37/m2 to 20.17/m2 and percentage Of substrate covered from .15% to 4.55%. 
The wide range in density and substrate coverage values vias due to the 
varyi ng deg.ree of exposure of the reef surface at the vari ous transect 
locations. Transects 8 and 9 were run on the flat.barren pavement zone 
of the outer seaward part of the barrier reef whtch has the greatest degree 
of exposure. Only one small I~ropora_ teres colony was encountered along 
the 100 'meter length 'Of Transect 8 and 12 small Porites_ lutea colonies, -
ranging from 1 to 9 cm diameter, ~ere observed along Transect 9. Transects 
3, 5, la, arid 22 were run along the midd1~ zone of th~ barrier ~eef flat 
platform which is slightly.less expo~ed during )0\'1 tides. In this m~dd1e 
zone}cora1 density ranged from .37/m to 1.72/m2 and percentage of Sub
strate coverage from .15% to 3.45%. Much of the increase in coral growih 
in this middle ~one'was due'to the presence of numerOus small shallow 
depressions and holes which retained water during the lower tides. Tran
sects 6 and 7 v,ere r.un on the inner 1agoonwar,d zone \'Ihich is the least ex
posed part of the barrier reef flat. Coral density and substrate coverage 
were higher in this less exposed region than for any other zone of Biotope 
IA. The high density values (14.42/m2 to 20.17/m2) for these t\'10 transects 
is due to ,the presence of numerous sma1Lco1Qnies of Psammocora stellata , 
and Porites 1utea, many of which, ",ere only 1-3 cm in.diameter. 

, The locations of the above eight transects were selected to repr~sent 
the range of various kinds of habitats present,on barrier reef flat surface 
of Biotope IA. In general there is an increase in coral density, substrate 
coverage, and dive-rsity from the seaward side of the reef flat to the 
lagoom-Jard side. Gr.eater areas of reef flat surface without coral growth 
were found 'on the northern leeward reef than on the so~thern windward reef. 
Although- coral density and percentage of substrate covered were generally 
ldw on the barrier reef flat,·coral diversity v/as'fairly high. Table 12 
lists a total of 39 coral species representing 18 genera that were observed 
in.Biotope IA. ' . 

Facies B 

This facies consists of a shallow peripheral lagoon terrace which 
, -forms a shelf extenaing from the lagoonv,ard margin of the barrier reef 
,flat (Facies A) and fringing reef flat (Facies E) platforms to the 10 foot 
submarine contour (Figs. 21 and 23). The lagoonward side. of the barrier 
reef (Facies A) grades rather gradually into the lagoon terrace (Fa~ies 3). 
The outer boundary of Facies B is delimited at the point where the barrier 
reef surface is generally covered by water during low spring tides (Fig. 2G). 
In a lagoon\'Jard direction the terrace gradually deeRens to aboutl~ feet 
at which point the slope of the terrace floo~ generally increases rather 
abruptly, marking the boundary between this facies and the deeper part of 
the lagoon floor of Facies C (Fig. 23). Width 0f this facies varies 
greatly from a kilometer or more along the southern barrier reef and western 
end of Cocos Lagoon to an irregular narrow shelf 200 to 600 meters wide 
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along the northwest part of the lagoon, nearshore snelf, and ~1amaon 
Cnqnnel. The uQundary along the nearshore shelf (Facies E) is more or 
less marked by the outer limit of Enhalus growth. 

Composition of the terrace floor varies considerably from ~lace,to 
place but.in general it becomes more sandy as the deep floor of Facies C 
is approached. Coral-algal-mollusk rubble, boulders,· coarse sand and 
gravel, and living taral become more abundant toward the l barrier reef 
and nearshore shelf boundaries. At most places the unconsolidated sedi
ments are rather thick but at other places they form a thin veneer less 
than 30 cm in thickness and in some local areas bare 'reef rock predomi
nates. ExtensiVe regions of the terrace floor are covered by arbqrescent 
'!staghorn" AcroDora thickets that range in diameter fron small oatches a 
feltJ meters wide~arge expanses nearly a kilometer across as sholtm in 
Figure 27. In shallow water these Acropora "tHickets grow upward rather 
uniformly to the low tide water level which gives them a flattened 
"clipped" look whereas in deeper water t~e thickets form tall ,bushy , 
clumps up to several meters in height (Fig. 28). 

Eight transects (see Fig. 21 for locations) were run on the lagoon 
terrace (Biotope IS) at various kinds of habitats (Table 13, Transects 1, 
2, 4, 16, 17, 21, 23 and 24). Coral density ranged from .28/m2 to 17.88/m2 
and percentage of substrate cover.ed by living corals from .10% to 51.66%. 
Cora 1 grovJth \'/aS more predomi nant on the terrace It/hi ch borders the southern 
barrier reef where it grade~ into Facies A. Transect 2 was run at 
this location which had a c6ral density of 17.88/m2 and 51.66% of the 
substrate covered with living corals. Transects 1 and 4 were located in 
slightly deeper water near Transect 1, but farther lagoonwafd from the 
barrier reef border. Here the coral density Itlas considerat'lly less, rang-
ing from 1.75/m2 to 5.t6/m2 ~hd-~~e percentage of living coral coverage 
quite variable, ranging,from a Im'l of 4.50% to 30.52~L Coral density and 
percentage of coverage seemed to depend upon the type of substrate present 
with th~ highest values found in zones of fairly stable cor~l-algal- i 

mollusk rubble and lowest values where unstable sand Dredo~inatedi Tran
sects 16 and 17 were run on the terrace behind Babe \Island in water about 
1-1.5 meters deep. Sand ~nd various-sized pieces.of scattered rubble 
made up the substrate floor. Many of the corals appeared to have developed 
from fragments \,lhi ch storm \'Iaves had transported 1 agoonward from the 
richer coral zone alonq the barrier reefmargin. Coral density at these 
two transects ranged from .29/m2 to .46/m2 and the percentage of substrate 
covered by living corals from 3.52% to 5.51%. Arborescent Acropora 
species and small cespitose clamps of Poci~<!!.2.. .damicornis It!er,e the 
most frequently encountered corals. l'lost- cl umpsof Ikroporawere less 
than a half a met~r in diameter. 

TOv/ard the eastern end of tIle 1 agoon, the lkropora thi ckets become 
increasingly larger (Figs. 26 and 27) \-Jith tones of mixed C'orals betVleeT) 
the ~atches(Fig. 29). Transect 21 is located on the eastern part of 
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the lagoon in deeper water near the point where the terrace grades into 
the lagoon floor of Facies C. Coral density here was 1.95/m2 and the 
percentage of 1 i vi ng coral coverage Itl.as 12'.22%. Coral divers i ty was 
higher here than for any other part of the lagoon terrace (Table 13, 
Transect 21). 

Coral growth diminishes somewhat around. the sand islet at the 
east~rn end of Cocos Island. The extensive lagoon terrace at the western 
end of Cocos Lagoon has for the most part a depauperate coral community 
tonsisting of widely scattered, clumps of Poci110pora damicornis and 
occas i ona 1 sma 11 clumps of Acropor:a. Loc;:a 11 y sma 11 co 1 on i es of Psammocora 
ste11ata, Psammocora contigua, Leptastrea purpurea, Porites 1utea, and 
Porites cocosensis are found where fubb1y,stab1e substrates are found. 

Coral growth on the lagoon terrace along the northwest barrier reef in
creases steadily from Cocos Island toward f.1amaon Channel. vJidth of the 
coral zone along t~is side of the lagoon is for the most part narrower 
than that found along the southern barrier reef except for the lagoon 
terrace bordering inner part of Mamaon Channel. targ~ but somewhat 

. scattered patches of arborescent Acropora are common on the 1 agoon 
terrace along the northern barrier reef~_particular1y where it grades 
into Facies A. 

At the extreme northern end of the lagoon, local areas lacked the 
rich development of arborescent Acropora thickets or, where present, 
they were widely scattered. Here ramose and massive species of Porites, 
small cespitose c1umps~of Poci1lopora damicornis, and encrusting Monti
pora speci es are domi nant. Transe'cts 23 and 24 were run in the above 
type 9f coral community. Coral density and percentage of substrate 
coverage were 1.20/m2 and 3.72% for Transect 23 and .28/m2 and ~la% for 
Transect 24. Transect 23 was run in a rich coral zone which had 
developed on a rubb1y substrate close to the barrier reef, boundary and 
Transect 24 vias run farther lagoom'Jard where 1 ess coral groll/til was pre-
sent on a more sandy substrate. ' 

Overall diversity for Biotope 1, Facies B was 79 species representing 
27 genera. The only facies of this biotope \,/ith a higher diversity was 
the deep-water patch reefs of Facies D. , 

Facies C 

This facies is located in the central part of Cocos Lagoon and con
sists of that portion deeper than 10 feet. It is roughly triangular in ' 
shape similar to the overall configuration of the lagoon. The peripheral 
boundary of the facies is at most places marked by a short steep slope 
which grades upward to the lagoon terrace of Facies B; The floor is un
dulating and is ma'rked by numerous smaller cone-like topographic features 
which are the result of the burrowing activities of an unidentified wonn 
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,(Fig. 30). The sediments in this facies have a plastic consis~ency which 
is relatively stable exteptfor the constant turnover caused by the bur
rowing worms. Coral mounds, knolls, and patch reefs are widely .scattered 
over the floor of this facies and ar~ the most conspicuous physiographic 
features found in tlli s otherwi se rat:ler:barren si lty arid sandy zone. 
These topographic relief features arc zones of-rich coral and algal growth 
which attract many other invertebratQs and fishes and. for this reason they 
are treated as a .distinct habitat,'Facies 0, of Biotope I. 

Corals in this-facies are fdr the 1110stpart restricted to the mounds, 
knolls, and patch reefs of Facies 0 3.nd were not abundant enough in.any 
one loc~tion t6 measure. quantitatively. ' Most coral growth consists of 
small isolated corals \'!hich have gro\AJn on scattered pieces of. coral 
rubble (Fig. 31). Other corals v/hich seem to thrive. fairly \'Jell on the 
sandy substrates are the arborescent Acropora species, the ,bases which 
become anchored in the loose substrates giving the colony considerable 
stability, thus allowing them 'to develop upward and outward into small 
patches. Thes~ arborescent patches range from small clumps & few centi
meters across to 1 arge bushy growths several meters, acr.oss and high. -

Although the corals in this region are \'Jidely scattered and small 
in size except for the arborescent Acropora and some ramose Porites 
species, the diversity vias quite high. A thorough search of the floor 
of this facies revealed 51 species representing 25 genera (Table 12), 
whi6h is higher than that found in Facies A.or E. 

Facies D 

This facies consists 'of the patch reefs, mounds, and knolls located. 
on the lagoon floor of Facies C. The'se topograph1c relief features differ 
fro~ the small scattered patches of arborescentJAcropora included in . 
FaciesC, in that the bases of these do not rest directly upon the sandy 
substrate. The bases of the patch reefs, mounds, or knolls of Facies 0 
consist of coral and algal rubbJe which has been derived from the corals 
of the relief features the1}1selves'. This basal accumulation of coral 
rubble provides a suitable substrate for many other. coral species to 
settle and develop upon in an envirorinlent that is otherwise unsuitable 
because of the presence of fine sand and silt. In this respect they are. 
developmental features which consist of a community of corals capable of 
producing a structural framevJOrk. The 1 ithification of this framework 
depends upon the dominant kinds of corals present and the degree of con ... 
soiid~tion which. has occurred by encrusting corals. algae, and other 
orgal1l sms. 

Several kinds of relief features are found, the largest of which 
are the patch reefs which rise up from the lagoon floor to or near the 
low mean tide level. The largest of the patGh reefs are mapped on 
Figure 21. Additional patch reefs and mounds can be seen as lighter 
areas.inthe darker colored lagoon region of Figure 3. 
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r·lounds and knolls, the illOSt common form of relief structure in 
Cocos Lagoon, rise up from the Jagoon floor but their upper surfaces do 
not reach the mean lm'l tide level. Some are rather 10lt/, les~s than 2' 
meters high, while others rise up close to the surface and with m6r~ up-
\IJard development could be cl assedas patci, reefs. In general ,th2 mounds 
and knolls are ~Haller in diameter than the patch reefs, the mounds being 
structural features ",here their diam'2ters are greater than their height' 
thus giving them a somewhat lolt/-sloped dome shape. Knolls are structural 

. feattlres in v/hich their diameter is equal to or less than their height. 
Since the maximum depth of the lagoon js only 45 feet, the ~ize of knolls 
are conside~ably smaller than patch reefs and,usually smaller than the 
mounds "Jhich may cover extensive areas. In many instances the main 
structural part of a knoll consists of a single coral colony, usually a 
massive, columnar, or ramose species of Porites, which upon the base, 
sipes, and upp'er surface other corals are foundgrowing. Some knolls are 
mushroom-shaped, \'Ihil e others are rounded or col umnar .. The under surface 
of overhanging mushroom-shaped knoll s are the habi tats of certain Lepto
seris, Pavona, Plerogyra, and Porites species which arenormally found 
in much deeper water habitats. [,lost of the large Porites mounds or knolls 
of solid massive grovlth form are dead in the lagoon or have scattereJ 
living remnantpatch~sgrowing here and there on their surface. Mounds 
and, knolls ~IJhich have developed from ramose or columnar Porites species 
have a much greater incidence of still being alive qr at least mostly 
alive. Perhaps these large Porites colonies were selectively kil'led 
during the time when Acanthaster planci were l6cally abundant in Cocos 
Lagoon (Tsuda, 1971). This is difficult to account for, as Acropora 
species are the preferred food for Acanthaster planci Dn Guam, and their 
dominance is much greater than the porites species in the lagoon., An
other possibility is the presence of a black encrusting sponge, of the 
genus Terpios, v/hich has killed extensive areas of coral growth in Cocos 

. Lag~on and other plac;es around Guam (Bryan, 1974). Figure 32 shows this 
black sponge encrusting and killing an arborescent branch of Acropor.a. 

, / . 

Reef patches p6~sessthe greatest diversity of corals but the per-
, centage of reef surface coverage is usually not as great because lof a 

reductiDn in the predominance of large expanses of arborescent Acropora 
species due to exposure of parts of the upper surface during low spring 
tides. Six transects (see Fig. 21 for locations) were run in this facies 
(Table 13, Transects 11-15 and 20). Four Transects (12,14, l5,'and 20) 
were run on the upper surfaces of patch reef~. Coral density on these 
upper surfaces ranged from 1.44/m2 to 4.28/m ~nd the percentage of sub
strate surface covered by livin~ corals ranged from 5.95 to 9.11. Arbo
rescent Acropora .speci es were by far the domi nant corals on Transects 12, 
14, and 15 \'Ihereas on Transect 20 encrusti ng ;~onti pora and mass; ve Pori tes 
v/ere the domi nant corals along v/ith numerous cO,l ani es ,of soft corals. 

Transects 11 ahd 13 were run on the upper surface and sides of 
mounds. Coral density here ranged frotn1.34/m2 to 25.63/m2 and percentage 
of living c~rals covering th~substrate ranged from 33.43 to 45.13. 
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Transect 11 was run on a mound vlhich vias primarily dominated by large 
Acropora fOQ.nosa and a fevi large Porites andrewsi colonies, vlhich accounts 
for the 10'.'1 density and high coverage values there (Fig. 33). Transect 13 
\'laS run on the surface of a mound which was dominated by numerous small 
colonies of ramose Porites andrewsi and Porites matthaii which accounts 
for the high coral density. ----

In general ,coral diversity, density, and percentage of ~ubstrate -
covered on the patch reefs, mound~, and knolls was irregular and unpre
dictable. In all parts of the lagoon floor topographic relief structures 
r~nged from little to no coral coverage to thos~ which were nearly 100 
per cent covered by a singTe species (Fig. 34). Some mounds consisted 
of Jow mounds of mostly dead coral rubble, \'.'1hi1e a mound next to them might 
be thriving, with a mixture of branching, massive, columnar, and encrusting 
corals. Other mounds may have several dpminant species or b~ . . 
composed primarily of Porites species with a massive (Fig. 35) or columnar 
(Fig. 36) growth form. In general, knolls which had developed from corals 
of massive gro\'/th form were the least populated by living corals than any 
other kind of topographic featu~e. . 

Coral diversity was higher in this facies of Biotope I than for any 
other. The total number of species was 102 representing 35 genera. 

Facies E 

. This facies consists of the nearshore shelf br fringing reef flat 
platform \'Jhich borders the landward side of Cocos Lagoon. The inajor 
physiographic differences betvJeen this fac-ies and the barrier reef flat 
(Facies A) have been discu·ssed~-ear1ier. 

Along most of the length of i'1amaon Channel the platform is quite 
narrow; widening somewhat at the mouth (Figs. 3 and 21). Southeg,stward 
from the head of [·1amaon Channel the fringing reef flat platform becomes 
p~ogres$ive1y wider and encloses both sides of the inner half of Manel1 
Channel (Fig. 21). 

The intertidal zone, from the mouth of Mamaon Chanrie1 to the pOint, 
where mangroves dominate the shoreline-at Aba Beach, consists of boulder 
rubble. sand ahd gravel, mud, and silt. At places the boulder rubble is 
encrusted "lith a pink coralline algae. Some small gastropods (Cerithium 
sp.), hermit crabs, and a few grapsid crabs are found here. The' zone is 
rather barren biologically and shows signs of considerable, past disturbance 
by man throughout the Herizo area. A few patches of mangroves are found 
at the mouth of the Geus River. Eastward from JaotanPoint' the inter:'!' 
tidal shoreline is dominated by mangrove swamps (Fig. 7). 

At the m~uth of the Mamaon Channel the~ringing reef flat consists 
of a flat limestone platform with patches of bioclastic and detr1tal 
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sediments scattered over the surface. Sediments along the outer part of 
platform are found mostly in small' shallow holes and depressions and 
become more abundant toward the shores. Toward the head of Mamaon 
Channel the detrital fraction of the sediments becomes progressively 
more abundant. This increase of detrital sediments is ~eflected, in the 
aerial view of the reef flat platform in Figure 22, by a general darkening 
of the surface from the mouth, of the channel to its head. ,The -Vi 11 age of 
r·1eri zo borders the p 1 a tform along the ;1amaon Channel and the reef fl at 
has been changed and modified some\'Jhat by dredging and construction of 
several piers and small boat marinas. 

Between the head of Namaon and i'lane 11 Channels the surface of the 
inner part of the reef flat platform consists primarily of unconsolidated 
sediments with scattered patches of bare reef rock. In a lagoonward 

) directio~ the thickness'and amount of unconsolidated bioclastic sediment 
increases. A zone of plastic mud and sand generally borders the mangrove 
s~oreline. 

A community of seagrass gro\'JS on nearly the entire reef-flat plat
form \'Jhere unconsolidated sediments are present. During lml/ spring tides 
the entire platfprm is generally exposed, which limits coral growth and 
development to shallow holes or depressecrsections that retain water. 
Becau~e of the general absence of corals, no coral transects were run on 
the part of the platform which borders the landward side of t'lamaon or , 
j1lane 11 Channels. THe few corals tha t were found on the p 1 a tform were 
generally restricted 'to the outer lagoon fringe where water is retained 
~uring low tides. Locally though, where large sandy poo1~ or depressed 
zones occur; corals were quite abundant. Two transects were run in this 
fades -Transect 18 where coral density was low and Transect 19 where 
coral density and dominance was greater. At Transect 18 the dominant 
corals were ramose colonies of Porites cocosensis and Porites andrewsi 
and small colonies-of Pbrites lutea and Porites lobata with massive growth 
forms. Coral density \I/aS .33/iii'2'"and the percentage of substrate coverage 
was only .34%. In contrast, the density and substrate coverage by living 
corals was 1.16/m2 and 17.86 per centtrespectively,at Transect 19 which 
was run at a local depre$sed regfon where the water was deeper and coral 
more abundant. 

In general,the coral communities on the muddy platforms of Facies E 
are rather depauperate, primarily because of exposureduri ng low spring 
tides and to som~ degree because of the mud and silt which is brought .to. 
the platform by rivers and streams that drain the adjacent volcanic 
mountain slopes. 

Biotope II 

This bidtope c6nsists of the deep Mamaon and Mane11 Channels (Fig. 3). 
It is subdivided into five facies (A-E). 
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Facies l'\ 

This facies consists of the shallow channel margins or shelves 
located on the upper part of the channel slopes (Facie~ B) or channel 
walls (Facies C). The margins of both ~hannels varies greatly from one 
location to another i.n regard to cora.l density, percentage of substrate 
coverage~ speCies diversity, al)d physiographic characteristics. Physio:
graphic features are quite variable from place' to place. In general the 
lagoonward sides of the channels have margins with a greater percentage 
of surface covered by unconsolidated sediments, particularly at locations 
It/here, strong currents carry \.'/aterinto the channel s from t:le adjacent 
lagoon terraces and barrier reef platforms. The sediments are princi
pally of bioclastic origin on the lagoon side of the channel and are a 
mixture of bioclastic and detrital materials on the shoreward side. The 
amount of the nonbioclastic fraction of the sediments on the rihannel ' 
margins increases toward the river mouths at the heads of the channels. 
Near the channel mo~ths the matgin is exposed to considerable wave arid 
swell action whereas the water movement and waVe agitation is at a minimum 
at'the heads 6f the channels~, 

, Six transects (see Fig. '21. for locations) were. run on the channel 
margins (Transects 25 and 28-32; Table 13). Coral density and diversity 

were observed to be the highest at the mouths of the channels but the per
centage of substrate covered by living corals increased at the heads of the 
channels .. lIigher substrate coverage can be attributed to the pre~ence 
of large colonies of Pori tesl utea" Porites (S.) hlayamaensi s , Porites 
(5.) convexa, Pori tes cocosens is, and Pori tes -andrelt/s i, some of "Jhi ch 
attain diameters of several meters or more. In general these species of 
Porites adjust well to habitats where high rates of sedimentation and 
turbid water occur. Coral grov/th \'Jas greater at the head of f'1amaon 
Channel, where dominance ranged from 8 to 22 ner cent coveraqe, than at 
the head of Manell Channel where i~was less ~han bn~ perceni (Table 13 
and Figure 21). . 

Juring floodwater conditions the Geu~ River plume is more or less 
restricted to the shore"Jard side of the r·lamaon Channel. A some'lJhat ' 
similar, but not so pronouhced effect takes place along the inner part 
of the Manell Channel in Achang Gay as well" ' Greater cor~l growth and 
develo~nent is found on the lagoonward sides of the channels as a result 
of the greater degree of siltation and presence of turbid water on the 
shoreward side of the channels. 

Coral diversity for this facies Has higher than fOr any other at 
Cocos Lagoon. A total of 104 species of corals representing 34 genera 
were observed along the channel margins. Even though these values are ~ 
high, there was considerable unevenness in coral divers,ity obs~rved from 
the channel mouths to their heads where rivers debouch in10 them. A 
rather constant feature of the channel margins, particularly as obser
vations are made from the mouth toward ~le head, is the dominance of 
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Porites species. These corals form large;massive,hemispherical colonies· 
in the deeper parts of the channel margin where they are not exposed at 
low tide and large,circular,flat-topped mi~roatoTls where their upward 
gro\'Jth islimjted by the low tide level. Acroporoid species are common 
at the channel' mouths and except for Acropora pal ifera are nearly absent 
ha lfv/ay to the heads of the channels and very rare at the heads themselves • 

. Ex6ept for certain deep~r water~peties, Acropora appears to be quite . 
sensitive to turbid waters whe~e high rates of sedimentation occur. 

Facies B ----, 
Thts facies consists of the steep channel slopes located between the 

upper channel margin (Facies A) and the pOint Where they grade into the 
rather ,flat ~hannel floors (Facies D). This facies (Figs. 32 and?), 
varies considerably in depth depending on the location along the course 
of the channel. Near the mouth of the channels the slopes extend downward' 
to about 100 foot depth vJhereas near the, heads of the channels the floor 
is 'encountered at lD to 20 fe~t in depth. A rather constant feature of 
this facie~ is the presence of turbid ~ater and high rates of sedimentation. 
There also appears to be a considerable movement of sediments across this 
part of the channel, from the lagoon shelves or terraces ~Biotope 18) and 
the barrier reef flat platforms (Biotope IA), to ~he channel floor. 
Distinct sediment trails are evident from the channel margins, ~ownward 
across the slopes to the chann~l floor. This constant movement of sedi
ments tends.to inhibit coral planula settlement except where· hard rocky 
surfaces are exposed. r~any of the coral, colonies found growing on the 
slopes, particularly on the lower slopes, becomees,tab1ished there by, the 
slumping of coreil colonies on the channel margin. These large broken off' 
sectiOns of corals slide downward and because of their large initial size 
can become established .in the unstable sediments found on the lower part 
of the slop~s. 

The 'same generalizations about coral diversity, density, and per
centage of Substrate covered by living corals can be made for this .facies 
as '1as stated for Facies A. Six transects (see Fig. 21 for locations) 
were run in this facies (Table 13, Transects 26 and 33-37). Percentage 
of substrate covered by 1 iving corals'ranged from 1.84 to 39.00. Coral 

. ~iversity (Table 12) was nearly as high in this facies as on the channel 
margi n. This is partly due to the presence of the deep-water community 
of corals found at the channel mouths. The major differences in coral 
distribution on the channel slopes, compared t6 that found on the channel 
margins, was the dominance of ramose and' columnar growth forms of Porites. 
These growth forms appear to be better adapted for growth 'in areas of 

. high sedimentation. These speci~s which fragment easily and slide down 
the channel slopes may account for their dominance there. 
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Facies C 

This facies consists of the channel slopes vvhich form steep rocky 
outcrops or submarine. cliffs ,(Fig. 37) between the upper channel m~rgin 
(Fa'cies A) and the channel floor (Facies E). This facies is more commonly 
encountered along the slbpes near the channel mouths but local regions 
also occur intermediate along the channel lengths. Only one'transect 
was run in this facies (Transect 27) which was located at 40-80 foot 
depth near the mouth of Mamaon Channel. Coral density and percentage of 
substrate covered by living corals, are lower than the adjacent values 
for the channel slope on Transect 26 but the species composition was quite 
different. In ,general there is less sediment accumulation on these steep 
~alls and cliffs which allow a greater vaiiety of species which are less 
tolerant to sedimentation to settle and grow there. Particularly notice
able were the presence of va~ious Pavona species, a f~w deep-water Acropora 
species, and small explanate colonies of Porites(~.) iwayamaensis. 

Other conspituous organis~s observed here were numerous sponges of 
various colors and the presence of numerous clusters of Halimeda. Much 
of the sediment observed on the lagoon floor consists of segments from 
this algal genus. 

Facies 0 

This facies consists of the cavernous parts of the channel slopes 
and walls and the overhanging ceilings of submarine cliffs (Fig. 37). 
No transects were run in these specialized loc~l habitats but since they 
possess ratherdi sti nct communiti es of coral s they VJere given a "faci es II 
status. . . 

Table 12 lists 24 species representing 17 genera which were observed 
in this facies. Overall diversity vias lovler for this facies than for any 
other, VJhich is not surprising since the level of light intensity is quite 
low here. Deeper water corals such as Leptoserissp., St1 1ocoenie11a 
armata, Pavona minu~, Pachyseris speciosa, Porites (5. ha\;laiiensis, 
Echinophyllia aspera,:'lycedium, Plerogyra sinuosa, and Euphylliaglabrescens 
were the most common corals encountered. Hydrocora1s such as Distichopora 
were a1~ocommon whefe there was considerable water movement at the 
channel mouths. 

, . 

Other common organisms found were sponges of various colors and 
growth forms , bryozoans, the sedentary scyphOzoan Stephanoscvohus 
racemosus, and en~rusting and larger foraminiferans. 

\ 

This facies consists of the channel floor, which is composed pri-
1y of'unconsolidated sediments composed of both bioclastic 
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and nonbioclasti~ fractions. Depth of the floor ranges between 100 feet 
or ~ore a~ the channel mouths to depths of 10 to 20 feet at their heads 
where rivers empty into them. The floor is relatively flat but locally 
is very hummo'cky due to theburro\tdn~r activity of an unidentified worm, 
simtla~ to the mounds shown in Figure 30. \ 

No coral transects were run on the channel floor because of the 
paucity of cora 1 s there. ' Occasional coral s Itlereobserved on rare rocky 
outcrops near the mouths nf the channels but most coral growth was, found 
at the base nf the channel slopes and walls where corals had accumulated 
by slumping and sliding dO\.lJn .th.e slopes to the channel floor below. 
Occasionally a large ·knobor knoll VIas encounter'ed \'!here a large section 
of rock had broken loose from the channel \"Ia 11 . It was upon these 1 arger 
relief features where the greatest density and diversity of coralsvJer2 
found. 

Table 12 lists 32 species of corals representing, 18 genera from 
this facies;rhany of whicll are 'the same as those found in the 1m'J-light 
habitats 'of Facies D. Porites (~.) ivlayamaen5is and Porites andr:-ewsi 
were the most commonly encountered corals, mainly due to theit presence 
by slumpi'ng dowm'lard from zones above. Porites (S.) horizoQtalata VJas 
the most abundant coral in this facies l

• This species is probably best 
adapted to habitats \'Ihere high rates of sedimentation and turhid water 
occur. 

N~ar th~ channel mouth, where currents ,were stronger, a few gorgonian 
corals and small hydroid colonies were observed attached to rocky out
crops, knobs 9 and knolls. Other common organisms observed wer~ variuus 
kinds of holothurians (Fig. 38). ' 

, 33 



,~ 

~SOFT CORAL SURVty, 

Soft coral s are consiJered in this report to be' the alcyonaceans 
and zoanthids which resemble corals but lack a solid calcareous skeleton. 
Their importanc~ in certain major biotope facies of Cocos Lagoon has 
justified their being discussed in this separate section of the Cocos 
La~oon report. The difficulty of identifying soft corals in the field 
is another reason for analyzing them separately from hard corals. The 
diversity and,distribution of soft coral species in Cocos Lagoon and ad-
jacent channels are shown in Table 14. ' 

Unfortunately, most species found can presently only be identified 
to genus. Species identification has been delayed by difficulties in 
obtaining 1) taxonomic references, 2) translations of these references 
and 3) evaluation of many questionable species identifications in the 
references. ,.l\fter these problems are solved, some of the numbered 
species in this report may be combined, if they are seen to be ~n~y 
variations of a single species. If this occuts, the species chec~list 

\wi11 be shortened, but most likely only a few variations of Sinu1~ria 
w~11 be combined. 

Where the soft corals (Fig. 39) were sufficiently abundant the 
point-quarter system, as us~d with hard corals, was applied to measure 
tota 1 dens ity and percentage of cover ,(Table 15). 

, An account of the soft tora1 popu1ation~facies by facies, begins 
with the windward barrier reef. Only blo species of soft cora1s,were 
found - Sinu1aria confertav. araci1is with long thin finger-like 
cylindrical branches of uniform iameter, approximately one centimeter 
(Fig. 40) and an undescribed species of Asterospi-cularia (Fig. 41). 
The Sinu1aria often occurred in large colonies over 15 cm in diameter, 
while Asterospicu1aria never exceeded 4 cm across. Asterospicu1aria 
was ~xtreme'y abundant, with 159 point~quarter samples among_the 500 
meters of transects. Sinularia occurred only seven time~ in these 

'measurements. The total densities and percentages of cover of the' two 
, species combined varied among the five in.depen~ent transects. This is 
due to the absence of the large Sinu1aria in three of the transects and 
the absence of all soft corals in major parts of twotransects._ No soft 
corals occurred at the highest parts of the reef flat, which receiwe 
excessive exposure to air at low tides. Asterospicularia occurre~or 
the seaward side of this highest zone, i.e., on the reef margin) a~d in
creased in abundance on the zones progressing from the highest zone 
1agoonward. The small size of Asterospicularia allows it to occur in ~ 
reef flat areas \Flhich have a minimal coVer of \>,'ater at low tide while 
larger soft coral species inhabit slightly deeper situations. In a 
transect made tlosest to the 1 agoon shelf but sti 11 on the 'r'Jindvlard 
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r2eF flat, the /\steros;?icularia colonies ',yere so at'undant that thelr 
density registered greater than 24/1;,2, although they covered onlJ' 
slightly over one per cent of the substrate. 

The leJ!\'lard barrier reef flat had only ten sneciiTlens of soft corals 
within the 200~oint quarters examined in 500 m 6~ transects. These 
soft corals were only of two species, both of which occurred only in the 
d~eper ~arginal zones of the reef flat ~hich are usually not exposed at 
lovJes't tides. These tlt/O 1ee\vard species-Itlere different from those of 
the l."ind\'Jard barrier reef flat and from those of all other facies of the 
lagoon biotope. They VJere identical with t\'JOof t:,e species 'found in 
the f"lamaon Channel margi n fad es. On tile 1 eeward. reef fl at, one 1 arge 
colony' of Sarcophyton \'/aS found I'lith a. diameter of 54 cm (Fig.' 42), 
\-Jhile nine colonies of a Sinularia species ~"ere measured, showing 
diameters from lOto 51 cm (Fig. 43). S6ft coral densitieS and percentages 
of cover were too slight to bother calculating ,for the, leeward barrier 
reef flat facies. The h~ghest zone of the facies lacked both hard an6 
soft corals while slightly deeper parallel transects on both/sides of 
that zone provided some hard corals but no soft corals. 

The facies of the lagoon shelf borders and surrounds the deeper 
part of the lagoon and occurs at depths less than three meters. Although 
five 100 meter transects Vlere made here, they reflected little information 
about the soft corals other than. their general absence from the faci~s. 
Three of the transects had no soft corals anywhere Vlithin five meters of 
their axial line while the other two showed soft corals and hard corals 
Very infrequently, 'in only 150f 40 and.6 of 40 .point-quarters. Perhaps 
colonies of coral are absent from much of thi~ area because of the lack 
of solid substrate. ~1ost of the sampled locations of the lagoon shelf 
had bottoms of 'soft loos.e sand. \~herever rock surfaces rose above the 
sand~ ther~ see~ed to be at least some hard corals or soft corals pres~nt. 
The ·soft corals \'Jere Asterospicularia sp.,Sinularia poljdactyla (Fig. 44) 
and Sinularia conferta v; gracilis. Any discussion of the density, 'per
centage of cover and importance value of soft corals in this facies is 
unfeasible because of their scarcity. . . 

Some Sinularia in station IB (see map, Fig. 39) appeared to have a 
fel." of thei r branch ti ps bi tten off. If they vJere preyed upon by a Ji sh 
it could well have been an Arothron species, the large puffer fish. 
These \-Jere seen to be the mo~t abundant fish during tows ov~r several 
thousand meters of lagoon shelf. 'They also are reported to 
feed on the tips of branched hard,corals (Cloud, 1959). 

Th~e lagoon floor deeper than three Ineters is a facies which is 
,characterized by a substrate of pure sand with various patches of a.lgae 
and vascular plants. Soft corals are absent except for a few colonies 
of Sinularia and Sarcophyton on boulders and mounds close to the leeward 
1 agoon she If or adjacent, to some of the patch reefs. As' a rul e, soft 
corals must have a solid piece of substrate for attachment. i1any 
colonies can be found in Cocos Lagoon which seem to be, growing on I 
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sand but which really are attached to a piece of coral rock .buried i~ 
th~ sand. /\ single very small specirnen of-Sarcophyton with a deep base' 
like a "taproot" penetrating the sand .and lacking a basal . attachment to 
any rock or piece"of rubble was found on the la~oon bottom next to a 
patch reef. This is apparently a very exceptional srecimen of a more 
normally attached sp~cies. Perhaps it survived following d~tachment 
from an original hard substrate on the patch reef above it. 

The patch reefs in Cocos Lagoon have a hig:1er diversity of soft 
cdrals than any other facies in the lagoon biotope, but their number of 
species is still only six. The very common species are Sinularia ~
dactyla and t~sterospicularia sp., \IJhile one Alcyoniull1.s two Sarcophyton 
species, a Zoanthus (Fig. 45) and a ~econd species of Sinularia were 
each found at only a single ten meter long station among the 500 m of 
transects. The averag2 density of soft corals on the five patch reefs 
sampled was 0.73 per m or one soft coral for every 1.37 square meters. 

The patch reefs typically had numerous dead skeletons of 10ng- . 
branched staghorn coral (Acropora formosa and fl. teres). These branches 
vlerea common site of attachment for Ast~rospicularia colonies,. which 
covered some skeletons or grew pennant-like on just the apical tips of 
others. Asterospicularia also occurred on smooth Tock surfaces and 
boulders. The COlilmon Sinu1aria species did not often colonize dead 
Acropora skeletons but formed numerous large colonies on hard substrate 
and boulders and particularly on spicular rock formations. This spicular 
rock sometimes takes the form of large solid or fenestrated boulders 
often over one meter in hei ght and di ameter .. Iti s constructed of fused 
calcareous spicules deposited by soft corals. These spicules are all 
less than,5 mm in length and. 1 mm in diameter, cylindrical in shape and 
\tlith pOinted tips. They appear to be the largest spicules formed in 
the basal parts of Sinu1aria colunies. The Sjnu1aria colonies on spicular 
boulders of the patch reefs seem to be relatively permanent. However, 
the Asterospicu1aria grO\'1ths on dead staghorn coral will probably be 
broken off' by future storm \'1aves and may suffer hi gh mortal i ty because 
they are not large enough to stabldze themselves if they are only attached 
to broken coral branches on the bottom. The larger colonies of Sinularia 
maybe parted from the massive solid substrate and still maintain them
selves \'Jithout being rolled along the bottom by waves. The total per
centage bf cover of soft corals of those patch reefs measured was from 
0.59 to 4.14, less than that of hard coral~, but of some significance. 

Soft corals were seen to be most important in the nearshore shelf 
facies of Cocos Lagoon. This area ranges from about zero to two meters 
depth at low tide. Much of the substrate is composed of .coral1ine ~ock 
and spicular tock, both topped with large co1Qnies of Sinu1aria po1ydacty1a 
and Sinu!ar1~ confer~a v. ~raciliS~ These colonies range in color from 
tan to pl nb sh to bel ge an.' change color when they expan!1 or retract 
their polyps (Fig. 46). They typically have a low spreading base,with 
upward projections v'Ihich divide and subdivide to form numerous finger-like 
apices .. Between the areas of rock which bear soft corals are irregular 
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patches of sand. In some parts of the nearshore shelf these. rocky sub
strafes with soft corals are absent. Instead, large patches of seagrass 
(Enhalus) occur. 

Transects of soft coral swere not done in the seagrass areas. Four 
transects provi.ded -dens.i ty measurements of one colony per 3 m2 to one 
per 0.25 m2. These aver~ged 2.72 colonies per square meter. The per 
cent of cover by soft corals was. as hi gh as 18.87 per cent on one tran
sect. The soft coral populations seemed to be old and stable because 
of the la~ge size of the colonies. -The spicular rock formed by these 
species of Sinularia, as previously described,is very common in this 
nearshore shelf facies. However, the Asterospicularia which was ,common 
along with these S~nularia on patch reefs appeared to be absent in the 
nearshore shelf .. Pethaps it is excluded because of the influence of 
ru~-off water from the land. / 

The northernmost end of the leeward barrier reef flat along Mamaon 
Channel is submerged deeper than the rest of the flat. Therefore this 
end of the leeward reef flat should be separated from the descri~tion 
of IA (Leeward) and called facies F of Biotope I (Fig. 39). The density 
and per cent ·of cover of soft corals here were not measured but. seem to 
be approximately the same qsthose for the nearshore shelf. A few 
spec,imens of Xeni i dae were found only here. 

Biotope II includes facies from. both Mamaon. and Manell Channels. 
A search of the floor of Mamaon Channel at depths greater than 100 feet 
showed rubble on which grew ascidians, sponges and algae, especially 
coralline encrusting algae, but no soft corals. 

Soft corals were very rare on the cliffs, caverns, and deeper slopes 
of Mamaon and Manell Channels, where only Palythoa'and a large thin 
Sarcophyton shaped like a mushroom with a concave upper surface were 
found. Perhaps low light levels due to turbidity made these deeper. 
facies unsuitable for soft corals. 

The shallower parts of the slopes bordering these channels graded 
into the channel margin facies which was seen to contai~ a diverse 
collection of s,oft coral species. Up to twenty different species were 
collected here. Only four of these were fbund in other facies of Bio
tope I or Biotope II. Although the diversity of soft corals of all 
biotopes is highest in this facies, the density (one colony for every 
2 to 10 m2) and ~er cent of cover (0.27 to 0.83%) were much 10wer than 
those for soft corals of the nearshore shelf. Mamaon and Manell Channels 
each had different species of soft coral, ~.£., only three species were 
common to both channel margins. Also soft corals varied between the 
land side and lagoon side of each channel. Margins of both channels 
had rich growths of live hard corals forming large heads and buttresses. 
The soft coral col01ies were scattered among these growths .. 

. :~ 
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The large soft corals of Cocos Lagoon have a few interesting as~o
ciate animals. The large white egg "cowr ie" Ovula ovum was seen to 
feed on the eommonest species of Sinularia and Sa rcOj?FiY ton of Cocos 
Lagoon. Another large gastropod, Rapa rapawas found living completely 
enclosed in the living bases of Sinularia and Cladiel-"!...a_. Mi,nute spider
like pycnogonids were found on most closely-inspected alcyonaceans. 

The soft corals of Cocos Lagoon ,have been seen to lack the diversity 
and density of hard corals. But they are important 1n certain facies_ 
such as the patch reefs, windward barrier reef and channel margins. In 
some parts of the nearshore shelf and barrier reef shelf bordering the 
channels soft corals appear to be the dominant organisms. 
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FISH SURVEY AND FISHERY ASPECT* 

Introduction 

This section provides a list of the tropical marine shore fishes 
found in the lagoOhj considers the distribution o~species, and discusses 
the biotopes in which they are commonly ·found. It is ;also our intention 
to compare the relative diversity of the ichthyofauna inside the lagoon 
with ~ther transects outside the barrier reefs . 

. Data included within this section are expected to serve not only'as ~ 
basic research but may also be useful in the future as a baseline study for 
evaluating 'the impact of, the rapidly urbanizing Merizo municipality. It 
should be, possible to duplicate the study at a later, date for the purpose 
of measuring potential degredation of this valuable resoUrce. For this 
reason, considerable space has been devoted to methodology. 

Materials and Methods 

Biotopes 

Seven majot biotopes (Fig. 47) were recognized as distinct for the 
i chthyofauna as follows: 

1. Outside Reef - .Thecombined lower. reef margin and front, the sub-/ 
marine terrace, and the upper seaward slope to the west of the Cocos Lagoon 
barrier reef were used as one biotope in order to compare the diversity ,of ' 
the fish community (by biotope) inside the lagoon with that outside. 
Seven transects (described'below) were made in this biotope paralleJ to 
depth contours (NE to SW). Fo'ur were run on the submarine terrace, two on 
the ,reef margin/front and- one on the seaward slope. 

II. Channel Walls - The walls of both Mamaon and Manell Channels 
vary from sand slopes to'steep' or overhanging coral developmental features. 
The latter form excellent cover for fish species., Transect~ were deliber
ately concentrated in the coral areas and,were oriented parallel to channel 
margins at varying depths (vertical zig-zag). They included seven in all, 
five in Mamaon Channel and two in Manell. Transects were run at both the 
seaward (western) and lagoon (eastern) ends of Mamaon Channel. 

III. Lagoon Patch Reefs - 'Numerous patch reefs of Various sizes occur 
in the Cocos Lagoon at nearly all possible depths. Four'separate patch 
reefs were investigated and seven transects run on them, normally along 
the longest axis of each reef. Transect lines were woven to include both 
sides and tops of patch reefs. Duplicatetran~ects were run on three of 
these reefs. All the reefs rise to within one-half meter of the surface, 
at mean low tid~, and all have live corals, usually dominated by dense 
thickets of branching species in the genus Acropora. Fishes seek cover 

*A revised version of this section has been published by R. S. Jones 
and J. A. Chase (1975). 
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primarily among these coral branches. 

IV. Barrier Reef Flat- This area is frequently exposed at low 
spring tides. During such times the fishes that occur here must migrate to 
deeper waters adjarcent to the barrie.r to seek shelter in tide pools or in 
holes that connect with the water surface inves-ting the reef framework. 
Primary cover for fishes· includes holes and cracks;n the coral framework 
and rubble tracts along the barrier. Four transects were run on the south
east barrier and three on the west. The transects were oriented perpen
dicular to the barrier axis and were/no~mal1y parallel to water flow over 
the barrier. -

V" Seagrass Beds - Two spec; es of 'seagrasses. occur in Cocos Lagoon. 
They are ~alodule uninervis (Forsk) Ascherson and Enhalus acoroides (L.f.) 
Royle. The Halodule-beds are located along a smalrsand-spit northeast of 
Cocos Island. The Enhalus beds are concentrated more a.round the channels 
and fringing reef adjoining the mainland., Fgur transects were run in the 
Enhalus beds and three in the Halodule bed. All transects were allowed to 
meander at random through the grass beds. The seagrasses themselves form 
the basic cover for fishes living there . 

. VI. Sand Bottom - The sand bottom biotope includes channel floors, 
the floor of the lagoori proper, and the lagoon terrace. T~ree transects 
were run on the shallow (1 m) lagoon terrace flooi, two on the.lagoon bottom, 
and two on the channel bottom. Transect direction was random in each case. 
These virtually featureless habitats offered no cover for fishes e~cept 
burrowing forms. . 

VII. Estuar~ne and Freshwater - T~e heavily silted fringing reef/mud 
flats, concentrated around river and creek mouths alcing the shore of main
land Guam, are essentially est'uarine systems and often characterized by a 
mangrove community. No attempt was made to investigate this biotope beca,use 
we chose to concentrate on the primary marine system. The freshwater and 
estuarine fauna is included in a report prepared by the Guam Division of 
Fish and Wildlife ano appears in Kami et a,l. (1974). 

Transects 

Forty-two transects were run as noted above, seven in each biotope. 
Of these, 35 were run inside the lagoon and seven outside (Fig. 47). 
Each transect was arbitrarily set at 100 m in length., The transect line 
was J.nreeled in the biotope to be sampled. Some attempt was made to lay 
the transect lines in a random fashion. However, a deliberate bias was also 
introduced i norderto compare the sand bottom, grass flat, and cQra 1 
domina,ted biotopes. 'For example, transect 1 i ne,S i.n sand areas were set 
to avoid all grass flat and coral features, while coral transects were 
set to avoid·sand bottoms ~nd gr~ss flats, and ~o forth. 
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All f{shes seen ~y SCUBA-equioped observers within 1m to either side 
of~he transect line'and 2 m above it were counted And their total lengths 
estimated in mm. It usually required about 20 minutes to comolete one 
transect count";· This was immediately followed by a 20-minute random count 
in the vicinity of, but not restricted to, the transect line. \'ie considere-d 
this necessary because many of the ubiquitous species in a given 'transect 
area failed to appear on the tran~ect. This is due not only to the natural 
non'::rar-ldom distribution of the fishes but also because many of them are 
wary of approaching SCUBA divers and move away from the transect ,line 
during the count. 

, It wai obvious that many 'of the smaller species were territorial o~ 
~dhered to restricted home ranges. These speci~s (largely oom~centrids) 
tended to remain on the transectwhile larger species, even those with 
ter~itories, had a tendency to leave the count zone (at least temporarily) 
when approached by the observers. This resulted in our transect data being 
biased in favor of smaller soecies. The random counts were somewhat helpful, 
if ex~mined intuitiVely, in ~lleviating this ~ias. These counts frequently 
added as much as 30% more species to the transect station"thus considerably 
increa~ing species richness. However, the random counts only enumerat~d 
the species and not individuals, because it is virtually impossible to keep 
aCCLirate counts of the swarms of fishes 'that surround a diver (360°) on a' 
tropical reef. Duplicate counts are inevitable unless the obs~rver con
fines himself to a controlltransect line or other devices. 

Highly cryptic andnocturna 1 speci eswere not sought out. Therefore , 
the trans~ct data and random counts are relative instead of absolute indi
cators of fish community structure within the biotopes. No attempts were 
made to use chemical fish poisons to collect cryptic species because of 
the constant ~se of the lagoon as a recreational area. 

Underwater tape recorders were used for recording observations because 
we found that a great many species were missed when we tried to use writing 
slates. Too much time is spent looking down at a slate, whereas with a 
recorder, the observer1s eyes do not leave the transect. 

The normaLvariability encountered in such visual counts, made it 
necessary to combine the seven transects in each of the six biotooes rather 
than con~ider the transects separat~ly. 

For each biotope, data on the species were treated and analyzed as 
foll ows: 

Density 

The total number of individuals of each soecies on the seve,n transects 
within a biotope were summed and th~ number per unit area computed in the 
normal manner:' 
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'density (d) = number of indivtduals for a species 
area sampled 

The area sampled in this case is 1400 m2 -(7 transects x 200 m2) 

,From these values, relative densities wer~ comput~d as: 

relative density (rd) = density for a species 
total density for all species X 100 

Dominance and Linear Bio~ass 

As is true of many organisms, small fish species often occur in much 
greater numbers than larger species. Therefore, density figures based ion 

" enumerati on, tend to be heavily bi as'ed tm'Jard the r.1ore numer.ous sma 11 speci es. 
It is obvious that it would be more appropriate if the large fishes (e.g., 
Scaiussordidus) could be weighted iri some way to equal a number of indivi
duals of a smaller s~ecies (e.g., Chromis caeruleus). ~e attempted to 
handle this biasby computing a dominance value sif11ilar to that used by 
plant ecologists. Such values usually consider,for example, the total 
area covered by a given plant, divided by the total area saf11pled. Flshes, 
however, being Lincooperative and mobile organisms, are impossib'le to 
measure in this way. Instead, we estimated the combined lengths (in mm) 
of the individuals of each species in a qiven biotope. This number (total 
sp~cies length) was then related to the total length o~ the transects in 
each biotope (7 transects X 100 m X 1000 mm/m = 7 X 10 mm). In addition, 
Porter (1972) used a similar technique for studying reef corals and re
ferred to it as a "linear biomass measurement." We calculated these 
values as: 

And: 

dominance (dm) = sum of individual lengths for a species 
total length of the transects 

-
These values were then converted to relative domi.nance figures: 

relative dominance (rdm) = dominance for a species 
total dominance for all 
species 

X 100 

linear biomass (lbm) = sum of individual lengths for ·a 
speci es 
total length of all species 
comb.ined 
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Since the data derived in each above case ~re linear only, and do not 
consider the actual physical bulk of each animal on a unit area basis, it 
is obviously not the best method of reducing the bias introduced by the 
large numbers of smaller species (e.g., a trumoetfish and a narrotfish of 
equal lengths differ considerably as to \·Jeight). It would be, better to 
use some value base~ on actual fish weiqht (biomass) rather than length 
alone. Such esti~ations 0re possibJe from length measurements and ore
determined length/weight constants (see below). However, since we did 
not have Inecessary conyersion constants for all the species observed, we 
v'Jereforced to \vork I'Jith the lengths alone to determine dominance and 
linea~ biomas~ values. The lengths are also obviously subject to observer 
error. 

Importance Value 

The above two relative parameters (rd"rdm) were summed to give a 
singl~ importance ,value (Cox 1972): 

importance value (I.V.) = rd + rdm 

Importance values are considered useful in comparing communitY' structure 
between biotopes. The relative density (rd) value by itself is, as noted 
above, biased by inclusion of large numbers of small species. By adding 
relative dominance (rdm) , some additional weight (numerical) is anplied to 
the ~arger (longer) species. ' 

Overall Importance Value 

It became evident, early in the study, that the community structure of 
lagoon biotopes II - IV (all reef biotopes)~were quite similar, as would be 
expected ~ priori, and differed considerably from lagoori biotopes V and VI 
(grass flats and sand bottoms). The raw data ,from lagoon biotopes II - IV 
were pooled and an overall importa~ce value computed for the species occur
ring in these coral-dominated biotopes. The 21 transects were essentially 
treated as one large ~ransect crossing all three of the ~ajor lagoon reef 
biotopes. (4200 m2). This analysis was done to ascertain the relative . 
numerical importance of each species for combined coral biotopes. 

Fi sh Bi omass 

Estimation of fish biomass was the third method of obtaininq the re-
lative contribution of each species within each biotope. <' ~ 

. Brock (1954) , in one of the pioneering works on visual fish transects 
conducted by SCUBA divers, used a standard fishery conversion of length to 
weight via constant computed for each species observed'. The transformation 
equation is~ , 
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W = A( L) 3 Where: W = the weight of the fish 

. A = the constant for the species 

L = the length of the fish 

The estimates of weights for all individuals of one species thus 
obtained, were then summed to obtain the total weight of that species. The 
weights-were converted to kilograms-oer-hectare (kg/ha) for each soecies. 
The work was h,indered somewhat in that length/weight constants were not 
available for all species. Fortunately, the Guam Division of/Fish and 
Wildlife wa~ able to furnish the constants for some of the more dominant 
species. 

Shannon~Wiener Diversity Index 

The sums of individuals for e~ch species in each biotope as well as 
their linear biomass values were used to 'compute Shannon-t~iener diversity 
indices (Pielou, 1966) using the equation: 

cI _ s 
H i - - E Pi log Pi 

i =1 

where :Pi = the proporti on of some measure of the ith speci es ina 

population. 
i 

Since H~is the diversity for the entiY'e population, which we were unable 
to measure, it must be a~proximated by: 

where:N = the total number of individuals, or total .linear biomass 

for all species in a sample biotope and N; = the number of indivi

duals, or linear biomass for the ith species. 
r. 

Since diversity depends not only upon the number of species but also 
the equitable distribution of individuals (or 1bm.) among the species, the 
popu1ati9n evenness (Pielou, 1966),was estimated as: '~ 

E (evenness) = W 
logeS 

44 
, ! 



where:S = the total number of species observed in the biotope. 

This includes both random and transect species (Table 17) and 

.is a bett'er measure of S than transect species alone. Herein 

li~s another value of the random counts. 

Community Comparisons 

Importance values were used to compute coefficients of community or 
similarity (Oosting, 1956) for each-biotope compared with every other 
biotope after the formula: 

C = 2w \~here: w =,the sum of the lower of the two LV.'s 
a + b , for each speci es shared by the two com-

munities (biotopes) 

a = the sum of all 1. V. 's for the first 
community 

b = the sum of all I.V. 's for the second 
community 

These data were placed in a matrix of similarity coefficients. Dis
simi larity coeffi cients were then computed as the difference between the 
calculated coefficients of similarity and the maximum possible value. 
These values are calculated because the ordination (below) depends on the 
difference between communities (biotopes) rather, than similarities. The 
maximum value would theoretically be 1.0, however, as Cox (1972) points 
out, a maximum value of 0.85 more readily approximates a true community 

, upon which replicate samples have been drawn. These dissimilarity coeffi
cients (0.85 - C) are placed in the mirror image of the above matrix and. 
used in a simple community ordination procedure such as that shown by 
Cox (1972). The restjlt is a two dimensional ordination of fish communi
ties (biotopes) on the basis of x (lithe greatest component of community 
variation") and y (lithe greatest component of the remaining community 
varjation") coordinates (Fig. 4a). The degree to which the 'spacing of 
the communities (biotopes) on the ordination accounts for variations in 
community composition is estimated by correlation of ordination interval 
with observed dissimilarity between cOfumunity paris (Cox, 1972). 

Results and Discussion 

Tabl~16 is a list of fish species known from Cocos Lagoon and the out
side reef biotope. The table shows distribution of species among biotopes and 
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provides some insight as to the most common species in each. Kamiet al. 
(19,68) and Kami (1971) record a total of 598 fi$h species from Guam-.-· The 
list of species in Table 16 includes a total of 276 species, 42 of which 
were observed only outside of the lagoon (biotope r) during this study. 
Thus, a total of 234 speci es are now recorded from the 1 agoon proper. 
This constitutes about 40 percent of the species known from Guam. ,Use of 
ichthyocides during surveys might well have added 50 Or more species to ' 
the list. How,ever, we chose to rely on visual counts to determine the 
most important of the ubiquitous fishes without regard to cryptic species. 
T~ latter, we suspect, comprises a small part of the total ichthyofauna. 
Of the 234 species recorded from the lagoon, 189 were actually observed 
6n the transects and random counts, while another 45 were reoorted from 
other sources (Table 16). ' ' , 

Table 17 is a summary of observations made in this '?t1.1dv. The com
bined area of the 42 transects was equal to 8400 '112 Transect areas for 

-each biotope ambunted to 1400 m2. A total of 10,032 individual fishes re
presenting 181 species were counted on the transects. 

On the/basis of individuals and total species ohserved /(Table 17), 
it is apparent that biotope,I (outside) is flricher ll than any of the lagoon 
biotopes. Lago~n biotope II follows in a.close second and is itself . 
approached by biotope IV only by virtue of the fact that IV has more in
dividuals, although considerably fewer species. It is clear that while 
the first four (reef) biotopes are not I,r,Jidely separated in terms of in
dividuals, biotopes) and II differ considerably from III and IV in 
number of speties. Biotope V, although lower than the other biotopes in 
numbers ofindividual~, is still well represented. Bibtope VI remains 
we 11 below the range for other bi otopes . / 

The picture changes somewhat when the biotopes are viewed in terms 
of' biomass and the Shannon-Wiener diversity index. Biotope II supports 
the greatest biomass. Biotope III is in a distant second place with 
about half the value of II and biotope I falls to third place. Biotopes 
III and IV showed the same number of transect species and IV had more in
dividuals than III, yet III had a biomass value of'more than triple that 
of biotope IV. This suggests that larger species make a stronger contri
bution to biotopes II a~d 11.1 than to the other biotopes.' The biomas~ 
value of biotope V represents a large number of the juveniles of larger 
species which apparently use the ,grass flats as nursery grounds. The 

\ reader sho.uld bear in mi nd the fact that conversi on constants were not 
available for all species. Therefore th~ biomass figures in Table 17 are 
only for the more common species; in each case the number should be 
hi gher. 

The Shannon-Wiener diversity index Cbased on individuals, N) shows 
the highest diversity value for biotope II, closely follol!Jed by I (Table 17) . 
.The fac t that bi otope I has a greater number of i ndi yi dua Is (N = 2397) 
and total number of species (S = 150) than biotope II (N = 2044, S = 138) 
is offset by the fact that the cC\lculations for the diversity index' 

46 



\ f 

consider only the number of transect species and does not include random 
species (Ts = 94Jor biotope I and 104 for biotope II). Moreover, the 
Sh'armon-Wiener function describes ,'the degree of uncertainty in pred,icting 
the species of .. an individual picked at random from the community. ' The 
uncertainty, and therefore the value of the, index, increases not only as 
the Ilumber of species increases but also as' the indivictuals are distributed 
more evenly among the species present (Table ]7). As expected from the' 
lower numbers of species and lower equitapility(evenn~ss), biotopes III 
and IV show considerably lower indices than 1. and II. Biotope IV has a 
slightly higher diversity ind.~x than III, which indicates that although 
biotopes III and IV have the sameinumber of species (Ts = 67), theindi-, 
viduals are more equitab)y distributed among the species in IV than those 
in II I (Tab 1 e 17). . . 

The linear biomass values for each species in each biotope were also 
used to calculate the Shannon-Wiener function. These data are found in 
Table 17 and follow the same general pattern ~s the indices based on in
dividua ls and number of species, with the primary excepti ons being the 
higher overall diversity values anq the reversal of positions of biotopes 
III and IV. In the latter case there is an increase in the evenness in 
.biotope III over biotope IV. 'Moreover, as noted above with biomass, there 
is a gr~ater preponderance of large ~pecies in biotope III than lV. Since 
H" based on Hnear biomass takes into consideration the relative size of 
the specfes and the distributiorJ of size among them, biotope III ;'s the 
more diverse. The percent differences are not gre,at in the latter case 
and may not be si gni fi cant. 

Figure 48 is a plot of community ordination based on the dissimilarity 
coefficients. The relationships of the corrrnunities of each biotope and 
the va1idity of these relationships ,are obvious from the figure and asso
ciated correlation coefficient. Communities of biotopes I-IV form a rather 
tight grouping when compared to V and VI" which are in turn widely separated 
from each other. It is apparent that the I -IV gr'ouping is based on the 
one principal unifying factor that all four biotopes have in common., they 
are coral reefjstruc;:tures. Biotopes V and VI obviously are structurally 
different from the above.' The separation, between V and VI is no doubt 
based on the more. adequa te cover provi ded by the grass beds for the fi shes 
themselves aS,well as the organisms the fishes feed upon. As pointed but 
above, the grass flats have a preponderance of juvenile fishes in temporary 
res idence whi 1 e awai ti ng maturi ty. The sand bottom fi shes are either tran':' 
s;ents or 'burrowing forms. It comes as no surprise that the greater diver
sity of mi crohabitats avai 1 ab le to reef dwelli ng species results in a much 
greater biological diversity and ,species richness. 

Further inspection of Figure 48 reveals that the greatest similarity 
is I?etween 1 agoon bi otopes II and I II. Moreover, bi otopes I and II, and 
III and IV, have a fairly high degree of similarity or community conc9rdance. 
This is of interest because it may indicate that the channel biotope (II) . 
bridges, in part, the gap between the lagoon communities and those outside 
the barrier reef. 
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Table 18 compares for combined transects of biotopes II-IV, the rank 
order of the 2IT species with the highest index values for each of the four 
indicated techn~ques used in estimating species value. For example, the 
rank order of the top 20 species is sho\l>m for number of individuals (N), 
for overall importance values (O.I.V.), for linear biomass (lbm.) and for 
actual biomass (kg/ha). The table not only compares the four methods but 
also shml/s the relative ,imDortance.of each species in the three laqoon 
reef biotopes based on each method. . 

It is evident from TabJe 18 that only small differences exist between 
the rank orders of species listed byN, O:I.V: and lbm. Spearman's rank 
corre 1 ati on coeffi ci ent i ndi cated that the ranks of these three methods 
are highly correlated with each other (N vs 0.1 .V., rs = 0.91; N V5 lbm., 
rs = 0.81; O.LV. ,vs lbm., rs = 0.90; 'in all cases r < .n(05). Therefore, 
in this study and for these biotopes and fishes, anyone of the three 
methods would have given similar results. There is some evidence to in
dic~te that lihear biomass provided more weighting to larger fishes (e.g~ 
the advanceme-nt of Scarussordidus from eighth and fifth places for Nand 
O.I.V. to second for lbm.) to better equate them to'the more numerous 
smaller species than did Nand G.I.V. Biomass, on the other hand, nro
vides an obvious across-the-board difference in rahk order of the t6p 20 
species. Chromis caeruleus which ranked number one in the first three 
te~hniques was last in kg/ha. Moreover, several species occur in the top 
20, based on biomass, that did not rank high enough in the other techniques 
to make the lists. Likewise, several soecies dominant in the first three 
lists are absent from the biomass list.' Soearman's rank order correlation 
indicates little or no correlation between the rank of the.biomasstechniaue 
and the other three (N vs kg/ha, rs = 0.03; a.LV. vs· k~/ha, rs = 0.20; . 
lbm. vs kg/ha, rs = 0.35; and the probability values' are p > .10,0 > .10, 
and p > .01, respectively). Of the above three, lbm. most closely apnroxi
mates bi amass. 

We are left with the usual, perhaps rhetorical, question of whether a 
large number of individuals of small species are more "irnportant" to a com
munHy than fewer individuals ofl arger species. TheV are no doubt both 
equally important to the community s'tructure but th'e question plays havoc 
\Alith sampling techniques. 

The first four species in the biomass list account for more thah 50% 
of the total weight of the top 20 sDecies (Table 18). 

Conclusions· 

Although the channel-wall biotope (II) of Cocos Lagoon proved to be 
more diverse than the biotope outside the barrier (biotope)) in terms of 
transect species; diversity, and biomass, it seems that the lagoon as a 
whole is not supporting an 'exceptionally ri chi chthyofauna. Even with 
the use of ichthyocides, we doubt that the total number of species in the 
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lagOon would amount to Inuchmore than half of the nearly 600 sp'ecies known 
.from Guam to date. ~~oreover, if random species are also considered, then 
biotope I would exceed biotope II in species rfchness (150 to 138). We 
account for the higher diversity and biomass in biotope II by the fact 
that the steep lagoon slopes with their dense, and at times cavernous or 
oNerhanging; coral structures are a concentrating feature not dUDli~ated 

,in the outside reef biotope investigated. 

Wete it not for the reef dev~lopment within the lagoon, as well as 
the rubble tracts and seagrass beds, the lagoon would be considerably more 
depauperate. Comparison of biotooe VI (sand bottoms) with the other bio
topes makes this point obvious. Unfortunately, the sand-dominated biotope 
makes up considerably more of the totallaqoon than those areas (bibtoDes 
II-V) that provide more adequate cover and, possibly a food sUDDly for the 
fishes." ' 

Qualitative observations as well as many of our transect counts in
dicated that large numbers of juvenile reef fish species occurred ,in the 
lagoon. This was true both in areas with reef cover and in the seagra~s 
beds. These observations lead us to believe that the lagoon'senclosed 
nature, coupl~d v"ith ,the natural cover available, makes Cocos Lagoon an 
invaluable nursery for many of the species. For example, large numbers 
of juVenile rabbitfishes, goatfishes, and, snappers were observed in the 
Halodule beds and equally large numbers of juvenile parrotfishes ~vere 
observed in the Enhalus beds. On one occasion, Vie sal", enormous (too 
numerous to count) schools of juvenile surgeonfishes, CtenochaetLfs striatus, 
,swarming among the coral colonies of the channel walls (biotope II). All 
these species form important components of Guam's sport and commercial 
fi shery. 

The 1 agoon as a whole ana the areas of natural cover within the 
lagoon do, therefore,' make a significant contribution to'the local fish 
fauna, both adults and juveniles. Physical disruotion to the seagrass . 
beds or the coral reefs and rubble tracts in the 1 agoon could seriously 
affect the fish populations of the lagoon as well as the rate of recruit
ment of subadults to nearby reef areas outside the lagoon. 
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ALGAE AND SEAGRASSES 

Introduction 

This section provides a preliminary outlook on the distribution of 
marine plants in the cons~icuous biotopes and facies mentioned earli~r in 
the report. 

Methodology 

Sampling was carried out on 24 transects (50-100 m long) in the bio'
topes and facies mentioned previously. For Biotope II, facies B, C, and 
D were grouped since the difference in flora was not significantly 
different. See Fig. 49 for location of transects. ' ' 

Bi otope, I A. 
B. 
C. 
D. 
E. 

llA. 
B-D. 

E. 

Barrier reef flat. (Transetts 1,2,3; 17). 
Shallow lagoon floor. (Transects '10 and 15)'. 
Lagoon floor. (Transects 19,21,22, and 23). 
Patch reefs. - (Transects 11, 12, 13, 14 and 1'8). 
Nearshore shelf. (Transects 5, 6, 8 and 9). 
Channel margins and shelves. (Transects 4 and 7). 
Chahnel slopes, walls~ and caverns. (Transects 16 

and 24). 
Channel floor. (Transect 20). 

; 

Except for the lagoon floor, a modified point method (Tsuda, 1972b). 
was used throughout. This, technique incorporates quadrats (25 x 25 cm) 
which are thrown at random within 5 m of either side of the transect line. 
The number of tosses'varied from 2 to 30 within each 20 m2' area. For ' 
those areas where few algae( occurred, the number of tosses were fewer but 
sufficient to; sample at least 80 percent of the algal species present. 

The quadrat frame was divided into a grid of 25 squares, each 5 x 
5 cm, providing 16 interior "points" where the grid line, intersected. 
Each species was recorded at "points" at which it occurred. From these 
data, values for relative abundance and frequency were calculated. The 
relative abundance values provided a good index of the dominant algae 
while frequency was indi.calive of the distribution of the algae, i.e., , 
widely distributed or patchy. 

The 1 agoon floor whi ch has less than one percent algal cover had to 
be sampled in a different manner because the majority of sites on which 
the quadrat landed, when tossed, were mainly sand. Thus,., a modified 
version of; the, point quarter method was employed whereby the area ar,ound 
a point on the. transect line was dfvided into equal quadrants. The algae 
closest to the point in each quadrant was identified and recorded. 
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Thus, four algae were recorded from each point (usual1y~a m apart) ori 
the transect line. Although the distance from the point to_the alg~ 
was ~easured in each case, this data is not used in this report. . ~, 

In addition, the percent of alga} cover iri relationship to the 
other substrata (live coral, dead coral, and sand) was calculated by 
considering all points on the gridded quadrat. A detailed ssarch for 
other algae in the vicinity of each transect was made to provide a more 
meaningful checklist. 

Results andOi~cussidn 

The marihe plants found in each of the biotopes and faci~s are 
tabulated in Table, 19. The highest species diversity was found .in the 
barrier ·reef (Bfotope IA) and patch reefs (Biotope 10) which had 61 and 
64 species, respectively. The least number of species were found on 
the lagoon floor (Biotope IC) and the channel bottom'(Biotope lIE) with 
18 and 13 species, respectively. The species listing on the channel 
bottom may be increased with more transects. 

The relative abundance and frequency of those marine plants compris
ing 80 percent (± 5 percent) in each area are tabulat2d in Table 20. 
This table provides a more. meaningful method of assessing the dominant 
algae in each biotope and facies. Since past observations on Guam1s 
reefs indicate a different algal composition on the windward and the 
leeward barrier reefs, the barrier reefs were analyzed -separately. 

Biotope IA - Polysiphonia sp, (R.A.=19%, F=18%) and Oictyota 
bartayresii (R.A.=18~~, F=44%) were the two most abundant algae 
on the windward barrier reef. The higher frequency value of D. 
bartayresii indicates that this species is more widely distri-=
buted than P. sp. On the other hand, Cauler a racemosa (R.A.=27%, 
F=48%) and Padina tenuis (R~"A.=18%, F=48% were the dominant 
algae on the leeward barrier reef. Both species had identical 
high frequencies which implies a scattered distribution on the 
reef. 

Biotope IB- The most dominant algae on the lagoon slope were 
likewise Pol si honi.a sp. (R.A.=lO%, F=6%) and Dictyota . 
barta,{'resll' R .. = 8%, F=12%), the same two species predominant on 
the wlndward barrier reef. 

Biotope IC - The. dominant algae on the lagoon hottom were those 
species which possessed specialized holdfasts making ~e~ cana~le 
of inhabiting the sandy substratum. Halimeda macroloba (R.A.=4l%, 
F=32%) and A~rainvillea obscura (R.A.=24%, F=37%) both possess 
large holdfasts. Those ~pecies with creeping 'rhizome, i.e., 
Halophila minor and Caulerpa sertularioides were also present. 
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Biotope 10 - Dictyota bartayresii (R.A.=34%, F=22%) and the 
. filamentous brown algae Feldmannia indica (R.A.=17%, F=15%) 

were dominant on the patch reefs. Feldmannia indica is an , 
important dietary item for juvenile siganids (Tsuda and Bryan, 
1973) and foi adult acanthurids (Jones~ 1958): 

Biotope IE - By far, the most dominant marine plant on the 
murky nearshore shelf was the seagrass Enhalus acoroides 
(R.A.=28%, F=41%) which was widely distributed in areas of 
heavy freshwater runoff. Two other speci es, Oi ctyota 
barta)resii (R.A.=15%, F=20%) and Padina tenuis {R.A.-20%, 
F=21% were also abundant in this facies. 

Biotope IIA - The murky channel margi nand shelf also had an 
abundance of Enhalus acoroides (R.A.=24%, F=29%) and Padina 
tenuis (R.A.=20%, F=21%). This was not surp~ising since the 
channel margin is in essence an extension of the nearshore 
shelf where freshwater runoff, is the dominant factor 
influencing flora Composition. 

, . 
Biotope IIB-O - These three facies (channel sl·o~e, channel 
wall, and caverns) are grouped together here since the algae 
seem quite similar in these areas. Halimeda incrassata 
(R.A.=14%, F=32%) and Tolypiocladia glomerulata (R.A.=12%, 
F=23%) were the dominant algae here. Both specie~ are known 
to inhabit deeper waters. 

Biotope lIE - The channel bottom consisted of coral rubble 
which made it different from the sandy lagoon bottom. Thus, 
none of the sand-dwelling algae was found here. Instead, 
th~ dominant algae were the coralline types, Peyssonella sp. 
(R.A.=19%, F=71%) and Porolithon onkodes (R~A.=19%, F-57%), 
which encrusts. coral rubble. . 

The ma~ine'flora of this atoll-like situation is rat,her rich and 
diverse (91 species) in those areas with solid substritum. They seem 
to provide ample food for herbivorous fishes and' shelter for smaller 
fishes and invertebrates. However,a vast area of the lagoon itself 
consists of barren sandy areas which are dp.~auDerate of much marine 
plants. It may be that further artificial reefs should be located in 
the lagoon to entice a larger fish populatibn. 
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OTHER MACROINVERTEBRATES 

Table 21 li~ts the macroinvert~brates other than corals which~~re 
observed or collected in the various biotopes and facies of the Cocos 
area. Emphasis was p,laced on the mollusks' and echinoderms. 
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ENDANGERED SPECIES 

The most conspicuous marine organism in Cocos Lagoon which may be 
termed endangered is the one adu It sea cow; Dugong dugong ~·1ue 11 er, ",hi ch 

,was discovered by M. Gawel, D. Hctaling and H. Tobias in the center of 
the lagoon on February 16, 1974. This seven to eight foot dugong has 
been seen surfacing for air several times since then by ltical boat 
operators and fishermen. Itis a harmless '~erbiv6re 6robablv feeding on 
the abundant seagrasses and algae of the lagQon. This Mav he the onlv 
dugong in Guam waters and may be derived frorl the oODulations in Palau 
or other islands where it occurs to the south and west of Guam. Over 
most of its range and especially in Guam, it is very rare and endangered. 
It must feed in shallo""f waters and surface for air. Therefore, it is 
very easy prey for man. Such a highly visible, large and unusual anif'lal 
is an exciting sight for visitors such as the hundreds of tourists motoring 
to Cocos Island every day as ""fell as for local boat passengers. It 
appears ihat this salt water animal will remain in Cocos Lagoon if it is 
not harrassed or injured by people. The species mayhavp. existed in Guam 
in the past and given rise to the leaend of a girl that became half-fish 
and had to live in the sea. 

The other rare marine organism is the hawksbill turtle Eretmochelvs 
imbri cat a which '~I/as seen once duri ng the s,tudy. 

According to Mr. Nick Drahos of the Division of FisI'J and"lilrilife, 
the white tern Gygis alba candida (Gmelin) can be considered as endangered. """ 
Cocos Island is a major breeding ground for this soecies during Janua~v 
through June. Ofa total pODulation of 80 birds estimated for Guam, 
about 20 to 40 birds nest on Cocos Island. Cocos, therefore, is a vital 
habitat for this species. In addition to the wI'Jite tern, the Micronesian 
starling Aplonis opacus guami t,10miyama is considered threatened since /' 
this species is rapidly di~appearing from southern Guam. Coco~ has a 
very small population remaining but this population may be threntened if 
more development occurs on the island. 

It. has come to our attention that numerous small coconut crabs 
(Birgus ]atro) are being harvested on Cocos Island. This harvesting 
should be prevented and Cocos designated a wildlife sanctuary for these 
crabs as well as the birds. 

The blue-tailed skink Emoia cyanura has been collected only on Cocos 
Island. This species differs only slightly from the more common blue
tailedskink Emoia cq.ruleocauda found on mainland Guam. Further collections 
may show that the Cocos species may occur on mainland Guam, eM. V. Falanru",!, 
personal communication). 

Thus far, no rare or endangered specie~ of vascular plants have been 
recorded from Cocos Island. 
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CULTURAL AREA -

Cocos Lagoon is one of Guam's major centers of water-rel ated re
creational activities and small boat operations. At the oresent time it 
recei-ves cons i derab l~ traffi c by- touri sts who are transporteci daily to 
Cocos Island and to various parts of the lagoon to view undeY\lJater corals, 
fishes, and other marine life from glass bottom boats. The lagoon is 
also popular region for both island residents and tourists for swimming~ 
sn6rkeling, skin and SCUBA divi~g, sailing, and water skiing. Considerable 
boat traffic arises from the use of the deep Mamaon Channel as a means to 
gain access to the Philfppine Sea for deep sea fishing or to the scenic 
bays situated along the southwest coast of Guam. The lagoon is, also an -
import~nt fisheries resource used by line, net, and sp~arfishermen. The 
Government of Guam also licenses a number of fish traps in the lagoon. 
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SENSITIVITY OF ENVIRONMENT TO ACTIVITIES OF MAN 
/ 

The lagoon as a It/hole, aDd the areas of natural cover vlithin .the 
lcigoon make a significant contribution to-the local -fish fauna, hoth 
adults and juveniles. PhY$ical disruption to the seagrass beds or th~ 
coral reefs and rUbble tra~ts in t~e lagoon could effect, s~riouslv, . 
the fish population of the lagoon as ~ell as the rate of recruitment of 
subadults to nearby reef areas outside the laaoon.()f narticu"lcircon
cern is the proliferation of conitruction actlvities for Diers~ marinas 
and channels along the i,1erizot'lunicioality ' s v,aterfront. ThliS includes 
the nearsAore fringi ~greef fl at and" adjacent channel v.,Ia 11s. A.lthough 
there 1s room for some such projects ~nd many are rlesirable for'making 
the resource accessible, a master plan is needed.T1is 'I!nuld provide 
reasonable limits and possiblj avoid the 'irreparable damaqe to th~ 
northern half of ~~amaon Channel that May result if develooment is not 
controlled. t1uch of the habitat, which this study shov/s to be one of 
the richest' in the entire laqoon, could well be destrovecL 

.. i 
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Table 1. Discharge records for the Geus River. Table from the Geologic Survey Water Supply Paper 
1937 (1971). 

Geus River near Merizo 

Location.--Lat 13°16'15" N., long 144°40'40"E., on ~left bank 0.7 mile 'northeast of Merizo, 2.2 miles 
southeast of Umatac, and 4.7 miles west of Inarajan. 

Drainage area.--O.95 sq,. mi. 

Records available.--April 1953 to September 1965. 

Gage.--Watei-stage recorder and broad crested weir. Altitude of gage is 60 ft (from topographic map). 

Average discharge.--12 years, 3.36 cfs (2,430 acre-f~ per year). 

Extremes.--Maximums and minimums (discharge in cubic feet per second, gage height in feet). 

Annual maximum discharg~j~)_and .peak discharges above base (350 cfs), water years 1960-65 
Dis- Gage Dis- Gage Dis-:- Gage 

Date 
Aug. 20, 19(10 
Sept.19, 1960 

Oct. 19, 
Jan. 14, 
Sept. 2, 
Sept.18, 

1960 
1961 
1961 
1961 

Time 
0100 
0700 

1930 
1000 
0730 
1700 

charge height Date Time char~ _hei~ht__ Date _ Time charge height 
4-if~81 Aug-,- 31 :-1962' - 0130 37i--2-. 72----sept. 28, 1963 0330---498 2.91 

*514 2.93 Sept.30, 1962 2300 *1,800 3.80 Oct. 4, 1963 0230 832 3.26 

*2,940 
469 
642 

2,460 

4.16 
2.87 
3.06 
4.00 

Oct. 4, 1963 0230 832 3.26 
Nov. 11, 1962 a2400 1,310 b3.58 Oct. 11, 1963 1800 *1,040 3.41 
Feb. 4., 1963 0900 772 3.21 Dec. 4, 1963 1030 992 3.38 
Feb. 7, 1963 2400 506 3.92 May 12, 1964 0830 498 2.91 
Apr. 29, 19630400 1,140 3.48 ~/lay 19, 1964 2330 498 2.91 
May 29, 1963 0630 1,080 3.44 July 30, 1964 1200 ')14 2.93 

Oct. 7,1961 0700 390 2.75 June 1,19630100 661 3.11 Sept. 5,1964 2030 350 2.68 
Dec. 14, 1961 0630 716 3.16 June 8, 1963 1730 .530 2:95 
July 25, 1962 __ 2400 570 3.Q.QSept. 9, 1963 13JO ___ ~2,050 3.90 Jan. 21, 1965 2400 *408 2.78 
a About. b From floodmarks. 

Annual minimum discharge, water years 1960~65 
Water year Date Discharge Water year Date Discharge 

1960 May 4, 5, 1960 a 0 1963 Apr. 20, 1963 0.28 
1961 May 19, 1961 .20 1964 Mar. 25, 1964 .14 
1962 Apr.14, May 14, 1962 _ .~J_~_ ___ 1965 MaL2£.. 1965 .06 

a Part of each day. 
1963-65: Maximum di-scharge, 2.940 cfs Oct. 19, 1960 (gage height, 4.16 ft), from rating curve extended above 

-66 cfs on basip of slo~e-area measurements at gage heights 4.00 and 4.16 ft; no flow for part of each daJ July 
17, 1953, May 4, 5, 1960. 

Remarks.--Records good. Water is diverted half a mile upstream for dODestic use and at statioL for irrigation. 

Revisions (fiscal years). --Revised figures of peak discharge ,for the fiscal years 1954 and 1959, superseding those 
published in WSP 1751), are given as follows: ' 

Revised peak discharge.--;L953-54: Aug. 11 (lLOO) 265 cfs. 195B-59: July 16 (on~) 274 cfs. 



Station 
Number 

I 

16-8200 

0"1 
N 

16-8207 

Table 2, Di scharge rates from low-flow part; al-record stat; ons 
at the Geus River. Data taken from Geological Water 
Supply Paper 1937 (1971). 

Drainage Period 
Station area of 
Name ' Location ("sq. mi.) record 

Geus River above· Lat 13°16'45" N., long 1440 40'55" .50 1960-65 
Siligin Spring- E., upstream from pipeline 
tributary, near diversion to village of Merizo, 
Merizo (formerly 2.0 miles nottheastof Merizo 
published as School 
"above diver-
sion") . 

Geus River below Lat 13°16'41" N., long 144°40'55" .60 1962:..65 
Siligin Spring E., 1.6 miles northeast of 
tributary, near Merizo School and 2.0 miles 
Merizo. southeast of,Umatac School. 

Measurements 
Discharge 

Date (cfs) 

3- 9-61 .22 
4-20-61 .19 
6-14-61 .20 
3-15-62 .16 
4-25-62 .13 
5-15-62 .10 
3-27-63 .22 
4-23-63 .18 

I 3-31-64 .13 
3-24-65 .. 12 
4-29-65 .08 
6- 8-65 .12 

3-15-62 .39 
5-15-62 .32 
4-23-63 .43 
3-31-64 .40 
3-24;...65 :54 
4-29-65 .30 
6- 8-65 .28 



Table 3. Composition of lagoon sediments, in percent. Table from 
Emery (1962). 

Fine 
Fo- .. sand Madre-

rami- and Halimeda porarian 
nifera Shells si It debris corals 

Gua~. (Cocos Lagoon): 
Siniple average of 

all samples------ 2 16 11 15 40 
Samples weighted by 
areas of depth 

zones---~-------- 3 15 8 11 \ 45 
Corrected for areas 
of coral 'seen from 
boat-----~-------- 2 11 5 8 \ 60 

63 

Calcar-
eous 
red 

algae 

16 

18 

14 



Table 4. Chemical composition of sediments from Cocos, Island beach, Achang 
-Reef Flat, Cocos Lagoon, and Mamaon Channel. Table modified~ from 

Erne ry (1962). 

Beach 
Cocos Reef Flats 

Island Achang Bay Off Merizo Lagoon Cocos 
r 

Sample------- 201 635 602 607 611 503 407 464 556 
Depth (feet)- 0 2 2 115 315 3 6 36 45 
Dominant con- F C S C,A F, fs. C 5h H fs,S 

stituent---
, 

.. 
j 

5;0
2 

________ 
0.14 0.47 18.66 0.81 5.31 0.29 0.24 8.80 1 .15 

(Al ,Fe)203~_ . 13 .52 14.31 .75 4.58 .19 .13 2.89 .91 
MgO -------- 2.81 2.17 2.51 2.41 3.65 1. 57 2.48 2.37 2.06 
CaO --,..----- 51.16 51. 05 30.41 50.61 44.50 51.76 51.21 47.50 50.07 
503 -------- .46 .48 .32 .49 .34 .48 .49 .48 .55 
P205 ------- .10 . 12 .15 . 12 .11 .11 .14 .11 .12 
Igniti on 10ss- 45.10 44.19 31. 37 44.20 40.81 44.66 44.77 42.63 44.04 
Nitrogen '----- ~010 .015 .100 .015 .015 . OlD .018 .068 .036 
CaC02 -------- 91. 3 91. 2 ----- 90.5 ------ 90.6 91. 5 ------ 89.5 
Mg C03 _L _____ 5.9 4.6 ----'- 5.1 ------ 3.3 5.2 ------ 4.3 

/ 

Channels 
Mamaon 

141 
21 
S 

13. 13 
9.98 
2.30 

36.14 
.30 
.09 

35.73 
.074 

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

C, coral; F, Foraminifera; Sh, shells; S, silt; H. Halimeda;fs, fine sand; 
A, red algae; L, limestone. 
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Table 5, Summary of the cur.rent" wi nd. water temperature, and Secchi 
disk data from Station C~l. See Figure 19 for the location 
of the station in relation to the whole of Cocos Lagoon. 

/' 

r.1agnetic Velocity in vTater iVind Wind Velocity Secchi Disk Tide 
Time Bearing knots(hr. _ T~}n °c Direction in 1<;nots Reading in Ft. Condition 

STATION A 
Dri~t Cross Cast #1 1007 2830 .211 1020 2-3,gusts 5-2 EB;8 

Dye Release #1 10,07 2830 .164 1020 2-3,gusts 5-7 EBB 
Dri~t Cross Cast #2 1216 - 2880 .185 '900 2-3,M gusts EBB 
Dye Re,lease #2 1216 2880 .135 900 2-3,gusts 5-6 EBB 
Dri~t Cross Cast #3 1354 2830 .135 90° 2-3,gusts 5-6 Flood 
Dye Release #3 1354 2830 .114 90° 2-3,gusts 5-6 Flood 
Dri~ Cross Cast #4 1601 '2820 .099 27.8 90° 2-3,gusts 5-6 Flood 
Dye Release #4 1601 2820 .087 27.8 900 2-3,gusts 5-6 Flood 
Dri~ Cross Cast #5 1800 285° .114 21.8 90° 2-3,gusts 5-6 Flood 
Dye Release #5 1800 2850 .106 21.8 90° 2-3,gusts 5':6, Flood 
Dri~t Cross Cast #6 2010 ' 2950 .211 900 1-2,gusts 3-4 EBB 
Dye Release 116 (No dye release) 
Dri~t Cross Cast #7 0625 296° .135 26.3 Flood 

m Dye Release 117 0625 296° .135 26.3 Flood 
U'I 

STATION B 
Dri~t Cross Cast, #1 

1 meter 1004 2950 .411 102° 2-3,gusts 5-7 40 EBB 
5 meter 1004 300° .352 102° 2-3,gusts 5-7 40 EBB 

10 meter 1004 300° .380 102° 2-3,gusts 5-7 40 EBB 
Dri~t Cross Cast #2 

1 meter 1216 300° .617 900 2-3,no gusts 2.5 EBB 
5 meter 1216 3000 .548 -90° 2-3,no gusts 2.5 EBB 

10 meter 123.6 3000 .352 90° 2-3,no gusts 2.5 EBB 
Dri~ Cross Cast #3 

1 meter 1355 300° .411 90° 2-3,gusts 5-6 20 Flood 
5 meter 1355 300° .411 90° 2-3,gusts 5-6 20 Flood 

10 meter 1355 3000 .411 -- 90° 2-3,gusts 5-6 20 Flood 
D~ift Cross Cast #4 

1 meter 1559 3000 .380 -- 90° 2.,..3,gust!3 5-6 30 Flood 
5 meter 1559 3000 .449 90° 2-3,gusts 5-6 30 Flood 

10 meter 1559 300° .411 900 2-3,~usts 5-6 30 Flood 
Dri~t Cross Cast #5 

i meter 1756 302° .449 90° 2-3,gusts 5-6 Flood 
5 meter 1756 302° .380 90° 2-3.gusts 5-6 nood 

10 meter 1756 302° .411 90° 2-3,gusts 5-6 Flood 
Dri~t Cross Cast--#6 

1 meter 1958 2960 .493 90° l-2,gusts 3-4 EBB 

5 r.leter 1)58 296° .617 90° 1-2,gusts ~-4 EBB 

10 meter 1958 2960 
- .548 90° 1-2,gusts 3-4 EBB 



Table 5. (continued) 

STATION B. (Continued) 

~ 
~. 

Drift Cross Cast #7 
1 meter -
5 meter 

.10 meter 

Time 

0636 
0636 
0636 ' 

1\lagnetic 
Bearing 

3000 

3000 

3000 

Velocity in 
}(nots/hr. 

.617 

.611 

.617 

Water 
Temp. in °c 

Wind 
Direction 

Wind Velocity 
in knots 

Secchi Disk. Tip.e 
Reading in Ft. Condition_ 

" 

Flood 
Flood 
Flood' 
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Table 6. Summary of current data from Station C-2. See Figure 19 
for the location of the statfon in relation to the whole of 
£ocos Lagoon. -

Date Locat' T' -- ~ -
- - ------ --~-

Jan. 13, 1973 Fig. 10-a. 1440 -

Jan. 14, 1973 " 1017' 

" " 1152 

" " 1600 

" Fig. 10-b. 1200 

" " 1210 
7 

II II 1215 

II " 1218 

" II 122l 

" " 1225 

II II 1229 

Jan. 19, 1973 Fig. 10-a. 2100 

" " 2200 

II " 2300 

Jan. 20, 1973 " 0100 

" " 0200 

" River Channel 0230 

" Fig. lQ-a. 0800 

" II 1000 

Magnetic Speed in 
Bearin~ Knot --- --

270 0.18 

285 0.25 

285 0.23 

\ 297 0.38 

281 0;36 

332 0.23 

292 0.42 

340 , 0.25 

293 0.23 

108-288 --
oscillatory 

II --
292 0~27 

289 0.26 

230 0.27 

No current , area dry, 

" " 
260 0.30 

0 0 

284 0.07 

1 
I 

- -

I 
I 
I 

Wind 
Direct' - ---

290 

125 

" 

" 

115 

" 

" 

" 

" 
II 

" 

100 

" 

" 

; 
I 

, Wind 
Sneed Kt 

4-5 

8-10 

" 

" 
-10-12 

II 

II 

-II 

II 

" 

" 
4-5 

" 

" 

low tide (-0.:6 feet) 
J 

" " 

100 4-5 
/ 

110 5-6 

" " 

Tid 

near turn, 
flood/ebb 

flood 

:f:'lood 

ebq 
-0 

flood 
, 

II 

\ 

II 

" " 

" I 
" 

" 

ebb 

" I 
I 

" I 
" 

" 
! 

-
, 

" 
flood 

, " 
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- Table 7. 

, 

Summary of current data from Station C-3. 
location of the station. 

Magnetic Speed 
Station Time Beari ns meters/sec 

December I , 1973 

I. 1140 316 0 0.02 

2 1148 284 0 0.06 

3 1155 2580 0.10 

4 1200 255 0 0.44 

5 1205 2180 0.06 

1340 2880 0.05 

2 1345. 294 0 0.08 

3 1350 282 0 0.09 

4 1355 252 0 0.07 

5 1400 1780 0.04 

1545 .2920 0.05 

2 1550 3080 0;08 

3 1555 297 0 0.10 

4 1600 286 0 O. II 

5 1540 290 0 0.07 

1805. 3200 0.04 

2 ·1800 010 0 0.04 

3 1755 3420 0.06 

4 1750 3580 0.05 

5 1740 310 0 0.08 
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See Figure 19 for the 

Wind 
Direction Tide 

110 0 -120 0 flood 

" " 
" " 

" " 

" " 

" ebb 

I 

" " 
" " 

" " 

" " 

" " 

" " 

" " 
If " 

" 11 

" flood 

" " 
It " 

" " 
" " 



Table 7. (continued) 

Magnetic Speed Wrnd 
Station Time Bearing meters/sec ~ Dr rection Tide --

December I , 1973, continued 

2110 300° 0.05 110°-120° flood 

2 2115 300° 0.04. II " 
3 2120 316° 0.08 II " 
4 2125 306° 0.08 II II 

5 2130 300° 0.08 II II 

I 2400 - 273° 0.02 " ebb 

2 2405 302° 0.08 II II 

3 2410 290° 0.00 II II 

4 2415 3030 0.05 II " 
5 2420 274° 0.12 II II 

December 2, 1973 

0245 340° 0.01 " II 

2 0250 255°. q.05 " " 
3 0255 315° 0.04 II II 

4 0258 280° 0.03 " " 
5 0300 270 0 0.05 II " 

0710 osci I •. " flood 

2 0712 280° 0.03 II II 

3 0715 201° (oscil.) 0.04 " " 
4 0720 183° 0.02 " II 

5 0725 1620 0.02 II " 
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Table 7. (continued) 

Magnetic Speed Wind 
Station Time Bearins meters/sec . Di rection Tide 

December 2" 1973, continued 

0950 3300 0.05 1100 -120 0 flood 

2 0955 276 0 0.03 " " 
3 1000 3020 0.07 " " 
4 1002 290 0 0.07 " " 
5 1005 2800 0.06 " .. 
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Table 8. Summary of current data from Station 6. See Figure 19 (Station 
C-3) for the;location of the station. 

~, 

Time Current Direction Tide Drogue Depth 

December I , 1973 

1210-1255 lagoonward flood 1m 
" " " 5in 

1300-1315 lagoonward ebb 1m 
" " " 5m 

1575-1530 lagoonward ebb 1m 
" " " 5m 

1605-1630 seaward ebb / 1m 
" " " 5m 

1730-1745 seaward ebb 1m 

2420-2430 seaward ebb ·'m 

Decembe.r 2, 1973 

0300-0315 seaward ebb ~ 1m 
, 

0725-0740 lagoonward flood 1m 

1005-1020 seaward flood .Im 
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TABLE 9. Summary of current data. NM = no dye movement, diffusion only; W = dye movement at 
surface bn1y by wind; (.2m) = 20 em drift cross, ( 1m) = 1 meter drift cross, and 
( 5m) = 5 meter drift cross. 

Station Magnetic Speed in Wind Wind 
Ilata Location Tjme Bearina Knots Direction Soeed Knots. Tinp 

June 8 7 1300 299 .058 094 10-15 ebb 
8 1302 227 .065 
9 1306·' 225 .043 
10 1309 205 .031 
11 1311 206 .024 ' 
121314 209 .040 
13 1319 210 
14 1324 300 
15 1331 290 
16 1340 301 
3a 1312 NM 
3b 1312 NM 

, 3c 1312 NM 
5a 1315 210W 
55 1315' 208W 
6a 1316 210W 
6b 1316 210W 
7 1530 ~~ 
8 1531 174 
9 1532 179 
10 1525 181 
11 1520 162 
12 1515 178 
13 1505 308 
14 1455 298 
15 1450 305 
16 1445 298 
13(lm) 1505 326 
14(5m) 1455 280 
13 1705 320 
14 1700 317 

slight 
.013 
.019 
.019 
.039 
.026, 
.029 

.058 

.072 

' .. 
.. 

083 
083 

074 
II 

10-12 

II 

II" 

II 

II 

II 

8- 10 
II 

II 

II 

.. 

.. 
II 

II 

.. 

.. 
II 

.. 
ebb/flood 

" 

II 

flood 
II 

.... 



Station Magnetic Speed in Wind Wind 
Date Location Time Bearing Knots Direction Speed Knots. Tide 

June 8 3a 1720 NM iD74 8,-10 Flood 
II 3b 1721 NM II II 

II 3c " 1722 NM II II 

II 4a 1725 NM II II 

4b 1727 NM II II 

14(lm} 1900 260 Grounded. II 5-7 
14( 5m} 1900 270 II 

12( . 2m} 2150 260 II II Flood ebb 
14( 1m} 2145 263 Grounded II II ' II 

14( 5m} 2145 275 II If II II 

June 9 14( 5m} 0120 ,162 II II ebb 
14(lm} 0230 155 II II II 

9 0630 250W 065 0-5 Flood, 
10 0631 250W II II II 

11 0632 250W II II II 

12 0633 240 .026 II' II II 

...... II 13 0634 278 .032 II II II 'w 
14 0635 122 .032 
14( 1m} 0635 122 
14( 5m} 0635 122 ~rounded 1111 

3a 1000 NM 070 5-10 
3b 1000 NM 
3c 1001 NM II " 

/~, 

4a 1001 NM 
4b 1002 NM 
5a 1002 NM 
5b 1003 NM ' -'- II II 

6a lQ03 NM II 1/ 

6b 1004 NM 1/ II 

7 1004 225 Slight 1/ 1/ 

8 1005 210 .. ' .. II 

9 1007 222 II 1/ " 
II 10 1008 217 .. 11 " 
1/ 11 1009 221 II! " " 
II 14 1010 260 Grounded 



...., 
~ 

Table 10 . SUlT111ary of current data for Stations·l and 2 in' Cocos Lagoon' on July 29, 1974 .. See 
Figure 19, for station locations and drift tracts. 

Drift Ca~t Speed Wind Wind Stage of 
Station Time Number in Knots Direction in Knots Tide 

1 1145 1 .O~ 108° 21* Ear.ly-Flood 

1 1145 1 .05 108° 21* Early-Flood 

2 1230 . 2 .23 110° 15 Early-Flood 

2 1230 2 .23 110° 15 Early-Flood 

2 1430 3 .26 108° 15 Mid-Flood 
) 

2 1430 3 -.26 108° 15 ~1i d-Fl ood 

1 1515 4 .19 110° 15 Mi d-Fl o.od 

1 1515 4 .19 110° 15 Mid-Flood 

2 1645 5 .19 109° 17 Late-Flood 

,1 1700 6 .13 109° 17 - Late-Flood 

*.LJnusua1 high wind speed was ,due to a rain squall pass ing over the '1 agoon. 



Table 11. 

Drift Cross 
Cast 

Number 

1 
1 
2 
2 
3 
3 
4 
4 
5 
5 
6 
6 

....... 7 
(J1 7 

.8 
8. 
9 
9 

10 
10 
11 
lL 
12 
12 
13 
13' 
14 
14 
15 
15 

Summary of current data for a station at the mouth of 'the Mamaon Channel. See 
Figure 20 for station location~and drift tracts,. 

Depth'of Wind 
Drift . Time of Wind 

v 

~ Speed Stage of, 
Cross Drift Bearing Direction in Knots Tide 

1m 0800-0915 277° 114° .9 ebb .. 
5m 0800-091,5 277° 114° .9 ebb 
1m 0900-0930 305° 105° 7.4 ebb. 
5m 0900-0930 305° 105 0 7.4 ebb 
1m 0945-1045 292 0 107° 5.8 ebb 
5m, 0945-1045 292 0 107° 5.8 ebb 
1m 1045-1145 3040 111 ° 12.6 ebb +flood 
5m 1045':1145 3040 111 0 12.6 ebb +flood 
1m 1145-1245 2580 117 0 13.6 flood 
5m 1145-1245 273° 117° 13.6 flood 
1m 1300-1400 280° 1150 12.8 flood 
5m 1300-1400 T58° 115° 12 :8 flood 
1m 1400-1500 1730 flood 
5m 1400-1600 1920 flood 
1m 1600-1600 - 178° 1100 7.6 flood 
5m 1500-1600 1600 11Bo 7.6 fl ood ~ 

1m 1600-1700 286° 125° 11.3 .flood 
5m 1600~1700 286° 1200 11.3 flood 
1m 2030-2215 302° nO wind ebb 
5m 2030-2215 304° no wind ebb 
1m 2220-2340 304° no wind ebb 
5m 2220-2340 298° no wind ebb 
1m 2340-0045 293° no wind flood 
5m 2340-0045 293 0 no wind flood 
1m 0045-0200 3190 no wind flood 
5m 0045-0200 303 0 ) no w"ind flood 
1m 0200-0330 2900 no wind flood 
5m 0200-0330 286 0 no wind flood 
1m 0330-0600 286° no wind flood+ ebb 
5m 0330-0600 240° no wind flood+ ebb 
, t 

Remarks 

grounded 
grounded 
grounded 
grounded 

grounded 
grounded 
grounded 
grounded' 
grounded 

grounded 
grounded" . 

·grounded 
grounded 

grounded 

grounded 

grounded 
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Table 12. Checklist of corals and their relative frequency of occurrence at Cocos Lagoon. Symbols for 
re 1 at i ve frequency are: 0.= domi nant, A= abundant, C= common ,0= occasional, U= uncommon, and 
R= rare. . 

BIOTOPES 
I-A IB IC ID IE IIA IIB IIC IID 

Stylocoeniella armata (Ehrenberg), 1834 0 0 C R 0 C C C 
Stylocoeniella .guentheri (Bassett;..SmHh), 1890 R , R R , 
Psammocora conti gua (Esper), 1797 . . C 0 R 0 
Psammocora n;erstraszi van der Ho~st, 1921 ·0 0 R 0 C U 
Psammocora profundace 11 a Gardi ner, 1898- , R 
Psammocora stellata 1Verrill), 1866 C 0 R 0 
Psammocora verri l' i Vaughan, 1907 I R 
Psammocora (~.) togianensis Umbgrove, 1940 U U 0 0 
Psammocora (P.) haimeana Milne Edwards & Haime, 1851 0 0 R 0 C 0 R 
StylophQra mordax (Dana), 1846 0 0 
Seriatopora hystrix (Dana); 1846 R 0 0 0 C 0 
Pocil1opora brevicornis Lamarck, 1816 0 0 0 0 
Pocillopora damicorn1s (Linnaeus), 1758 A C 0 C C C 0 0 R 
Pocillopora danae Vertill, 186~' 0 R 

> Poc;11oporae1egans Dana, 1846 R 
Poc; " opora eydoux; Mil ne Edwards & Ha i me, 1960 U U 
Pocil1opora ligulata Dana, 1846 R R 
Pocillopora meandrina D~na, 1846 . R R 0 
Pocillopora setchelli Hoffmeister, 1929 0 
Pocillopora verrucosa (Ellis & Solander), 1786 0 0 0 0 0 O. 
Acropora abrotanoides (Lamarck), 1816 U 
Acropora acuminata Verrill, 1864 0 C O~ C U U 
Acro~ora arbuscula.(Dana), 1846 0 C U C U 
Acropora aspera (Dana), 1846 C C R C 0 
Acropora brueggemalini (Brook), 1893 R 0 
Acropora convexa 1Dana), 1846 0 0 
Acropora delicatula (Brook), 1891 R R R 
Acropora echinata (Dana), 1846 0 -

Acropora formosa (Dana), 1846 C 0 0, 0 C U U 
Acropora hebes (Dana), 1846 0 0 
Acropora humilis (Dana), 1846 R R b R 0 0 0 
Acropora hystrix(Dana), 1846 U R 
Acropora kenti (Brook), 1892 . R R U 

-

lIE 

R 
. 

R 

R 
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BIOTOPES 

Acropora IT\Urra1ensi s Vaughan ,1918 
Acropora nana (Studer), 1879 
Acropora nasuta (Dana)~ 1846 
Acropora nobilis (Dana), 1846 
Acropora pal i fera (L?\marck), 1816 
Acropora palmeraeWells, 1954 
Acropora rambleri (Bassett Smith), 1890 
Acropora rayneri (Brook), 1892 
Acropora smith; (Brook), 1893 
Acropora sguarrosa(Ehrenberg);1834 
Acropora surculosa (Dana), 1846 -
Acropora ~rin~odes (Brook), 1892 
Acroporastuderi(Brook), 1893 
Acropora teres ( V-erri 11 ), 1866 
Acroporatubicinaria (Dana), 1846 
Acropora virgata (Dana), 1846 
Acropora $p. 1 
Acropora wardi i Verri 11, 1901 
Astreopora gracilis Bernard, 1896 
Astreopora listeri Bernard,1896 
A~treopora myriophthalma (Lamarck), 1816 
Montipora composita Crossland, 1952 
Montipora conicula Wells, 1954 
Montipora ehrenbergii Verrill, 1875 
Montipora elschneri Vaughan, 1918 
Monti pora floweri Well s, 1954 
Montipora foveolata(Dana), 1846 
Montipora granulosa Bernard, 1897 
Montiporahoffmeisteri Wells, 1954 
Montipora' lobulata Bernard, 1897 
Montipora monasteriata (Forskaal), 1775 
Montipora.patula Verrill, 1869 
Montipora subtilis Bernard, 1897 
Montipora tuberculosa (Lamarck), 1816 , 
Montieora verrilli Vaughan, 1907 
Montipora verrucosa (Lamarck), 1816 

~ 

IA 

A 

0 

.. 

0 

IB IC ID 

0 R 0 
R 
C 0 C 

0 0 
-

A A A 
R R 
0 0 0 

0 

R 
R 

R R 

0 
R 

0 '0 0 
U 

.0 0 
C 0 A 

0 R 0 
0 o· 
C 0 C 
R 0 0 

\ 

IE lIA lIB IIC IID lIE 
R R 

/ 

R. 
0 R 

R 0 C 
U 

'R 0 - R 
0 R R 

R 
U R 

R 0 0 R 
i, 

d R 
C R R 

R 
R 
R , 

R 0 o· 
R • R 

R 
0 o ' 

0 0 
R 

R 0 , C 0 U R 
U 

0 0 
0 0 U 

R 
R 

0 
0 

0 A C o -
0 C 0 U R 



-....J 
OJ 

BIOTOPES 

, 

Pavon a clavus '(Dana), 1846 
Pavona decussata (Dana), 1846 
Pavona divaricata(Lamarck), 1816 
Pavon a frondifera (L~marck), 1816 
Pavoha minutaWel1s, 1954 
Pavona varia~s Verrill, 1864 
Pavon'a g'ardi neri van 'der Horst, 1922 
Pavon a l~ .. ) pollicata Wells, 1954 
Pavona (t.) planu1ata (Dana), 1846 
Pavona,(t.) obtusata (Que1~h), 1884 
Pavon a (to) sp. 1 ,I " 

Leptoseris hawaiiensis Vaughan, 1907 
Leptoseris incrustans (Quelch), 1886 
Leptoseris,mycetoseroides Wells, 1954 
Pachyserisspeciosa (Dana), 1846 
Anomastraea sp. 1 ' 
Coscinaraea co'lumna (Dana), 1846 
Cyc]oseris sp; 1 
FOngia fungites (Linnaeus), 1758 
Fungia, scutariaLamarck, 1801 
Goniopora columna Dana, 1846 
Goniopora arbuscu1a Umbgrov~,1939 
St,ylaraea punctata Klunzinger, 1879 
Porites andrewsi,Jaughan, 1918 
Por1tes annae Crossland, 1952, 
Porites australiensis Vaughan, 1918 
Porites cocosensis Wells, 1950 
Porite' compressa Vaughan, 1907 
Porites duerdeniVaughan, 1907 
Pori tes 1 i chen Dana, 1846, 
Porites lobata Dana, 1846 
Porites lutea Milne Edwards & Haime, 1851 
Porites murrayensis Vaughan, 1918 
Porites matthaii Wells, 1954 
Porites sp. 1 , 
Porites sp. 2 
Porites (S.) conyexa Verri 11, 1864 
-~-.---

. ' 

IBI Ie IA 

,R a 
IT 
R 

R a R 

R a a 
R 
R 

R R 

a 
U U 

R a '0 
U C C 
a A a 
a a 

R 
, C A A 

a a u 
U 
R 

U a a 
A A a 

U 
a A a -

a C 

ID IE II~, lIB IIC IID IIE 
/ , a u 
A R 
e 
a 

R R 
C R e 'e a R , 

R R 
, R 

R R R R 
e a e R 
a R a a 
R a R 
R a R 

'R 
R R R 

a a a u U 
R 

R 
a a 
a a 

R 
a u u 
A a c c 0 a 

I a a u 
a a 
A a c c a R 
a u 

U C C 
c c c c a 
A C D C a R 
a 0' a 
A a A C a a 

a 
R U R 
A a C A C " a 
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'1 I BIOTOPES: 
1,( IB IC 10 IE IIA lIB IIe IID lIE . 

--

Porites (i.) hawaiiensis Vaughan~ 1907 U 0 C ,0 0 C A 0 Pori tes (~.) hori zonta 1 ata Hoffmei ster, 1925 , 0 0 0 C 0 0 Pori tes (~.) iwayamaens i s Eguchi, 1938 R C C A R ) 0 A A 0 C Porites (i.) sp. 1 , 'U R 
A1veopora japonica Eguchi, 1968 R 
A1veopora verril1iana Dana, 1872 - I I I I R I U Favia favus (Forskaal), 1775 0 
Favia pa11ida (Dana), 1846 () R 0 01 0 0 I R Favia speciasa (Dana), 1846 , 

R U U U U Favi a stell igera (Dana), 1846 R R O' 0 Faviarotumana (Gardiner), 1889 R 0 Favites abdita (Ellis & Solander), 1786 U 
Favites com 1anata (Ehrenberg), 1-834 R '0 o _ u U I U Favites fa~dsa Ellis & Solander), 1786 U - U Fav1te~ flexuosa (Dana), 1846 , 

R ' R FaVites virens (Dana), 1846 , 
R R OU10thYllia crispa (Lamarck), 1816 " R R P1es astrea versipora (Lamarck), 18.16 R 0 U ...... P1esiastrea sp. T R U U ~ 

Goniastrea arviste11a lDana), 1846 U 0 U C R C C Q Goniastrea pectinata Ehrenberg), 1834 R 0 U 0 C Goniastrea retiformis (Lamarck), 1816 U 0 0 .C 0 Platygyrarustica (Dana),1846 , U U 0 0 0 Platygyra lame"ina'(Ehrenberg), 1834 U U 
Platygyra sinensis (Milne Edwards & Haime), 1849 0 0 I 0 0 U Leptoria;phrygia (Ellis & Solander), 1786 R R " 0 0 0 Hydnophora microconos (Lamarck), 1816 R 0 U U Leptastrea bottae (Milne Edwards & Haime), 1849 U 0 U R 
Leptastreapurpurea (Dana), 1846 C A 0 A 0 A I C 

0 0 0 .Leptastrea transversa (K1unzinger); 1879 U 
Cyphastrea chalcidicum (Fors'kaal) ;/1775 - U 
Cyphastreaserailia ('Forskaal), 1775 0 0 C I '\ C I C U J R Cyphastrea sp. 1 " R 
Echinopora lamellosa (Esper), 1787 U U R 
Diplo\istrea he1iopora (Lamarck), 1816 R R Galaxea fascicu1aris (Linnaeus),1758 U C 0 C U 0 0 U 
Ga1axea.hexagona1isMilne Edwards. & Haime, 1857 U 
Acrhe1ia horre6~ens (Dana), 1846 0 0 C 0 0 I 0 U 
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Tab 1 e 1 Z. (conti nued) 

BIOTOPES 
---_._-----

Merulinaampliata (Ellis & Solander), 17 
Lobophyllia corymbosa (Forskaal), 1775 
Lobophyl1ia costata (Dana), 1846 
Lobophyll i a hem ri chi i (Ehrenberg), 1834 
Ac.anthastrea ec rrnata (Dana), 1846 
Echinophyl1iaasper Ellis & Sb1ander, 17 
Mycedil.Jm sp. 1 _ 
Paracyathus sp. 1 .'. 
P1erogyra si.nuosa (Dana), 1846 _ 
EUrhyl1 fa 1 abrescens (Chami sso & Eysenh 
He i opora coeruea a 1.1 as), 1766. 
Mil1epora dichotoma Forskaa1, 1775 
Mil1~pora exaesa Forskaa1, 1775 
Mill epora p 1 a typhyll a Hempri ch & Ehrenbe 
Distdchoporavio1acea (Pallas), 1776 

Total S~ecies per Biotope 

Total Genera per Biotope 

Total Species 

Total Genera 

) 

) 

-dt),1821 

J, 1834 

159 

44 

V\ I IB 

U U 

R 
U 0 
U 0 
R ,0 
0 0 
0 0 

39 79 

18 27 

-

Ie TO 

R R 
R 
U 
R 

~U 0 
R 
R 

0 0 
0 0 
0 C 

0 
0 C 

U 

51 102 

25 35 

-

/ 

IIA , IE 

0 
0 

I~~ U U U 
o U 

0 
0 U 

,U 0 I 0 I R I R 
R 

R 
0 
0 

0 c I~ I~ C C 
U C 0 U 

C 0 
0 A C o . I 0 I a 

C 0 u 
C C C C a 

40 104 98 57 24 32 

14 34 36 70 17 18 
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Table 13. Living coral density, per cent of substratum coverage (Dominance), and frequency of 
occurrertce. Importance Value is the sum of the above three parameters. Corals 
are arranged in order of their Importance Value. 

D(ln~ity Relative Deminance Relative Relative 
Species m :) Density (Per'cent) Dominance Frequency Frequency 

TRANSECT 1 (Biotope IB) 

Acropora formosa 2.02 35.71 9.03 29.59 .57 30.64 
Por,ites andrewsi .1.62 28.57 11.44 '37.48 .43 23.12 
Porites cocosensis 1.01 17.86 9.27 30,37 .43 23.12 
Acropora teres 1.01 17.86 .78 2.56 .43 23.12 

Total Density 5.66/m2 
Total Dominance 30.52% 
Total Species 4 
Total Genera 2 

TRANSECT 2 (B~()tope IB~ -

-

Porites andrewsi 8.49 47.50 9.17 17.75 .90 40.91 
A~ropora formosa' 2.24 12.50 39.16 75.80 .20 9.09 
Porites cocosensis 5.81 32.50 3.20 6.~ 9 .80 36.36 
Pocilloporadamicornis 1.34 7.50 .13 .26 .30 13.64 

Total Density 17.88/m2 
Total Dominance 51. 66% 
Total Species 4 
Total Genera 3 

-

TRANSECT 3 (Biotope IA) 
Porites cocosensis .43 25.00 2.77 80.29 .40 18.18-
Porites lutea .43 25.00 .28 8.12 .40 18.18 
Porites andrewsi .26 15.00 .06 1. 74 .40 18.18 
Porites annae .16 10.00 .04 1.16 .40 18.18 
Pocillbpora damicornis .26 . 15.00 .09 2.61 .20 9.09 
Pavona (f..) obtusata .09 5.00 .18 6.22 .20 .9.09 
He1iopora coeru1ea .09 5.00 .03 .86 .20 9.09 , 

1.72/m2 
3.45% 
7 

Total Genera ' 4 I 

~ 

Importance 
Value 

:'95.94 
89.17 
71. 36 
43.55 

-

106. 16 
97.39 
75.05 
21.40 

123.47 
Sl. 30 
34.92 
29.34 
.26.70 
19.31 , 
14.95 
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Species 

TRANSECT 4 (Biot,ope IB) 
I 

/ 

Acropora formosa 
Acropora teres 
Porites cocosensis 
Pocillopora damicornis 
Porites andrewsi 
Porites (i.) convexa 
Porites lutea 
Pavona (P.) obtusata 

Total Density 
Total Dominance 
Total Species 
Total Genera 

TRANSECT 5 (Bio'tope fA) 

Acropora teres 
Porites (S.) convexa 
Poriteslutea 
Pocillopora damicornis 
Porites cocosensis 
Pavona~decussata . 
Pavon a varians 
Helibpora eoerulea 

" 

Total Density 
Total Dominance 
Total Species 
Total Genera 

Density Relative 
(m2) Densitv 

,55 31. 25, ' 
.38 21.88 

, ,22 12,50 
.. 22 12.50 

.12 6.24 
• 16 9~37 
.05 3.13 
,05 3.13 

1. 751m2 -

4,50% 
.8 
4 

.16 25.00 
,03 5.00 
.11 17.50 ' . 

.12 20.00, 

.08 15.00 

.05 7.50 

.03 5.00 

.02 2.'50 

.62/m2 

.83% . 

9 
6 

,. 

I 
~omi nance:) Relative Relative Importance 
Per cent Dominance FreQuencv FreQuencv Value 

, 
I 

2.13 47.33 .50 26.44 105.02 
1,62 36,00 .25 13.'23 71 .11 

.38 8,44 ,25 13.23 34.17 
,31 6.89 .25 13.23 32.62 
,01 .22 .25 13.23 19.69 ' 
. 01 .22 .13 6.88 16.47 
,03 ,68 .13 6.88 ,10.69 
.01 .22, .13 6.88 10.23 

/ 

/ 

" , 

. .21 25.30 .50 16.67 66.97 

.36 43.37 ' .20 6.67 55.04 

.11 13.25 .50 16.67 47.42 

.01 . 1.20 .70 23.33 44.53 

.07 8.43 .40 ( 13.33 36.76 

.03 3.61 .30 10.00 21. 11 

.02 2.42 .20 6.67 14.09 
,01 1.21 . , .10 3.33 7.04 

. , 

. 
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Species 
TRANSECT 6 (B i otope' I'A) , 

Psammocora stellata 
Porites lutea 
Leptastrea purpurea 
Pocilloporadamicornis 
Psammocoracontigua 
Goniopora arbuscu1a 
Favia favus 
Cyphas trea sera i 1 i a ' 
Pori tes ($.) iwayamaens 
Porites cocosensis 

Total Density 
Total Dominance 
Total Species 
Total Genera 

TRANSECT 7 (Biotope IA) 

Psarrrnocora stellata ' 
Porites lutea 
Porites (i.) iwayamaens 
Leptastrea purpurea 
Pocillopora dam;cQrnis 
Montipora foveolata 
Porites cocosensis 
Mnlepora ~lat¥ehYl ra' 
Pori tes rna thall " 
Porites andrewsi 
Psammocora contiqua 
St~'ocoenie11a armata 

Total Density 
Total Dominance 
Total Species 
Total Genera 

Density 
(m2) 

7.23 
5.17 
3.62 
T.03 

.52 
1.03 

.52 

.52 
s .52 

.52 

20,17/m2 
2,89%, 

10 
7 

5,05 
2.89 

s 1,44 
1.44 

.72 

.72 

.36 

.36 

.36 

.36 

.36 
,.36 

l4.42/m2 
4.55% 

12 
6 

Relative Dominance 
Density (Per cent) 

35,00 1. 09 
25.00 1,14 
17.50 .23 
5.00 ,05 
2.50 .20 
5.00 .01 
2.50 .07 
2,50 ,04 -
2.50 .04 ' 
2.50 .02 

, 

35,00 ,66 
20.00 1.13 
10.00 1.77 
10.00 ,10 
5.00 .12 
5.00 .17 
2.50 " .23 
2.50 ,14 
2.50 .10 
2.50 .05 
2,50 .05 
2.50 ,03 

, 

/ 

Relative Relative Importance 
Dominance Frequency , Frequencv Value 

" , 

37,72 ,80 29.64 102.36 
, 39,45 .50 18.52 82.97 

7.96 ,60 22.23 47.69 
1. 73 .20 7.41 14.14 
6.92 .10 3.70 : 13.12 

.,35 .10 3,70 9.05 
' 2,42 .10 3.70 8.62 
" 1.38 .10 " 3.70 7.58 

1. 38 .10 ,3,70 7.58 
,69 .10 3,70 6.89 ' 

! 

14.51 .70 23.34 72.85 
24.83 .60 20.00 64.83 
38.90 .40 13.34 62.24 
2.20 ~40 13.33 25:53 
2.6~ .20 ' 6.68 14.32 
3,73 .10 3.33 12.06 
5.05 .10 3.33 ' 10.88 

' 3.08 
J 

.10 3.33 8.9l 
2.'20 .10 3.33 8.03 
1.10 :10 3.33 6.93 
1. 10 .10 3.33 , 6.93 
_.66 ' .10 3.33 6.49 

! 
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Table 13. (continued) 

- Den~ity 
Species (m ~) 

TRANSECT B (Biotope 1-1) 

No quant tativeda 

TRANSECT 9'( Biotope I f\) 

No quant tative da 
1-9 om d at were f 

TRANSECT 10 (Biotope IA) 

Porites lutea .32 
Pavon a de.cussata .03 
Leptastrea purpurea .03 
Pocillopora damicorni .02 
Psammocora stellata .01 

-
Total Density .41/m2 
Total Dominance .15% 
Total Species 5 
Total Genera 5 

-

Relative 
Dens i tv 

~a--only 0 

a--only 1 
pund along 

77 .50 
7.50 
7.50 
5.00 
2.50 

, 

-

--
Dominance Relative Relative Importance 
(Per cent) Dominance Frequency Frequency Value 

e living cora (Acroeora 1\"erE~s) found along a 100 r transect. 

li vi ng Pori tE s 1 utea cor al colonies v.anging from 
a 100 m trarrSE ct. 

. 11 - 73.32 1.00 66.66 217.48 
< • 01 6.67 .20 13.33 37.50 
< .01 6.67 .10 - 6.67 20.84 
< • 01 6.67 .10 6.67 18.34 
< • 01 6.67 .10 6.67 15.84 

~ 

" 

-
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Species 

TRANSECT 11 (Biotope 

Acropora formosa 
Porites andrewsi 
Montipora foveo1ata 
Mont i Tora verri 11 i 
Poci' -opara damkorn 
Mil'epara exaesa 
St~iocoen1e'1a armat 
Acrhe1ia horrescens 
Leptastrea purpurea 

Total Density 
Total Dominance 
Total Species 
Total Genera 

, 

, 

s 

a 

, 

D(~~~ty Relative '~ominanc~) 
Densit.v Per cent 

1D) 

.90 68.09 11.54 

.03 2,13 37.50 

.11 8.50 .04 

.06 4.25 .21 

.06 4.25 .13 

.06 4.26 .50 

.06 4.26 <.01 
,OS 2.13 <.01 
.03 2.13 <.01 

1. 341m2 

48.18% 
9 
8 ' . 

. 

Relative Relative, Importance 
Dominance Frequency' Frequency Value' 

. 

-

23.10 .83 47.69 138.88 
78.08 .08 '4.60 81.81 

.08 .17 9.77 :. 18.35 

.42 .17 9.77 14.44 

.26 .17 9.77 J4.28 
1.00 .08 4.60 9.86 

.02 .08 4.60 8.88 

.02 .08 4.60 6.75 

.02 .08 4.60 6.75 

\ 

~ 

J 

. 

-

. 
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Species 

RANSECT 12 (Biotope 1D T 

A 
S 
j5 

cropora formosa 
tylocoen;ella armata 
sammocora haimeana 

G alaxea fasc;cular;s 
M 
Monti 
-p-

lontipora lobulata 
lontirora subtilis 
ocil opora damicornis 

A 
Pavofl~ ( 
\crheliahorrescens 
avona (E.) obtusata 

Total Density 
Total Dominance 

'Total Species 
Total Genera ~ 

RANSECT 13 (Biotope 10 

orites andrewsi 

T 

P 
P 'ori tes. mattha i i 

:al Density 
:al' Domi nance 
:a 1 Sped es ' 
:al Genera 
, 

-

Dens~ty Relative 
(m ) Density 

1. 74 40.74 
.63 14.82 
.63 14.82 
.32 7.41 
,32 7.41 
.16 3,70 
• 16' 3,70 
• 16 

\ 3,70 
• 16 3.70 

4. 28/m l 

8.40% 
9 
8 

/ 

12.81 50,00 
' 12.81 50.00 

25,63/m l 

~33. 43% 
2 .-

1 

Dominance Relative Relative Importance 
(Per cent) Dominance Frequency Frequencv . Value 

\ 
, 

7.64 90.95 ,57 30.97 162.66 
,02 ,24 .29 15.76 30.82 
,21 2,50 .-14 7.61 24.93 
,.18 2.14 .14 7.61 17.16 
• 12 ' 1.43 .14 7.61 16 . .45 
.18 2.14 ,14 7~61 13..45 
,03 .36 .14 7.61 11.67 
,01 ,12 ,14' 7.61 11,43 
,01 .12 J • 14 7,61 11.43 

' .. " 

,,' 

" 

.-

17.93 53.63 .50 50,00 153,63 
is. 50 46.37 .50 50,00 146.37 

, 
, 

, 

-
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Species 

TRANSECT 14 (Biotope 10 

Acropora teres 
Montipora foveolata 
Gonlopora arbuscula 
stX1 ocoeni e" a armata 
Cxphastrea serailia 
Montipora lobu1ata 
Leptastrea purpurea 
Mil1epora.exaesa 

Total Density . 
Tota1-Dominance 
Total Species 
Total Genera 

TRANSECT 15 (Biotope 10 

Acrolora formosa 
Pori es andrewsi 
Leptastreapurp~rea 
Pori tes -1 utea 
Montipora foveolata 
Acrorora teres 
Pocilopora damicornis 
Mil1epora exaesa 

Total Density 
Total Dominance 
Total Species 
Total Genera 

Den~ity 
1m 1 

.86 

.25 

.07 

.07 

.07 

.04 
. ,04 

,04 

1.44/m2 
. 5.95% 
13 
10 

.57 

.11 

.15 

.09 

.09 

.06 

.06 

.03 

1. 161m2 
8.72% 
8 
6 

Relative Dominance -
Density 

, 

(Per cent] 

60.00 5.80 
17.50 .66, 
5.00 .02 
5,00 < .01 
i.OO ,01 
2.50 .03 
-2.50 .01 
2 .. 50 .01 

50.00 3.61 
10.00 3.72 
12.50 .04 
7.50 .33 
7.50 .01 
5.00 .97 -
5.00 .03 
2.50 < .• 01 

, 
Relative Relative Importante 

I:'requency Dominance Frequency Value 
-

97.47 .80 40.00 197.48 
1.01 AD 20.00 {, 38.51 -

.34 .• 20 10.00 15.34 

. 17 .20 10.00 15.17 . 
• 17 .10 5.00 10.17 
.50 .10' 5.00 8.00 
.17 .10 .5.00 7.67 
.17 no . 5.00 7.67 

) 

, 

41.41 .70 33.33 124.74 
42.67 .10 4.76 57.43 

.46 .30 14.29 27.25 .. 

3.78 .30 14.29 25.57 
.11 .30 14~29 21.90 

. 11.12 .10 4.76 20.88 
.34 .20/ 9.52 14.86 
.11 .10 4.76 7.37 

( 



co 
co 

Species 

TRANSECT 16 (Biotope IB) 

Acropora teres 
Acrorora formosa 
Poci lopora dam; corn is 
Montipora foveolata 
Porites lutea 

-Total Density 
Total Dominance 
Total Species 
Total Genera 

TRANSECT 17 (Bi~tope IB) 

Pocillopora damicornis 
Acropora teres 
Porites lutea 
Acropora formosa 
Porites andrewsi 

Total Density 
Total Dominance 
Total Species 

·Total Genera 
.; -

Dl~~~ty Relativ~ 
Density 

.17 60.00 

.07 22.50 

.01 5.00· 

.03 ·10.00 
<.01 2.50 

.29/m2 
5.51 % 
5 
4 

.27 58.33 

.09 19.44 

.03 5.56 

.06 . 13.89 

.01 2.78 

,461m2 
3.52% 
5 
3 

Dominance Relative Relative Importance 
iPer cent) Dominance Frequency Fre~uenc.Y Value 

-

3.75 68.06 .90 47.37 175.43 
1.67 30.31 .60 31.58 84.39 

.01 .18 .20 10.53 15.71 

.01 .18 , .10 5.26 15.44 

.07 1.27 .10 5.26 9.03 

"-

,32 9.09 .89 47.35 114.77 
1. 28 36.36 .33 17.55 73.35 
1.30 36.93 ' .22 11.70 54.19 

.61 17.34 .33 17.55 48.78 
<.01 .28 .11 5.85 8.91 

-

, 

, 
, 

I 
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Species 
TRANSECT 18 (Biotope IE) 

Porites cocasensis 
Porit~s andrewsi 
Porites lobata 
Porites 1utea 
Montipora foveo1ata 
Fav; a pa 11 ida: 
Poci11opora.damicornis -

,Total Density 
Total Dominance 
Total Speci es 
Total Genera 

TRANSECT 19 (Biotope II) 
Porites 1utea 
Montipora foveolata 
Porites andrewsi 
Acropora teres 
Porites cocosensis 
Porites-{~.) iwayamaem is 
Porites lobata 

Total Density 
Total Dominance 
Total Species 
Total Genera 

Dens~ty Relative 
(m) Density 

I 

.14 42.50 

.06 17,50 

.05 15.00 
~04 12.50 
.02 7.50 
.01 2.50 
.01 2~50 

. 33/m2 

.34% 
7 
4 

.20 17.50 

.29 25.00 

.26 22.50 

.20 17.50 

.09 17.50 

.06 5.00 

.06 4.00 

1.16/m 2 
17 .86% 
7 
3 

-

, 

. , 

Dominance Relative Relative. mportance 
(Per cent) Dominance Frequency Frequency Value 

.07 20.59 .80 32.00 95.09 
, 16 47.06 .50 20.'00 84.56' 
.05 14.71 .40 16.00 45.7' 
.04 11.76 .40 16.00 f" 40.26 

<.01 1. 96 .20 8.00 17.46 
<.oi 1. 96 .10 4.00 8.46 
<.01 1.96 .10 4.00 \ 8.46 

) 

16.98 95.07 .30 15.00 127.57 
.45 2.52 .40 20.00 47.52 

<.01 ;03 .40 20.00 42.53 
.24 1.34 .30 15.00 , '33.84 
,14 .78 .30 15.00 23.28 

<.01 .04 .20 10.00 15.04 
,04 .22 .01 4.00 10.22 

-
/ 

\ ) 
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a 

/ 

Species 
TRANSECT 20 (Biotope ID) 
Montipora lobu1ata 
Poci11opora damicornis 
Porites aus tra 1 i ens is 
Acropora palifera 
Montipora verrilli 
Montipora lobu1ata 
Stylocoeniel1a armata 
Acropora delicatula 

Total Density 
Total Dominance 
Tota 1 Speci es 
Total ,Genera 

v 

TRANSECT 21 (Biotope IB) 
Porites cocosensis 
Montipora sp. 1 
Monti lora lobuJata ' 
Pod 1 opora dami corn; s 
Acropora formosa 
Montipora verrilli 
Porites matthaii ' 

, 

Acropora palifera 
St~locoeniel1a armata 
Acropoira tubi ci nari a 
Millepora platyphyl1a 
Acropora nasuta 

Total Density 
Total Dominance 
Total Species 
Total Genera 

De(~~~y Relative 
Density 

1.01 45.00 
.45 20.00 
.11 5,00' 
.17 7.50 
.11 5,00 
~ 17 7.50 
.17 7.50 
.06 2.50 

2.25/m2 
9.11% 
8 
5 

.24 12.50 

.39 20.00 

.28 15.00 

.29 , 15 .. 00 
• 15 7.50 
.15 7.50 
.05 2.5,0 
.10 6.00 
.10 5.00 
.10 6,00 , 

.05 2.50 

.05 2.50 

1.95/m2 
12.22% 
12 
6 

Dominance Relative Relative Importance 
(Per cent) Dominance Frequency Fr~uency " Value 

3.n 34.14 ,70 30.42 109.56 
.53 5,82 .50 21. 74 47.56 

'2,36 25.9b .10 4."35 33.25 
:82 9.00 .30 13~04 29.54 

1.40 15,37 ,20 , 8.70 29.07 
.35· 3.84 .20 8.70 20.04 
.01 .11 .20 8.70 16,.31 
.53 5.82 .10 4.35 12.67 

" 

, 

6.07 49.67 .30 10.00 ,72.17 
.80 6.55 .50 16.67 43.22 

1.99 16.29 .30 10.00, 41.2Q 
.25 2.05 .60 20.00 37.05 

1.02 - 8.35 .20 , 6.67 22.52 
.17 1 •. 39 .30 10.00 18.89 

1.40 11.46 .10 3.33 17.29 
.22 1.80 .20 ' 6'.67 13.47 
.02 ,16 .20 6.61 , 11.83 
.19 1. 55 .10 3.33 9.88 

( .08 .65 .10 3.33 6.48 
<.01 .08 .10 3.33 5.91 

I, 
, -

", 

I 
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-
, 

Dens~ty Relative Dominance Relative Relative Importance 
Species em ) . Density (Per cent) Dominance Frequency Frequency Value 

TRANSECT 22 (Biotope IA) 

Porites lutea .12 32.50 .-69 83.14 .80 30.77 146.41 
Porites cocosensis .07 20.00 i 01 1.20 .50 19.23 :- 40.43 
Pavona divaricata .07 20.DO .05 6.03 .30 11.54 37.57 
Porites annae .04 10(.00 

, 
.04 4.82 .40, 15.38 30.20 

PociJlopora damicornis .03 7.50 <.01 1.20' .20 7.69 19. 39 
Goniastrea retiformis .02 , 5.00 < .01 1.20 .20 7.69 13.89 
Pavona decussata .01 2.50 <-.01 1.20 .10 3.85 7.55 
Porites lobata .01 2.50 <.01 1.20 .10 3.85 7.55 

Tota~ Density - .37/m 2 ( 

Total Dominance ,83% 
Tota 1 Speci es 8 
Total Genera 4 , 

-

U) 
~ -

-

'. , 

~ 

~ 

, 
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Species 
TRANSECT 23 (Biotope IB) 

~orHescocoeens 1 s 
on tes , utea . 

Pocillopora damicornis 
Montipora lobulata 
Porites matthaii 
Pori tes. annae 
Heliopora coeru1ea 
Goniastrea retiformis 
Montipora subtilis 
P1 atY9yra rusti c a 

Total Density 
Total Dominance 
Total Species 
Total Genera 

/ 

TRANSECT 24 (Biotope IB) 

Montipora lobu1ata 
foritescocosensis 
Pocillopora damicornis 
Heliopora coerulea 
Porites J~ .. ) hawaiiensis 

Total Density 
Total: Dominance 
Total Species 
Total Genera 

, 

De'ns~ty Relative 
(m ~) Density 

.42 35.00 

.24 20.00 

.18 15.00 

.12 10.00 

.09 7.50 

.03 2.50 

.03 2.50 

.03 2.50 

.03 2.50 

.03 2.50 

1.20/m: 
3.72% 

10 
6 

.07 25.00 

.11 37.50' 
,.06 22.50 
.03 10.00 
.01 5.00 

t; 
.28/m~ 
.10% 

5 
4 -

~ominance Relative Relative Importance 
Per cent) Dominance Frequency Frequency Value 

- -
\ 

. 1. 10 29.49 .. 70 26.91 91.40 
1.89 50.67 .40 15.38 86.05 

.01 .27 .50 19.23 34.50 

.09 2.41 .30 11.54 23.95 -
.• 28 7.51 .20 7.69 22.70 

.31 8.31 .10 3.85 14.66 
,02 .53 . 10 3.85 . 6.88 

<.01 .27 .10 3.85 6.62 
.01 .27 .10 3.85 6.62 
.01 .27 .10 3.85 6.62 

.05 50,00 .70 28.00 103.00 

.02 20,00 .90 36.00 93.50 

.02 20.00 ,,60 24.00 66 .. 50 
<.01 5.00 .20 8.00 23.00 
< .01 5.00 .10 4.00 14.00 

/ 

/ 

/ 
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Species 
TRANSECT 25 (Biotope IIA) 

-

Montipora lobulata 
. Montipora verrilli 

Psammocora nierstrazi 
Goniastrea·parvistella 
Porites lobata 
Galaxea fascicularts 
Pavona varians 
Acropora humilis 
Acropora studeri 
Acropora convexa 

Total Density 
,. Total Dominance 

Total Species 
Total Genera 

i 

TRANSECT 26 (Biotope lIB) 

Porites lutea 
Millepora exaesa 
Montipora verrilli 
Porites lobata 
Montipora ehrenbergii 
Platygyra rustica 
Acropora palifera 
Faviapallida 

Total Density 
.Total Dominance 
Total Species 
Total Genera 

• I . 

Dens~ty 
1m} . 

_Relative 
Density 

.55 16.68 

.27 8.33 

.55' 16.68 

.27 8.33 . 

.27 8.33 

.27 8.33 

.27 8.33 

.27 8.33 

.27 8.33 

.27 8.33 

3.26/m2 
3.57% 

10 
8 

.72 31.25 

.43 18.75 

.29 12.50 

.29 12.50 

.14 6.25 

.14 6.25 

.14 6.25 

.14 6.25 

2.29/m2 
9.41% 
8 
6 

, 

Dominance Relative Relative Impor:tance 
{Percentl Dominance Fre<:Iuency . Frequency Value 

1.30 36.42 .66 16.67 69.77 
1.66 46.50 .33 8.33 63.16 

.13 3.64 .66 16.67 37.00 
I .21 ,5.88 .33 8.33 ," 22.54 

.10 2.80 , .33 8.33 19.46 

.08 2.24 .33 8.33 18.90 

.04 1.12 .33 8;33 17.88 

.02 .56 .33 8.33 17 .22 

.02 .56 .33 8.33 17.22 
< .01 .28 .33 8.33 16.94 

7.11 75.56 ,775 27.27 B4.08 
.44 4.'68 .25 9.09 32.52 
.99 1,0.51 .25 9.09 32.10 
.07 .74 .50 ·18.19 31.43 
.63 6.70 .25 9.09 22.04 
.13 1.38 .25 9.09 16.72 
.03 .32 .25 9.09 15.66 
.01 ' .11 .25 9.09 15.45 

. 



1.0 
+>-

Density 
Species (m2) 

TRANSECT 27 (Biotope IIC) 

Pori tes .. 1 utea . 04 
Pori tes lobata .06 
Porites (S.) ··horizonta1at .07 
L6bOphyll; a costata <.01 
LobophY11i a hempri chi i <.01 
Fun'g; a paumotuens; s <.01 
Fungiascutarla .01 

Total Density • 221m2 
TotaL Dominance 1.60% 
Total Species 7 
Total Genera 3 

TRANSECT 28 (Bioto~e IIA) * 

Total Dominance 
Total Species 
Tota 1 Genera 

22.00% 
1 
1 

TRANSECT 29 (Biotope IIA) * 

Total Dominance 8.00% 
Total Species 1 
Total Genera 1. 

TRANSECT 30 (Biotope -II A) * 

Total Dominance 
Tota 1 'Species 
Total Genera 

<1.00% 
2 
2 

Relative 
Density 

18.75 
25.00 
31. 25 
6.25 
6.25 
6.25 

- 6.25 

! -
Dominance Relative Relativ~ Importance 
(Per cent) Dominance Frequency Frequency Value I 

i 

(I 

.87 54.37 . .50 20.00 9~.12 

.31 19.37 .50 20.00 64.37 

.06 3.75 .50 20.00 5~.00 

.30 
( 

18.75 .2p 10.00 35.00 
<.01 ,63 ,25 10.00 16.88 
<:01 .63 .25 10.00 16.88 

,04 2.50 ,25 10.00 18.75 

I 

'. . 
-
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Table 13. (continued) 

TRANSECT 31 (B; otope J IA) * 

Total Domi'nance 
Total Species 
Tota-1 Genera 

<1.00% 
1 
1 

TRANSECT 32 (Biotope IIA) * 

Total Dominance 
To~al Species 
Total ~enera 

" 
<1.00% 
e 
1 

TRANSECT 33 {B-; otope I IAJ * 

Total Dominance 
Total Species 
Total ~enera 

39,00% 
3 
1 

TRANSECT 34 (Biotope lIBI * 

Tota 1 Domi nance 
Total·Species 
Total Genera 

TRANSECT J5 (8; otope lIB l'* 

15-16% 
3 
1 

Total Dominance 1,84% 
Total Species 2 
Total Genera 2 



~ 
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Table 13. (continued) 

TRANSECT 36 (Biotope IIB) * 

Total Dominance 4.20% 
Total Species 2 
Total Genera 2 

TRANSECT 37 (Biotope lIB) * 

Total Dominance 8.11% 
Total Species 3 
Total Genera- 2 

* A s~ngle line transect method was used to calculate the percentage of substrate coverage in 
these transects. Data taken from Jones and Randall (1973) and Randall et 21.(1973). 

" 



Table 14. Check list and distribution of Al'cyonacea and loanthidea in 
the biotopes and facies of Cocos Lagoon. 

BIOTOPE I BIOTOPE IT 
Facies Facies . 

SPECIES " .. AW AL B C D E F A1A2 B" C 

I 
ALCYONACEA 

Asteros pi'cul a ri.i dae 
Asterospicularia sp. X X X X 

Alcyoniidae / 

Alc~onium sp. X X X 
Clad;ella sp. 1 [c.f. C. 

eachyc 1 ados (Kl unzi nger)]. X \ 

Cladlella sp. 2 [c.f. C. 
sphaerophora (Ehrenberg)] X X 

Loboph~tum sp. 1 X 
LoboQh,ltum'sp. 2 X 
Lobophltum sp. 3 X 
Sarcophyton sp. 1 [c.f. S. 

trocheliO'phorum -
, (Marenzeller)] X X X 

Sarcophyton sp. 2' [c.f. S. 
glaucum (Quoy & Gaimard)] X X X X 

Sinularia polydactyla X X X- X· X X X 
Sinularia conferta var. 

gracilis X X X X - X 
Sinularia sp. 1 X 
Sinularia sp. 2 X 
Sinu1ar;a sp. 3 X 
Si"nularia sp. 4 r X 
Sinularia sp. 5 X 
Sinularia sp. 6 X 
Sinularia sp. 7 X 

, Sinularia sp. 8 X 
Sinu1aria sp'. 9 X 

, 

Sympodium coeruleum X 
! 

. Nephthyidae 
Species 1 

, 
X 

Species 2 X 
! 

Xeniidae 
! 

Xenia sp. X 

Zoanthidae , 
Palythoa sp. [c.f. P. 
. tuberoulosa Esper] X X X' X 
Zoanthus sp. X 
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, 
"(able 1L5. Density and per cent cover of ~oft corals on each transect of Cocos' Lagoon. , 

Facies Transect N Tota 1 Dens i tum Per cent Cover 
.' 

Windward Barrier'Reef Flat . IAWa 40 4.68 .71 
Windward Barrier Reef Flat' IAWb 40 24.02 1. 13 
Wfndward Barrier Reef Flat IAWc 36 2.54 .08 
Windward Barrier Reef Flat IAWd' 30 .44 \ .26 / 

Windward Barrier Reef Flat IAWe 20 1.60 .07 

Leeward Barrier Reef Flat IALa (8/40) -- --
Leeward Barrier Ree~ Flat IALb (2/40) -- --\ 

Leeward Barrier Reef Flat IALc ( 0 ) -- --
Leeward Barrier Reef Flat IALd ( 0 ) -- ._-
Leeward Barri er R~ef Fl at IALe ( 0 ) -- --, 

Lagoon Shelf , IBa ( 0 ) -- --. 
Lagoon ~helf IBb ( 0 ) -- --
Lagoon Shelf IBc ( 0 ) -- ,--
Lagoon Shelf IBd (6/,40) -- --
Lagoon Shelf 

~ 

IBe (15/40) -- --
Lagoon Floor ICa ( 0 ) -- --

/ 

Patch Reef' IDa 53 .43 . 1.14 
Patch .Reef IDb 16 2.24 4.14 
PCitch Reef IDe (3/40 ) -- --
Patch Reef IDd 36 .20 .59, 
Patch Reef ,IDe 40 .77 3.33 

Nearshore,Shelf lEa 40 2.81 12.36 
Nearshore Shelf IEb 40 3.39 1.26 
Nearshore Shelf lEe 40 3.74 11.74 
Nearshore Shelf lEd 36 4.00 18.87 

Manell Channel Margin IlAa 40 0.52 0.83 
Manell Channel Margin II Ad 26 0.10 0.43 

MamaonChannel Margin . IlAb 31 0.16 0.27 . 
Mamaon Channel Margin IlAc 33 0.10 

\ 
0.69 

\ ~ 

-
Manell Channel IIBa 0 ._- --I 

Mamaon Channel IlCa 0 -- ---
Mamaon Channel IlEa 0 -- \ --

/ 

\ 
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Table 16. Checklist of the fi~hes. Fishes recorded from the lagoon by previous 
workers are shown in the first column and coded as' I - Kami !;!t al. (1968)· 
2- Kami (1971); 3 - University of Guam Museum; 4 - Jonesand-RaOdall' 
(1973); 5 - Randall et.EJ.. (1973); 6 - Collecfions or incident~l 
observations in the lagoon during the study. Fishes observeq by the 
present authors on random-counts are shown as (+) und~r the pertinent 
biotope. Numbers refer to the actual nUll}ber ofa spe.cies seen on 
T comb i ned transects." 1 - Outs i de of Lagoon, J I - Channe I Ida lIs, I J I -
Lagoori'Patch Reefs, IV - Barrier Reef" Flat, V - Seagrass Beds, and VI -
Sand Bottoms. * - Fishes observed or recorded only outside of lag~on. 

Family/Species 

ACANTHURIDAE 

Acanthurus glaucopareius Cuvier 
A. lineatus (Linnaeus) 

. A. mata Val enci ennes 
A .. rii grofuscus {Fors ka 1 ) 
A. olivaceous (Bloch & Sohneider) 
A. pyroferus Kitt1itz 
A. thbmpsoni (Fowler) 
K. triostegus Clinnileus) 
fl. xanthopterus (Cuvier & Valenciennes) 
Cte~ochaetus binotatus Randall 
£. striatus(Quoy & Gaimard) 
Naso brevirostris (Cuvier & Valenciennes) 
ri\ hexacanthus (Bleeker) . 
ri. 1 ituratus (Bloch & Schnei der) 
ri. unicornis (Forskal) \ ' 
Zebrasomaflavescens (Bennett) 
I .. scopas ( Cuvi er) 
I. veliferum (Bloch) 

APO'GON I DAE 

Arogon exostigma (Jordan & Starks). 
A. 1eptacanthus Bleeker 
A. mydrus(Jorda~(& Starks) 
A. novemfasciatus euvier & Valenciennes 
A. robustus (Smith & Radcliffe) 
K. trimaculatus Cuvier & Valenciennes 
A. sp. 
Cheilodipterus macrodon (Lacepede) 
£. guinguelineata (Cuvier & Valenciennes) 

ATHERINIDAE 

Pranesus insularum (Jordan & Evermann) 

AULOSTOMIDAE 

Aulostomus chinensis (Linnaeus) 

99 

2 
1 
1 

I * 

* 
* 
1 

1 

1 

. 1 
1 

1 
5 

III III IV 

2 
I 

19 

+ 
+ 

+ 
+ 

15 

+ 

+ 
+ 5 
4 . 5 

56 89 
+ 
+ 
5 
+. 
+ 

+ 

+ 

+ 
1 
9 
I 
4 

200 
2 

34 

6 

6 

10 
2 

57 

3 
I 
9 
+ 
2 

2 
33 

2 

6 

26 

23 

+ 
2 

14 

6 

3 



Table 16. (continued) 

Family/Species 

BALISTIDAE 

Balistapus undulatus (Mungo Park) 
Balistoides niger (Bloch) 
Melichthys niger (Bloch) " 
M. vidua (Solander) 
Pse'lid"Obali stes fl avomarqinatus (Ruppe 11 ) 
Rhinecanthus aculeatus (Linnaeus) 
R. rectangulus (Bloch & Schneider) 
Sufflamen bursa (Bloch & Schneider) 
~. chrysoptera( Bloch & Schnei der) 

BLENNIIDAE 

Aspidontu5 taeniatus Quay & Gaimard 
Ci rri pectes sebae_ Fowl er 
C. variolosus (Cuvier & Valenciennes) 
Ecsenius bicolor (Day) 
I. oPsifrontalisChapman & Schultz 
Exallias brevis (Kne~) 
Istiblennius coronatus (Gunther) 
Meiacanthus atrodorsalis {Gunther) 
Petroscirtes mitratus (~uppell) 
Plagiotremus tapeinosoma (Bleeker) 
f.. sp. 
Salarias fasciatus (Bloch) 

BOTHIDAE 

Bothusmancus (Broussonet) 

CANTHIGASTERIDAE 

Canthi gaster amboinensis (Bleeker) 
. C. coranatus (Randall) c. janthinopterus (Bleeker) 
I. s~landri(Richardson) 

CARACANTHIDAE 

Caracanthus maculatus (Gray) 

CARANfHDAE 

Carangoides malabaricus (Bloch & Schneidery 
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* 
* 
* 
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1 

I 

+ 
+ 
+ 
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1 
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3 
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4 
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Table 16. (c0ntinued) 

Family/Speci es 

Cal"anx melamptg:us Cuvier.& Valenciennes 
Gnatoanodon speciosus (Forskal) 

CARAPIDAE 
Carapus homei (Richardson) 

CHAETODONTIDAE 

Centropyge bis:pinosus (Gunther) 
I.. fJaY1Ssimlls ,(Cuvier) 
C. heraldi Woods & Schultz _ 
Chaetodon auriga Forskal 
C'. bennetti Cuvi er 
C. ci trinell us Cuvier 
I. ephippium Cuvi~r 
C. falcula Bloch 
C. klein; Bloch 
f. lunula (Lacepede) 
C. melannotus Schneider 
C. mertensii Cuvier 
C. ornatissimus Solander 
I. punctato-fasciatus Cuvier & Va;]enciennes 
£. guadrimaculatus Gray 
C. reticu]atus Cu~ier 
£. strigangulus (Gmelin) 
£. trifasciatus Mungo Park 
C. unimaculatus Bloch 
Forcipiger flavissimus Jordan & McGregor 
Heniochus fermutatus Cuvier 
H. variUs Cuvier) . 
H. monoceros Cuvier 
Holacanthus trimaculatus Cuvier 
Pomacanthus imperator (Bloch) 
Pygoplites diacanthus (Boddaert) 

CIRRHITIDAE 

Cirrhitus pinnulatus (Schneider) 
Neocirrhites armatus Castelnau 
Paracirrhites arcatus (Cuvier & Valenciennes) 
f. forsteri (Blo~h & Schneider) 
f. hemistictus (Gunther) 

DASYATIDAE 

Dasyatis kuhlii (Muller & Henle) 
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I 

+ 
1 

* 9 
1 5 
* . + 
1 1 

+ 
1 9 

+ 
+ 

1 
1 
1 
1 
* 
1 

1 
1 
2 
1 
1 

* 
1 
1 

* 
* 
1 
* 

3 

+ 

2 
3 

20 

3 
11 

I 
+ 
7 
4 

+ 
+ 

6 

+ 
8 
8 

1·6 
+ 

II III IV V 

-2 

2 
I 
5 
4 

12 
4 
4 
4 
7 
2· 
4 

+ 

+ + 

11 5 

+ -

+ 

3 11 
4· + 
6 -

I 3 
3 -I _ 

+ .. 
4 -

14 + 

4 5 

+ 
I 

+ 
I -
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VI 
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Table 16. (c0ntinued) 

Family/Species 

Car'artX:melamp,yaus Cuvier,& Valenciennes 
Gnathanoaon speciosus (Forskal) 

CARAPIDAE 
Carapus homei (Richardson) 

CHAETODONTIDAE 

C~ntropyge bi~pinosus (Gunther) 
f. fJaV]Ssjrnlls (Cuvier) 
C. heraldi Woods & Schultz 
Chaetodon auriga Forskal 
C~ bennetti Cuvier 
C. citrinellus Cuvier 
I. ephippium Cuvi~r 
C. falcula Bloch 
C. klein; Bloch 
f. lunula (Lacepede) 
C. melannotus Schneider 
C. mertensii Cuvier 
C. ornatissimus Solander 
I. punctato-fasciatus Cuvier &VaJenciennes 
£. Quadrimaculatus Gray 
C. reticuJatus Cu~ier 
£. strigangulus (Gmelin) 
£. trifasciatus Mungo Park 
C. unimaculatus Bloch 
Forcipiger flavissimus Jordan & McGregor 
Heniochus permutatus Cuvier 
.!:!. varius (CuVier) 
H. monoceros Cuvier 
Holacanthus trimaculatus Cuvier 
Pomacanthus imperator (Bloch) 
Pygopl ites diacanthus (Boadaert) ! 

CIRRHITIDAE 

Cirrhitus pinnulatus (Schneider) 
Neocirrhites armatus Casteln~u 
Paracirrhites arcatus (Cuvier & Valenciennes) 
f. forsteri (Bloth & Schneider) 
t. hemistictus (Gunther) 

DASYATIDAE 

Dasyatis kuhlii (Muller & Henlel 
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* -+ 
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1 
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Table 16. ~(continued) 

Family /Speci es I II III IV V VI 

DIODONTIDAE 
'. 

Diodon hYstrix (Linnaeus) 1 
/ 

ENGRAULIDAE 
I 

Thrissina bae1ama (Forska1 ) 1 
/ 

, 

FISTULARIDAE 

Fistularia petimba Lacepede 1 ~ , ~ .. 1 - .. 
GOBIIDAE 

, 

Acentrogobius belissimus Smith 5 .. 12 11 - .. -
~. triangularis Weber '" 4 
Amblygobius albimaculatus (Ruppell) 1 - + 4 + + + 
A. decussatus (Bleeker.) 4 
A. sp. .. - .. - .. 86 
As terropteryx semi puncta tus _Ruppe 11 .. .. .. 2 10 63 
Bathygobius fuscus (Ruppell) 6 
Eleotriodes strigata (Bleeker) .1 30 - - 2 - .. 
Eviota prasitesJordon & sea)e 5 
Gnatho1episdeltoides (Seale .. + .. 3 + .. 
Gobius ornatus Ruppe11 ~ .. .. .. + + 
Nemate1eotris magnificus Fowler + 25 .. .. .. .. -
Obtortiophagus koumansi (Whitely) 5 .. - - .. 7 -
Oxyurichthys guibei Smith 3 - .. .. .. .. 2 
Periopthalmus koelreuteri Eggert 3 
Pogonocu1ius zebra Fowler + 5 .. .. .. .. 
Ptere1eotris tricolor Fowler + 28 - .. - .. -
Rhinogobius decoratus Herre 3 
Tr-imma caesiura Jordon & Seale 4 

HEMlRAMPHIDAE '.. 

Htporhamphus 1aticeps (Gunther) 1 

HOLOCENTRIDAE 

Adiortx caudimacula (Ru~pe11) + 10 .. ,.; .. - .. 
A. microstomus (Gunther ' 1 .. .. 2 .. .. . 
A. soinifer .(Forska1) , 1 3 

, 
2 + .. .. .. 

!. tiere (Cuvier & Valenciennes) 1 3 '" .. .. .. -
~. lacteoguttatus (Cuvier) 6 .. ~ 
~. sp. . 1 5 - + - .. \ 

Flammeosammara (Forska1 r .. 92 11 ' 5 .. ... 
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. Table 16~ (continued) 

.. 

" 
Family/Species I n III IV V VI 

, , 

MYripristis amaenuS .(Castelnau) - -65 + -, - -
M. kuntee (Cuvier & Valenciennes) - ' 1 - _. - -
M. micro~hthalmusBleeker 1 
Ji. murdjan (Forskal) , 6 46 . + I - -

~ 

-
KUHLIIDAE 

Kuhlia taeniura (Cuvier & Valenci~nnes) 1 
" 

KYPHOSIDAE 

KYphosus cinerascens (Forskal) 1 
~ 

LABRIDAE I 

Anampses caeruleopunctatusRuppell .".. + - - - - -
Cheilinus celebicus Bleeker 1 
f. chlorourus(Bloch) - + 2 2 1 -
f. fasciatus (Bloch) 1 1 9 19 13 + ~ , 

C. rhodochrus Gunther 2 . 5 2 -, -. -
£. trilobatus Lacepede , + 1 + + - .. 
f. un.du 1 atus Ruppe 11 + ... 3 : 1 - "" 
Cheilioinermis (Forskal) - - + 2 41 -
Cirrhilabrus temmincki Bleeker' .".. 15 - - - - '-

. Coris aygula Lacepede 1 
£. gaimardi (Quoy & Gaimard) 1 2 - - 1 - -
Epibulus insidiator (Pallas) 1 2 9 I I - -
Gomphosus varius Lacepede 5 3 8 ~ - -
Halichoeresbiocellatus Schultz .".. 4· - - - - -
H. hortulanus (Lacepede) 4 1 - 1 -
[. margaritaceus (Cuvier & Valenciennes) 1 + ... 82 3 ~ 

.!!. marginatus Ruppell 1 3 2' - 3 - -

.!!. trimaculatus (Quoy & Gaimard) 1 - + 34 38e 135 -
~emigymnus fasciatus (Bloch) 

~ + + - - - -
.!!. melapterus (Bloch) 1 1 5 3 1 - -
Hemipteronotus sp. + - - - + ... 
Labrichthys unilineata Bleeker 6 6 

, 
- - - . -

Labroides bicolor.Fowler & Bean 1 + + - - - -
1. dimidiatus (Cuvier & Valenciennes) Z2 16 15 20 - -
Macropharvnqodon meleagris$eale' - + - - - -

' . .M. pardalis (Kner)· .' 2 3 - 4 - -
; P~eudocheilinus hexatae~ia (Bleeker) 2 I I - - - - -

Pteragogusguttatus (Fowler & Bean) - 3 - - - -
Stetfiojulis (axil1aris) bandanensis Bleeker 1 2 21 3 214 3 -
S. strigiventer (Bennett) .- S 2 - 537 -

.. - Yhalassoma amblbcephalus (Bleeker) 9 3· ... ~ . - -
T. hardwickei- ( ennett) \ + 6 27 28 - -
I. lutescens (Lay & Bennett) 1 12 4 ,2; 9 

. - -
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T~ble 16. (continued) 

Family/Speci es I, II III IV V VI 

T. purpureum (Forskal) 1 + - - 1 - -
y. quinquevittata (Lay & Bennett) 1 93 - - 12 - -
Xyrichthys taeniourus (Lacepede) 1 1 - - 12 - -

LUTJANIDAE ' \ 

Aphareus furcatus (Lacepede) 1 + + 1 -' - -
Aprion virescens Valencienn~s * + - - - - -
Caesio caerulaureus Lacepede ./ 1 
Gnathodentex aureolineatus (Lacepede) 1 - 1 - - - -
Lethrinus reticulatus ,Cuvier & Valenciennes 1 
L. rhodo~terus Bleeker + +' + 2 18 + 
I. sp. - - + - 16 -
Iutianusargentimaculatus (Forskal) + + - - - -
1.. vaiqiensis) fulvus (BloCh & Schnieder) i 1 4 2 + - -
1.. kasmira 1Forskal) , 6 
1.~ monostigmus (Cuvier & Valenciennes) " * .+ - - - - -
Macolor.niger (Forskal) 1 
Scolo~sis canceTlatus lCuvier & Valenciennes) 1 - - + + - -

MAl.:ACANTHIDAE 

Malacanthus latovittatus (Lacepede) 1 

MONACANTHIDAE 

Alutera scripta (Gmelin) 2 
Amanses carolae Jordan & McGregor * + - - - - -
fl. sandwichensis. (Quoy & Gaimp.rd) 1 1 + + - - -
Oxymonacanthus longirostris (Bloch & Schneider) 1 ! + 2 22 + - -
Paraluteres. ~rionurus Bleeker 2 - 5 - - - -
Pervagor melanoce~ha1us (Bleeker) 1 

, 

. MONODACTYlIDAE 

Monodact,llus argenteus (Linnaeus) - 2 - - - -
i 

MUGILIDAE , 

Chelon valglensis (Quoy & Gaimard) 1 
Crenimugil crenilabis (Forskal) 1 
Mugil ce~halus Linnaeus 1 

" 
MUGILOIDIDAE 

Para~ercis ce~haJo~unctatus (Seale) + 1 .... .. - -
P. clathrata .Ogilby 1 1 1 - + - -. 

-
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Table 16. (continued) 

, 

." 
Family/Species I II III IV V VI 

/ 

MULLIDAE -

Mul10idichthys auriflamma (Forskal) , - - ~ - .,. -
M. samoensis (Gunther) - 3 + 4 2 + 
farupeneus barberinus (Lacepede) 1 + + + 2 76 -
P. blfasciatus(Eacepede) - J - - 3 - -
V. cyclostomus (Lacepede) 1 3 1 + + -/ -' 

V. multifasciatus (Quoy & Gaimard) 1 8 22 ' 2 22 21 -
"P". eleurostigma(Bennett) - 3 - + '+ -
I. eorphyreus(Jenkins) 4 - + + - 117 -
Upeneus vittatus (Forskal) - - - - - 2 

MURAENIDAE 

Echidna nebu10sa (Ah1) - 1 - + - -
E. zebra (Shaw) 6 
B"ymi1OtliOrax graci 1 i caudus Jenkins - 2 
G. javanicus (Bleeker) 2 - + - - - -
G. pictus (Ahl) 1 
G. undulatus (Lacepede) *. , + - - - - -
Uropterygius concolor Ruppell 1 

HYLIOBATIDAE 

Aetobatus narinari (Euphra~en) 2 - - - - - + 
, 

OPHICHTHIDAE 

Leiuranus semicinctus (L~y & Bennett) 1 

OSTRACI ONTI DAE , 

Lactoria cornutus Linnaeus 1 
Ostraclon cubicus Linnaeus - 3 3 - - -

..Q. mel~aqris camurum (Randall) 1 I + I - - -
, 

PEt1PHERI DAE 
I 

Pempheris oualensis Cuvier & Valenciennes - 5 - - - -

POMACENTRIDAE 

Abudefduf amabilis (deVis) 1 10 + -. 1 - -
A. curacao (Bloch). - 172 278 - - -
A. dicki (Lienard) 171 6 - - - -
A. glaucus (Cuvier & Valenciennes) - - - 266 - -
A. imparipinnis (Sauvage) * + - - - - -
~ 

. 
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Table 16. (conti'nued) 

Family/Species 

A. johnstonianus (Fowler & Ball) 
"K. lacrymatus (Quoy& Gaimard) 
"K. leucopomus (Lesson) 
A. leucozona (Bleeker) 
A. saxatHis (Linnaeus) 
~. septemfasciatus (Cuvi~r & Valenciennes) 
A. sexfasciatus (Lacepede) 
Amphiprion bicinctus Ruppell 
A. chrysopterus Cuvi er 
fl. melanopus Bleeker 
A. perideraion Bleeker 
"Chromis atri'pectoralis Welander & Schultz 
f. caeruleus{Cuvler & Valenciennes) , 
C. (dimidiatus) hanui Randa1l & Swerdloff 
C. leucurus Gilberr--
~. vanderbilti (Fowler) 
~. xanthochir (Bleeker)' 
~. sp. 
Dascyll us aruanus (Li nnaeus) 
D. reticulatus (Richardson) 
Q. trimaculatus (Ruppell) , 
Pomacentrus albofasciatus Schlegel & Muller 
P. amboinensis Bleeker 
P. jenkinsi Jordan & Evermann 

/ P. lividus (Bloch & Schneider) 
:E. nigri cans (Lacepede) . 
f .. pavo (Bloch) 
f. traceyi Schultz 
P~ vaiuli Jordan & Seale 
P. sp. 

PSEUDOCHROMIDAE 

Plesiops corallicola Bleeke~ 

SCARIDAE 

Calatomus spinidens (Quoy & Gaimard)' 
_ Chlorurus bicolor (Ruppell) 
/' f.. gibbus (Ruppell) 

Leptoscarus vaigiensis (Quoy & Gaimard) 
Scarus dubius Bennett 
i. 1 epi dus, Jenyns, ' 
S. sordidus Forskal 
S. venosus Cuvier & Valenciennes 

. S CORPAEN I DAE 

Pterois antennata (Bloch) 

lO~ 

* 
1 

* 

1 
3 
1 
* 
1 

* .' 
* 
* 
1 
1 
1 

1 
1 

* 

1 

1 
2 

1 

I II III IV V 
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60 68 8 
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+ 
+ 

+ 

8 -

18 
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2 -
5 -

39-

+ 

3 -
5 -

1 
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+ 3-
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7,8 1 
3 -
5 -

+ -
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271 3 

112 -

22 5 - 15-
- I 380 -

- 5 
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10 
8 

- 1( 
13 61 
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255 -
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36 
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2 
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9 . + + 
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Table 16. (continued) 

Family/Species I II III IV V VI 

P. vo1itans (Linnaeous) + + - - - -
'Scorpaenopsis gibbosa (Bloch & Schneider) 1. 

SERRANIDAE , , 

I 

Cepha 1 opho 1 i s argus B1och-J & Schneider 1 
C. urodelus (Bloch & Schneider) *. 16 . - - - - -
Epinephelus emoryi Schultz * +, - - - - -
E. merraBloch 1 - 2 + 2 - -
Grammistes sexlineatus (Thunberg) * + - - - - -

SIGANIDAE 
/ 

Siganus argenteus (Quoy & Gaimard) - .- - - + -
S. punctatus (Bloch & Schneider) 1 

-= - + - - -
S. spinus (Linnaeus) 1 - ,- - + + -

SPARIDAE 

Monotaxis grandoculis (.Forskal) 1 + 3 + + ~ -
SPHYRAENIDAE 

Sphyraena sp. - - - - ,+ -. 

SYNGNATHIDAE 

Cor,Ythoichth,Ys intestinalis waitei (Jordan & 
Seale) 1 - 8 .2 - 2 -

C. sp. - - - 3 . - -
SYNODONTI DAE 

.Saurida gracilis (Quoy & Gainiard) 1 - 1 r - - 1 

S,Ynodus variegatus (Lacepede) 1 - I 2 2 + - 1 

TETRAODONTI DAE 

Arothron alboreticulatus (Tanaka) 3 + + / , - . - - -
A. imrnaculatus (Bloch & Schneider) 1 - - - - + -

-, 

ZANCLIDAE 

Zanclus cornutu5 (Linna~us) 2 13 20 2 - -
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Table 17.suirmary pf data by biotope (based on seven combined transects for each biotope). 
N = number of individuals observed on transects 
Ts = number of species observed on transects 
Rs = number of random species observed in 140 minutes (7 x 20 min.) 
S = combined transect and random species or total species observed 
HI! = Shannon-Wiener di versi ty index (based" on N and Ts i and linear' biomass and TS) 
E = evenness values based on S (E = 1 would show perfect equitability) 
Biomass = total kgjha values, ali species ccrnbined less those with values under 0.5 kg 

Area 
Sarrpled Biomass 

(Transects) N Ts Rs S ' kg/ha H" (N) E (N) H" (lbm) E (ll:m) 

Outside 2 
I Reef 1400 m 2397 94 147 150 43.07 3.338 '0.666 3.590 0.716 

Channel 
1400 m2 II v1alls 2044 104 133 138 167.89 3.367 0.683 3.622 0.735 

Patch " 
1400 m2 .... 

III Reefs 1859 67 92 94 85.80 2.56~ 0.564 2.936 0.646 

Barrier 
1400 m2 I 

0 IV Reef F:lats 2084 67 84 91 , 25.29 2.722 0.603 2.817 0.624 
0:>. 

Grass 
1400 m2 V Flats 1489 22 29 32 14.79 1. 916' 0.553 2.047 0.591 

Sand 
1400'm2 VI Bottom 159 7 11 14 3.38 0.966 0.366 1.059 0.401 



0 
1.0 

Table 18. Comparison of rank order of top 20 species from reef biotopes n~.IV using all four evaluation 
techniques (N, ).I.V., lbm and kg/ha), 

SPECIES N SPECIES 0.1. V . SPECIES lbm SPECIES 

.k. caerul eus 924 C. caeruleus 22.6 C. caeruleus 7.9 S. sordidus 
A. curacao 450 It curacao 14.1 S. sordidus 7.6 ~ ama~nus 
H. trimaculatus 422 H. tri macu 1 a tus 13.0 A. curaCao 7.2 P. ni gri cans 
D. aruanus ' 386 P. albofasciatus 11.7 H. trimaculatus 6.4 C. stri atus 
P. alborasciatus 380 S. sord.idus 11.§ If. nigricans 6.0 t:f. murdJan 
P. vaiul i 288 D. aruanus 10.T P. albofasciatus 5.5 F. sammara 
A. glaucl!s 266 P. ni ~ri cans 9.6 C. striatus 4.6 S. venosus 
S. sordidus 255 P. valuli 7.8 D. aruanus 4.5 7f:. curacao-
f. nigr'icans 243 C. striatus 7.0 f: sammara . 3.5 iP. a11x1fasciatus 
S. bandanensis 238 S. bandanensis 7.0 S. bandanensis 3.4 E. insioiator 
Apogon sp. 200 "6.. glaucus 6.8 t. vaiuli 3.3 ~.1ividus 
C. striatus- 169 Apogon sp. 5.7 M.. amaenus 2.9 H. trimaculatus 
M~ atrodorsalis 167 F. sammara ,.5.4 fl. glaucl:.ls 2.6 D. aruanus . 
F. sarnmara 108 f. traceyi 5.2 Apogon sp. 2 . .4 Z. cornutus 
R. margaritaceus 82 M. atrodorsalis 4.6 M. murdjan 1.9 C. trHasci atus 
A. lacr,tmatus 78 M. 'amaenus '4.1 M. a trodorsa 1 is 1.7 P. multifasciatus r. guingue1ineata 67 Ii. murdjan -2.6 ~. luin~uelineata 1.3 7'( xanthopter,us 
M. amaenus 65 fl. 1 acr,tma t,us 2.5 P. ivi us . 1.3 S. bandanensis 
P. trace~i 63 C. guinguelineata 2.3 S. venosus 1.3 A. :Chinens i s 
T. hardwl ckei 61 T. hardwickei 2.2 T. hardwickei 1.2 C. caerul eus -

kg/ha 

50.8 
33.0 
25.3 
24.4 
12.0 
13.4 
9.1 
9.0 
8.8 
7.4 
6.5 
6.3 
5.3 
4.9 
3.6 
3.4 
.3.3 
3.0 
2.9 
2.9 



Table 19. Checklist of marine plants from tocos Lagoon associated with each 
biotope and facies. Species are alphabetized under respective· 
Divisions., ' 

BIOTOPE I .BIOTOPE II 
SPECIES A ~B C D E 

CYANOPHYTA (blue-greens) - 6 spp 

Calothrix crustacea Thuret 
Hormothamnion enteromorphoides B. & f. 
Microcoleus lyngbyaceuslKutz.) 

Crouan 
Schizothrix calcicola (Ag.) Gomont 
Schizothrix mexicana Gomont 
Rivularia atra B. & F. 

CHLOROPHYTA ~greens) - 31 spp 

Acetabularia moebii Solms-Laubach 
Avrainvillea obscura J. Ag. 
Boergesenia forbesii (Harv.) Feldmann 
Boodlea composita, (Harv.) Brand 
Caulerpa cupres.soides (West) C. Ag. 
Caulerpa filicoides Yamada 

X 
X 
X 

X 
X 

X 
X 
X 
X 
X 

Caulerpa lentillifera J. Ag. 
Caulerparacemosa (Forssk. )J. Ag. X 
Caulerpa serrulata (Forssk.) J. Ag~ X 
Caulerpa sertularioides (Gmel.) Howe X 
-Caulerpa taxifolia (Vahl) C. Ag. 'X 
Caulerpaverticillata J. Ag. 
Chlorodesmis fastigiata (C. Ag.) 

Ducker 
Cl adophorops i s_ membranacea (Ag.) 

Boerg . 
. Codium edule Silva 
Dictyos~ia cavernosa (Forssk.) 

Boerg. ' 
Dictyosphaeria versluysii W-v. Bosse 
Enteromorpha compressa (L.) Grev. 
Halimeda copiosa Goreau & Graham 
Halimeda discoidea Decaisne 
Halimeda gigas Taylor -
Halimeda\incrassata (Ellis) Lamx. 
Halimeda macroloba Decaisne 
Hal imedaopuntia (L.) Lamx. 
Neometis annulata Dickie 
Neomeris vanbosseae Howe 
Rhipilia orientalis A. & E.S. Gepp 

.. Tyd~mannia expeditionis W~v~ Bosse 
Udotea argentea Zanardini 
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Table 19. (continued)\ 

--" 
BIOTOPE I BIOTOPE II 

SPECIES- '. -" A B C D E 'A B-D C "" 
Valonia fastigiata Harv. X I X X X X - X 
Valonia ventricosa J. Ag. X X X X X 

PHAEOPHYTA (browns) - 16 spp 

Chnoospora·· impl exa (Hering) C. Ag. X X X, X X 
Di ctyota bartayres i i Lamx. X X X X X X 'x 
Dictyota cervicornis Kutz. X X X X X -

Dictyota divaricata Lamx. X X X X X X 
Dictyota friabilis Setchell X X X X 
Dictyota patens .J. Ag. X X X 
Ectocarpus breviarticulatus J. Ag. X, X 
Feldmannia indica (Sonder)Womersley X X X X X 

I & Bail ey i 

Hydroclathrus clathratu.s (C. Ag.) Howe X X X X X 
Lobophora variegata (Lamx.)Womersley X X X X X 
Padina jonesii Tsuda X X X 
Padina tenuis Bory X X X. X 
Sargassum cristaefolium C. Ag .. X 
Sarga~sum polycystum C. Ag. X X 
Sphacelaria tribuloides Meneghini - X X X X 
Turbinaria ornata (Turner) J. Ag. X X X X X X 

RHODOPHYTA (reds)- 38 spp 

Acanthophora spicifera (Vahl) Boerg. X X X X X X 
Actinotrichia fragilis (Forssk.) Boerg. X X X X X 

,Amphiroa foliacea Lamx. X X X X I 

Amphiroa fragilissima (L.) Lamx. X X X X X X X 
Antithamnionsp. " 
Asparagopsis taxiformis (Delile) X 

Collins & Harvey 
Botryocladia skottsbergii 

. Levring 
(Boerg. ) X 

Centroceras ela vu 1 a tum (C. (Ag. ) X 
Montagne 

Ceramium sp. X 
Champia parvula (C. Ag.) Harvey X 
Desmia hornemanni Lyngbye X X 
Galaxaura fasciculata Kjellman X X X X X 
Galaxaur'a maroinata Lamx. X X 
Ga 1 axaura obohg~~ lC,'~ ~! J Larnx, v X X X X .-
Ge 1 i di ell aacerosa" (rorS$:k~ 'j 

. . Felamqhn~' Ham~1 X X X 
GelldH)pS1S lntrlca-ta Ag.) Vi(:kers' X X X X 
Gelidium divaricatum Mart~~s X X X X X X 
Gelidium pusillum (Stackh.)Le Jolis X 
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Table 19. (continued) 

BIOTOPE I BIOTOPE I I 
SPECIES 

. 
A B C 0 E A B~C E 

, 
'-

Gracilaria arcuata Zanardini X X 
Graci 1 ari a crassa Harvey'· X X X 
Griffithsia sp. X 
Halymenia durvillaei Bory X 
Hypne.a cervicornis J. Ag, X 
Hypnea pannosa J. Ag. X X X X X X 
Hypnea valentiae (Turn.) Montagne X X 
Jania capillacea Harvey X X X X 
Laurencia. sp. X 
Lithoph~llum sp. X X X X X X X 
Mastophorasp. X X 
Neogoniolithon sp. X 
pefssonelia sp. X X X 
Po-~siphonia spp. X X X X X 
Porolithon onkodes Foslie X 
Porolithonsp. X X X X 
Rhod~menia sp., 

, 
X X X X X X 

. Spyridia filamentosa (~ulf.). Harvey X X X X / 

Tolypiocladiaglomerulata (Ag.) X X X X 
Schmitz & Hauptfleisch 

Trichogloea sp. X 

SPERMATOPHYTA (sea-grass) - 3 spp. 
i 

Enhalus acoroides (L~F.) Royle X 
Halodule uninervis (Forssk.) X 

Ascherson 
Ha1ophi1a minor (Zoll.) Hartog X 

TOTAL 61 46 18 64 53 47 35 13 
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Table 2.Q. Relative abundance and frequency (in parenthesis) of marine plants representing 80. percent 
{± 5 percent-) within each biotope and facies. T-T=windward reef, L=leeward reef. 

Biotope 1 Biotope 11 
Species A B C D E A B-D E 

W L 

I / 

Percent Algal Cover ,33 14 <1 32 22 26 56 97 

I , 
I 
j 
t 36 1 , ! 

I 

NUIllb'er of Tosses 214 9b 197 38* 173 157 328 115 7 I Number of Species 12 9 13 4 8 6 6 14 ' 5 

I , 

", 

Cyanophyta , 

Calothrix crustacea 3(6) 
Hormothamnion enteromorphoid s 5(6) . 2( 10) 
Microcoleus lyngbyaceus , 7(3) 
Schizothrix calcicola 3(2) 5(5) 

Chlorophyta 
Avrainvillea obscura ~4(37) 
Bo'odlea composi ta 4(9) 
Caulerpa filicoides 11(43) 
Cauler~a racemosa 3( 7) 27(48) 7(6) 10(10) / 

Caulerpa ser-tularioides " 10(21) 
Dictyosphaeria versl~sii 4(16) .. 

Halimeda discoidea 3(5) 
Halimeda incrassata 14(32) 
Halimeda macroloba 41(32) 6(12) 
Halimeda opuntia 4(10) 3(3) 13(16) IG~18) 15(43) 
Udotea argentea 3(15) 

-Phaeophyta 
Chnoospora implexa 3(4) 3(2) 
Dictyota bartayresii 18(44) 18(12) , 34(22) 15(20) 10(15) 
Dictyota divaricata 3(2) 5(17) , . 

Dictyota friabilis 4(6) 
4(6) 

-
3(18) Dictyota patens 

Feldmannia indica 3(4) 8(6) 17(15) 
Hydroclathrus clathratus 6(18) 8T 5) 6(5) 

" 
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Table 20. (continued) 

Biot.ope 1 
Species A- B 

.- I W L 

, 
Lobophora variegata 14(24) 6(14 
Padina tenuis 18(48 4(3) 
Sargassum polycystum 5(11 
Spha.celaria trlbuloides 
Turb:i..naria ornata 7(18 

Rhodophyta 
Actinotrichia fragilis 4(7) 
Amphiroa fragilissima 
Galaxaura fascicularis 4(4) 
Gelidiella acerosa 3(6) 
Geli-dium divaricatam 
Peyssonel:iLa sp. 
Polvsiphonia spp . 19 (18) 10(6} 
Porolithon onkodes 
Pprolithon sp. 2(7) 6(16) 
Spyridia filamentosa 4(2) 
Tolypiocladia glomerulata 
Trichogloea sp. -.-.-. 

f 
Spermatophyta .. 

Enhalus acoroides 
Halodule\lpineryb 2(1) 
Halophila .minor 7(8) 

* Number of quadrats (1 quadrat = 4 pts). . ' . 

.. 
Boitope 11 

C D E A B-D E 

\ 
, 

2(6~ 
15(20) 20(21) 
9(10) 4(4) 

5(7) 
-" 

"- I 

5(1'7) 14(43)' 
, 

~ 

/ 

~(8) 

19(71) 
10(5) 

; 7(10) 19(57) 

, 12(23) 
2(3) 

28(41) 24(29) 

10(36) 



Table 2-1. Checklist of c;orilmon macroinvertebrates~ other than c()ra1s," 
co 11 ected or observed in Cocos Lagoon, . 

. ' 

, 

; 
BIOTOPE I BIOTOPE n 

SPECIES· ~ .. A B C D E A B C'U .E 
.-

I 

Phylum Protozoa 
~ 

Class Sarcodina \ 

Marginopora vertebra1is B1ainvi11e X' 

Phylum Cnidaria 

Ciass Scyphozoa 
/ . , 

Cass i ppea, andromeda (Forska1 ) X / 

Stephanoscyphus,' racemosus KOJTIa i X 
\ 

C1 ass Hydrozoa 

'. Porpi ta sp. X 

Phylum Annelida 

Class Polychaeta I 

., 
~ 

Spirorbis sp. - X 

Phylum Mollusca ;, 

Class Gastropoda -
Acmaea sp. X 
Area ventricosa X 
Astralium petrosum X 
Barbatia sp. X X I·· 

Bursa sp. X 
Cantharus fumosus I X 
Cantharus undosus X 
Cantharus sp. X 
Cerithium columna X 
Cerithium nesinticum X 
Cerithium nodulosum X X 
Cerithium ravidum X 
Cerithium sp. X 
Chicoreus brunneus X 
Chione sp. X 
Chlarys sp. X' 
Codakja' djver ens X 
Contumax nodu'osus X 
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Table 21. (Continued), 

BIOTOPE I BIOTOPE II 
SPECIES A B C D E A B C D E 

i 
Conus arenatus X 
Conus distans X 

'Conus flavidus X 
Conus,ebraeus X " 
Conus iml2erialis ) X , 

Conus i itteratus X 
Conus , ividus . X X I 

Conus marmoreus X 
Conus miliaris X 
Conus Eul;carius X X X X j 

Conus rattus X 
i 

Conus seonsalis X 
Conus sp. X 
CorallioEhilia violacea X 
Ctelinasp. X 
Ctelinidae sp. X 
Ctena alvergens X 
Cymatium muricinum. X 
Cyma.t i urn e:i' eare X X 
Cymatium sp., . X 
Cypraea carneola X 
Cypraea moneta X X 
Cypraea tigris X X 
Drupa morum X 
Drupa ri ci nus X 
Druea rubisidaeus X 
Drupella cornus X 
Jra~m f,ragum - X X X 
Gafrarium pectinatum X X 
Imbricaria conularis . X 
Latirusbarclayi X 
Latirus polygonus X 
Latrirus sp. X X 
Maculotriton digitatq i 

X 
Mi tra mi'tra X 
Mitridae sp. 1 X 
Mitridae sp. 2 X 

<. "- Modiolus auriculatus X 
Morula uva X 
Muricidae sp. X 
Nassarius graniferus X 
Natica marochiensis X X 
Nebularia cucumerina X \ 

01 iva mi na'cea . Q{ ".~ 
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Tab 1 e 21'. (Conti nued) 

, 
.BIOTOPE I BIOTOPE II' 

SPECIES , A B C 0, E A B C D E 
, 

Otopleu~a auriscatis X 

Otoe~eura sp~ , X 
Perlg'.lpta pueq~era X 

Pinctada sp. , X 
P.lramidella sp. 1 X / X 

P.lramide11a sp. 2 X 
~uidnipagus palatam X 

~ripa 
X X 

Rinoc avis asper . X 'X X X 
Sagaminopteronps.lchedelicum X 

Septifer bilocularis X 
Spond.ll us sp. . X 

,Strombus gibberulus X X X 
Strombus luhuanus X X 
Strombus sp. X 
Telina sp. X 
Terebra affinis' X X X 
Terebraareolata X 
Terebra bab~lonia X 
Terebra dimldiata X X 
Terebra guttata - X 
Terebra maculata X 

I Terebra subulata X 
Terebra . sp.l X 
Thais armigera X 
Thais tuberosa X 
Tonna perdix X 
Trochus niloticus X 
Trothus oChroleucus X 
Truidrupa bijubata 'X 
Turridaesp. X 
Turbo sp. X ~ 

Vasum turbine)lus X X X 

Phylum Echinodermata 

Class Asteroidea 

Acanthasterplanci (Linnaeus) X X 
Asterina anomola H.L.Clark X 
Asterina sp .. X \ 

Astropecten pol,lacanthus Muller & X \ 

, 
Troschel 

Choriaster granulatus Lutken X 
Culcita novaeguineae Muller & X X X 

Troschel 
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Table 21. (C6ntinued) 

BIOTOPE I ,BIOTOPE I I 
SPECIES A B C D E A B 

'" 
C D E 

Echinaster luzonicus (Gray) 
I 

X 
Fromiahemiopla Fisher X 
Gomophia'egypticaGray X 

( Linckia guildingi (Gray) X 
tinckialaevigata (Linnaeus) X 
Linckia multiflora (Lamarck) X X 
Mithrodia'clavigera (Lam~rck) X 
Ophidiastergranifera Lutken X , 
Ophidiaster robillardi de,Loriol X 

Class Ophiuroidea 

Macrophiothrix longipeda, (Lamarck) X 
Oph i ocoma e'ri naceus Mull er & X 

Troschel , 
) 

Class Echinoidea 

D1 adema s'avi gnyi Mi cke 1 in X 
Diadema setosum (Leske) \ X 
Echinometra mathaei (de Blainville) X X X X IX 
Echinostrephus aciculatus Agassiz . X X X X X 
Echinothrix calamaris .(Pallas) ! 

X 
Echinothrix diadema (Linnaeus) X X 
Heterocentrotus mammillatus (Linnaeus X 
Toxopneustes pileolus.(Lamarck) X : 

Tripneustes gratilla (Linnaeus) X 

Class'Holothuroidea 

Actinopyga echinites (Jaeger) X 
Actinop,Yga mauritiana (Quoy & Gaimard X 

,.-
X X· X X 

Bohadschia argus Jaeger X X X X. X X 
Bohadscnia bivitata Mitsukuri X X X X X X 
Holothurja "(Cystipus)inhabilis Selen a X 

/ 

801othuria ~Halodeima) atra Jaeger X. X X X X X 
Holothuria (Halodeima) edulis Lesson X X X X X X 
Holothuria (Merterlsidthuria) 
. . 1 eucospi 1 ota Brandt X X X x- X X 

~-
X, 

Hol othuri a t Thyrtll osycin) t, i] 1 a 
Lesson - -- X X X X 

Holothuria (Mi crothele) nobilis 
Selenka X X X X X 

I Holothuria sp. 1 X' 
Hol~thuria sp; 2 - X 
Stichopus chl~rohotus Bfandt X X X X X X X X 
Stichopus horrens Selenka X X 
Stichopus varie~atus Semper X X 
Synapta maculata (Chamisso & X X X X -X 

- . Eysenhardt) 
Thelenota ananas (Jaeger) '. X 

11 8 
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Figure l~ Map of Guam showing the location of the Cocos Lagoon 
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Figure 2. General location map for the Cocos Lagoon study area. 



gure 3. Aeri view of the Cocos Lagoon study area. The village of 
Merizo borders the landward side of the lagoon. Mamaon 
Channel cuts through the barrier at the upper right and 
Manel1 Channel cuts through it at the lower right, 
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Figure 4. Geologic map for the Cocos Lagoon study area. Rock units 
-designated are: Qal=alluvium, Orb= Beach Deposit's, Qrm= 
Meri zo Limestorie ,Q'{ma= Agana Argi11 aceous Member of the 
Mariana Limestone, Qimr= Reef"Faci.es of the Mariana Limestone, 
Tuf= Facpi Volcanic Member ,of the Umatac, For-mat; on , Tub= 
Bolanos Pyroclastic Member of the UmatacFormation, and Tum= 
Maemong Limestone Mp.ll1ber of the Umatac Formation. Faults are 
shown as\dashed lines where approximately known~ The strike 
of vertical joints are shown with a (...- --+-) symbol and 
the strike and dip of beds are shown with a ( ~) symbol. 
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exp lana ti 6n 1 egend ·i s gi yen on the foll owi ng~page.1 _ 
Fringing reef-flat and shallow lagoon, shelves are stippled. 



SOILS EXPLANfHIONJOR COCOS 

Upland Soils (On Volcanic Rocks} 

6 - Atate"Agat Clay, Rolling. Remnant benches or small mesas of an old red, 
granular, porous, acid Latosol (Atate clay) with deep, reddish, mottled, 
plastic to, hard clay C horizon, pale yellow, olive, or gray in lower part; 
and its truncated counterpart (Agat clay) with similar C horizon of 
saprolitic clay, ranging in depth from a few feet to about 100 feet, and 
averaging about 50 feet; prevailing surface gradient of Atate clay is 1 to 
8 percent, and of Agat clay 8 to 15 percent. 

/ 

7 -Agat .. Asan .. Atate Clays, Hilly. Atate-Agat clays and a dark grayish-brown 
Regosol (Asan clay) developed in more severely truncated saprolite (similar ' 
to lower part of C horizon described in Unit 6); soil depths similar to those 
of Unit 6, except Asan clay which ranges from a few feet in depth to 
generally less than 50 feet; prevailing ~urface gradient 15 to 50 percent. 

8 - Agat-Asan Clays And Rock, Outcrop, Very Hilly To Steep. Chiefly of the 
truncated Latosol (Agat clay) and the Regosol (Asan clay) with some un-named 
dark grayish-brown ,LithosalS and s,cattered small areas of volcanic rock 
outcrop (basalt and bedded tuffs); depth ,to rock r-anges ,from 0 to 50 or more 
feet and averages p'erhaps 20 to 35 feet; prevailing surface gradient 35 to) 
more than 100 percent. I 

Soils of Coastal and Valley Flats 

9 - pago Clay. Brownish, granular to firm and plastic Alluvial clay, with 
gray mottling to,within 24 to 30 inches of the surface; generally alkaline 
to neutral; soi 1 depth is genera llymore than 10 and 1 ess than 150 feet; \ 
moderately well drained; subject to occasional flo()ding; prevailing surface 
gradient 1 to 3 percent. 

10 - Inarajan Clay. Similar to PagoClay but lower, wetter, and sh,allower 
(thins out on coastal sands and bedrock); water table at or near the- surface 
(within 30 inches) most of the time; poor drainage, mottlings (gray) within 
6 l to 12 inches! of the surface; d~pth to sand or bedrock' ranges from 3 to 25 
or more feet; reaction is alkaline in water saturated zone; poorly drained; 
frequently flooded; prevailing surface gradient 0 .to ~percent. 

12 - Shioya Soils. ,Pale brown to white, fine-, medium-, or coarse-grained 
limesand,commonly with grayish-brown loamy sand or sandy loam surface 
horizon 6 to 18 inches thick; depth to water tabl,e ranges from 5 to 25 feet, 
depth to bedrock ranges from 3 to 35 feet; prevailing surface gradient 
1 to 5 percent. 

Miscellaneous Land Types 

13f ... Limestone Rock Land, Steep. Consists largely of steep ridges, scarps, 
arid cliffs; prevailing surface gradient 25 to more than 100 percent, with 
many scarps or cliffs nearly vertical. 
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Figure 6. Vegetation map for the Cocos Lagoon study area. 
explanation for the numbered vegetation units 2, 
and 8 is given on the following page. 
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VEGETATION MAP 

Explanation of Units 

Forest Vegetation 

2 ~ Mixed Forest onVolcanic S011 in Ravines and on Limestone'Outcrops in 
Valleys. Basically a moist broad~leafed evergreen forest dominated locally 
by 'hibi scus or by screw-pine (Pandanus 1, 'ra'rely by wil d breadfrui t (Ar,tocar us 
o,r "dugdug"); usually very mtxed, commOnly containing betel palm CAr.eca an 
with breadfruit scarce or absent; varies commonly to a dense scrub' of lme>n
de-china (Triphasia) or to patches of reef m'arsh or hibiscus scrub, Coconut 
occasional to locally common, Stature generally low (seldom,over 40 feet), 
canopy dense toirregular,large trees locally common 'Clnd closely spaced; 
undergrowth generally dense, usually spi ny. Concealment generally good; 
cover fair to usually poor. Some temporary construction timber of poor quality 
'avai.lable locally. Unit may include small areas of savanna. . , 

Swamp And Marsh Vegetation 

3 ... Swamp Forest~ Mangrove and ~ swamps locally near the sea, principally 
in river vaney. in river valley m()uths, changing upstream to a mosaic of ' 
stands of Barringtonia racemosa, Hibjscys, Hibiscus and P'andanus, and reeds 
(Phragmi tes). Stature. i sabout 50 feet and canopy i s conti nuous .where 
Barringtonia is dominant; elsewhere stature is much lower and canopy may be 
cont;nuous,irregular,/or abs.ent. Undergrowth very dense., exceptiri \. 
Barringtonia stands. 'Substratum usually mucky and, unstable. Concealment 
good; cov~r fair t~ absent. Little or no construction timber. .: 

Gra?sland ,Ar;td Woody Or Herbaceous, 
Veg~tation And Cultivated Or Ope.~ Ground 

5 -Savanna. Mosaic of several kinds of grassland and herbaceous vegetation 
and erosion scars· with shrubs and tangled ferns.' Swordgrass (M-iscanthus) . 

v dominant over largear.eas:' . Small ironwood (Casuarina) trees scattered in , 
many parts, locally forming sparse woodland. Swordgrass very dense, extremely 
difficult to traverse dnfoot, leaves likely to lacerate skin; areas of other 
vegetation easy 'to traverse. Concealment poor or lacking; cover lacking. 
Timber lacking.Unit,ll1ay include small areas of ravi.re forest, 

, > ( ,.; 

7 .. Coconut Plantation. Vegetation commonly dominated by coconut trees, 
often planted in:rows; trees 10 to 30 feet apart. Canopy 50 to 75 feet high, 
usually ircomplete. ,Undergrowth usually dense, often very dense, sometimes 
spiny. 'Concealment good;~ cov~r fair •. Coconut ,logs ,available. . . 

8 .. Predominantly Open GrotJnd And Pasture. Open cultivated, g,round. pasture.,. 
land, dwellings, and thickets. Concealment usually lacking; cover lacking •. 
No timber. 
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Figure 7. Map showing the 100 foot coastal contour (solid line), rocky 
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fringing and lagoonreef..;flat platforms (stippled areas), reef 
margin,.and the 18 foot (solid line) and 60.foot (dashed line) 
submarine contour lines for the Cocos Lagoon study area. 
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Figure from Emery (1962). 

129 



\ ----~~7~----------------~---------------------

..... 
@ ". 

Percentage of HtditMd4 dtbrl. 
In Ildlmtnt umpf .. 

Sediment map 
C, toral ,"(fred algal dtbrll ' 

H. HtJ1.iwM debris 

S. fin. lind .nd lilt 
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Lagoon as determined by visual observation, figure from 
Emery (1962). 
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Figure 15. Dye plume tracts at the head of Mamaon Channel. The dashed 
lines enclose a proposed boat marina and the stippled area 
indicates the channels of the Geus River where they cross the 
reef-flat platform. Point (a) is the primary current sample 
station, Point (b) is the location of a series of stations 
along the reef fl~t at 10 m intervals, Point (c) is a river 
channel station taken at a minus tide, and Point (d) is the 
location of two dye releases made in Mamaon Channel. 
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Figure 16 •. Current patterns on the reef-flat platform and in adjacent 
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6 is located in the middle of Mamaon Channel. See Figure 19 
for the location of the study (StationC-3) in relation to 
the whole of Cocos Lagoon. 
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I Figure 19. DrUtJracts for Stations" 1 and 2 in Cocos Lagoon on July 29, 1974. 
Other, 'data for the drift cross tracts (l .. 6)cirt\shown on Table 10. 
The locations of'other current studies are also shown. I 
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Figure 20. Drift cross tracts for current station near the mouth of 
Mamaon Channel (in center of channel opposite the public 
pier at Merizo). first number of each tract'is the drift cross, 
last number and the second number indicates the depth of the . 
drift cross in meters. Other drift-cross data is compiled in 
Table 11; 
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Figure 21. Map showing the distributi~n of Facies A-E for Biotope I. A= Biotope IA, 
B= Biotope IB, C= Biotope IC, D= Biotope ID, and E= Biotope IE. Mamaon 
and Manell Channels constitute Biotope II. See Figure 37 for the ' 
distribution of Facies A-E for Biotope II. Cocos Island= Biotope IIIA, 
Babe Island (f)=Biotope IIIB, and the landward border of Cocos Lagoon= 
~iotope IIIC. Sand islet= (g) and (h)= the location of a Halodule 
uninervis sea grass bed. The stippled area along the landward border 
of the lagoon shows the disJribution of the Enhalus acoroides'sea grass 
beds. Numbers 1-37 show the location of the coral transects (Table 13). 



Figure 22. Aerial view of Mamaon Channel and the northeast corner of 
Cocos Lagoon. The vi 11 age of r'~e\ri zo borders the shore 1 i ne 
along much of the channel. Note the contrast beb/een the \ 
dark colored sediments on the, narrow fri ngi ng reef p] atform \ 
(Biotope IE), between the channel margin. and shoreline, 
which are mostly of terrestrial origin and the lighter 
colored sediments on the lagoon side of the channel which 
are of bioclastic origin. 
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Figure 24. A view toward the east on the southern barrier reef flat 
platform (Biotope I, Facies A). The outer seaward zone is 
flat and pavement-like and on the left scattered boulders 
can be seen on the inner lagoonward part of the reef flat. 

Figure 25. Boulder rubble on the lagoonward side of the southerhbarrier 
reef fl at pl atform. 'Most of the boul der debr:j s ; s composed 
of corals and reef rock that have been broken loose and 
transported from the seaward side of the barrier reef by 
typhoon or storm waves. 
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Figure 26. Alagoonw~rd view of ~he lagoon terrace o~ shelf (Bfotope 
I,Facies B) taken fro~ the point where it grades into the 
barrier reef flat surface. Note the exposure of the tips 

.. of the Acropora hebesrthickets,· 

Figure 27, A large thicket of mixed arbo~escent Acropora species 
(dark area in background) over a kilometer across which 
has developed ~n the shallow lagoon terrace (Biotope I, 
Facies B) at the southeast corner of Cocos Lagoon. The 
upward growth of thes.e thi ckets is controll ed by the low 
tide level which gives the thicket an even flattened 
appea ranee. Much of the centrq 1 pa rt of the. th i cket has 
been ki 11 ed by r~peated exposure duri ng low spri ng ti des, 
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Figure 28. 

Figure 29. 

A bushy clump of Acropora formosa about 1.5 meters high 
growing in a deeper part of the lagoon terrace (Biotope I, 
Facies B).· 

') 

Small nodular coionies Of Psammocora.contigua and a massive 
head of Pori tes .1 u'tea ... growing between. Acropora. aspe}a, . 
thickets on 'the lagoon terrace {Biotope·h Facies B along 
the eastern end of the s.outhern barrier reef. 

I:' 
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Figure' 30. Cone-shaped mounds formed by the burrow; ng act; vity .of mari ne 
worms on,the Cocos Lagoon floor (Biotope I, Facies C), Height 
of the mounds is about 30 cm. 

Figure 31. Small Poci1lopora damicornis colony growing on isolated piece 
of coral rubble on the sanay floor of Biotope I, Facies C .. 
Note the small m.ounds in the vicinity built by burrowing 
worms.-
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'Figure 32. Black sponge, Terpio~ sp., encrusting and killing a branch 
of Acropora formosa growing at the base of a large mound 
in Biotope I, Facies D. 

Figure 33. Upper surface of a coral mound (Biotope I"Facies D) which 
is dominated by large Acropora formosa and Porites (~.) 
iwayamaensis colonies. Height of this mound is about four 
meters. 

148 



Figure 34. rvlound (Biotope 1, Facies D) dominated by a laxly branched 
arborescent coral Acropora teres. 
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Figure 35. ,Sideofa cor,al mound (Biotope I, Facies D) dominated by Pontes 
lutea colonies with massive rou'nded to nodulated growth form. 

Figure 36. Coral mound (Biotope I, facies D) dominated by columnar Porites 
(~.)iwayamaensis and ramosePorites·andrewsi colonies 
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Figure 38. Holothuria edulis, a'common sea cucumber found on the channel 
.s]opeand floor and lagoon terrace and floor. 
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Figure 40. Si!}ularia conferta v. gracilis. 

Figure 41. Asterospicularia 'Sp. 

(~ 
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Figure 42. _Sarcophyton sp. 

Figure 45. Sinularia sp. 
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Figure 44.. Sinularia polydact~rla. 

Figure,45. Zoanthus sp. 
/ 
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Figure 46. Sinularia sp. with expanded 
and contracted polyps •. 
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Plot of community ordination between biotopes using species 
importance values. (r=O.87). 
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