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ABSTRACT - Cocos Lagoon \'/ith its enclosed harri er reefs and three is 1 ands 
are presently the focal point for marine recreation on Guam where thousands 
of tourists as \'Iell as local Deople visit each year. The further develop­
ment of support facilities in this area is inevitable to strenqthen the 
tourist ind~stry. This re~ort presents the results of a marine survey 
conducted during July 1973 to December 1974 \~ith ma,jor emohases on the 
physiograohy, marine biota, and to a limited extent the ~/ater circulation 
pa t terns ~/i thi n th e 1 agoon. 

limited current studies thus far carried' out in the Cocos area in­
dicate a mass transport of \'/ater over the windward reef nlatform into the 
lagoon, and a predominantly seaward transport of water through ~" amaon 
Channe 1. 

The benthic biota (algae, corals and other macroinvertenrates) are 
characterized within 10 facies of two major biotopes - I. Lagoon, harrier 
reef flat platforms, and fringing reef flat olatforms and II. Hamaon and 
f1anell Channel. The fishes are in turn characterized and analvzed within 
seven biotopes - I. Outside' reef, II. Channel \~a11, III. Lagoon oatch 
reefs, IV. Barrier reef flat, V. Seagrass beds, VI. Sand bottom, anr! 
VI I. Es tuari ne and freshwater . 

The shallow channel margin shelves located at the UnDer marqin of 
the channel slopes (Biotope II, Facies A), as well as the"chahnel slaDe 
(Biotope II, Facies B), and the natch reefs in the lagoon ' (Biotope 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 
\~all biotope possesses the richest fish assemblage. 

Thus f·ar. the \~hite tern ~ alba candida, the Micronesian 
starling A)lonis opacus guami, the- blue-tailed skink Enoia cyanura, 
the recent y di scovered sea COVI 9ugong dugonq, the hawksblll turtle 
Eretmoche l'{s imbri ca ta, and the coconut crab Bi rqus 1 atro can he con­
sidered 'as endangered or threatened in the Cocos area. 
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INTRODUCTION 

Guam has two natural barrier reef lagoons -a deep and much modified 
one located at Apra Harbor, and a shallower and more natural one known 
as Cocos Lagoon, located at the southwest corner of Guam (Fiq. 1). This 
survey is a marine ecological assessment of the Cocos barrier reefs and 
the enclosed lagoon. The region is a comrlex area consisting of hoth 
fringing and barrier reef flat platforms, a lagoon consistinq of a deeper 
centrally located hollow surrounded by a broad shallow terrace, numerous 
lagoon patch reefs, two deep passes, a wooded mile-long barrier reef 
islet, mangrove swamps, river estuaries, and seagrass beds. T~e small 
village of Merizo fringes about two miles of shoreline along the north­
east corner of the lagoon. Mangroves fringe much of the re~aining laqoon 
shoreline southeast of Merizo. 

The rapid rise of water related activities and ir.creased use of the 
lagoon as a tourist attraction has generated a considerahle amount 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 Law 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 gi ven the res pons i bil ity to conduct a survey of "Ri vers 
and harbors in the Territory of Guam in the interest of naviqation, 
flood control, and related water resources purposes." As nart of this 
study the University of Guam r~qrine Laboratory ~/as contracted by the 
Army Corps of Engineers to conduct a marine environ~ental assessment of 
Cocos Lagoon. A contract (No. DACW84-72-C-001S) for this work ~/as aqreed 
upon, and the noti ce to proceed was recei ved on .June 21, 1973. 

S cope of Work 

Location of the study is Cocos Lagoon (Fig. 2). The study ohjectives 
include a general assessment I"ithin the study areas of: 

a. The major structural ele~ents of the ecosyste~s com­
prising the environment of the studv area. 

b. The dominant biological elements comprisinq 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 environment 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 which individually 
comprise 10 percent or more of the biomass. 

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

e. Note any evidence of stability or stress on the eco­
system or population. 

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, vegetation, 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 ~. 
(1959). A later water resources supplement was published by Ward and 
Brookhart (1962). 

A series of "Geological Survey Professional Papers" resulted from 
the field work and studies conducted during these investigations and 
from other related special investigations. Those which include studies 
of the Cocos Lagoon region follow : 
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Chapter A. Tracey et a1. (1964), "General 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" -­
studies on the general aspects of submarine geology 
which include offshore island slopes, lagoon floors, 
channe 1 s through the fri ngi ng reefs, surfaces of 
b,arri er and fri ngi ng 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 I. Todd (1966), "Smaller Foraminifera from Guam" 
study which records assemblages and illustrates some 
of the species of smaller Foraminifera characteristic 
of three different ages of sedimentary rocks on Guam. 
The Foraminifera found in beach sands, on the reefs, 
in the lagoons and channels, and 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 "Geologic Professional Papers." 

Randall and Holloman (1974) described the various physical features 
of the coastal regions of Guam by dividin~ it into 12, more or less ' 
simi1ar,physiographic sectors. Sector XI of this report summarizes some 
of the previous biological and physical work 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 shorelines, lagoon and barrier reefs, lagoon sediments, and develop­
ment and use patterns. 

A biological study of the Geus River Basin,which is the largest 
river basin draining into Cocos Laqoon, \'las made by Kami P.t ill. (1974). 
The report includes a generai description of the Geus River and valley 
and its associated terrestrial and aquatic flora and fauna. 

The soils of Guam have been described by Stensland (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) 9iveS a comprehensive taxonomic analysis of the 
vascular plants of Guam. Fosberg (1959) describes the vegetation of 
Guam a~d include~ a .vegetation map of the island. Fosberg (1960) gives 
a deta1led descr1pt1on 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 vegetation all of which 
are found bordering the coastal region of Cocos Lagoon or on Cocos Island. 

. Emer~ (1962) includes 24 species and varieties of marine algae in 
h1S treat1se on the coastal geology of Guam. These algae identified by 
E. Y. Dawson, were mostly incidental collections made from the lagoon 
floor and adjacent r~ef flat in Cocos. Tsuda's (1972a) study on the 
b~own a~gae.of Guam 1nclude two species, Dict~ota bartayresii and Rosen­
v1ng~a 1ntr1cat~, from the lagoon area. The ollowing year a more ~x­
ten~l~e.study was reported (Tsuda and Kami, 1973) on algal succession on 
~rt1f1c1al reefs, constructed of tires, studied over a 26-month period 
1n 9-10 m of water on the lagoon floor. Eighteen algal species inhabiting 
the artificial reefs were also reported. 

Previous work on the fishes of Guam include checklists of species 
known from the island by Kami et al. (1968) and Kami (1971). Two transect 
stations for general fish surveys-were conducted on artificial reefs in 
Cocos Lagoon and reported in the Guam Fish and Wildlife Annual Reports 
(1965 to 1974). 

A summary of coral-reef damage by Acanthaster pl(lgj predation in 
the Cocos Lagoon area is given in a report by Cheney 1). This report 
compares the earlier starfish surveys of Guam (Chesher, 1969; Tsuda 
1971), and gives the current status of Acanthaster distribution and' reef 
damage around the island . 

Jones and Randall (1973) made a marine survey at the mouth of the 
Geus River and 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 presented. Similar marine surveys were made near the 
mouth of Mamaon Channel by Randall and Jones (1972) and Randall and 
Eldredge (1974), and at the head of the Mane11 Channel in Achang Bay by 
Randall et~. (1973). 

.IICKNO'·I LErlr;E"1ENTS 

~'Ie ilcknol'lledqe the U. S. prmy Corl)s of En'linp.ers for '1rovidin'l t~~ 
funds under Contract No. OAC'134-72-C-OIJ15 "~i ch !')ade this 5tudy !)ossihl D

: 

11r. Ni ck Drahos of the Division of Fish and ~rildlif~ f or I) rovidinn infor­
mation on the avifauna of Cocos Island; I·lr. Richard "E" ni ckinsnn for 
identifying the mollusks; marine technici'lns Tp.<i Tilnsv, Frank Clishinn, 
and Pat BeeQan for their helD durinq fie>ld onerations; t~e II. ~. rlavv 
for providing helicol)ter sUDport for ilerial I)hotnoranhy and for nrovidin'l 
photos of Cocos Lagoon; ~lr. '1i11 i ilm Fitzr,er a 1 (j for nroces s i nf) and 
printing many of the Dhotos used in this rp.!lort; fIr. Kidil of Tilis"i r,lIam 
tor permitting us t o dock our boat OVf!rni 9~t at thp. nier: '~r. Kim Gntt"/i\ld 
for allowing us to use his oier and facilities; '1r. Huo,", H. Fal"cett fnr 
allowing us to use his · facilities to launc,", our hoat at t~e head of 
Mannell Channel; tlr. Augusto Tp.rlaje for adMinistrative handlina of arant 
detailS; and rlrs. Terrv Bala.iadia and H'lr.v Ilariano for tvoino thp manu­
script. 
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r1ETHOOS AND PRf]CEDURES 

The work ~or this st~dy was divided into four more or less sequentiill 
phases: T~e flrst ?hase.1nvolved a revie~1 of the literature pertinent to 
the obJect1ves outl1ned 1n the scope of work. From this literature it 
was determined in ~Ihich objective areas infol1'lation ~'as weak or lacking. 

.The second ohase consisted of an overall reconnaissance of the Cocos 
bar:1er r~e~s! channels, and lagoon to develo~ and ma~ the general eco-
10glca! d1v1~10n~ of the area . This o[leration I"las carried out by makinq 
~CU!lA 1 nves t1 gat1 ons of the deeper p~ rts of the 1 agoon and in t1anne 11 and 
damao~ Chan~els. Th~ barrier reef nlatforms and shallow laooon terraces 
w~re 1nvest1g~ted ma1nly by sl1il'1min!l vlith fal;e "1ask and snorkel ilt hiqh 
t~de and walklng on the eXl)osed parts of the reef rlatform during lower 
t1des. The de~per lagoon terraces were investigated by snorkelers "mO 
11ere towed beh1nd a boat . Jlerial photos were then used to correlate 
larger s~ale features with those of a smaller nature, made by direct 
observat10n, to map the area into a system of ecolo~ical units. 

.. In ~his study ~he Cocos barrier reef-lagoon-channel system l'las 
dTh1V1db~dt1nto the pr1l'1ary ecological unit, the biotone (Hesse et al., 1951). 

.e . 10 ?pe concept normally "e'1lbraces the entire comnlex of hahitat con­
d1t10ns 1n the area .defined, including substrate, accretinnal and erosional 
proce~ses, hydrol?gl~ facto rs , and life associations " (Cloud, 1959 :374) . . 
The b10~ope descr1 pt10ns are by no Means complete, for it 1·las imrossib1 e 
to ac~ulre all . or even a maj or part of the com,.,lex !)arameters .,hi c~ make 
up th~s ecologlCa1 uni~ ~Iithin the time frame and sGooe-of-'1ork ohiectives 
of th~s study. The Ma1n concer~ here is to broadly characterize the macro­
organ1sms and coral development. 

When distinct but consistent differences Dccurred lithin the 1arller 
biotope unit, the biotope was subdivided into smaller eco1onica1 rlivisions 
called "facies" (Cloud, 1959). 

. . !he third phase consisted of soecific biological i nventori es made hy 
1nd1v1dua1 or team specialists. Specific biological inventories were con­
ducted for the corals (sc1eractinians, alcyonaceans and zoanthid,) hy 
Randall. and ~awel ~ fishes . by Jones and eha·se, algae hv Tsuda and Ile ~'ehei . 
Th~se b1010~lca! 1n~entor1es were more or less indeoendent studies in 
Wh1C~ the d1str1but10n, density, frequency of occurrence, ilnd dominance 
or b1?maS~ of th~ s~ecific grou~s ~Iere detennined both 'lualitatively and 
qu ant 1 tat1 ve ly W1 th 1 n . the des cn pt i ve fr ame~lork of the v ari ous hi atones. 
!he methodology used 1n the specific biological inventor ies is exnlained 
1 n each of the specifi c surve.Ys . . . 

The fourth phase cons ·isted of reoortino on tI-Je "soecific 110rk itel'1s" 
(d) and (e) as outlined in the scope of work. 
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DESCRIPTION OF COCOS LAGOON, ADJACENT COASTAL 

AREAS, BARRIER REEFS, AND COCOS ISLAND 

This survey includes the Cocos barrier reefs and enclosed Cocos 
Lagoon, Cocos Island, and the coastal re~ion lying between the mouth of 
Mamaon and Manell Channels (Fig. 2 and 3). The triangular lagoon 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 blO-and-a-half 
miles of steep mountainous land and alluvial coastai low land on the 
northeast side. The Geus River forms a broad alluvial valley which 
trends northeasterly from the head of Mamaon Channel. Several rivers 
form alluvial valleys and a broad coastal plain at the head of Manell 
Channel. Two deep channels connect the lagoon waters with the open sea -
Mamaon Channel opens to the Philippine Sea and Mane11 Channel opens to . 
the Pacific Ocean . 

Three islands are located on the south barrier reef. Cocos Island, 
slightly longer than a mi le, lies along the west end of the south barrier 
reef, A second small, sandy island has developed on the lagoon side of 
the barrier reef, 1,000 feet east of Cocos Island . Babe Island, an 
elongated 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 2.B square 
miles. The area of the barrier reefs and lagoon together is 3.9 square 
miles . Aside from the deep Hamaon and Mane11 Channels, the deepest part 
of the lagoon is about 45 feet. 

Adjacent Coastal Areas 

Cocos Lagoon and its barrier reef probably developed on a basement 
of the Umatac formation (Tracey et al., 1964). The basic shape of the 
reef supports the idea that partlOf~e Umatac formation dropped along 
the Cocos fault, which strikes northwest from the mouth of Mane11 Channel. 

The landward margin of the lagoon (Fig . 4) is bordered by a low, 
narrow, coastal plain composed of alluvium along the Mamaon Channel. 
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 small 
point on the north side of Achang Bay. A broad, swampy alluvial plain, 
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 th~ 
inland side of the 10\~ coastal plain. Most outcrops of these members 
are deeply ~/eathered to red, brown, and yellow clay. 

Babe Island is composed entirely of a low strip of raised, 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 1agoonward side of Cocos Island is composed of unconsolidated 
beach deposits derived from the nearby barrier reefs. 

The most extensive soil type along this shoreline is Inarajan clay, 
(Unit 10) which is developed 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 plain . Pago clay (Unit 9) is found on the upper 
alluvial valleys of the Geus and Mane11 Rivers. 

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

The volcanic slopes bordering this sector are intricately 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 
Mamaon Channel (see Tables 1 and 2 for discharge data for this river) 
Tochog Creek and Mane11 River empty near the head of Mane11 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 associated 
sediments. Height of the water table ranges from a few feet above sea 
level in coastal lowlands to several hundred feet 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 Ba1ang Point. Some scattered patches of mangrove 
are found near the mouth of the Geus River. 

The shoreline along Cocos 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). 
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Unconsolidated beach deposits border the 1agoonward side of Cocos 
Island and a low, rocky, solution-pitted band of lime~tone bounds the. 
seaward side. Babe Island consists entirely of low p1nnac1es of Solut1on­
pitted limestone. The small islet about 1,000 fee~ east of Cocos Island 
is composed entirely of unconsolidated beach depos1ts. 

Physiographic Features of Cocos Lagoon, Barrier Reefs and Deep Channels 

The following description of the Cocos Lagoon and barrier reefs has 
for the most part been summarized from Emery (1962). 

The topography of the floor of 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, 1962). Figure 9 shows a h1stogram analys1s 
of the percentage area of Cocos Lagoon, barrier reef platforms, and Cocos 
Island by depth and a cumulative depth curv~ :or Cocos Lagoon. Based 
upon the submarine contours! Emery (1962) ~lV1d:d Cocos Lagoon and asso­
ciated barrier reefs into fIve phys1ograph1c un1ts: reef, lagoon hollow, 
reef bar, deep channel, and nearshore shelf. In this report we have in­
cluded Manell Channel as a part of the Cocos Lagoon-barrier reef cor,lp1ex 
which increases the number of physiographic units to six. 

Closest to land is the nearshore shelf, apparently merely a seaward 
continuation of the small 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 Mer1zo to about ~ 
quarter-of-a-mi1e off Jaotan Point. At its eastern end and extend1ng 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 fl~t. 
Near the middle is a large indentation of the shore where the Geu~ R~ver 
empties. A small mangrove swamp is present along the shore of th1S 1n­
dentation. 

The outermost physiographic unit of the lagoon is the barrier reef 
itself, which averages about 300 yards in ~idth exc:pt at the northern 
end where it is blunt and some 600 yards w1de, poss1b1y because of better 
growth conditions along the side of M~maon Channel •. T~e outer edge of 
the reef is a low algal ridge. Near 1tS southern t1P 1S Cocos Island, a 
mass of sand and gravel 0.11 miles square, nowhere ~ore ~han.about 10 . 
feet high. Since most of the material seen above h1gh t1de 1S unconso11-
dated, it is believed that the island owes its origin to waves and 
currents which have transported sediments along and across the reef. An 
example of the transporting ability of large waves was pr:sented b~ 
Typhoon Allyn of November 17, 1949, which destroyed Navy 1nstallat1ons 
at the west end of the island, carried away part of the eastern quarter­
mile of the island, removed "a small 1s1et 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 outw~rd strongly at ebb tide, and either im~ard or outward weakly 
at flood t1de. 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 is less 
than 10 feet deep, and it consists largely of branching and massive 
corals. Its position and distance from shore indicate that it may have 
been a fringing reef, now cut off from the open sea by the present 
bar~ier . reef on which Cocos Island sits. Blasting operations for easier 
nav1gat10n 1n 1·lamaon Channel may have produced minor modifications of 
this area. 

The fifth physiographic unit is the deep "lagoon hollow." Its 
southern part is a gently undulating surface generally less than 10 feet 
deep, but the northern part against the reef bar is deep and irregular. 
There are three main holes, with depths of 34, 40, and 43 feet. 

The sixth physiographic unit is the deep Manell Channel which 
separates the southeast part of Cocos Lagoon from the wide 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 is probably very similar to that described above for the 
Mamaon Channel. At the mouth of the channel the depth is greater than 
100 feet. Aerial photos and SCUBA investigations show that the channel 
continues in a seaward direction well beyond the reef margin edge. 

Sediments 

Emery (1962) collected 254 samples from the floor of Cocos Lagoon, 
including about a dozen from near the shore and a few from the lagoon­
ward edge of the peripheral barrier reef platforms. Ninety more samples 
w~re collected from the shallow reef platforms on the east and west 
sldes of Manell Channel. By making direct observations through the 
ports of a glass-bottomed boat, between sampling points to depths of 30 
f~e~, an estimate was formed of the percentage of sand, dead coral and 
11~lng.coral. The most significant of the three measured was sand: 
~h1Ch 1S plotted and contoured in Figure 11. Most of the lagoon hollow 
1S floored by a broad expanse of sand wit~ few or no rocky masses. The 
~hallow southern part of the area, except near the shore of Cocos Island, 
1S 100 per cent sandy bottom. Similarly. sand covers the shallow 
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eastern part of the reef bar and the nearshore shelf. Most of the near­
shore shelf and those parts of the lagoon near the reef are between 50 
and 100 per cent sand, whereas the seaward side of the reef and ~ost of 
the reef bar are less than 50 per cent sand. The embayment of the near­
shore shelf contains some mud mixed with sand. Practically all bottom 
material other than sand is either dead or living coral. The ratio of 
dead to living coral varies widely and unsystematically. The most 
striking expanse of living coral is found at the entrance of Mamaon 
Channel. Other large areas of living coral, mostly Porites, are present 
along both sides of the channel off Il.eri zo and atop the reef bar. 
Different corals, 1 ess branchi ng and more mass i ve. form the reef surface 
and the areas just lagoonward of the reef. 

At Achang Reef the results indicate that the inner half of the reef 
flat is dominantly sand, in part covered by Enhalus beds. Abundant 
mounds of sand one to three feet in diameter and several inches high 
are scattered over the inner reef flat surface. The mounds are thought 
to have been made by the burrowing activities of echiuroid worms. The 
outer half of the reef and the areas bordering I~anell Channel consist 
chiefly of coral, reef rock boulders, and coral-algal reef rock pavement 
with sand occurring only in pockets or as a thin mat on the surface. 

General Composition 

The composition of each sediment sample was estimated on a volume 
percentage basis using 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 identified according to shape, surface character, and susceptibility 
of the grains to staining by cobalt nitrate. Fine sand to coarse silt 
size grains too small to permit reliable identification ~/ere classed as 
fine sand and silt. 

For detailed general features and horizontal and vertical distri­
butional analysis of the sediments of Cocos Lagoon) refer t.o Emery 
(1962:22-25). 

Sediments in Cocos Lagoon and Mamaon Channel 

To simplify the picture of sediment distribution, the samples 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, it is evident that detrital sediments from the 1and--in­
soluble residue fractions--are not carried far into the lagoon. The chief 
Foraminifera are heavy ones which live on the reef, and after death of the 
organisms, the empty tests collect on the beaches inshore of the reefs. 
Halimeda evidently live best in the areas receiving new water from rlamaon 
Channel, for their debris is most abundant there. Madreporarian corals 
and calcareous 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. Thus, 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 result 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 Mane11 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 were 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 part of 
~1anell Channel, and at some beaches. Fine sand and silt is abundant only 
1n Mane11 Channel and along the shore at its head. Detrital grains average 
25 per cent in the beach samples but are rare beyond 200 feet from shore. 

Chemical Composition 

Table 4 shows the chemical composition of sediment 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 circulation can be 
drawn from four previous 24 hour studies--three in Mamaon Channel and one 
in Mane11 Channel. 

During the field work of this project a 12 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 !l., 1974) is also included herein. 

Previous Current Studies in Mamaon Channel 

The first of these studies was made in Ap'ril, 1972. by Ra.ndall 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 determined by using drift cross and 
underwater dye 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 cross casts consisted of three drift crosses: a 
1 m depth cross to determine currents in the upper surface layer of 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 and drift cross tract. The current patterns on the. lagoon. reef 
flat and in the Mamaon Channel were found to be rather un1form w1th 
respect to current direction throughout the tidal cycle. During the . 
entire study period there was a unidirectional seaward flowing current , ln 
the Mamaon Channel. This unidirectional flow is probably due to the h1gh 
volume transport of water across the barrier reef enclosing Cocos Lagoon. 
During periods of calms and low wind velocity combined wit~ lower low 
water spring tides, the transport of water across ~he b~rr1~r reef would 
be at a minimum. During these times the current d1rect10n 1n M~maon 
Channel could conceivably be in a lagoonward direction. Accord1ng 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 

13 



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 
encountered. 

A second current study was made at the head of Mamaon Channel (Jones 
and Randall, 1973) and adjacent fringing 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 . Current speed was determined by measuring the time and length of 
the dye drift . 

The data taken are shown on Figure 15 and in Table 6. The current 
sweeps 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 Mamaon Channel and moves west­
ward to the Philippine Sea. These data are in agreement with a similar 
study conducted by Randall and Jones (1972), in an area 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 was a reduction in current velocity (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 made 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 southeast and southwest winds, there is little 
wave action here . 

A third current study was made near the mouth of Mamaon Channel on 
December 1 and 2, 1973, by Randall and Eldredge (1974) (Station C-3, 
Fig. 19). Five stations were established on the reef-flat pl atform. An 
additional station (Station 6) was established in the middle of Mamaon 
Channel in line with the five reef flat platform stations . Current 
direction was determined by injecting fluorescein dye into 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 seal1ard 
or lagoonward movements. A temporary tide staff gauge was established at 
Station 1 to determine whether or not the predicted tides at Apra Harbor 
followed those observed at the project site. 

Table 7 summarizes the current data for reef flat platform Stations 
1 through 5. Current vectors (direction only) for each of the stations 
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are plotted on Fi!Jure 16. Table 3 sum"larizes the current data for 
Station G, and Figure 15 si101~s the location and relative 1l10ver.lent of the 
current at this station. The observ~d tide follo~/ed the predicted tiJe 
a t A~ra 11.1 rbor fa i r 1 y I~e 11 except for the li1agnitude of t!le 10l'ler 1011-
I'later ti de on Jece1l1ber 2, 1973. 

~.Jind dir~ction ranged from llDo-1200 during most of the tI1enty-fou~ 
hour period. Velocity 11as 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 IS knots. During this study p~riod 
there lias considerable \'lave transport of water over the south barner 
reef into the 1 ai)oon. Surf \'/aS ohserved on tile morn i n~ of I)ecember ~ to 
be 2-'l feet iliJh on t he south barrier reef. The sea l'/as call11, and vir­
tually no sJrf \'las present on tht! northwest b,arrier reef, 11hich extends 
fro:71 the western tip of Cocos Island nort,leastward to ilamaon Cilannel. 

It appears that I'lhen considerable Have transport is p~esent ?v~r 
both t ile south and northwest barrier reefs, a sea~lard-floWlni), unidirec­
tional current in the tlalnaon Cilannel may exist regardless of the stage 
of the tide. lJh~n I'lave transport is mini nal, currents in the "ama?n 
Channel li1ay flol1 sea\'lard duri ng ebb tides, may flO','1 la'l000l1ard dunng 
flood tides, or may be variable. 

This study shol'ls a lagoonl1ard movement during an ebb tide from 1300 
to 1530 on 'lecember 1, 1973. Til i s 1 agoom~ard flol1 may have been caused 
by a carry-over of the high tide, I'lhich occurred at 1243. There I'las 
only a sl ight change in height betl1een the high tide at 1243 (2.3 ft.) 
and the 10\'1 tide at 1833 (1.5 ft.) . 

At 1005-1020 on DecemLer 2, 1973, a seal'/ard-flol'/ing current \'las 
observed in the ilamaon Channel during a flood tide. This seaward flOl'1 
may have been caused by an increase in !!lass transport of water over tile 
south barrier reef because of extensive squall s located immediately to 
the south. The increase in \'lave transport may h3ve nullified t he pos­
sible lagoom'lard movement during t:lis flood-tide stage. 

Current direction on the reef-flat platfor~m generally had a westerly 
component. On a few occasions at Stations 3, 4, and 5 a southerly 
com;>onent I'/as observed duri n~ f1 ood ti des. It shoul d further be noted 
that at Station 5 there ~/as a weak current toward til(! south durin:) an 
ebb tide. There appears to be less dependency along t ~le reef-flat plat­
form on the stage of the ti de ~Ii th regard to current di recti on than there 
is in the ;,lamaon Channel proper, although the stations close to the 
channel margin (Stations 3, 4, and 5) do respond somewhat to the l1ater 
moverlent present in the channel. 
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Previous Current Study at ··lanell Channel 

This current study I'las l,lilue at the head of :lanell Channel on June iI 
and 9, 1973 by ~anuall et a1. (1973) (Station C-4, Fi'J. 19). The current 
patterns presented at tiiTslocation ~~ere conducted ovC!r a 24 hour tide 
cycle, Table 9 sU~ larizes t ile data collected on the reef flat and ad­
jacent 'lanell Channel. Figures 17 and H3 shOl'ls the various current 
vectors plotted at each station. Current patterns lIere determineJ by 
trackinG dye injected into the :Hter mass and \~ith drift crosses. In 
the 'Jeneral region of the partially Finished boat basin and access 
channel (Stations 3-7) tilere was virtually no current or, if present, it con­
sisted of a sl i 'Jht I~ovellent to tile II<:St due to \lind influence on tIe 
up;Jer fel-l cr,l of water. 'In t he frin~ing lagoon reef flat (Stations 7-12) 
there \'laS J 'Jeneral south\'IC!stern current except from 1315 to 1540 (June 3) 
~Ihen t!H! currents s hO~led a ',Iea k sou thern r.IOVI?"'len t. Currents in "lane 11 
Channel (Stations 13-16) l1~d a ~eneral l'lcst\lard 1:IOV(!1Icnt tOl'lard the ,:Iain 
body of Cocos La300n exccpt duriny t ;IC latter part of t'le ebb tide and 
tne first ~alf of t ile flood tide fr~1 012J to OaJU (June 9). Juring 
tilis period of ti l,!!! t .1C currents in the channel Here I'lovin(] seal':ard in 11 
general southeastern direction. 

The unidirectional,seal-lard-flolling current found during an earlier 
study at t ile heaJ of ' lamaon Channel by Randall and .lones (1972) was not 
observed durin!) t '1 is study at the head of ··lanell Channel. Instead the 
predominant current lias found to be to\~ard the I"est, lagoonward, at the 
head of I~anell Channel. 

Current Studies Conducted by the :laval Jceano']ra[ll1ic Jffice 

The ~Iaval Jceano,]ra :lhic Office ini tiated a study of nears'lore 
currents and coral reef ecology on t he island of ·:;ualil dur i n3 1971. 
Several of these studies were conducted in t~e vicinity of Cocos Lagoon. 
Fo 11 Old ng is a sUliT.la ry of the resu 1 ts of b'IO current l1eter stud i es 
(leters ilo. 407 and 418). 

Current 'leter :10. 4J7 vias installed at t !le '1,)-foot dept:l at tne 
entrance to :lal\1aon Channel. The I1leter \'Ias in o~eration frOi~ 1230 August 
21, 1971 to 1250 Septe'llber 9 , 1971. Current s~eeds ran1ed up to :).77 
knot (.39 r.1/sec) with a relatively large number of ohservations over 
0.5 knot (.25 m/sec). The direction of t Ile currents l'lere bidirectional, 
but the predominant flol'l was westerly. Current directions generally 
chan,)ed in concert \'lith tidal cycles. During t ile period bet\'leen AU'Just, 
21 and 27, currents tilrough J.1ar,laon Channel, varied bebleen inflo\'l and 
outfloVI but 11ere strongest during inflol'l. AltilOUqh t ile dominant flow 
\-las vlesterly through >lali\aon Channel, currents carried vlater from the 
Philippine Sea through the channel and into the la~oon on sevcral 
occasions. 
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Current 'leter :10. 413 lias installed on the Lottom in 95 feet of 
water off the southl'lestern tip of Cocos Island. The JTl<!ter \'/as in 
operation from 1145 August 28, 1971 to 1325 September 9, 1971. Current 
s[leeds U[l to 0.65 knots (.325 PI/sec) were recorded; 101'1 speeds l'lere pro­
bably due to the presence of a preci;dtous slo~e risinq just east of the 
r.1eter location, hloding the floll of t ir e dOI~inantly nort~I\1esterly 
currents. The source of tile dOl:linant nort 1I'lest drift is rrobabl .'1 the 
'Iorth Equatorial Current. Vp.ry little ~eriodicitv is evident from t~le 
da ta recorded. 

Current Studies Conducted Qurin') This Project 

Two separate current studies were IJade -one on ,July 29, 19711, near 
the central part of Cocos Lagoon and anot'1cr on lul'y 30-31, 1974, at 
the Mouth of ~lamaon Channel (Fi3. 19) . 

The study in Cocos Lagoon l'las conducted to determi ne the 'Jenera 1 
movel:Jent of v/ater in the main part of t ile lagoon, a re~ion I'lhere no 
orevious current data are available. l::len norillal trade\'tinds are iJ10ltin~ 
the southern barrier reef is p.xrosed to consi i:! rable ;;lore Pl'I'! ilSS.1Ult 
tilan t~le nOrVI\'lest barri er. T,li s '1reater I'lilve assault on t'1e south 
harrier results in a 'lreater volu'1c transport of I'later into the la!}oon 
from the south; a condition I~hich would probahl.y oroduce a general north 
to northwest current in the lagoon, The locations of Stations 1 and 2, 
sho\'ln in Figure 19, were selected to test this sus:1ected current pattern. 
'Jnly July 29, 1974, the weather was partly cloudy I·tith rain squalls in 
the vicinity 'ind the south barri er recf l'las receivin'] considerable morc 
I'lave assault than the nortl1llest barrier reef. 

'lne meter deep drift crosses were released in pairs at each station. 
Their positions vlere determined by triangulation on knOl':n points along 
the shore at the end of each drift tract. Fi 'Jure 19 shol'ls that a jeneral 
nortlll'/est current \·:" s fl0l1ing during the entire study period. Table 10 
sho\,ls that the 9reatest current speed occurred durinq drift cross casts 
2, 3, and 4, l'lhich coincides wit:l the period of greatest wave assault on 
the south barrier. ,'floodinq tide \1aS present at this time vlhich ~Iould 
also tend to produce a net inflow of water into the lagoon, especially 
from the south barrier reef because of greater mass transport there. 

The 24 hour current study conducted at the mouth of 'Iamaon Channel 
shOl~s a rat!ler typical current pattern (Fig. 20), in most respects agree­
lng with the previous current studies done there (except for the unidirec­
tiona 1 flow found by Randa 11 and Jones, 1 972). The deeper \'Ia ter in the 
ch;}nnel a1101'led t~e use of both one r,leter and five meter de[lth drift 
crosses. For the most part both the one dnd five :'Ieter crosses 1Il0veJ 
together in the same direction, although the five r.1eter drift cross 
usually Moved SOMewhat slOl~er. The only exception to this occurred 
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during drift cross cast nUJ;1ber six when th p. one meter cross '10ved in a 
seallard direction uhile t i,e five r,leter cross 10ved lagoom·lard. This ex­
ception vias due to t ;le CJ~neral seaward 1I10vel.lent of b"t'l drift crosses 
durinq t !le first ;:>art of t he drift period, at \'Ihich time tie one J;1eter 
became grounded. The current then ro:versed duri ng tile Illi J-part of VIe 
flood tide ~Ihich carried the five "Icier drift cross lagoom'lard I'lhile the 
'lrounded one meter cross remained in place. Current specd l'las not 
computed during this stud:: because during the drift period of most casts 
the drift crosses became grounded on the margin of the channel (Table 11). 

Summary of Current nata 

If Cocos Lagoon Vlere filling and emrtyin'l only throug~ 'lamaon 
Channel, a periodic current 1I0uld exist in both directions. The current 
patterns at "lamaon Channel sh01'l a predor,linant seal'lard flOl·I. Although no 
current studies \/ere conducted at the mouth of !li1nell Chilnnel, reriodic 
lagoonward and seaward flOl'ls were noted at various times. The current 
patterns in j·lamaon Channel indicate the presence of anot'ler current 
systel~ other than t1lat through the deer :lamaon Channel (Huddell et al., 
1974). Tilis other current system consists of a net mass transport of 
I'later over t'1e I~ind\'lard exposed south barrier reef platform into Cocos 
Lagoon. This mass volume transport at times even overrides the flood 
tide periods, Ilhen a somewhat Ileaker lagoonll3rd flol'ling current should 
be present in tile channel (Randall and .Jones, 1972). The rresence of a 
1 agoon\'lard fl 01'1i ng current in these deep c:lanne 1 s then derends upon the 
mass volul1e transport over the harrier reefs. Hhen Mass volume transport 
is hig~ there may be a unidirectional sea~lard flow of water whereas 
during tir.les of minimal trans[lort t!1ere may be a lagoonward flo\'l during 
flood ti~e conditions. 

The current system in !1anell Channel is somewhat :nore isolated from 
the main body of Cocos Lagoon by a wide shallow reef flat, especially 
ouring 10l~er sprin,] ti~es when it is then cor.mletely isolated by exposure 
of the reef flat. M several times during the current study at the head 
of nanell Channel there was a seallard flowing current at the mouth of 
the channel l'IIJile a lagoonllard flOl~ l'las present at its head in Achang 
Bay. This seal'!ard flo\'l is in part caused by mass transport of I'later 
over the oute)" part of Achang Reef to the east, rroducing currents I'lhich 
curve back tOl'lard tile channel ~Ihere they then flow seaward throug~ the 
channel 110uth. A similar moveMent of l'later I'las noticed on the barrier 
reef flat platform adjacent to the mouth of t ile channel on the I'lest 
side. 
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BIOTOPES 

Following is an outline of the three biotooes and associaten facies 
which were differentiated frOfTl the Cocos Laqoon r eqion. IJnly a brief 
description and outline of th~ various units are given here as a more 
complete physiographic description is given in the coral s ection. 
Figure 21 shO\~s the location and distribution of the bioto1)P's and asso­
ciated facies. 

The benthi c organi sms were des cri bed and ilna lyzeo accordi n9 to t~ese 
biotopes. The fishes, hO\~ever, were analyzed according to a different 
but more practical set of biotopes - outside reef, chilnnel walls, laooon 
patch reefs, barrier reef flat, seagrass beds, silnd bottOM, and estaurine 
and freshwater. 

Biotope I - 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 bi otoDe corresponds 
to Emery's (1962) "reef" physif)gran~ic unit. 

Facies B - Shall0l1 laqoon terrace or floor I'lhich fOrMS 
a shelf extending from the 1 aqoom'lard edqe 
of the barrier ree.f and fringing reef flat 
platforms to the 10 feet denth contour. 
This facies along ~Iith Facies C below are 
equivalent to Emery's (1962) "laooon" and 
"reef bar" physiogranhic units. 

Facies C - Lagoon floor deeper than 10 feet. This 
facies is included in Emery's (1962) 
"lagoon" physiographi c unit. 

Facies D - Patch reefs, mounds, and knolls \'Ihi c~ fc>nn 
distinct physiographic features on the 
lagoon floor. These features are part of 
Emery's (1962) "lagoon" ohysioqraohic unit. 

Facies E - Nearshore shelf or fringing reef flat olat­
form whi ch borders the 1 andward side of 
Cocos Lagoon. This facies is equivalent 
to Emery's (1962) "ne~rshore shelf" physio­
graphi c unit. 
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Il iotope II - This bioto[le consists of the deep 'tamaon and 
itanell Channels. This biotope is equivalent 
to EI~ery' s (1962) "channel" phys i ographic 
unit . 

Facies A -

Facies B -

Facies C -

Facies D -

ShallO\~ channel nargin shelves locate::! at 
the upper mar~in of the channel slopes or 
wall s. 

Channel 
channel 
floor. 

slope located bet\'leen the upper 
margin or shelf and the channel 
Substrate usually unconsolidated. 

Channel slopes \"Ihic!] form steep rocky 
walls or sublnarine cliffs, located be­
tlleen the upper channel margin or shp.1f 
and c~~nne1 floor. 

Cavernous parts of channel slopes and 
I'/alls and the overhanging ceilings of 
submarine cliffs. 

Facies E -Channel floor, usually composed of un­
consolidated sedir,lents. 

Bi otope I II - This biotope consists of the terrestrial re­
gions at Cocos Island and the small sand 
islet at its eastern end, 3abe Island, and 
the 1 and\~ard border along Cocos Lagoon. 

Facies A - Cocos Island and sand islet. 

Facies B - Babe Island 

Facies C - Landward border along Cocos Lagoon. 
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HARD CORAL SURVEY 

The corals are discussed first because of their developmental role 
in producing much of the physiographic structure and sediments observed 
in the Cocos Barrier Reef ecosystem. 

The coral community was quantitatively analyzed by using a modified 
pOint-centered quarter technique as described by Cottam et a1. (1953). 
In this technique a series of 10 points, 10 m apart were!ieTected 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 
specific name, diameter, and distance from the center of the cora11um 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 havi ng no coral . The diameter was recorded as zero and the distance 
between transect point and coral was recorded as 5 m. 

The basal area, density, percentage of substrate coveraqe, 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 t~ the transect line during a 
20 min. search were included in the checklist (Table 12). 

, 
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Biotone T 

This biotope includes Cocos Lagoon and its oeripheral re~f flat Dlat­
fonns (Fig . 21). It is subdivided into five facies (A-E). 

Faci es A 

This facies consists of the barrier reef flat platforms only. Thf!s f! 
platfonns constitute a distinct facies from the fringing reef flat olat­
forms (Facies B) because of their physical isolation, different sedi~ent 
compos iti on, and degree of exoosure to ~/aves and wi nd. The tri anau 1 ar­
shaped barrier reef is isolated fram the fringing reefs bv b/o deeD 
channe 1 s; the 11amaan Channel at t~e nort~ern end of t~e 1 aqonn ann the 
r·1anell Channel at the southeastern end. Emerv's (1962) studi~s reveal 
that Facies E reef flats sediments contain a considerable fraction of 
detrital sediments af terrestrial origin whereas the barrier reef flat 
sediments are primarily of bioclastic origin (Fig. 22). The harrier reefs 
also receive More wave assault, especially the southern reef ./hich is f!X­
posed predomi nate ly to the trade~1i nds and -wa ve refracti on from around the 
southern end of the island. 

The barrier reef platfonn can be subdivided into an outer seal'/ard 
facing zone which is slightly elevated in respect to the inner laaonnwilrd 
facing zone (Fig. 23). The seaward reef flat consists of a rather feature­
less flat reef-rock pavement (Fig. 24). In a laqoonward direction this 
flat barren outer pavement grades into a rocky platform which is ~linhtlv 
10\~er and covered with various amounts of boulder rub!)le. At olaces the 
boulder rubble is widely scattered while at other places it is tightly 
packed forming patches a foot or more in thickness (Fig. 25). !)uring 10\~ 
spring tides much of the barrier reef flat surface is exoosed. In oeneral 
corals are mostly absent over much of the barrier reef surfac~ because of 
this periodic exposure during times of mid-day insolation . Shilllovi I)ools 
contain a few small corals, generally Porites lutea and small branching 
colonies of Psammocora stellata, Psammocora continua, Pocillopora dami­
cornis, and Acropora teres (Table 12). --

Eight transects (see Fig. 21 for locations) were run using the ooint 
quarter method on the barrier reef flat platform surface (ijiotore IA) to 
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determine coral density and percentage of substrate covered by living 
corals (Table 13, Transects 3, 5-10, and 22). Coral density ranged from 
.37/012 to 20.17/m2 and percentage of substrate covered from .15% to 4.55%. 
The wide range in density and substrate coverage values was due to the 
varying degree of exposure of the re~f surface at the various transect 
locations. Transects 8 and 9 v/ere run on the flat barren pavel,lent zone 
of the outer seaward part of the barrier reef which has the greatest degree 
of exposure. Only one small licroEora. teres colony 11as encountered ~long 
the 100 meter 1 ength of Transect and 12 small POrl tes 1 utea col onl es, 
rangi ng from 1 to 9 cm di ameter, \~ere observed a long Transect 9. Transects 
3, 5, 10, and 22 were run along the middle zone of the barrier reef flat 
p1atfonn which is slightly less expo~ed during ~01"1 tides. In this middle 
zone, cora 1 dens ity ranged from .37 /m to 1. 72/m and percentage of sub­
strate coverage from .15% to 3.45%. 11uch of the increase in coral growth 
in thi s mi dd1 e zone was due to the presence of numerous small shallow 
depressions and holes v/hicil retained I~ater during the 10v/er tides. Tran­
sects 6 and 7 were run on the inner 1 agoom~ard zone I-/hi ch is the 1 east ex­
posed part of the barrier reef flat. Coral density and substrate coverage 
\-/ere 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\-IO transects 
is due to the presence of numerous small colonies of Psammocora ste11ata 
and Porites 1utea, many of l'/hich, vlere only 1-3 cm in diameter. 

The locations of the above eight transects were selected to represent 
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 diversity from the seaward side of the reef flat to the 
1agoom~ard side. Greater areas of reef flat surface without coral grov/th 
were found on the northern 1eev/ard reef than on the southern windward reef. 
Although coral density and percentage of substrate covered were generally 
low on the barrier reef flat, coral diversity Vias fairly high. Table 12 
lists a total of 39 coral species representing 1B genera that were observed 
in Biotope IA. 

Faci es B 

This facies consists of a shallow peripheral lagoon terrace which 
fonns a shelf extenaing from the 1agoonViard 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 1agoonward side of the barrier 
reef '(Facies A) grades rather gradually into the lagoon terrace (Facies 13). 
The outer boundary of Facies Il is delimited at the point where the barrier 
reef surface is generally covered by water during low spring tides (Fi~. 2G). 
In a 1agoonl"/ard direction the terrace gradually deepens to about 19 feet 
at \~hich point the slope of the terrace floor generally increases rather 
abruptly, marking the boundary between this facies and the deeper part of 
the lagoon floor of Facies C (Fig. 23). Width of this facies varies 
greatly from a kilometer or more along the southern barrier reef and v/estern 
end of Cocos Lagoon to an irregular narrow shelf 200 to 600 meters vlide 
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along the northwest part of the lagoon, nearshore shelf, and ~lamaon 
Chqnnel. The boundary along the nearshor.e shelf (Facies E) is more or 
less ~arked by the outer limit of Enhalus growth. 

Composition of the terrace floor varies considerably frol~ place to 
place but in general it becomes more sandy as the deeD floor of Facies C 
is approached. Coral-algal-mollusk rubble, boulders, coarse s~nd and 
gravel, and 1 iving coral become mor;> abundant tO~lijrd tile ba~rler reef. 
and nearshore shelf boundaries. ,'t most places the unconsolldatej sedl­
,nents are rather thick but at other places they form a tilin veneer le~s 
than 30 cm in thickness and in some local areas bare reef rock predoml­
nates. Extensive regions of the ter'race floor are covered by arborescent 
"staghorn" Acdopora thickets that range in diameter fron s!l1all patches a 
few meters Wl e tOiarge expanses nearly a kilometer across as shol'm in 
Figure 27. In shallOl~ ~later t!lese /lcropora thickets C/rOl~ up\1ard rather 
unifonnly to the 101'1 tide ~Iater level \1hicil gives trlem a flattened 
"clipped" look whereas in rjeeper \~ater the thickets form tall bushy 
clumps up to several meters in height (FiC/, 28). 

Eight transects (see Fig. 21 for locations) were run on t~e lagoon 
terrace (Biotooe IB) at various kinds of habitats (Table 13, Transects 1, 
2, 4, 16, 17, 21, 23 and 24). Coral dens ity ranged from .28/m2 to 17. 88/m2 
and percentage of substrate covered by living corals from .10% to 51.66%. 
Cora 1 growth \'laS more predomi nant on the terrace \'Ihi ch borders the southern 
barrier reef \'Ihere it grades into Facies ,II. Transect 2 was run at 
this location \'Ihich had a coral density of 17.38/m2 and 51.66% of the 
substrate covered \·lith living corals. Transects 1 and 4 \'Iere located in 
slightly deeper water near Transect 1, but farther lagoom~ard from the 
barrier reef border. Here tile coral density was considerably less, rang-
i ng from 1. 75/m2 to 5. 66/;~2 and t:le percenta~eof 1 ivi ng coral coverage 
quite variable, ranging from a 10l~ of 4.50% to 30.52::. Coral density and 
percentage of coverage seemed to depend u;Jon the tvpe of sllbstrate present 
with the hiqhest values found in zondS of fairly stahle coral-algal­
mollusk rubble and 10~lest values \·!here unstable sand I)redoMinated. Tran­
sects 16 and 17 were run on the terrace behind Babe Island in water about 
1-1.5 meters deep. Sand and various-sized pieces of scattered rubble 
made up the substrate floor. I·lany of the corals ijppeared to have developed 
from fragments \'Ihi ch stonn \'laVeS had transported 1 aqoonl'lard from the 
richer coral zone alonq the barrier reef I'largin. Coral densitv 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.~1%. /lrbore~cent.Acropora 
species and small cespitose clumps of POCllJ..QRqr~ damlCOrnlS ~!ere the 
most frequently encountered corals. nost cl umps of !I.cropora ~lere 1 ess 
than a half a meter in diameter. 

TO~lard the eastern end of t ile 1 agoon, the I\cropora thi ckets become 
increasingly larger (Figs. 26 and 27) \"lith zones of ", ixed corals bet\'ieen 
the patches (Fiq. 29). Transect 21 is located on the eij stern p'Irt 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 iving coral coverage ~/as 12.22%. Coral diversity was 
higher here than for any other part of the lagoon terrace (Table 13, 
Transect 21). 

Coral growth diminishes some~lhat around the sand islet at the 
eastern end of Cocos Island. The extensive lagoon terrace at the western 
end of Cocos Lagoon has for the IIIOSt part a depauperate coral community 
consisting of widely scattered clumps of Pocillopora damicornis and 
occasional small clumps of /lcropora. Locally small colonies of Psammocora 
stellata, Psammocora contigua, Leptastrea purpurea, Porites lutea, and 
Porites cocosensis are found where rubbly,stable substrates are found. 

Cora 1 growth on the 1 agoon terrace along the north'~es t ba rri er reef in­
creases steadily from Cocos Island toward 1·lamaon Channel. Hidth of the 
coral zone along this side of the lagoon is for the most part narrower 
than that found along the so'uthern barrier reef except for the lagoon 
terrace bordering inner part of Hamaon Channel. Large but somewhat 
scattered patches of arborescent Acropora are common on the lagoon 
terrace along the northern barrier reef, particularly I'lhere it grades 
into Facies A. 

At the extreme northern end of tile la,]oon, local areas lacked tile 
rich development of arborescent Acropora t hickets or, where present, 
they ~Iere I'lidely scattered. Here ramose and massive species of Porites, 
sma 11 cespi tose cl umps of Poci 11 opora dami corni s, and encrusti ng I~onti­
pora species are dominant. Transects 23 and 24 were run in the above 
type of coral community. Coral density and percentage of substrate 
coverage were 1.20/m2 and 3.72% for Transect 23 and .28/m2 and .10% for 
Transect 24. Transect 23 was run in a rich coral zone \~hich had 
developed on a rubbly substrate close to the barrier reef boundary and 
Transect 24 \~as run farther lagoon~lard where less coral growth was pre­
sent on a more sandy substrate. 

Overall diversity for Uiotope 1, Facies B was 79 species representing 
27 genera. The only facies of this biotope with a higher diversity \~as 
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 
whi ch grades upward to the 1 agoon terrace of Faci es B. The floor is un­
dulating and is marked by numerous smaller cone-like topographic features 
which are the result of the burrowing activities of an unidentified I'/onn 
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(Fig. 30) . The sediments in this facies have a plastic consistency which 
is relatively stable except for t!le constant turnover caus~d by the bur­
rowing vlorms. Coral I~ounds, knolls, and patch reefs.are ~:1dely.scatt~~ed 
over the floor of t his facies and ar~ the most consp1cuoUS phys10grapnlc 
features found in this othervlise rat:ler barren silty and sandy zone. 
These topographic relief features ar:J zones ?f rich ·coral an~ algal gro\~th 
I-lhic!l attract many other invertebrat~s and f1shes and for th1S reason they 
are treated as a distinct habitat, Facies 0, of Biotope I. 

Corals in this facies are for the most part restricted to the mounds , 
knolls, and patch reefs of Facies 0 lnd were not abundant enoug~ in any 
one location to measure quantitatively. r·lost cora 1 g~oVlth cons 1 sts of 
sillall isolated corals I':hicil have grown on scattered p1eces of coral 
rubble (Fig. 31). Other corals vlhicI1 seem to thrive fairly well on.the 
sandy substrates are the arborescent J\croeora species, the bas~s Wh1Ch 
become anchored in the loose substrates glVing the colony co~slderable 
stability, thus allowing them to develop upward and outward 1nto small. 
patches. These arborescent patches range from small clumps a fe~1 cent1-
meters across to large bushy growths several meters across and h1gh. 

IIlthough the corals in 'this region are \'Iidely scattered an~ small 
in size except for the arborescent Acropora and some ramose Por1tes 
species, the diversity was quite high. A th?rough search of the floor 
of this facies revealed 51 species represent1ng 25 genera (Table 12), 
vlhich is higher than that found in Fac·ies A or E. 

Facies 0 

This facies consists of the patch reefs, mounds, and knolls located 
on the lagoon floor of Facies C. These topographic relief features differ 
from the small scattered patches of arborescent Acropora included in 
Facies C, in that the bases of these do not rest directly upon ~he.sandy 
substrate. The bases of the patch reefs, mounds, or knolls of rac1es 0 
consist of coral and algal rubble which has been derived from the corals 
of the relief features themselves. This basal accumulation of .coral . 
rubble provides a suitable substr~te for many o~her cora~ spec1e~ to 
settle and develop upon in an env1ronment ~hat 1S oth~rw1se unsultable 
because of the presence of fine s~nd and sllt. ~n th1S respect they are 
developmental features which cons1st of a commun1ty of corals capable of 
producing a structural framework. The lithification of this framework 
depends upon the dominant kinds of corals present and the degree of con­
solidation which has occurred by encrusting corals, algae, and other 
organisms . 

Several kinds of relief features are found, the largest of ~Ihich 
are the patch reefs whi ch ri se up from the lagoon fl oor to or near the 
low mean tide level. The largest of the patch reefs are mapped on 
Figure 21. Additional patch reefs and mounds can be seen as lighter 
areas in the darker colored lagoon region of Figure 3. 
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~lounds and knoll s, the 1lI0st common form of re1 ief structure in 
Cocos Lagoon, ri se up from t he lagoon fl oor but thei r upper surfaces do 
not reach the Inean 10\'/ tide level. Some are rather low less than 2 
meters high, I'lhile others rise up close to the surface ~nd l'lith more up­
ward development could be classed as patcI1 reefs. In general the mounds 
dnd knolls are smaller in diameter than the patc:1 reefs, t he nounds beinl) 
struct~r~l features vlilere their diam~ters are greater than their height 
thus glv1ng them a somewhat lov/-s1oped dome shape. Knolls are structural 
features in I'Ihich their diameter is equal to or less than their height. 
Since t he maximum depth of the lagoon is only 45 feet, the size of knolls 
are considerably smaller than patcn reefs and usually sl~aller than t ile 
mounds I-Ihich may cover extensive areas. In many instances the main 
structural part of a knoll consists of a single coral colony, usually a 
m~ssive, columnar, or ramose species of rorites, which upon the base, 
sldes, and upper surface other corals are found growing. Some knolls are 
mushrooli1-shaped, whil e others are rounded or col umnar. The under surface 
of ?verhanging mushroom-shaped knolls are t he habitats of certain Lepto­
~erl s, Pavon a , Pl erogyra, and Pori tes species whi ch are normally found 
1n much deeper water habitats. :·lost of the large Porites mounds or knolls 
of solid massive grovlth fonn are dead in t he lagoon or have scattered 
1 ivi nl) remnant patches growi ng here and there on thei r surface. "1ounds 
and knolls \'Ihich have developed from ramose or columnar Porites species 
have a llIuch greater incidence of still being alive or at leastinostly 
alive. Perhaps these large Porites colonies were selectively killed 
during the ti me when Acanthaster flanci l'lere locally abundant in Cocos 
Lago?n (Tsuda, 1971). This is di ficult to account for, as Acropora 
spec1es are the preferred food for Acanthaster planci on Guam, and their 
dominance is much greater than the Porites species in the lagoon. An­
other possibility is the presence of~black encrusting sponge, of the 
genus Ter,r.ios, I'lhich has killed extensive areas of coral growth in Cocos 
Lagoon and other places around Guam (Bryan, 1974). Figure 32 shows this 
black sponge encrusting and killing an arborescent branch of Acropora . 

Reef patches possess the greatest diversity of corals but the per­
centage of reef surface coverage is usually not as great because of a 
reduction in the rredooiinance of large expanses of arborescent Acropora 
speci es due to exposure of parts of the upper surface duri og low spri ng 
tides. Six transects (see Fig. 21 for locations) vlere run in this facies 
(Table 13, Transects 11-15 and 20). Four Transects (12, 14, 15, and 20) 
were run on the upper surfaces of patch reef~. Coral denslty on these 
upper surfaces ranged from 1.44/m2 to 4.28/m and the percentage of sub­
strate surface covered by living corals ranged from 5.95 to 9.11. Arbo­
rescent Acr0r,0ra species were by far the dominant corals on Transects 12, 
14, and T5' N1ereas on Transect 20 encrusting :10ntipora and massive Pori tes 
l'lere the domi nant corals along l'lith numerous co 1 oni es of soft corals. 

Transects 11 and 13 vlere run on the upper surface and sides of 
mounds. Coral density here ranged from 1.34/1112 to 25.63/m2 and percentage 
of living corals covering the substrate ranged from 33.43 to 45.1 0. 
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Transect 11 \·/as run on a r.lOund which \·:as pril~arily dominated by large 
Acropora fOlJo10sa and a fel'/ large Porites andrewsi col?nies, I'!hich accounts 
for the low density and high coverage values there (Flg . 33). Transect 13 
\'las run on the surface of a mound wldc:l ~/as dominated by numerous small 
colonies of ramose Porites andrel/si ,lnu Porites matthaii \·/hich accounts 
for the high coral density. --

In general coral diversity, density, and percentage of substrate 
covered on the patch reefs, mounds, and knolls \~as irregular and unpre­
dictable. In all parts of the lagoon floor topogra~hic relief structures 
ranged from little to no coral coverage to those ~/hic:l \'/ere nearl~ 100 
per cent covered by a single species (Fig. 34) . Some mounds conslsted 
of 10l~ mounds of mostly dead coral rubble, while a mound next to them mig.ht 
be thriv i ng with a mixture of branching, massive, columnar, and encrustlng 
corals. Other mounds may have several dominant species .or b~ 
composed primarily of Porites species with a massive (Flg. 3J) or columnar 
(Fig. 36) growth form. In general, knolls which had . d~veloped from corals 
of massive growth form ~/ere the least populated by llvlng corals than any 
other kind of topographic feature. 

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

Facies E 

This facies. consists of the nearshore shelf or fringing reef .flat 
platform which borders the landward ~ide 0: Cocos Lagoon .. The maJor 
physiographic differences between thlS facles and the barner reef flat 
(Facies A) have been discussed earlier. 

Along most of the length of Hamaon C~annel the platform is quite 
narrow ' widening somewhat at the mouth (FlgS. 3 and 21) . Southeastward 
from the head of :·lamaon Channel the fringing reef flat platform becomes 
progressively wider and encloses both sides of the inner half of Manell 
Channel (Fig. 21). 

The intertidal zone, from the mouth of :·Iamaon Channe~ to the point 
where mangroves dominate the shoreline at Aba Beach, conslsts of bould~r 
rubble, sand and gravel, mud, and silt. At places the boulder rub~le lS 
encrusted with a pink coralline algae. Some small gastropods (Cerlthium 
sp.), hermit crabs, and a few grapsid :rabs are fo~nd here. The ~one is 
rather barren biologically and shows slgns of conslderable past dlsturbance 
by man throughout the f4eri zo area . A few patches of mangroves are found 
at the mouth of the Geus River. Eastward from Jaotan Point the inter..,. 
tidal shoreline is dominated by mangrove swamps (Fig. 7). 

At the mouth of the i1amaon Channel the fringing reef flat consists 
of a flat limestone platform with patches of bioclastic and detrital 

28 

sediments scattered over the surface . Sediments along the outer part of 
platform are found mostly in sl11all shallovi holes and depressions and 
become more abundant toward the shores. TOI~ard the head of Hamaon 
Channel the detrital fraction of the sediments becomes progressively 
more abundant. This increase of detrital sediments is reflected in the 
aerial view of the reef flat platform in Figure 22, by a general 'darkening 
?f ~he surface from the mouth of the channel to its head. The vill age of 
,len zo borders the p 1 a tform along th~ :lamaon Channel and the reef fl at 
has been changed and modified somewhat by dredging and construction of 
several piers and small boat marinas. 

. [Jetvleen the head of ~lamaon lind ,1anell Channel s the surface of the 
lnner part of tile reef flat platform consists primarily of unconsolidated 
s~dime~ts ~Iith s:attered patches of bare reef rock. In a 1 agoonward 
dlrectlon the thlckness and amount of unconsolidated bioclastic sedililent 
increases. f\ zone of plastic mud and sand generally borders the mangrove 
shoreline. 

A community of. seagrass ~rows on nearly the entire reef-flat plat­
form v/h~re unconsolldated sedlments are present . During 101'1 spri ng ti des 
the entlre platform is generally exposed, which limits coral growth and 
development to shall0l1 holes or depressed sections that retain 11ater . 
Because of the general absence of corals, no coral transects were run on 
the part of the platform which borders t!le landward side of Hamaon or 
;·lane 11 Channels. THe few cora 1 s tila t were found on the p 1 a tform were 
generally restricted to the outer lagoon fringe where water is retained 
during low tides. Locally though, where large sandy pools or depressed 
zones occur, corals were quite abundant. Two transects 11ere run in this 
facies -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 andre~lsi 
and small colonies of Porites lutea and Porites lobata 11ith massive gro~lth 
forms. Coral density was .33/m2 and t!1e 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 cent.respectively,at Transect 19 which 
was run at a local depressed region ~Ihere the water was deeper and coral 
more abundant. 

In general,the coral communities on the muddy ~latforms of Facies E 
are rather depauperate, primarily because of exposure during low spring 
tides and to some 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 biotope consists of the deep Hamaon and Hanell Channels (Fig. 3). 
It is subdivided into five facies (A-E) . 
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Facies 1\ 

This facies consists of the shallo~1 channel rnar~in\or shelves 
located on the u;>per part of tile channel slopes (Fa~les u) or channel 
walls (Facies C). The 1,1argins of both channels Vilnes greatly from one 
location to another in regard to cordl density, percenta~e ?f substra~e 
coverage, species diversity, and physiographic cilaractenstlcs. PhyS10-
graphic features are quite variable from place to place. In general tile 
lagoonv/ard sides of the channels hilV~ ma~gins vlith a ,greater percentaqe 
of surface covered by unconsolidated sedllllents, partlcular~y at .10catlOns 
v/here strong currents carry ~/ater into the channels ~rom tole adJa~en~ 
lagoon terraces and barrier reef platforms: The sedlments are prlncl­
pally of bioclastic origin on the lagoon slde of the cha(lnel an~ are a 
mixture of bioclastic and detrital materials on,the shoreward slde. The 
amount of the nonbioc1astic fraction of the seJlments on the channel 
margins increases toward the river mouths at the head~ of the channels. 
Near the channel mouths the margin is exposeLl to conslderab~e ~/ave a~d. 
sl'/ell action v/hereas the v/ater movement and I'/ave agitation lS at a mlnlmUm 
at the heads of the channels, 

Six transects (see Fig. 21 . for locations) were run.on the c~anne~ 
r.lar ins (Transects 25 and 28-32; Table 13). Coral denslty and dlverslty 
~er; observed to be the highest at the llOuths o~ the channels but the [ler­
centage of substrate covered by living corals lncreased at the heads of the 
channels. lIigher substrate coverage can be attri~uted to tl~e pres~nce 
of large colonies of Porites 1utea, Porites (~.) lway~maensls, Por~tes 
(S ) convexa, Porites cocosensis, and Pontes andreI-Is 1 , s~me of \'/h~ch 
attain diameters of several meters or more. In general. t .lese ~pecles of 
Porites adjust v/e11 to habitats where high rates of sedlmentatlon and 
turbid water occur. Coral grov/th was greater at th~ head of {lamaon 
Channel v/here dominance ranged from 8 to 22 ner cent covera~e, than at 
the head of '1anell Channel \~here it \~as less than one percent (Table 13 
and Figure 21). 

Juring floodwater conditions the Geus River plume is more or less 
t icted to the shoreward side of the 11amaon Channel. A somevlhat 

~~~i~ar but not so pronounced effect takes place along tile inner part 
/' the ,'lanell Channel in Achang Gay as vlell. Greater coral growth and 

~eveloP;Aent is found on the 1agoonllard sides of the cha~ne1s as a result 
of the greater degree of siltation and presence of turbld vlater on the 
shoreward side of the channels. 

Coral diversity for this facies was higher than for ~ny other at 
Cocos Lagoon. A total of 104 species of corals representlng 34 genera 
vlere observed along the channel r.largins .. Even tho~9h tl~ese va~ues a~e 
high, there was considerable unevenness l~ coral dlvers~ty obs_rved ,rom 
the channel mouths to t heir heads l'lhere rlVers debouch lnto thel~. A 
rather constant feature of t ile channel margins, [l~rticu1ar1:( as obs~r­
vations are made from the mouth toward t :le head, 1 s the doml nance 0 
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Porites species. These corals form 1arge,massive,hemispherica1 colonies 
in the deeper parts of the channel margin where they are not exposed at 
low tide and 1arge,circu1ar,f1at-topped microato11s where their upward 
growth is limited by the low tide level. Acroporoid species are cOl1ll1on 
at the channel mouths and except for I\cropora pa1ifera are nearly absent 
halfway to the heads of the channels and very rare at the heads themselves. 
Except for certain deeper water species, Acro¥ora appears to be quite 
sensitive to turbid vlaters where high rates 0 sedimentation occur. 

Facies B 

This 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 channel floors (Facies 0). This facies (Figs. 32 and 7), 
varies considerably in depth depending on the location along the course 
of the channel. rlear the mouth of the channels the slopes extend downward 
to about 100 foot depth \'/hereas near the heads of the channels the floor 
is encountered at 10 to 20 feet in depth. A rather constant feature of 
this facies is the presence of turbid water and high rates of sedimentation. 
There also appears to be a considerable movement of sediments across this 
part of the channel, fror,l the lagoon shelves or terraces (Biotope IB) and 
the barrier reef flat platforms (Biotope IA), to the channel floor. 
ilistinct sediment trails are evident from the channel margins, downward 
across the slopes to the channel floor. This constant movement of sedi­
Inents tends to inhibit coral planula settlement except where hard rocky 
surfaces are exposed. i4any of the coral colonies found growing on the 
slopes, particularly on the lower slopes, become established there by the 
slumping of coral colonies on the channel margin. These large broken off 
sections of corals slide dOl-inward and because of their large initial size 
can become established in the unstable sediments found on the lower part 
of the slopes. 

The same generalizations about coral diversity, density, and per­
centage of substrate covered by living corals can be made for this facies 
as was 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 living corals ranged from 1.84 to 39.00. Coral 
diversity (Table 12) was nearly as high in this facies as on the channel 
margin. This is partly due to the presence of the deep-water cOl11llunity 
of corals found at the channel mouths. The major differences in coral 
distribution on the channel slopes, compared to that found on the channel 
margins, was the dominance of ramose and columnar growth fonns of Porites. 
These growth forms appear to be better adapted for growth in areas of 
high sedimentation. These species \~hich fragment easily and sl ide down 
the channel slopes may account for their dominance there. 
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Faci es C 

This facies consists of tile channel slopes which form steep rocky 
outcrops or submarine cliffs (Fig. 37) between the upper channel margin 
(Facies A) and t ile channel floor (Facies E) . This facies is l'lOre cOllrnonly 
encountered along the slopes near the channel lliouths hut local regions 
also occur intermediate along the channel lengths. Only one transect 
vias run in this facies (Transect 27) which \'laS located at 4J-80 foot 
depth near tile mouth of i1amaon Channel . Coral density anu pel"Centagc of 
substrate covered by living corals, are 101'ler than the adjacent values 
for t he channel slope on Transect ~6 but the species composition \'las 'luite 
different. In general there is less sedi l:lent accufolulation on these steep 
\'Ialls and cliffs \~hich allO\~ a greater variety of species I'lhich are less 
tolerant to sedi mentation to settle and !)rol'l there. Particularly notice­
able were the presence of various Pavona species, a fel'l deep-I~ater !kropora 
species, and small explanate colonies of Porites (~.) hlayal~aensis. 

Other conspicuous organi s,ns ouserved he r e I'lere nur.l~rou~ sponge~ of 
various colors and the presence of numerous clusters of Hallmeda . .. Iuch 
of the sediment observed on the lagoon floor consists of segments from 
this algal ~enus. 

Faci es ') 

This facies consists of the cavernous parts of the channel slopes 
and I'lalls and t ;,c overhanging ceilings of submarine cliffs (Fi!). 37). 
~Io transects lIere run in t!lese s!lecialized local habitats but since they 
possess rather distinct coall~unities of corals they I'lere given a "facies" 
status. 

Table 12 lists 24 species representing 17 g8nera which \'Iere observed 
in this facies . ')verall diversity I'las lovler for this facies than for any 
other, I'lhich is not sJrprisin'l since the level of li!]ht intensit~ is quite 
101'1 here. Deeper I'later corals such as Leptoseris sp., Stylocoenlella 
armata, Pavon.Aminu~, PachY2eris speciosa, .Porites (~ . ) ilal'lai1ensis, 
Echi nophYTlTa asper.A, ' I/cedi um;-fl erogyra ~sa, anif Eu~hyll I ~ g~ abrescens 
I'lere the :nost connon corals encountered. llydrocorals suc" as Dlstlchopora 
I'lere also cotmlon where there vias considerable I'later movement at the 
channel mouths. 

Other common organis~s found were sponges of various colors and 
growth forms, bryozoans, the sedentary scynhnzoan Stephilnos cynhus 
racemosus, and encrusting and larger foraminiferans. 

Facies E ----
This facies consists of the channel floor, which is comflosed TJri­

marily of unconsolidated sediments comoosed of both bioclastic 
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and nonbi ocl asti c fracti ons. Depth of the floor ranges hetl~een 100 feet 
or more at the channel mouths to depths of 10 to 2·) feet at thei r heads 
I'lhere rivers empty into t hei;l. The floor is relatively flat but locally 
is very hUlivnocky due to the burrol'lin~ activity of an unidentified worm, 
sir.lilar to the I,lounds silol'/Il in Figure 30. 

:10 coral transects I'lere run on the channel floor because of t he 
paucity of corals there. Occasional corals were ol-served on rare rocky 
outcrops near the mouths of the channels b'lt most coral ')rOl'lth was found 
at tt,e base of the c1Hnnel slopes and \'Ialls I~h(!re corals had accu:,lulated 
by sluT:1::>ing and sliding dO\~n t he slopes to the c;,annel floor helol1. 
~ccasionall}' a large knob or knoll ~!as::!ncountered \',here a large section 
of rock had broken loose from the chaJine 1 I'la 11 . It \'las upon t:,ese 1 ar:Jer 
relief features I'lhere the greatest density and diversity of corals \'Ier ~ 
found. 

Table 12 lists 32 species of corals representing 18 genera from 
this facies; many of I'lhic il are tile sal:le as those found in the lovi-light 
habitats of Facies::l. Porites C~.) h layalaae_nsis and Porites andrel1si 
~Iere the I'lOst cOr:lllonly encountered corals, mainly due to their presence 
by slUl~ping downl1ard from zones above. Porites (S.) horizontalata I'las 
the most abundant coral in this faci es. -r1ifs~pecies is probably best 
adapted to habitats where high rates of sedi llientation and turhiu \'later 
occur. 

;Iear the channel mouth, I'lhere currents I'ere s tronger, a fel'l gorgonian 
corals and small hyuroid colonies I'lere observed attachp.d to rocky out­
crops, knobs, and knoll s . Other common orqani sms ohserverl '"ere vari nus 
kinds of holothurians (Fig. 38). 
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:,9FT conAL SURVEY 

Soft corals are cons i Jeret! in t !li s report to be, the a 1 cyonaceans 
and zoanthids Iinich resemble corals but lack a solid calcareous skeleton. 
The ir importance in certain major biotope facies of Cocos lagoon has 
justified their being discussed in this separate section of the Cocos 
la300n report. The difficulty of identifying soft corals in the field 
is another reason for analyzing them separately from ~ard ~ora1s. 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. After these problems are solved, some of the numbered 
species in this report may be combined, if they are seen to be only 
variations of a single species. If this occurs, the species checklist 
will be shortened, but most likely only a few variations of Sinu1aria 
l'Ii 11 be combi ned. 

Where the soft corals (Fig. 39) were sufficiently abundant the 
point-quarter system, as used I~ith hard corals, was applied to measure 
total density and percentage of cover (Table 15). 

An account of the soft coral populations, facies by facies, begins 
l'Ii th the windward barri er reef. Only b'IO speci es of soft corals I~ere 
found - Sinu1aria conferta v. aracilis \'lith long thin finger-like 
cylindrical branches of uniformiameter, approximately one centimeter 
(Fig. 40) and an undescribed species of Asterospicu1aria (Fig. 41). 
The Sinularia often occurred in large colonies o~er 15 cm in diameter, 
I'Ihile Asterospicu1aria never exceeded 4 cm across. Asterospicu1aria 
Vias extremely abundant, with 159 point-quarter samples among the 500 
meters of transects. Sinu1aria occurred only seven times · in these 
measurements. The total densities and percentages of cover of the two 
species combined varied among the five independent 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 two transects. No soft 
corals occurred at the highest parts of the reef flat, which receilve 
excessive exposure to air at low tides. Asterospicu1aria occurred on 
the sea~lard side of this highest zone, i.e., on the reef margin, and in­
creased in abundance on the zones progressing from the highest zone 
1agoon~lard. The small size of I\sterospicu1aria allows it to occur in 
reef flat areas ~Ihich have a minimal cover of \'later at low tide while 
larger soft coral species inhabit slightly deeper situations. In a . 
transect made it10sest to the 1 agoon shelf but still on the Vii ndward 
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1"2ef. flat, ~:l :; :\steros,Jicularia col02ies ':lel"C so abundant that t 'leir 
d~~SI ty re~lstered 3reater t han 24/0 , althougll the y covered only 
Sllg!lt1y over one per cent of the substrate. 

. .The 1e~11ard ~arrier reef flat had only ten snecimens of soft corals 
1/1 th1 n the ~OO pOl nt quarters exami ned in 500 [,I of transects. These 
soft corals .\lere only of two species, both of l'l:lich occurred only in the 
deeper m~rg 1na1 zones of the reef flat II!l ich are usually not exposed at 
10\'1es~ t1des. Th~se b·1O 1eel'lard species were different from those of 
the w1ndl:lard barrler reef flat and from those of all other facies of the 
lagoon b10tope. They were identical with b'IO of t :le species found in 
the ~ 'lar:laon Channel margin facies. On tile leel'/ard reef flat, one large 
c?~ony ?f Sarcop~yton lias found with a di ar:le ter of 54 cm (Fig. 42), 
\'I'~11~ nlne co10nles o! a Sinu~aria Slleci p. s were measured, showing 
d1ameters from 10 to.!>! cm (F1!j. 43). 50ft. coral densities and percentages 
of COver \1ere too S11:J :l t to bother ca1cu1at1ng for th~ 1eellard barrier 
reef flat facies. The highest zone of t !1e facies lacked both hard and 
soft corals ~lhi1e 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 
p~rt of the lagoon and occurs at depths l~ss than three r:leters. A1thou~h 
flYe 100 meter transects ~Iere made here , t hey ref1 ected 1 itt1 e i nforma ti on 
a?out the soft corals other than t he ir general absence from the facies. ' 
Tllr~e of. the ~ranse7ts !lad no soft coral s anywhere within five meters of 
the1r.ax1a1 11ne \'lh~le the other tl'IO sho\'led soft corals and hard corals 
very ~nfrequent1y, 1n only 15 of 40 and 6 of 40 point-quarters. Perhaps 
co10n1~s of coral are absent from much of this area because of the lack 
of so 11 d substrate. ~lost of the samp1 ed 1 ocati ons of the 1 agoon shelf 
had bottoms of soft loose sand. Wherever rock surfaces rOSe above the 
sand, there seemed to be at least some hard corals or soft corals present. 
The s?ft co~a1s I'lere Asterospicu1aria sp., Sinu1aria po1ydacty1a (Fig. 44) 
and Slnu1ar1a conferta v. gracilis. Any discussion of the density per­
centag~ of cover and importance value of soft corals in this facie~ is 
unfeaslb1e because of their scarcity. 

Some ~inu1aria i~ sta~ion IB (see map, Fig. 39) appeared to have a 
~ew of 'the1r branch t1PS , b1tten off. If they ~Iere preyed upon by a fish 
1t could well have been an Arothron species, the large puffer fish. 
These Ilere seen to be the most abundant fish during tows over several 
thousand meters of lagoon shelf. They also are reported to 
feed on the tips of branched hard corals (Cloud, 1959). 

The lagoon floor deeper than three meters is a facies which is 
characterized by a substrate of pure sand with various patches of algae 
and vascular plants. Soft corals are absent except for a fe~1 colonies 
of Sinu1aria and Sarcophyton on boulders and mounds close to the leeward 
lagoon Shelf or aCfjacent to some of the patch reefs. As a rule, soft 
cora1~ must have a solid piece of substrate for attachment. :!any 
co10nles can be found in Cocos lagoon which seem to he ' growing on 
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sand lJllt I'lhic:l rt!ally Jr(~ JttolcheJ to 3 :Jif!Cl! of corJl rock !JUried in 
the sand, :1 si,vJli~ very 5"1.111 S ~Jeci.lrn 0-0' ~~.!'<:flJ~l.YtO,!, \Iit:l .1 deep !1.1se 
like ,1 "taproot" :'erwtratin,) tile sand and lo1CUnj a I;(\sal attac:I,'lcnt to 
any rock or ri e cf~ of ruhl 'l£' "loiS found on t'1(! ~~Ijoon I,ot~{);;l n(!xt to a 
patc') l'c£!f, Thh i s .1PiJil rr.ntl/ a VI!ry ,;xcel'tlonal S;"'.c1 ;,len of a HJore 
non lally attach!!d 5!l(lCi'lS, PflriJa!JS it survived fnllOl'linl) d'! tach;;lent 
fror: an ori ·Jin.11 hanl substrate on tiw patcil r1lcf above it, 

The [latch reefs in Cocos lov ]oon !13ve .1 hig'ler diversity of soft 
corals thln an:: ot;1f'r facies in t'le la~)oon hioto:J(l, hut t:1eir numher of 
s;lp.cies is still onl~ six" The verY,CO\i1',lOn speci(!'! Jre \in~l~1(_~l.2_0.11.­
,<!u_c;.t:J..1.2. and t,:,-t.en>..Sjl 1 cu.1~~ sp" ',11111 e on,l .A)S.Y2J:!.!..u.!1!., r ~wo :,-a ~.cQPh.vto_~ 
s')(!cics, t1 Zoanthu5 Vi :]. tl ~)) )nd a 5PconJ s~lecl(~$ of .~l~~l_ltrla \I(~t~{! 
e~c:l found 'a'f-£)nri"a $in~l e t en neter lon') station ,lli10n~ the :,'J:) ::1 of 
transp.cts, Tllf! Jvera~~ dcnsity of soft corab; on thl! five p,1tch rcefs 
!;al11 pled 1".15 0.73 prr 1'1" or on£' soft coral for every 1.37 S'llJ,1ri; r;letf!rs. 

The patch rep.fs tY;lically had numerous ·jead sk·~letons of 1011'1-
branchf!d :;ta"'lorn coral (.~cro')ora for'lIosa and ,~. teres). Th£!se hranches 
',I"n! a COil'O~ site of attach;'i~!JiCfo'r-r(0:r_osJ~i_cjj:ta_rl.J. colonies, \ilicil 
covereJ ~ (Ple skeletons or Ijre\'1 prnnant-lik(! on just tit'! apical tJjJS of 
ot'ler:;. ,~stf!ro:;'licularia also occurr(~d on smooth rock surfaces anJ 
boulJers." Th'f; 'l~oi;n;io-n--STn'ulari'1 s,J,!cies did not oft(!n coloniz!! d"ild 
,\cL0.Q0,ra !;b!li!tons bu~-ro'rinedliu" lf!r~US large colonies.on hard ~~"st~~te 
,wd houldl!rs and partlcularl y on Sll1cular rock fOrr.Jatlons. Thl" splcular 
rock :;orn,!ti :,les takes the form of laru£! solid or fenestrated boulders 
often over one I'Jeter in hp.i 31lt and d i 11l11eter. It is cons tructed of fuseJ 
calcar£!ous sDicules depositfld by soft corals. These spicules are 311 
le5s t;lJn 5 i':U~ in lenJt'1 ,1nd 1 ,r,HI in dial;Jeter, cylin~rical in shap~ and 
\'lith pOinted tips. They appear to be the lar'!est s~lcules ~oril1ed 1n, 
thc basal parts of Sinularia colonies. The ,'i1_nulE.2il. colon1es on sp1cular 
bould(!rs of thc pat'ch-ree-fs see,1I to be relatively perillanent. However, 
t!ll! ilst(lrosJ.0 Cll 1 ari ,i ')rollths on d!!ad s ta'Jhorn coral 1'1111 Ilr~bab 1 y bp. 
bro!:(,ilOfr liy"TuTurP.' s torill I'laves and may su ff£!r hi '1h marta 11 ty because 
tiwy ~rc not lar'l'; enoWlh to stablize ther,lselves if they ~re onlY,attac~ed 
to broken coral iJranch!!s on t :Je bottom. The lar~er colomes of ~nu1..2,rJ...'!. 

1,I3Y be parted from the ;,Jassive solid substrate and still maintain then-
se 1 ves without bei n~ roll ed .11 on'l the bottom by \'Iaves. The total per­
centagf; of cover of soft coral s of those patch reefs measured I'las from 
J,59 to 4,14, less t'lan t'lat of hard corals, but of some siqnificance. 

Soft corals were seen to be most important ill the nearshore shelf 
faci es of Cocos Lagoon. Thi s area ranges ~rorl about zero to tl'l? meters 
<lenth at 101'1 ti de, '1uch of the subs trate I s composed of cora ~ llne rock 
and spicular rock, both topped I'lith lar'lc colonie~ of Sinul~r1a ~oly~act:Y.1~ 
and Sinularia conferta v. 2.!:.aci1is. Thesfl colon1es ranqe 1n color ro:n 
tan torlnkish TO' bel(j'c anuC'i'iiiige color IIhen they eXIJand .or retrac~ , 
their polyps (Fig, 46). They typically have a 1011 spreadln'l bas~ Intil . 
up\'lard projections whic;l divide and subdivide to form numerous ,f1nger-llke 
api ces. [leb'leen the areas of rock vl;li ch bear soft corals are 1 rregul ar 

patches of sand. 
strates ~lith soft 
(t.r2.~.~.!.u.s) occu r. 

In SOll ie parts of the near~hore sh£~lf tl}(!se rocky sub­
cOl'als are absent, Instead, lal'(W patches of seaqrass 

Transr.ct~. of Soft corJl ~) \";ere not dOf lf? in tilf~ ~paljl 'a !j: ; iln ; (l~;. rOlir 
transects provided d(~nsity 1: : £! li :> un~lr~nt~ of onr. colony per : ~ Ii.:' to one 
fler O,;~~ mG, Tltese averaq(!d ?7-:". colonie~ per square O'et(!r. The p£'r 
rent of cover by soft corals wa~ as hi~h as lR.I:7 per cent on one tran­
sect. The soft coral populations seemed to be old and st,ible hecause 
of the lanle size of the colonies. The spicular rod formed by these 
~recies of ~"inL!lal~i~. , as previously described, is very common in this 
neal'shore sll!lTt T:'(,:lP.S. ,H0I1p.ver, the ~.~t_e.r_ospicul_a.l, ... i~1. which was CO\iunon 
along w1th th(~se : '..!,n.!!..1~1r.1!l. on patch reefs appeared to he ahsent in the 
nearshore shelf. Perhaps it is excluded because of the influence of 
run-off water frolll the land. 

The northernmost end of the leeward harrier reef flat alon'l Hamaon 
Channel is submer!.)cd deeper than the rest of the f1.it. Therefore this 
end of the leewilJ'd l'eef f1.it should be sep,1rated from the description 
of IA (Leeward) and callen facies F of [;iotope I (Fi(). 39). The density 
and per cent of COVllr of soft c(orals here 11ere not rreasured hut seem to 
be approxin'atp.ly the samp. i1!; thos(; for th!; nearshore sh£!1f, A few 
sp(;cimens of X(lniidae \'I(!n; found only here. 

[\iotope " includes facies from both Mamaon ,1n<1 No1rwll Channels. 
A search of the floor of t,lamaon Chilnnel at depths greater than 100 feet 
shownd rubble on which grew ascidians, sponqes and algae, especially 
coralline encrustin'j all)ae, but 110 soft corals. . 

~;oft corals were very rare on the cliffs, caverns, and deeper slopes 
of t,1amaon and t·1anell Channels, where only Palythoa and a larf)e thin 
,~ari-.Qp..!!l!o_n shaped 1 i ke a mushroom 11i th a 'conciiiie--upper surface ~/ere 
found. Perhaps low liqht levels due to turbidity made these deeper 
facies unsuitable for soft corals, 

, The sha 11 ower part:; of the slopes borderi ng these cho1nne 1 s !jraded 
Into the channel marl)in facies which was seen to contain a diverse 
collection of soft coral species. Up to twenty different species were 
collected here. Only four of these were found in other facies of Rio­
tope I or Biotope II, Although the diversity of soft corals of 0111 
biotopes .is hi9hest in this facies, the density (one colony for every 
2 to 10 m2) and per cent of cover (0.27 to [UU~:) were much lower than 
those for soft corals of the nearshore shelf. t·lamaon ilnd Manell Channels 
each had different species of soft coral, !!,'!l" only thre'J 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 forminlj large heads and buttresses. 
The soft coral colonies were scattered among these fjr0l1ths. 
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The large soft corals of Cocos Lagoon have a few interesting asso­
ciate animals. The large white egg "cowrie" Ovula ovum was seen to 
feed on the commonest species of Sinularia and SarcopfiYton of Cocos 
Lagoon. Another large gastropod, Ra~a ;apa was fo~nd livin~ comple~ely 
enclosed in the living bases of Sinu arla and Cladl~~t~· Mlnute splder­
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 in 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 . 

3B 

FISH SURVEY AND FISHERY ASPECT* 

Introduction 

This section provides a list of the tropical marine shore fishes 
found in the lagoon, considers the distribution of 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 other 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 major biotopes (Fig. 47) were recognized as distinct for the 
ichthyofauna as follows: 

. I. Outside Reef - The combined lower reef margin and front, the sub­
marl~e terrace, and the upper seaward slope to the west of the Cocos Lagoon 
barrler 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 parallel to 
depth contours (NE to SW). Four 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. Transects were deliber­
atel~ concentra~ed in the coral areas and were oriented parallel to channel 
m~rgl~s at varYlng depths (vertical zig-zag). They included seven in all. 
f1Ve 1n 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. Duplicate transects were run on three of 
these reefs. All the reefs rise to within one-half meter of the surface 
at mean low tide, and all have live corals. usually dominated by dense • 
thickets of branching species in the genus Acropora. Fishes seek cover 

*A revised version of thlS section has been published by R. S. Jones 
and J. A. Chase (1975). 

39 



primarily among these coral branches. 

Th' ea is frequently exposed at low 
IV. Barrier Reef Flat.- lS ar. hes that occur here must migrate to 

spring tides. D~ring such ~'m~s t~e /~~ seek shelter in tide pools or in 
deeper waters adJacent to t e arrle . tin the reef framework. 
holes that connect ~ith t~e ~a~er ~u~:~c:n~n~~~cksgin the coral framework 
Primary cover for flshes lnc u e~ 0 transects were run on the south-
and rubble tracts along the barrler. ~~u~ransects were oriented perpen­
east barrier and th~ee on.the ~dlest. T mally parallel to water flow over 
dicular to the barrler aX1S an were nor 
the barrier. 

V Seagrass Beds - Two species of seagrasses occur in C~cdosS L(aLg~on). 
. . ' (F k) A h rson and Enhalus acorOl e .. 

They are Halodule unlnerV1S ~rs t dS~l~ng a smali- sand"spit northeast of 
Royle. The Halodule beds a~ed oca econcentrated more around the channels 
Cocos Is 1 and. The E~h~ 1 ~s e s ar: nd Four transects were run i.n the 
and fringing reef adJol~lng th~ ~a~n~a b~d All transects were allowed to 
Enhalus beds and three ln the a 0 ubedS 'The seagrasses themselves form 
meander at random thr~ugh th: ~rass e . 
the basic cover for flshes llvlng there. 

VI. Sand Bottom - The sand bottom biotoP~e~~~~~desT~~:~n~~a~!~~~~' 
the floor of the lagoon proper; and t~e l:~~o~loor tw~ on the lagoon bottom, 
\~ere run on the shallow (1 m) afoon e~rdirection'was random in each case. 
and two.on the channel blottomh'b't~~~s~~fered no cover for fishes except 
These vlrtually feature ess a 1 
burrowing forms. 

VII. Estuarine and Fre~hwater -C~~:kh~~~~~~ ~;~~~dt~:i~~~~~ ~~e~~~~~ 
flats, concentrated a~ound rlver ~nd ems and often characterized by a 
land Guanl, are essentlally estuarlne s~stto investigate this biotope because 
mangrove community. tlo attempt w~s ma ~arine system. The freshwater and 
we chose to concentrate on t~e prlmary d by the Guam Division of 
estuarine fauna is included ln a report prepare 
Fish and Wildlife and appears in Kami et !l: (1974). 

Transects 

t d above seven in each biotope. 
Forty-two transec~s ~ere run as no e d seve~ outside (Fig. 47). 

Of these, 35 were run.'nsl~e the lagoon a~ in len tho The transect line 
Each transect.was arb~trarlly set atml~~d. Some ~ttempt was made to lay 
was unreeled l~ the.blotopedto ~e ~~ ~ However, a deliberate bias was also 
the transec~ llnes ln a ran am as '~nd bottom, grass flat, and coral 
introduced ln order t~ comparel~het;ansect lines in sand areas were set 
domina~ed biotopes' fl °tr eXda~~rai features while coral transects were 
to avold all grass a an 'f th 
set to avoid sand bottoms and grass flats, and so or . 
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All fishes seen by SCUBA-equioped observers within 1 m to either side 
of the transect line and 2 m above it l'Iere counted and their total lengths 
estimated in mm. It usually required about 20 minutes to comolete one 
transect ccunt. This was immediately followed oy a 20-minute random count 
in the vicinity of, but not restricted to, the transect line. lie considered 
this necessary because many of the ubiquitous soecies in a given transect 
area failed to appear on the transect. This is due not only to the natural 
non-random distribution of the fishes but also because many of t~em are 
wary of approaching SCUBA divers and move away from the transect line 
during the count. 

It 11as obvious that many of the smaller snecies I'lere territorial or 
adhered to restricted home ranges. These species (largely oomacentrids) 
tended to remain on the transect while larger species, even those with 
territories, had a tendency to leave the count zone (at least temporarily) 
when approached by the observers. This resultea in our transect data being 
biased in favor of SMaller species. The random counts were somewhat heloful, 
if examined intuitively, in alleviating this bias. These counts frequently 
added as much as 30% more species to the transect station, thus considerably 
increasing species richness. HO\~ever, t'le random count~ onlv enumerated 
the species and not individuals, because it is virtually impossible to keep 
accurate counts of the s~larms of fishes that surround a diver (360° ) on a 
tropical reef. Duplicate counts are inevitable unless the observer con­
fines himself to a control transect line or other devices. 

Highly cryptic and nocturnal species \1ere not sou!lht out. Therefore, 
the transect data and random counts are relative instead of absolute indi­
cators of fish community structure Nithin the biotopes. "10 atteMPts were 
made to use chemical fish poisons to collect cryotic snecies because of 
the constant use of the lagoon as a recreational 3rea. 

Underwater tape recorders were used for recording observations because 
we found that a great many species were missed when "Ie tried to use \~riting 
slates. Too much time is spent looking down at a slate, \·mereas with a 
recorder, the observer's eyes do not leave the transect. 

The normal vari abi 1 i ty encountered in SUCil vi sual counts, made it 
necessary to combine the seven transects in each of the six biotooes rather 
than consider the transects separately. 

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

Density 

The total number of individuals of each soecies on the seven transects 
within a biotope were summed and the number per unit area comDuted in the 
normal manner: 
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density (d) = number of individuals for a species 
area sampled 

The area sampled in this case is 1400 m2 (7 transects x 200 m
2

) 

From these values, relative densities \'/ere computed as: 

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

Dominance and Linear Biomass 

As is true of many organisms, srlall fi sh s'leci es often occur in much 
greater numbers than larger species. Therefore, density figures based on. 
enume rati on tend to be heavily bi "sed tOl'/ard the flore numerous Srla 11 specl es. 
It is obvious that it would be more anpropriate if the larqe fishes !e.~.! 
Scarus sordidus) could be \'/eighted in SOrle I'/ay to e~ual a number of lndlvl­
duals of a smaller species (e.g., Chronis_ caerule~sl' I'I~ ~tte\l1\)ted to 
handle this bias by comDuting a dOl'linance value sl!'111ar to t~at used by 
~lant ecologists. Such ' values usually consider, for examlJle, the to~al 
area covered by a given plant, divided by the total are~ samo~ed. Flshes, 
1100~ever, being uncoo:Jerative and rlabile ol'qanisms, a:e mposslble ~o 
measure in this way. Instead, \'/e estimated the comblned lengths (In mm) 
of the individuals of each species in a given biotope. This number (t~tal 
species length) \~as then related to the total length o~ the transect~ ~n 
each biotope (7 transects X 100 In X 1':)00 mm/m = ? X 10 mm). In addltlon, 
Porter (1972) used a similar technique for studYlng reef corals and re­
ferred to it as a "linear biomass measurement," He calculated these 
values as: 

And: 

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

These values \~ere then converted to re 1 ati ve domi nance fi Cjures : 

relative dominance (rdm) = dominance for a species X 100 
total dominance for all 
species 

linear biomass (lbm) = sum of individual lengths for a 
speci es 
total length of all species 
combined 
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X 100 

Since the data derived in each above case are linear only, and do not 
consider the actual ')l1ysical bulk of each ani"lal on a unit area basis, it 
is obviously not t'1e best method of reducinq the bias introduced by the 
large nUI!\bers of silaller s ::ecies (e.g., a trul'metf ish and a narrotfisl1 of 
equal len;t:ls differ consi derably as to \·/eight). It would be fJ!!tter to 
use sOlie value based on actual fish \'/eiqht (bil)t'l ass) rat~er t1an lengt'1 
alone. Such esti"'at io ns arr. ~)os sihle frO'~1 lennth measure!'1ents and IJre­
dctenline(! len ::thl',:ei ·.il1t cons tants (see ':lelo-/). Hm'/ever, since I'le did 
not 'hW'2 necessll~" conversi ~) n cons tants for all t~e soecies observed, \'/e 

I'!ere forced to ":ark \lit:, the len~th<; alone to determine dominance and 
li \1t;ar biomass values . T'lf' lenGths are also obviously sub.iect to observer 
er r or. 

~ortance Value 

The above h/o rel ative parameters (rd, rdm) \~ere summerl to give a 
single importance value (Cox 1972): 

il100rtance value (I. V.) = rd + rdrl 

Importance values are considered useful in comparing community structure 
bet\~een biotopes. The relative density (rd) value by itself is, as noted 
above, biased by inclusion of larqe numbers of small slJecies. Ily addin~ 
relative dominance (rdl~), some additiona l weight (numerical) is aoplied- to 
the larger (longer) species. 

Overall Importance Value 

It became evident, early in the study, that the cOI'lOlunitv structure of 
lagoon biotopes II - IV (all reef biotopes) I'!ere Quite si milar, as ',1ould he 
expected ~ .m:.iori, and differed considerably fro:'1 la'loon biotopes V and VI 
(grass flats and sand bottoms). The ral'J data fr0\l11a~o()n biotooes II - IV 
I'lere pooled and an overall imoortance value comouted for the species OCClJr­
ri ng in these cora l-domi nated bi otopes. The 21 transects were pS5"Onti ~ llV 
treated as one 1 a rge transect cross i ng a 11 three of the major 1 a<]oon reef 
biotopes (4200 m2). This analysis I'las done to ascertain the relative 
numerical i;'lportance of each species for combined coral bioto!,)es. 

Fish Biomass 

Estimation of fish biomass was the third method of obtainino the re­
lative contribution of each species I'lithin each biotope. 

Brock (1954), in one of the pioneering works on visual fish transects 
conducted by SCUBA divers, used a standard fishery conversion of lenqth to 
\~eight via constant computed for each species observed. The transformation 
equati on is: 
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Where: H ' the weight of the fis~ 

A ~ the constant fol' the species 

L " the lp.n~th of thf' fish 

The estimates of weiqhts fol' all individuals of on~ sQecies t~us 
obtained, \'If!re then SUllmf!(1 to ohtain the total "Ieioht of tha t Spr( les: Thr 
weights I-Iere convel'ted to Lilogl'aPls-'ler-her.tare \kq/ha) for (!,1ch s')r<:1rs. 
The I-Iol'k \~as hindered SOIl ~!':I:1at in that lf~ngth/\'el'lh~ ~o~ s tants \'Irre not 
available for all species . Fortunately, the Guam Dlvlslon of FlSh ~nd 
\-!ildlife \'laS abl!' to furnish the constants fol' some of th€' won'! dOllnnant 
species. 

';hannon-Hi ener fli vel"; i t.lJ ndex ,------ - - - -"---- ~- -- _.--

f· . d' ' " I f h spnCl'es l'n ea~h bl'OtOOf' as \'Iell as Thf~ SUillS 0 In lVl'Jua s or eac " " ' 
their linear biolilas s values "Iere used to comoute SfJilnnon-l·Jiener diversity 
indi<..f~5 (PielolJ, 1966) using the e'luation: 

11' " 
5 1 r Pi og ~li 

i = 1 

f th . th . ina where:Pi = the proportion of somp meaSlJrp. 0 e 1 soeCles 

population. 

Since H' is the diversity for tht! f~ntire population, I-Ihich \~P. ~Ip.re unahle 
to measure, it must bt~ ar!J)'oxil'lated hy: 

N· 1 

N 

~lhere:N = the total number of individuals, or total linear biomass 

for all species in a sample biotope and Ni = the number of indivi-

. f th ·th l'es duals, or 1 inear blomass or e 1 spec .. 

Since diversity depends not only upon the number of sp f!cies hut also 
the equitable distribution of individuals ~or Ibm.) among the species, the 
population evenness (Pielou, 1966) \'las estlmated as: 

E (evenness) =~ 
10geS 
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\'lh(~re:S = the total number of species observed in the hintor'" 

Thi s inc I udes both I'andonl and transect 5 pec i es (Tilh 1 e 17) and 

is a bf!tte" iIIeasure of S than tl'ansect specif!s alone. Ilf!rrin 

1 ies anothf!r va lue of th!~ random counts. 

Impo\'t.an Cf! values \~f!l'e used to COI'lputr coefficients of community 01' 
s i fllilal'it.v (Oo';tin f.,', 1956) for each bl'otolle conllla ed l'tt th . . . . . I' \"1 1 every (). er 
biotope aftel' the fOI'Plul'): 

c = 2\'1 -.--
a + b 

I·Jhe:'e: \"1 = the sum of the lm'ler of thf! two I. V. 's 
for each species shared by thf' hlo com­
munities (biotopes) 

a = the sum of all I. V. 's fOl' the first 
community 

h = the sum nf all I.V. 's for the sf'cond 
community 

. . Thesf' data I'lere p 1 aced ina matri x of simi 1 ari tv coeffi ci t!nts . T)i 5-
slIllllanty copfficif~nts w!re then computrd as the difference hetl'lf'en the 
c<ll culated coefficients of similarity and thf! maximum oossible value. . 
The~e values are calculated because the ordination (below) depends on the 
dlt!erence bf~tween conlnunities (hiotopes) rather than similarities. The 
maXlnlUm valuf! would thf~oretically be 1.0, however, as Cox (1972) points 
out, a '!laXlIIIUm ~aluf! of 0.85 1II0re readily approximates a true community 
u~on WhlCh replH:ate samples have been dra\1n. Thrse diSSimilarity coeffi­
Clents (0.B5 - C) are placed in the mirror imaqe of the above matrix and 
used in a simple community ordination orocedurf! sur.h as that shOl·JIl by 
Cox (1972). The result is a t\'iO dimensional ordination of fish conununi­
ties (biotopes) on the basis of x ("the greatest r.onmonent of community 
var~at~on::) and y. ("the gr.eatest component of th~ r~"lainin'l conmunity 
vanatlon 1 ~oordl~ates (Flg. 48). The de')ree to I-lhlCh the s [lo1cinq of 
the COJ1lllUnltles (hlotopes) on the ordination accounts for variations in 
community composition is estimated by correlation of ordination interval 
wlth observed dissilllilarity het~leen community paris (Cox, 1972). 

side 

Results and Discussion 

Table 1.6 is a list of fish species known from Cocos Laqoon and the out­
reef blotope. The table shows distribution of species among biotopes an~ 
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provides some insight as to the most common species in each. Kami et a1. 
(1968) and Kami (1971) record a total of 598 fish 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 I) during this study. 
Thus, a total of 234 species are now recorded from the lagoon proper. 
This constitutes about 40 percent of the species known from Guam. Use of 
ichthyocides during surveys might well have added 50 or more soecies to 
the list. However, we chose to rely on visual counts to determine the 
most important of the ubiquitous fishes without regard to cryptic species. 
The latter, we suspect, comprises a small nart of the total ichthyofauna. 
Of the 234 species recorded from the lagoon, 189 were actually ohserved 
on the transects and random counts, while another 45 vlere renorted from 
other sources (Table 16). 

Table 17 is a summary of observations made in this study. The com­
bined area of the 42 transects "las equal to 84')0 "12. Transect areas for 
each biotope amounted to 1400 m2. A total of 10,032 individual fishes re­
presenting 181 species \~ere counted on the trilnsects. 

On the basis of individuals and total soecies nrserved (Table 17), 
it is apparent that biotope I (outside) is "richer" than any of the lagoon 
biotopes. Lagoon biotope II follows in a close second and is itself 
approached by bioto~e IV only by virtue of the fact that IV has more in­
dividuals, although considerably fewer soecies. It is clear that while 
the first four (reef) biotopes are not widely separated in terms of in­
dividuals, biotopes I and II differ considerably from III and IV in 
number of species. Biotope V, although lower than the other biotopes in 
numbers of individuals, is still \'Iell re~resented. Biotope VI remains 
we 11 below the range for other bi otopes . 

The picture changes some~lhat ~Ihen 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 ~lace. 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 and III than to the other biotopes. The biomass 
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 should bear in mind the fact that conversion constants were not 
available for all species. Therefore the biomass figures in Table 17 are 
only for the more common species; in each case the number should be 
higher. 

The Shannon-Hiener diversity index (based on individuals, N) shows 
the highest diversity value for biotope II, closely followed by I (Table 17). 
The fact that biotope I has a greater number of individuals (N = 2397) 
and total number of species (S = 150) than biotope II (N = 2044, S = 138) 
is offset by the fact that the calculations for the diversity index 
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consider only the number of transect species and does not include random 
species (Ts = 94 for biotope I and 104 for biotope II). Moreover, the 
Shannon-Wiener function describes the degree of uncertainty in predicting 
the spe:ies of an individual picked at random from the community. The 
uncertalnty, and therefore the value of the index, increases not only as 
the number of species increases but also as the individuals are distributed 
more evenly among the species present (Table 17). As expected from the 
lower numbers of species and lower equitabi1ity (evenness), biotopes III 
an~ IV sh~ consi~erabJY l?Wer indices than ! an~ II. Biotope IV has a 
s!lght1y hlgher dlverslty lndex than III, WhlCh lndicates that although 
blotopes III and IV have the same number of species (Ts = 67), the indi­
viduals are more equitably distributed among the species in IV than those 
in III (Table 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 as the indices based on in­
dividuals and number of species, with the primary exceptions being the 
higher overall diversity values and 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 greater preponderance of large species in biotope III than IV. Since 
H" based on linear biomass takes into consideration the relative size of 
the species and the distribution of size among them, biotope III is the 
more diverse . The percent differences are not great in the latter case 
and may not be significant . 

Figure 48 is a plot of community ordination based on the dissimilarity 
coefficients. The relationships of the communities of each biotope and . 
the validity of these relationships are obvious from the figure and asso­
c!ated cor~lation coefficient . Communities of biotopes I-IV form a rather 
tlght grouplng when compared to V and VI, which are in turn widely separated 
from each other. It is apparent that the I-IV grouping is based on the 
one principal unifying factor that all four biotopes have in common, they 
are coral reef 5 tructures. Bi otopes V and VI obvi ous 1y are structurally 
different from the above. The separation between V and VI is no doubt 
based on the more adequate cover provided by the grass beds for the fishes 
themselves as well as the organisms the fishes ' feed upon. As pointed out 
above, the grass flats have a preponderance of juvenile fishes in temoorary 
residence while awaiting maturity. The sand bottom fishes are either' tran­
sients or burrowing forms. It comes as no surprise that the greater diver­
sity of microhabitats available to reef dwelling species results in a much 
greater biological diversity and species richness. 

Further inspection of Figure 48 reveals that the greatest similarity 
is between lagoon biotopes II and III. Moreover, biotopes I and II, and 
III and IV, have a fairly high degree of similarity or community concordance. 
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. 

47 



Table 18 compares for combined transects of biotopes II-IV, the rank 
order of the 20 species with the highest index values for each of the four 
indicated techniques used in estimating species value . For examo1e, the 
rank order of the top 20 species is shown for number.of individuals (N), 
for overall importance values (O . I .V.), for linear b10mass (lbm.) and for 
actual biomass (kg/ha). The table not only comoares the four methods but 
also shOl~s the relati ve imoortance of each species in the three 1a900n 
reef biotopes based on each method. 

It is evident from Table 18 that only small differences exist hetl'Jeen 
the rank orders of species listed by N, n.I .V. and 1bm. Spearman's rank 
correlation coefficient indicated that the ranks of these thr~e methods 
are highly correlated with each other (N vs a.J.v., rs = 0.91; N vs 1bm., 
rs = 0.81; O. I.V. vs 1bm., rs = 0.90 ; in all cases p < .0')05). Therefore, 
in this study and for these biotopes and fishes, any one of the three 
methods \~ou1d have given siMilar results. There is SOMe evidence to in­
dicate that linear biomass provided More "'eiqhting to 1arqer fishes (e.g. 
the advancement of Scarus sordidus from eighth and fifth olaces for Nand 
O.I.V. to second for 1bm.) to better e~uate them to t~e more nUMerous 
smaller soecies than did Nand a. I.v. Biomass, on t~e 'lther hand, nro­
vides an obvious across-the-board difference in rank order of the top 20 
species. Chromis caeru1eus which ranked number o,e i~ the firs~ three 
techniques was last in kg/ha. J10reover, several spe~les occur 1n the ~op 
20, based on biomass , that did not rank high enou~h 1n the other techn1nues 
to make the lists. Likewise, several species dominant in the first thr~e 
lists are absent from the biomass list. Soearman's rank order correlat10n 
indicates little or no correlation hetween the rank of the bi omass technillue 
and the other three (N vs kg/ha, rs = 0.03; O. I.V. vs k~/ha, r s = 0.20; 
1bm. vs kg/ha, rs = 0.35; and the probabilitv values are p > .10, n > .IO ! 
and p > .01, respectivelY) . Of the above three, Ihm. mos t closelY annrOXl­
mates bi omas s. 

We are 'eft with the usual, Derhaps rhetori cal, question of I'Jhether a 
large number of individuals of small species. are more "i,~p o rtant" to a com­
munity than fel~er individuals of larger spec1es. They are .no doubt hoth 
equally important to the community structure but the questlOn "lays havoc 
with sampling techniques . 

The first four species in thE biomass list account for more than 50% 
of the total ~Jeight of the top 20 sllecies (Table 1B). 

Conclusions 

Although the channe1-\"all biotope (II) of.Cocos.Laqoon p~oved to be 
more diverse than the biotope outside the barr1er (b10topeI) 1n terms of 
transect species, diversity, and biomass, it seems that the 1aqoon ~s a 
whole is not supporting an exceptionally rich ichthyofauna . Ev~n ~I:th 
the use of ichthyocides, we doubt that the total number of soeC1es 1n the 
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lagoon would amount to much More than half of the nearly 600 species knlJ~m 
from Guam to date . t10reover, if random species are also conSidered, then 
biotope I ~lOu1d exceed biotope II in srecies richness (150 to 138). 1·le 
account for the higher diversity and biomass in biotooe II by the fact 
that the steep 1 agoon slopes 11ith thei r dense, and at times cavernous or 
overhanging, coral structures are a concentratinn feature not duo1icated 
in the outside reef biotope investigated. . 

Here it not for the reef development within the 1a900n, as well as 
the rubble tracts and seagrass beds, the lagoon would be considerab1v more 
depauperate. Comparison of biotooe VI (sand bottOMS) I·lith the other bio­
topes makes thi s poi nt obvious . Unfortunately, the sand -domi nated bi otooe 
makes up considerably more of the total 1aqoon than those areas (biotoaes 
II-V) that provide more adequate cover and possibly a food suoo1y 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 seaqrass 
beds . These observations lead us to believe that the 1acoon's enclosed 
nature, coupled I·lith the natural cover available, makes Cocos Laqoon an 
invaluable nursery for many of the species. For exaM~le, 1arqe numbers 
of juveni 1 e rabbi tfi shes, goatfi shes, and snappers \"ere observed in the 
Ha1odu1e beds and equally large numbers of juvenile parrotfishes loJere 
observed in the Enha1us beds . On one occasion, I'le salol enormous (too 
numerous to count) schools of juvenile surqeonfishes, Ctenochaetus striatus, 
swar~ing among the coral colonies of the channel walls (biotope II). All 
these species form important components of Guam's snnrt and commercial 
fi shery. 

The lagoon as a whole and the areas of natural cover I·lithin the 
lagoon do, therefore, make a significant contribution to the local fish 
fauna, both adults and juveniles. Physical disrulltion to the seaqrass 
beds or the coral reefs ard rubble tracts in the 1 agooll could seriously 
affect the fish populations of the lagoon as I'lell as the rate of recruit­
ment of subadu1ts to nearby reef areas outside the lagoon. 
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ALGAE AND SEAGRASSES 

Introduction 

This section provides a preliminary outlook ?n the d~5tributio~ of. 
marine plants in the conspicuous biotooes and fac1es ment10ned earl1er 1n 
the report. 

Meth odo logy 

Sampling was carried out on 24 transects.{50-100 m lon~) in the bio­
topes and facies mentioned previously. For B10tope II! f~c~es B, C, and 
D were grouped since the difference in flora ~/as not sl~n1f1cantlv 
different. See Fig. 49 for location of transects. 

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

IIA. 
B-D. 

E. 

Ilarrier reef flat. (Transects 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 lB). 
Nearshore shelf. (Transects 5, 6, Band 9). 
Channel margins and shelves. (Transects 4 and 7). 
Channel 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 em) 
which are thrown at random within 5 m of e~th~r slde of t~e transect 11ne. 
The number of tosses varied from 2 to 30 w1th1n each 20 m 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 spec1es present. 

The quadrat frame was divided into a grid of.25 ~oua~es, each 5 x 
5 cm providing 16 interior "points" where the gr1d 11ne 1ntersected. 
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 a~Qae 
while frequency was indicative of the distribution of the algae, 1.e., 
widely distributed or patchy. 

The lagoon floor which has less than one p~rc~nt alga~ cover ha~ to 
be sampled in a different manner because the m~10r1ty of sltes ?n.wh1ch 
the quadrat landed, when tossed, were mainly sand. Thus, a modlf1ed 
version of the point quarter method was employed whereby the area around 
a point on the transect line was divided i~to egu~l quadrants. The algae 
closest to the point in each quadrant was 1dent1fled and recorded. 
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Thus, four algae were recorded from each point (usually 10 m apart) on 
the transect line. Although the distance from the point to the alga 
was measured in each case, this data is not used in this report. 

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

• Results and Discussion 

The marine plants found in each of the biotopes and facies "re 
tabulated in Table 19. The highest species diversity was found in the 
barrier reef (Biotope IA) and patch reefs (Biotope ID) 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 
lB 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 BO percent (± 5 percent) in each area are t abulat2d in Table 20. 
This table provides a more meaningful method of assessing the dominant 
algae in each biotope and facies. Since past observations on Guam's 
reefs indicate a different algal composition on the windward and the 
leeward barrier reefs, the barrier reefs were analyzed separately. 

Biotope IA - P01YSi~honia sp. (R.A. =19%, F=l B%) and Dictyota 
bartayresii (R.A. =l %, F=44%) were the two most abundant algae 
on the windward barrier reef. The higher frequency value of D. 
bartayresii indicates that thi s species is more widely distri~ 
buted than f. sp. On the other hand, Caulerpa racemosa (R.A.=27%, 
F=4B%) and Padina tenuis (R.A.=1 8%, F-43%) 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 POlfsi~honia sp. (R.A. =lO%, F= 6~ ) and Dictyota 
bartaxresiiR .. =18%, F=12%), the same two species predominant on 
the w1ndward barrier reef. 

Biotope IC - The dominant algae on the lagoon r ottol'l were t~ose 
species which possessed specialized holdfasts making ~p.~ c~na ~lp. 
of inhabiting the sandy substratum. Halimeda macroloba (R.A.=41 %, 
F=32%) and Avrainvillea obscura (R.A.=24%, F-37%) both possess 
large holdfasts. Those species with creeping rhizome, i.e., 
Halophila minor and Caulerpa sertularioides were also present. 
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Biotope 10 - P_i.£t.YQJ:.<l, b,art.,1YT.f',-sii (H.A.=34 " F=2? ) and tIle 
fililhlentous brmm al~ae Feldmannia indica (P..A.=l l' , F=15 ' ) 
I~ere dOlqinant on the pat'ch reeTs':-' Feldlil'annia indica is ,1n 
i r.- portant Liietal'Y item fOl' juvp.llil(~'Si'l-anf(fs- '(Tsuda' and r.ryan, 
191 3) and for aoult acanthurids (Jones, 19SP). 

Biotope IE - [,y far, the 1II0St dominant marine plant on the 
murky nearshore shelf l'las the seaqrass Enhalus acoroides 
(R.A.=2W , F=4l"') l'lhich was widely dist'rThuTeif fn--a'rp-a~s-"of 
heavy freshwater runoff. TI'IO other species, Dictyota 
bal·tareSi.i . (R.A.=15 , F=20 ' ) and Pa,d!!'.a .tenu}IlEiY. '=2n , 
r=21 ' \'Iere olso abundant in this facles. 

Biotope 1111 - The niurky ch,lnnel nar(jin and shelf also had an 
abundance of Enhalu s acoroidcs ( [1 .11.<'4 ' , F= 2<) ' ) ond Padina 
tenuis (P..II.=2O:~:F=2rT.-ThTs was not. surprising Sijli:E~tT1P 
cll-,)nnel marqin is in essence an extension of the nral'shore 
shelf l'lhere' freshl'lilter rur.off is the dominant factor 
i nfl uenc i nq fl ora compos it ion, 

Biotope IlG-O - These three facies (chonnel slope, I-hannel 
l'lilll, and caverns) are qrouped together here since the a 1 ~ae 
seell quite similar in these areas. flalin'eda incrassata 
(R.fI.=14" , 1'=32':, ) and !.91ypiocladi,cl, ~jToil~e!,uT<l't~~TR.A.~l '? ' , 
F=23'~ ) were the dominant a19ae hp.re. Goth species al'e knol'iJ1 
to inhabit deeper waters. 

Bi otope I I E - The channel bottom cons i s ted of cora 1 rubble 
I'lhi eh made it oi fferent fl'om the sandy 1 a(lOOn bottom. Thus, 
none of the sand-dwelling algae was found here. Instead, 
the domi nant a 1 !Jae I'lere the cora 11 i ne types, Peyssone 1 i a sp. 
(R.A.=19~ , F=71 ~ ) and Porolithon onkodes (R.A.=l9S, F=57 ~ ), 
~Jhich encrusts coral r'uli1iTe.---' ,--, 

The marine flora of this atoll-like situation is rather rich and 
diverse (91 species) in those areas ~Iith solid substratum. They seem 
to provide ample food for herbivorous fishes and shelter for smaller 
fishes and invf~··tehl'atp'5 . However, a vast area of the laqoon itself 
consists of barren sandy areas which ,'rr' , !p ' l1u') r!"Atr~ pf rnuc:1] I'l~rin" 
plants. It may be that further artificiAl reefs should be located in 
the la900n to entice a larger fish population. 
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OTHER MACROIN\lERTEnRATES 

b Ta~le 21 lists th~ macroinvertehrates othp.r than corals which ~/ere 
o serve or c?llected ln the various biotooes and f~cies of the r~cos ' 
area. E,.,pl]asls \'las placed on the P10l1u5KS and p.chinoderms. ' , 
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ENDANGERED SPECIES 

The most conspicuous marine organism in Cocos Laqoon "/hic~ mnY b~ 
termed endangered is the one adu lt sea crN!, Dugong dugong 11ue11 er, ,·,fJ1 cll 
was discovered by M. Ga\'lel, D. HC'taling and I~. Tobias in t~e center of 
the lagoon on February 16, 1974. This seven to eight foot dugono has 
been seen surfacing for air several times since then by local hoat 
operators and fishermen. It is a harmless herbivorp. nrobablv fp.ening on 
the abundant seagrasses and algae of the 1 aqoon. Thi s I'lav he the onlv 
dugong in Guam waters and may be derivp.d fron the oonulations in Palau 
or other islands where it occurs to the SOUL' and west of Guam. 0ver 
most of its ranqe and especially in Guam, it is v~ry rarp. and endanqered. 
It must feed in sha1101'1 waters and surface for air. Therp.fore, it is 
very easy prey for man. Such a hiqhly visible, large and unus~al anil'1al. 
is an exciting sight for visitors such as the hundreds of tour1sts motor1ng 
to Cocos Is 1 and every day as l'/e 11 as for loca 1 hoat p~ssenqers. It 
appears that this salt I~ater animal \'till remain in rocos Laooon if it is 
not harrassed or injured by peoDle. The species may have existert in Guam 
in the past and given rise to the legend of a qirl that hp.ca~ half-fish 
and had to live in the sea. 

The other rare marine organism is the ha\"ksbill turtl~ Eretmoc"elvs 
imbri cata whi ch was seen once duri ng the study. 

According to Mr. Nick Drahos of the Division of FisfJ and Hilr1life, 
the white tern Gygis alba candida (Gmelin) can be considered as endangered. 
Cocos Island is a majorbreeding ground for this species during .Januarv 
through June. Of a total pOQulation of SO birds esti~ated for r,uam, 
about 20 to 40 birds nest on Cocos Island. r.ocos, therefore, is a vital 
habitat for this species. In addition to the I~"ite tern, the '1icronesian 
starling Aplonis opacus guami r·lomiyama is considered thrp.atenen since 
this species is rapidly disappearing from southern Guam. Cocos has a 
very small population remaininq hut this ponulation may be threntened if 
more development occurs on the island. 

It has come to our attention that numerous small coconut crnbs 
(Birqus latro) are being harvested on Cocos Island. This harvesting 
should be prevented and Cocos designated a wildlife sanctuary for thesp. 
crabs as Itell as the birds. 

The blue-tailed skink Emoia cyanura has been collected only nn Cocos 
Island. This species differs only slightly from the more common blue- . 
tailed skink Emoia caruleocauda found on mainland Guam. Furt"er collectlons 
may ShOl-1 that the Cocos species may occur on mainland Guam (101. V. Falanru"!, 
personal communication). 

Thus far, no rare or endangered species of vascular plants have heen 
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 
receives considerable traffic by tourists who are transporterl daily to 
Coco.s Island and to various parts of the lagoon to view undeno/ater corals 
fishes, and other marine life from glass bottom boats . The laqoon is ' 
also po~ular r~gion for both. i~land r~s~dents and tourists for s~/imming, 
snorkellng, skln and SCUBA dlvlng, salllng, and water skiing. Considerable 
hoat traffic arises from the use of the deep Mamaon Channel as a means to 
gain access to the Philippine Sea for deep sea fishing or to the scenic 
bays situated along the southwest coast of Guam. The lagoon is also an 
important f isheries resource used by line, net, and spearfishermen. The 
Government of Guam also li~enses a number of fish tra~s in the lagoon. 
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SENSITIVITY OF ENVIRON'1ENT TO ACTIVITIES OF t~AN 

The lagoon as a \'/hole, and .the.areas of natural :over vlithin the 
lagoon make a significant contr1but1on to the local f1Sh f~una, hot~ 
adults and juveniles . Physical disruption to the sea~rass be~s nr th~ 
coral reefs and rubble tracts in the lagoon could effect, ser1~uslv, 
the fish pO[lulation of the lagoon as v/ell as the rate of recru1tment of 
subadults to nearby reef areas outside the 1aooon. 0f nar~lcular c?n­
cern is the proliferation of construction activities for 01e~s, . mar1nas 
and channels along the r·lerizo Municioality's ~'aterfront. Th1s 1nc1udes 
the nearshore fringing reef flat and adjacent channe1.\.lalls. & /lltho~q~ 
there is room for some such projects and many are n~slrable ,or ma~lnQ 
the resource accessible, a master 'llan is needed. T'lis ','nuld prr'Jv1d'l 
reasonable liMits and oossibly avoid the irrepar?ble d~maCle trl ~he 
northern half of t1amaon Channel that Mav result 1f develO'lment 1S not 
controlled. !1uch of the habitat, which this studv shovls to be onp. of 
the richest in the entire 1a~lOon, could \~p.ll be destroyed. 
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0'1 
N 

0\ 
w 

Station 
Number· 

16-8200 

16-8207 

, 

Table 2, 

Station 
Name 

Oischarge rates from low-flow partial-record stations 
at the Geus River. Oata taken from Geological Water 
Supply Paper 1937 (1971). 

Drainage Period 
area of 

Location (sq. mi.) record 

Measurements 
Discharge 

Date (cfa) 

Geus River above 
Siligin Spring 
tributary, near 
Merizo (formerly 
published as 
"above diver­
sion") . 

Lat 13°16'45" N., long 144°40'55" 
E., upstream from pipeline 
diversion to village of Merizo, 
2.0 miles northeast of Merizo 
School 

.50 1960-65 3- 9-61 
4-20-61 
6-14-61 
3-15-62 
4-25-62 
5-15-62 
3-27-63 
4-23-63 
3-31-64 
3-24-65 
4-29-65 
6- 8-65 

.22 

.19 

.20 

.16 

.13 

.10 

.22 

.18 

.13 

.12 

.08 

.12 

Geus River below 
Siligin Spring 
tributary, near 
Merizo. 

Lat 13°16'41" N., long 144°40'55" 
E., 1.6 miles northeast of 
Merizo School and 2.0 miles 
southeast of Umatac School. 

.60 1962-65 3-15-62 
5-15-62 
4-23-63 
3-31-64 
3-24-65 
4-29-65 
6- 8-65 
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Table 4. Chemical composition of sediments from Cocos 
Reef Flat, Cocos Lagoon, and ~lamaon Channel. 
Emery (1962). 

Island beach, Achang 
Table modified from 

Beach 
Cocos Reef Flats 

Island Achang Bay Off t·leri zo Lagoon Cocos 

Samp1e------- 201 635 602 607 611 503 407 464 556 
Oepth (feet)- 0 2 2 115 315 3 6 36 45 
Dominant con- F C S C,A F,fs C Sh H fs ,S 

stituent---

SiO 0.14 0.47 18.66 0.81 5.31 0.29 0.24 8.80 1.15 2--------
(A1,Fe)203 __ .13 .52 14.31 .75 4.58 . 19 .13 2.89 .91 
~lg0 2. 81 2.17 2.51 2.41 3.65 1.57 2.48 2.37 2.06 -------- 51.21 47.50 50.07 
CaO -------- 51. 16 51.05 30.41 50.61 44.50 51.76 
S03 -------- .46 .48 .32 .49 .34 .48 .49 .48 .55 

P205 ------- .10 .12 .15 .12 .11 .11 .14 .11 .12 
40.81 44.66 44.77 42.63 44.04 

Channels 
Mamaon 

141 
21 
S 

13.13 
9.98 
2.30 

36.14 
.30 
. 09 

35 . 73 Ignition 10ss- 45.1 0 44.19 31. 37 44.20 
Nitrogen ----- .010 .015 .100 .015 .015 .010 .01 8 .068 .036 .074 

CaC02 91. 3 91.2 90.5 ------ 90.6 91.5 ------ 89.5 -------------- -----

MgC03 -------- 5.9 4.6 ----- 5.1 ------ 3.3 5.2 ------ 4.3 ------

C, coral; F, Foraminifera; Sh, shells; S, silt; H, Halimeda; fs, fine sand; 
A, red algae; L, limestone. 
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Table 5, (continued) 

Time 
!-!agnetic Velocity in 
Bearing knots/hr. 

Water Wind 
Temp. in °c Direction 

Wind Velocity Secchi Disk Tide 
in knots Readins in Ft. CDnditi<,o 

STATION B (Continued) 

0\ 
en 

Drift Cross Cast 17 
1 meter 
5 meter 

10 meter 

0636 
0636 
0636 

.617 

.617 

.617 

, 

Table 6. Summary of current data from Station C-2. See Figure 19 
for the location of the station in relation to the whole of 
Cocos Lagoon. 

Date 

Jan. 13, 1973 

Jan. 14, 1913 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

Locat~on 

Fi g. 10-a. 

.. 
.. 
.. 

Fi g . 10-b. 

.. 

.. 

.. 

.. 

.. 

.. 
Jan. 19, 1913 Fig . 10-a. 

II " 

'I I I 

Jan. 20 , 1913 .. 
.. .. 

Time 

1440 

1011 

1152 

1600 

1200 

1210 

1215 

1218 

122l 

1225 

1229 

2100 

2200 

2300 

0100 

0200 

.. River Channel 0230 

.. Fig . 10-a. 0800 

.. .. 1000 

Magnetic Speed in 
Bearing Knots 

210 0.18 

285 0.25 

285 0.23 

291 

281 

332 

292 

340 

293 

: 108- 288 
I oscillatory .. 

292 

289 

230 

0.38 

0. 36 

0. 23 

0. 42 

0 .25 

0 .23 

0 .21 

0. 26 

0 .21 

Wind 
Direction 

290 

125 

.. 

.. 
115 

.. 

.. 

.. 

.. 

.. 

.. 
100 

.. 

.. 

Wind 
Sneed Kts . 

4-5 

8-10 

.. 
.. 

10-12 

.. 

.. 
.. 
.. 

.. 
4-5 

.. 
.. 

No current, area dry, low tide (-0.6 feet) 

.. .. 
260 0 .30 

o o 

284 0 .01 

.. 
100 

110 

.. 

.. 
4-5 

5-6 

.. 

Tide 

Flood 
Flood 
Flood-

near turn~ 
flood/ebb 

floo d 

flopd 

ebb 

flood 

.. 

.. 

.. 

.. 

.. 

.. 
ebb 

.. 

.. 

.. 

.. 
.. 

flood 

.. 



Tabl!! 7. Suml!lary of CUITp.nt data froll Station C- 3. See Fiqure l(} for the 
locatioll of the station. 

Time 

December I, 1973 

.., .. 
3 

4 

5 

2 

3 

4 

5 

2 

3 

4 

5 

2 

3 

4 

5 

1140 

1155 

1200 

1205 

1340 

1345 

1350 

1355 

1400 

1545 

1550 

1555 

1600 

1540 

IB05 

1800 

1755 

1750 

1740 

:·1aflnet i c 
['caring 

204 0 

218 0 

2060 

294 0 

262 0 

2520 

1780 

292 0 

308' 

297' 

286' 

290' 

320' 

01 0 ' 

342' 

3560 

SP~thj 

motcr5/sHc 

0.02 

0.06 

0.10 

0.44 

0.06 

0.05 

0.08 

0.09 

0.07 

0.04 

0.05 

0. 08 

0.1 0 

O. I I 

0.07 

0.04 

0.04 

0.06 

0.05 

0.06 

68 

\'nnd 
Oirection 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

Tide 

flood 

" 

" 

" 

" 

ebb 

" 

" 

" 

" 

" 

" 

" 

" 

" 

flood 

" 

" 

" 

" 

"' ~hl(' ., . (c' n t. ; II I· ., ' ) 

Station Time 
Magnotic 
Dearing 

December I, 1973, con tinued 

2110 3000 

2 2115 

3 2120 316' 

4 2125 306' 

,. 
~ 2130 300' 

2400 273' 

2 2405 302' 

3 2410 290' 

4 2415 3030 

5 2420 274 0 

December 2, 1973 

0245 340' 

., 
" 0250 255 0 

0255 3150 

4 0258 280' 

5 0300 270 0 

0710 osci I . 

2 0712 280' 

3 0715 201 0 (oscil.) 

4 0720 1830 

5 0725 1620 

Speed 
meters/sec 

0.05 

0 .04 

O.OB 

0.08 

0.08 

0.02 

0.08 

0.06 

0.05 

0.12 

0.01 

0.05 

0.04 

0.03 

0.05 

0.03 

0.04 

0.02 

0.02 

69 

Wind 
Direction 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 
" 

" 

" 

" 

" 

" 

" 

Tide 

flood 

" 

" 

" 

" 

ebb 

" 

" 

" 

" 

" 

" 

" 

" 

" 

flood 

" 

" 

" 

10 



Magnetic Speed Wind 
Station Time Bearing meters/sec Direction 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 " " 

70 

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 Dro~ue Deeth 

Dacamber 1 • 1973 

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

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 1m 

December 2, 1973 

0300-0315 seaward ebb 1m 

0725-0740 lagoonward flood 1m 

1005-1020 seaward flood 1m 
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TABLE 9. SUT!l11ary of Cu rrent da ta. ~i!1 = no dye ;~cv e~;ent. di·~:.: sion cn1y; \; = dye :'-cve''ient at 
surface only by I·lind; (.2m) = 20 Cln dl"ift CI·CSS. ( 1[:1) = 1 ~etel' dl"ift CI·055. nnd 
( 5m) = 5 ::;eter ddft cross. 

Station ~·lagneti C Speed in \-li nd Hind 
[1~t!:: I D~ati DD Iii:le SeariDg ~Dcts OJ n:~ti OD <' ~"'ed t:cots Iifle 

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 .. 12 1314 209 .040 .. 13 1319 210 .. 14 1324 380 .. 15 1331 290 .. 

16 1340 301 
.. 

3a 1312 'it·' 
.. 

3b 1312 rtf·' 
.. 

3c 1312 tm .. .. 
5a 1315 210\01 

.. .. 
51) 1315 208\~ 

.. .. 
6a 1316 210\4 .. .. .. 
6b 1316 210:4 .. .. .. 

...., 
N 7 1530 . 083 10-12 ebb i flood .. 

8 1531 174 slight 083 .. .. 
9 1532 179 • 013 .. .. .. 

.. 10 1525 181 .019 .. .. .. 

.. 11 1520 162 • 019 .. 

.. 12 1515 178 .039 .. 

.. 13 1505 303 .026 .. 

.. 14 1455 298 .029 .. 

.. 15 1450 305 
.. 

.. 16 1445 298 
.. 

.. 13(lm} 1505 326 
.. .. 

.. 14( 5m} 1455 280 
.. 

" 13 1705 320 .058 074 8-10 f1 ood 
.. 14 1700 317 . 072 .. .. .. 

---- . --

TABLE 9. / c ... ... +i .... ".Je--1} \ ... .. v .. ... 

S ta ti on "'agneti C S~eed in Hind \·li nd 
Date Location Ti::ie Bea ri ng Knots Direction Speed !:nots. Tide 

June 8 3a 1720 tH1 :U74 8-10 Fl ood 
3b 1721 ~1r~ .. .. .. 
3c 1722 m1 .. .. " 
4a 1725 m~ .. " 
4b 1727 Nr~ .. " 
14( 1m} 1900 260 GI'ounded 5-7 .. 
14( 5m} 1900 270 .. .. .. 
12( • 2m} 2150 260 .. Flood ebb 
14(lm} 2145 263 Grou r. ded .. .. 
14(5,Q} 2145 275 .. 

" " 
June 9 14( 5::1} 01 20 162 .. " ebb .. 14 ( 11:1) 0230 155 .. .. " .. 9 0530 250\01 065 0-5 Flood .. 10 0631 250\~ .. .. .. .. 11 0632 250:4 " .. .. 12 0633 240 .026 .. .. 

...., 
" 13 0634 278 w .032 .. " 
" 14 0635 122 .032 " " .. 14( 1m} 0635 122 .. .. 

14( 5:n} 0635 122 grounded 1111 .. 
3a 1000 Nt~ 070 5-10 " 
3b 1000 t;r~ .. " " 
3c 1001 N!~ .. .. " 
4a 1001 Nr~ .. .. .. 
4b 1002 N!~ " " " 
5a 1002 ~H1 " " " 
5b 1003 m~ .. .. 
6a 1003 ~H1 " .. 
6b 1004 tiM .. .. 
7 1 0 ~4 225 S 1 i ght " .. 
8 1-:05 210 .. .. .. 
9 ~ :C 7 222 " .. 

" 
10 -' - "' Q 217 " " " , __ v 

11 'I r ""1 0 
I ........ . 221 " " " " 

14 ;:j ; 0 260 Sr,:~~ded 
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Table 10 . Summary of current data for Stations 1 and 2 in Cocos Lagoon on July 29, 1974. See ­
Figure 19 for station locations and drift tracts. 

Drift Ca!o't Speed Wind Wind Stage of 
Station Time Number in Knots Direction in Knots Tide 

1 1145 1 .05 lOBo 21* Early-Flood 

1 1145 .1 .05 lOBo 21* Early-Flood 

2 1230 2 .23 1100 15 Early-Flood 

2 1230 2 .23 1100 15 Early-Flood 

2 1430 3 .26 lOBo 15 Mid-Flood 

2 1430 3 .26 1080 15 Mid-Flood 

1 1515 4 .19 1100 15 Mid-Flood 

1 1515 4 .19 1100 15 Mid-Flood 

2 1645 5 .19 1090 17 Late-Flood 

1 1700 6 .13 1090 17 Late-Flood 

*Unusua1 high wind speed was due to a rain squall passing over the lagoon. 

Table 11. 

Drift Cross 
Cast 

Number 

1 
1 
2 
2 
3 
3 
4 
4 
5 
5 
6 
6 
7 
7 
8 
8 
9 
9 

10 
10 
11 
11 
12 
12 
13 
13 
14 
14 
15 
15 

Summary of current data for a station at the mouth of the Mamaon Channel. See 
Figure 2') for station location and drift tracts. 

Depth of Wind 
Drift Time of Wind Speed Stage of 
Cross Drift Bearing Direction in Knots Tide 

1m 0800-0915 2770 1140 .9 ebb 
5m 0800-0915 2770 1140 .9 ebb 
1m 0900-0930 3050 1050 7.4 ebb 
5m 0900-0930 3050 1050 7.4 ebb 
1m 0945-1045 2920 1070 5.8 ebb 
5m 0945-1045 ' 2920 1070 5.8 ebb 
1m 1045-1145 3040 111 0 12.6 ebb +f100d 
5m 1045-1145 304-0 111 0 12.6 ebb +f100d 
1m 1145-1245 2580 1170 13.6 flood 
5m 1145-1245 2730 1170 13.6 flood 
1m 1300-1400 2800 1150 12.8 flood 
5m 1300-1400 1580 1150 12.8 flood 
1m 1400-1500 1730 flood 
5m 11100-1600 1920 flood 
1m 1600-1600 1780 11 00 7.6 flood 
5m 1500-1600 1600 1160 7.6 flood 
1m 1600-1700 2860 • 1250 11.3 flood 
5m 1600-1700 2860 1200 11.3 flood 
1m 2030-2215 3020 no wind ebb 
5m 2030-2215 3040 no wind ebb 
1m 2220-2340 3040 no wind ebb 
5m 2220-2340 2980 no wind ebb 
1m 2340-0045 2930 no wind nood 
5m 2340-0045 2930 no wind flood 
1m 0045-0200 3190 no wind flood 
5m 0045-0200 3030 no wind flood 
1m 0200-Oil30 2900 no wind flood 
5m 0200-0330 2860 no wind flood 
1m 0330-0600 2B6° no wind f1ood+ ebb 
5m 0330-0600 2400 no wind flood ... ebb 

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 
relative frequency are: 0= dominant, A= abundant, C= common, 0= occasional, U= uncommon, and 
R= rare . 

BIOTOPES 
IA IB IC 10 IE IIA lIB IIC 110 

Sty1ocoenie11a armata (Ehrenberg), 1834 0 0 C R 0 C C C 
Sty1ocoeniella guentheri (Bassett-Smith), 1890 R R R 
Psammocora contigua (Esper), 1797 C 0 R 0 
Psammocora nierstraszi van der Horst, 1921 0 0 R 0 C U 
Psammocora profundacella Gardiner, 1898 R 
Psammocora stellata (Verrill), 1866 C 0 R 0 
Psammocora verrilli Vaughan, 1907 • R 
Psammocora (S.) togianensis Umbgrove, 1940 U U 0 0 
Psammocora (f.) haimeana Milne Edwards & Haime, 1851 0 0 R 0 C 0 R 
Stylophora mOrdax (Dana), 1846 0 0 
Seriatopora hystrix (Dana), 1846 R 0 0 0 C 0 
Pocil1opora brevicornis Lamarck, 1816 0 0 0 0 
Pocillopora damicornis (Linnaeus), 1758 A C 0 C C C 0 0 R 
Pocil1opora danae Verrill, 1864 0 R 
pocil1opora e1egans Dana, 1846 R 
poci11opora eydouxi Milne Edwards & Haime, 1960 U U 
Poci11opora ligulata Dana, 1846 R R 
pocil1opora meandrina Dana, 1846 R R 0 
pocil1opora setchelli Hoffmeister, 1929 0 
Pocil1opora verrucosa (Ellis & Solander), 1786 0 0 0 0 0 0 
Acropora abrotanoides (Lamarck), 1816 U 
Acropora acuminata Verrill, 1864 0 C 0 C U U 
Acropora arbuscu1a (Dana), 1846 0 C U C U 
Acropora aspera (Dana), 1846 C C R C 0 
Acropora brueggemanni (Brook), 1893 R 0 
Acropora convexa ~Dana), 1846 0 0 
Acropora de1icatula (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 humllis (Dana), 1846 R R 0 R 0 0 0 
Acropora hystrix (Dana), 1846 U R 
Acropora kenti (Brook), lB92 R R U 

Table 12. (continued) 

BIOTOPES 

lIE 

R 

R 

R 

IA IB IC 10 IE IIA lIB IIC 110 lIE 
Acropora murravensis Vaughan, 1918 R R 
Acropora ~. lStuder~, 1879 R 
Acropora nasuta (Dana , 1846 0 R 0 0 R 
Acropora nobi1is (Dana), 1846 R 
Acropora pa1ifera (Lamarck), 1816 C 0 C R 0 C 
Acropora palmerae Wells, 1954 U 
Acropora rambleri (Bassett Smith), 1890 0 R R 
Acropora rayneri (Brook), 1892 0 R R 
Acropora smithi (Brook), 1893 R 
Acropora squarrosa (Ehrenber9), 1834 U R 
Acropora surculosa (Dana), 1846 0 0 R 0 0 R 
Acropora svrinQodes (Brook), 1892 
Acropora studeri .(Brook), 1893 0 R 
Acropora teres (Verrill), 1866 A A A A C R R 
Acropora tubfcinaria (Dana), 1846 R R 
Acropora virgata (Dana), 1846 0 0 0 
Acropora sp. 1 0 
Acropora wardii Verrill, 1901 R 
Astreopora gracilis Bernard, 1896 R R 
Astreopora listeri Bernard, 1896 R R 
Astreopora myriophtha1ma (Lamarck), 1816 R R R 0 0 
Montipora compos ita Crossland, 1952 R R 
Montfpora conicu1a Wells, 1954 R 
Montlpora ehrenbergii Verrill, 1875 0 0 0 
Montipora e1schneri Vaughan, 1918 R 0 0 
Montipora f10weri Wells, 1954 R 
Montipora foveo1ata (Dana), 1846 0 0 0 R 0 C 0 U R 
Montipora granulosa Bernard, 1897 U U 
Montipora hoffmeisteri Wells, 1954 0 0 0 0 
Montipora lobulata Bernard, 1897 0 C 0 A 0 0 U 
Montipora monasteriata (Forskaa1), 1775 R 
Montipora patu1a Verrill, 1869 R 
Montipora subti1is Bernard, 1897 0 R 0 0 
MOnt1pora tuberculosa (lamarck), 1816 0 0 0 
Montlpora verrilli Vaughan, 1907 0 C 0 C 0 A C 0 . 
Mont1pora verrucosa (lamarck), 1816 R 0 0 0 C 0 U R 

. 

I 
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Table 12.. (continued) 

BIOTOPES 

Pavona clavus (Dana), 1846 
Pavona decussata (Dana), 1846 
Pavona divaricata (Lamarck), 1816 
Pavona frondifera (Lamarck), 1816 
Pavon a minuta Wells, 1954 
Pavona varians Verril" 1864 
Pavona Qardineri van der Horst, 1922 
Pavona ~e..l pollicata Wells, 1954 
Pavon a (P.) planulata (Dana), 1846 
Pavona (P.) obtusata (Quelch), 1884 
Pavona (P.) sp. 1 
Leptoseris hawaiiensis Vaughan, 1907 
Leptoseris incrustans (Quelch) , 1886 
Leptoseris mvcetoseroides Wells, 1954 
Pachyseris speciosa (Dana), 1846 
Anomastraea sp. 1 
Coscinaraea columna (Dana), 1846 
Cycloseris sp. 1 
Fungia fungites (Linnaeus), 1758 
Fungia scutaria Lamarck, 1801 
Goniopora columna Dana, 1846 
Goniopora arbuscula Umbgrove, 1939 
Stylaraea punctata Klunzinger, 1879 
Porites andrewsi Vaughan, 1918 
Porltes annae Cros sland, 1952 
Porites australiensis Vaughan, 1918 
Porites cocosensis Wells, 1950 
Porites compress a Vaughan, 1907 
Porites duerdeni Vaughan, 1907 
Porites lichen Dana, 1846 
Porites lObata Dana, 1846 
Porites lutea Milne Edwards & Haime, 1851 
Porites murrayensis Vaughan, 1918 
Porites matthai; Wells, 1954 
Porites sp. 1 
Porites sp . 2 
Porites (1.) convexa Verrill, 1864 

Table 12. (continued) 

BIOTOPES: 

Porites (i.) hawaiiensis Vaughan, 1907 
Porites !i'j horizontalata Hoffmeister, 1925 
Porites S. iwayamaensis Eguchi, 1938 
Porites ([.) s p. 1 
Alveopora japonica Eguchi, 1968 
Alveopora verriniana Dana, 1872 
Favia favus (Forskaa1), 1775 
Favia pallida (Dana), 1846 
Favia speciosa (Dana), 1846 
Favia stelliaera (Dana), 1846 
Favia rotumana ~~ardiner), 1889 
Favites abdita Ellis & Solander), 1786 
Favites complanata (Ehrenberg), 1834 
Favites favosa (Ellis & Solander), 1786 
Favites flexuosa (Dana), 1846 
Favftes virens (Dana), 1846 
OUlO~hYllia cris~a (Lamarck), 1816 
Ples astrea vers pora (Lamarck), 1816 
Plesiastrea sp. 1 
Goniastrea parvistella (Dana), 1846 
Goniastrea pect1nata (Ehrenberg), 1834 
Goniastrea retiform1s (Lamarck), 1816 
Platygyra rustica (Dana), 1846 
Platygyra lamell1na(Ehrenberg), 1834 
PlatY9yra sinensis (Milne Edwards & Haime) , 1849 
Leptoria Ph~19ia (Ellis & Solander), 1786 
Hydnophora m croconos (Lamarck), 1816 
Leptastrea bottae (Milne Edwards & Haime) , 1849 
Leptastrea purpurea (Dana), 1846 
leptastrea transversa (Klunzinger). 1879 
Cyphastrea chalc1dicum (Forskaal), 1775 
Cyphastrea serailia (Forskaal), 1775 
CY~hastrea sp . 1 
Ec fnopora lamellosa (Esper), 1787 
Di~'oastrea heliopora (Lamarck), 1816 
Ga axea fascicularis (Linnaeus), 1758 
Galaxea hexagonalis Milne Edwards & Haime, 1857 
Acrhelia horre6~en5 (Dana), 1846 

11\ IB 

R 0 
0 
R 

R 0 

R 0 

R 

0 
U 

R 0 
U C 
0 A 
0 0 

R 
C A 
0 0 

U 
R 

U 0 
A A 

U 
0 A 

0 

I.~ IB 
U 

R C 

R 

0 
0 
R 
R 

R 

U 0 
R 

U 0 
U U 

- 0 
R 

U 0 
C A 

0 0 

U C 

0 

IIC 10 IE lI,A lIB lIC lID lIE 

0 U 
A R 
C 
0 

R R 
R C R C C 0 R 

R R 
R 

R R R R 
0 C 0 C R 

0 R 0 0 
R R 0 R 
R R 0 R 

R 
R R R 

R 0 0 0 U U 
R 

R 
0 0 

U 0 0 
R 

0 0 U U 
C A 0 C C 0 0 
0 

0 0 U 
0 0 

A A 0 C C 0 R 
U 0 U 

U C C 
0 C C C C 0 
0 A C 0 C 0 R 

0 0 0 
0 A 0 A C 0 0 

0 
R U R 

C A 0 C A C 0 

I 
I 

IC ID IE lIA I IE- lIC lID lIE 
0 C 0 0 C A 0 
0 0 0 C 0 0 
C A R 0 A A 0 C 

U R 

R U 

R 0 0 0 0 R 
U U U U 
R 0 0 
R 0 

U 
0 0 U U U 

U U 
R R 
R R 
R R 
R 0 U 
R U U 

U C R C C 0 
0 U 0 C 
0 C 0 
0 0 0 
U U 
0 0 0 U 
R 0 0 0 
R 0 U U 

U R 
0 A 0 A A 0 0 0 

U U 
U 
C C C U R 
R 
U U R 

R R 
0 C U 0 0 U 

U 
0 C 0 0 0 U 

I 
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Table 12 . (continued) 

BIOTOPES 

Merulina ampliata (Ellis & Solander). 17 
Lobophyllia cor bosa (Forskaal). 1775 
Lobophyllia costa~a .~ana), 1846 
Lobophyllia hem~rlchll (Ehrenberg), 1834 
Acanthastrea ec inata (Dana). 1846 
Echinophyllia asper Ellis & Sol ander, 17 
Mycedium sp. 1 
Paracyathus sp . 1 
Plerogyra sinuosa (Dana), 1846 
EUf"Yllia labrescens (Chamisso & Eysenh 
He iopora coeru ea al1as), 1766 
Millepora dichotoma Forskaal, 1775 
Millepora exaesa Forskaal, 1775 
Mil1epora plat~phYlla Hemprich & Ehrenbe 
Distdchopora vlolacea (Pallas), 1776 

Total Species per Biotope 

Total Genera per Biotope 

Total Species 

Total Genera 

86 

86 

ardt).1821 

rg. 1834 

159 

44 

III I 
U 

U 
u 
R 
0 
0 

39 

18 

IB Ie 10 

U R R 
R 
U 
R 

U 0 
R 
R 

R 0 0 
0 0 0 
0 0 e 
0 0 
0 0 e 
0 u 

79 51 102 

27 25 35 

IE IrA I lIB !Ie IID 

U U U 
0 0 U 
0 

0 
0 U 
U 0 0 R 

R 
0 0 e 0 
0 e e e 

u e 0 u 
e 0 

0 A e 0 0 
e 0 u 
e e e e 

40 104 98 57 24 

14 34 36 70 17 

Table 13. Living coral denSity, per cent of substratum coverage (Dominance), and frequency of 
occurrence. Importance Value is the sum of the above three parameters. Corals 
are arranged in order of their Importance Value. 

D(~ity Relative ~~minanc~l Relative Relative Importance Species Densitv Per cent Dominance Freouencv Freouencv Value TRANSECT 1 (Biotope 18) 

Acropora formosa 2. 02 35.71 9.03 29 .59 . 57 30.64 95.94 Porites andrewsi 1.62 28 .57 11. 44 37.48 .43 23.12 89.17 Porites cocosensis 1.01 17 .86 9.27 30.37 .43 23.12 71. 36 Acrol!ora teres 1. 01 17.86 .78 2.56 .43 23.12 43.55 
Total Density 5.66/m2 
Total Dominance 30 . 52% 
Total Species 4 
Total Genera 2 

TRANSECT 2 (B'otopa IB~ 

Porites andrewsi 8.49 47.50 9.17 17.75 . 90 40 . 91 106. 16 Acrol!ora formosa 2. 24 12 . 50 39.16 75 .80 .20 9.09 97.39 Porites cocosensis 5. 81 32.50 3. 20 6.·19 .80 36.36 75 . 05 Pocil1opora damicorni s 1.34 7.50 .13 .26 .30 13 . 64 21.40 
Total Density 17 .88/m2 
Total Dominance 51.66% 
Total Species 4 
Total Genera 3 

TRANSECT 3 (Biotope rA ) 
Porites cocosensis . 43 25.00 2.77 80.29 .40 18.18 123.47 Porites 1 utea .43 25.00 . 2B 8. 12 . 40 18.18 51.30 Porites ~wsi .26 15.00 .06 1.74 .40 18.18 34.92 Porites annae .16 10.00 .04 1.16 .40 18.18 29.34 Pocil1ofora damicornis .26 15.00 .09 2.61 .20 9.09 26.70 Pavon a P.) obtusata .09 5.00 .18 1.22 .20 9.09 19.31 Heliopora coerulea .09 5.00 .03 .B6 . 20 9.09 14.95 

Total Density 1. 72/m2 
Total Dominance 3.45% 
Total Species 7 
Total Genera 4 

lIE 

R 
R 

0 
0 

0 

0 

32 

18 
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Table 13. (continued) 

Soecies 
DC1nSity 

m2l 

TRANSECT 4 (Biotope IB 

Acropora formosa .55 
Acropora teres .38 
Porites cocosensis .22 
Pocillopora damicornis .22 
Porites andrewsi .12 
Porites (S.) convexa .16 
Porites 1utea .05 
Pavona (!.) obtusata .05 

Total Density 1. 751m2 
Total Dominance 4.50% 
Total Species 8 
Total Genera 4 

TRANSECT 5 (Biotope fA) 

Acropora teres .16 
Porites (5.) convexa .03 
Pori tes lutea ." Pocillopora damicornis .12 
Porites cocosensis .08 
Pavona decussata .05 
Pavona varians .03 
Heliopora coerulea .02 

Total Oensity • 621m2 
Total Dominance .83% 
Total Species 9 
Total Genera 6 

Table 13 . (continued) 

Species D(~~;ty 
TRANSECT 6 (Biotope IA) 

Psammocora ste11ata 7.23 
Porites iutea 5.17 
Leptastrea purpurea 3.62 
Pocillopora damicornis 1.03 
Psammocora contigua .52 
Goniopora arbuscula 1.03 
Favia favus .52 
Clphas trea sera i1 i a .52 
Porites (5.) iwayamaens s .52 
Porites cocosensls .52 

Total Density 20.17/m2 
Total Dominance 2.89% 
Total Species 10 
Total Genera 7 

TRANSECT 7 (Biotope IA) 

Psammocora stellata 5.05 
Porites lutea - 2.89 
Porites (5.) iwayamaens s 1.44 
Leptastrea purpurea 1.44 
Pocillopora damlcornis .72 
Montipora foveolata .72 
Porites cocosensis .36 
Millepora plat~ehYlla .36 
Porites matthall .36 
Porites andrewsi .36 
Psammocora contigua .36 
5tllocoeniella armata .36 

Total Oensity 14.42/m2 
Total Oominance 4.55% 
Total Species 12 
Total Genera 6 

Relative 
Densitv 

31.25 
21.B8 
12.50 
12.50 
6.24 
9.37 
3.13 
3.13 

25.00 
5.00 

17 .50 
20.00 
15.00 
7.50 
5.00 
2.50 

Relative 
Densitv 

35.00 
25.00 
17.50 
5.00 
2.50 
5.00 
2.50 
2.50 
2.50 
2.50 

35.00 
20.00 
10.00 
10.00 
5.00 
5.00 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 

~~inance Relative Relative Importance 
Per centl Dominance Frequency Frequency Value 

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 

, 

Dominance Relative Relative Importance (Per cent) Dominance FrENuency Frequenc;y Value 

1.09 37.72 .80 29.64 102.36 
1.14 39.45 .50 18.52 82.97 

.23 7.96 .60 22.23 .. 47.69 

.05 1. 73 .20 7.41 14.14 

.20 6.92 .10 3.70 13.12 

.01 .35 .10 3.70 9.05 

.07 2.42 .10 3.70 8.62 

.04 1.38 .10 3.70 7.58 

.04 1.38 .10 3.70 7.58 

.02 .69 .10 3.70 6.89 

.66 14.51 .70 23.34 72.85 
1.13 24.83 .60 20.00 64.83 
1.77 38.90 .40 13.34 62.24 
.10 2.20 .40 13.33 25.53 
.12 2.64 .20 6.68 14.32 
.17 3.73 .10 3.33 12.06 
.23 5.05 .10 3.33 10.88 
.14 3.08 .10 3.33 8.91 
.10 2.20 .10 3.33 8.03 
.05 1. 10 .10 3.33 6.93 
.05 1. 10 .10 3.33 6.93 
.03 .66 .10 3.33 6.49 
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Table 13 . (continued) 

Di~~~ty Relative ~ominanc~l 
Species Densitv Per cent 

TRANSECT 8 (Biotope 1 ) 

No Quant tative da r-a--only 0 e 1 i ving cora 

TRANSECT 9 (Biotope I ) 

No Quant tative da a--only 1 1 i vi ng Pori t 
1-9 om d a. were f und along a 100 m trans 

TRANSECT 10 (Biotope IA) 

Porites lutea .32 77 .50 .11 
Pavona decussata .03 7.50 < .01 
Leptastrea purpurea .03 7.50 < .01 
pocil1opora damicorni .02 5.00 < .01 
Psammocora ste11ata .01 2.50 < .01 

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

Table 13 . (continued) 

D7~~~ty Relative ~~minanc~l Soecies Densitv Per cent 

TRANSECT 11 (Bfotope ID) 

Acropora formosa .90 68.09 11.54 
Porites andrews1 .03 2.13 37.50 
Montipora foveolata .11 8.50 .04 
Montiyora verrilli .06 4.25 .21 
Poc1'~opora dam1corn s .06 4.25 .13 
M1l1epora exaesa .06 4.26 .50 
St~'ocoenie"a armat .06 4.26 <.01 
Acr~e'ia horrescens .OS 2.13 <.01 
Leptastrea purpurea .03 2.13 <.01 

Total Density 1.34/m2 
Total Dominance 48.18% 
Total Species 9 
Total Genera 8 

Relative Relative Importance 
Dominance FreQuency FreQuencv Value 

(Acropora teres) found along a 100 transect. 

s lutea cor 1 colonies anging from 
ct. 

73.32 1.00 66.66 217.48 
6.67 .20 13.33 37.50 
6.67 .10 6.67 20.84 
6.67 .10 6.67 18.34 
6.67 .10 6.67 15.84 

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 14.28 
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 
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Table 13 . (continued) 

Species 

RANSECT 12 (Biotope 10 

cropora formosa 
tllocoenlella armata 
sarnrnocora haimeana 
alaxea rasclcularls 
ontipora lobulata 
onti~ora subtll1s 
oCll opora damlcornis 
crhel1a horrescens 

T 

A 
S 
P 
G 
M 
M 
P 
A 
p 

T 

P 
P 

avona (t.) obtusata 

Total Density 
Total Dominance 
Total Species 
Total Genera 

RANSECT 13 (Biotope 10 

orites andrewsi 
orites matthal1 

Total Density 
Total Dominance 
Total Species 
Total Genera 

De(~~v 

1. 74 
.63 
.63 
.32 
.32 
.16 
.16 
.16 
.16 

4.28/m. 
8.40% 
9 
8 

12.81 
12.81 

25.63/m 
33.43% 
2 
1 

Table 13. (continued) 

Species D(~~~ty 

TRANSECT 14 ' (Biotope ID 

Acropora teres .86 
Montipora foveolata .25 
Gonfopora arbuscula .07 
Stllocoeniella armata .07 
ClPhastrea serailia .07 
Montipora lobulata .04 
Le~tastrea purpurea .04 

.04 Mi lepora exaesa 

Total Density 1.44/m2 
Total Dominance 5.95% 
Total Species 13 
Total Genera 10 

TRANSECT 15 (Biotope 10 

Acro~ora formosa .57 
Pori es andrewsi .11 
Leptastrea purpurea .15 
Porites lutea .09 
MOntipora roveolata .09 
Acro~ora teres .06 · 
Pocl lopora damicornis .06 
Mitlepora exaesa .03 

Total Density 1. 16/m2 
Total Dominance 8.72% 
Total Species 8 
Total Genera 6 

Relative 
Density 

40.74 
14.B2 
14.82 
7.41 
7.41 
3.70 
3.70 
3.70 
3.70 

50.00 
50.00 

Relative 
Density 

60.00 
17 .50 
5.00 
5.00 
1i.00 
2.50 
2.50 
2.50 

50.00 
10.00 
12.50 
7.50 
7.50 
5.00 
5.00 
2.50 

~ominanc~) Relative Relative Importance 
Per cent Dominance FreQuencv 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 .14 7.61 11.43 

17.93 53.63 .50 50.00 153.63 
15.50 46.37 .50 50.00 146.37 

~~minanc~) Relative ~~elative Importance 
Per cent Dominance FreQuencv reauencv Value 

5.80 97.47 .80 40.00 197.48 
.06 1.01 .40 20.00 38.51 
.02 .34 .20 10.00 15.34 

< .01 .17 .20 10.00 15.17 
.01 .17 .10 5.00 10.17 
.03 .50 .10 5.00 8.00 
.01 .17 .10 5.00 7.67 
.01 .17 .10 5.00 7.67 

3.61 41.41 .70 33.33 124.74 
3.72 42.67 .10 4.76 57.43 

.04 .46 .30 14.29 27.25 

.33 3.78 .30 14.29 25.57 

.01 .11 .30 14.29 21.90 

.97 11 .12 .10 4.76 20.88 

.03 .34 .20 9.52 14.86 
< .01 .11 .10 4.76 7.37 

I 
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Table 13 . (continued) 

SDecies D(~~Jty 

TRANSECT 16 (Biotope IB) 

Acropora teres .17 
Acrorora formosa .07 
Poe; lopora damicornis .01 
Montipora foveolata .03 
Porites 1 utea <.01 

Total Density . 291m2 
Total Dominance 5.51 % 
Total Species 5 
Total Genera 4 

TRANSECT 17 (Biotope IB) 

Poci11opora damicornis .27 
Acropora teres .09 
Porites 1utea .03 
Acropora formosa .06 
Porites andrewsi .01 

Total Density • 461m2 
Total Dominance 3.52% 
Total Species 5 
Total Genera 3 

. 

Table 13 . (conti nued) 

Species De(~~v 
TRANSECT 18 (Bioto~e I ) 

Porites cocosensis .14 
Porites andrews; .06 
Porites lobata .05 
Porites lutea .04 
MOntipora foveo1ata .02 
Favia pallida .01 
~oci'lopora damicornis .01 

Total Density . 331m2 
Total Dominance .34% 
Total Species 7 
Total Genera 4 

TRANSECT 19 (Biotope I ) 
Porites 1utea .20 
Montipora foveo1ata .29 
Porites andrewsi .26 
Acropora teres .20 
Porites cocosensis .09 
~or;tes ti.) iwavamaen is .06 
Porites lobata .06 

Total Density 1.16/m2 
Total Dominance 17 .86% 
Total Species 7 
Total Genera 3 

Relative 
Density 

60.00 
22.50 
5.00 

10.00 
2.50 

58.33 
19.44 
5.56 

13.89 
2.78 

Relative 
Density 

42.50 
17 .50 
15.00 
12.50 
7.50 
2.50 
2.50 

17.50 
25.00 
22.50 
17 .50 
7.50 
6.00 
4.00 

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

3.75 6B.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 

\ 

, 

Dominanc~l Relative Relative mportance 
-<Per cent Dominance FreQuen<:y Fr~uency Value 

, 

.07 20.59 .80 32.00 95.09 

.16 47.06 .50 20.00 84.56 

.05 14.71 .40 16.00 45.71 

.04 11.76 .40 16.00 40.26 
<.01 1.96 .20 8.00 17.46 
<.01 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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Table 13 . (continued) 

Species 
TRANSECT 20 (Biotope 10 
Montipora lobu1ata 
Pocil1opora damicornis 
Porites australiensis 
Acropora palifera 
Montipora verrilli 
MOntipora lobulata 
Stxlocoeniella armata 
Acropora delicatula 

Total Density 
Total Dominance 
Total Species 
Total Genera 

TRANSECT 21 (Biotope IB 
Porites cocosensis 
Montlpora sp. 1 
Monti~ora lobulata 
Poc,!l opora dam'!cornis 
Acrorora formosa 
Mont pora verrilli 
Porites matthaii 
Acropora palifera 
St~locoenie1la armata 
Acropora tubicinaria 
Mi11epora p1atyphyl1a 
Acropora nasuta 

Total Density 
Total Dominance 
Total Species 
Total Genera 

Table 13. (continued) 

Species 

TRANSECT 22 (Biotope IAl 

Porites 1utea 
Porites cocosensis 
Pavona divaricata 
Porites annae 
pocillopora damicornis 
Goniastrea retiformis 
Pavona decussata 
Porites lobata 

Total Density 
Total Dominance 
Total Species 
Total Genera 

De_(~~v 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 2.50 

.10 6.00 

.10 5.00 

.10 6.00 

.05 2.50 

.05 2.50 

1.95/m2 
12.22% 
12 
6 

De(~~v Relative 
Density 

.12 32.50 

.07 20.00 

.07 20.00 

.04 10.00 

.03 7.50 

.02 5.00 

.01 2.50 

.01 2.50 

.37/m2 

.83% 
8 
4 

Dominance Relative Relative Importance 
(Per centJ Dominance Frequency Fr~uen<;L Value 

3.11 34.14 .70 30.42 109.56 
.53 5.82 .50 21. 74 47.56 

2.36 25.90 .10 4.35 35.25 
.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 41.29 
.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 .1 E .20 6.67 11.83 
.19 1.55 .10 3.33 9.88 
.08 .65 .10 3.33 6.48 

<.01 .08 .10 3.33 5.91 

. 

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

.69 83.14 .80 30.77 146.41 

.01 1.20 .50 19.23 40.43 

.05 6.03 .30 11.54 37.57 

.04 4.82 .40 15.38 30.20 
<.01 1.20 .20 7.69 16.39 
< .01 1.20 .20 7.69 13.89 
< .01 1.20 .10 3.85 7.55 
<.01 1.20 .10 3.85 7.55 
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Table 13. ( continued) 

De(~HY Relative 
Species Density 

TRANSECT 23 (Biotope 1ST 
~Qrnes co~o&ens i s .42 35.DD 
or es lu ea .24 20.00 

Pocillopora damicornis .18 15.00 
MOntipora lobulata .12 10.00 
Porites matthaii .09 7.50 
Porites annae .03 2.50 
Heliopora coerulea .03 2.50 
Goniastrea retiformis .03 2.50 
Montipora subtllis .03 2.50 
Pl a tygyra rus ti c a .03 2.50 

Total Density 1.20/m 
Total Dominance 3.72% 
To1;al Species 10 
Total Genera 6 

TRANSECT 24 (Biotope IB) 

Montipora lobulata .07 25.00 
Porites cocosensis .11 37.50 
Pocillopora dam1cornis .06 22.50 
Reliopora coerulea .03 10.00 
Porites (s.) hawaiiensis .01 5.00 

Total Density • 281m 
Total Dominance .10% 
Total Species 5 
Total Genera 4 

Table 13. (continued) 

De7ls~ty Relative 
SDecies m~f Densitv 

TRANSECT 25 (BiotopeIIA) 

Montipora lobulata .55 16.68 
Montipora verrilli .27 8.33 
Psammocora nlerstrazi .55 16.68 
Goniastrea parvistella .27 8.33 
Porites lobata .27 8.33 
Galaxea fascicularis .27 8.33 
Pavona varians .27 8.33 
Acropora humilis .27 8.33 
Acropora studeri .27 8.33 
Acropora convexa .27 8.33 

Total Density 3.26/m2 
Total Dominance 3.57% 
Total Species 10 
Total Genera 8 

TRANSECT 26 (Biotope liB) 

Porites 1utea .72 31.25 
Mil1epora exaesa .43 18.75 
Montipora verrilli .29 12.50 
Porites lobata .29 12.50 
MOntipora ehrenbergii .14 6.25 
Platygyra rustica .14 6.25 
Acropora ~al1fera .14 6.25 

.14 6.25 Favia pal ida 

Total Density 2.29/m2 
Total Dominance 9.41% 
Total Species 8 
Total Genera 6 

~ominanc~) Relative Relative Importance 
Per cent Dominance Fr~uencv FreQuencv Value 

1.10 29.49 .70 26.91 91.40 
l.B9 50.67 .40 15.38 B6.05 

.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 

I 

~Financ~) Relative Relative Importance 
Per cent Dominance FreQuency FreQuencv 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 

.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 . 75 27.27 134.08 
.44 4.68 .25 9.09 32.52 
.99 10.51 .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 



Table 13. (continued) 

Species D(~~~ty 

TRANSECT 27 (Biotope IIC) 

Porites lutea .04 
Porites lobata .06 
Porites (5.) horizontalat .07 
LobophyllTa costata <.01 
LObO~hYl1ia hemprichii <.01 
Fung a paumotuensis <.01 
Fung1a scutaria .01 

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

TRANSECT 28 (Biotope IIA) • 

Total Dominance 
Total Species 
Tota 1 Genera 

22.00% 
1 
1 

TRANSECT 29 (Biotope IIA) * 

Total Dominance B.OO% 
Tota 1 Speci es 1 
Tota 1 Genera 1 

TRANSECT 30 (Biotope IIA) * 

Total Dominance 
Total Species 
Total Genera 

<1.00% 
2 
2 

Table 13 . (continued) 

TRANSECT 31 (Biotope IIA) * 

Total Dominance 
Total Species 
Total Genera 

<1.00% 
1 
1 

TRANSECT 32 (Biotope IIA) * 

Total Dominance 
Total Species 
Total Genera 

<1.00% 
2 
1 

TRANSECT 33 (Biotope IIA) * 

Total Dominance 
Total Species 
Total Genera 

39.00% 
3 
1 

TRANSECT 34 (Biotope IIBl * 

Total Dominance 
Total Species 
Total Genera 

TRANSECT 35 (Biotope IIB)* 

15-16% 
3 
1 

Total Dominance 1.B4% 
Total Species 2 
Total Genera 2 

Relative ~fminanc~) Relative Relative Importance 
Density Per cent Dominance Frequency Frequency Value 

18.75 .87 54.37 .50 20.00 93.12 
25.00 .31 19.37 .50 20.00 64.37 
31.25 .06 3.75 .50 20.00 55.00 
6.25 .30 18.75 .25 10.00 35.00 
6.25 <.01 .63 .25 10.00 16.88 
6.25 <.01 .63 .25 10.00 16.8B 
6.25 .04 2.50 .25 10.00 18.75 

I 
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Table 14. Check list and d1stribution of ~lcyonacea and Zoanthidea in 
the biotopes and fac1es of Cocos Lagoon. 

tlt'\ft't. 1 IHUIUPt 11 
aCles Facies 

SPECIES AW AL B C 0 E F Al A2 B 

ALCYONACEA 

Asterospicu1ariidae 
Asterospicu1aria sp . X X X X 

A1cyoniidae 
X X A1c~onium sp. X 

Cla iella sp. 1 [c.f. C. 
eachyclados (Klunzinger)] X 

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

Lobophytum sp. 1 X 
Lobophytum sp. 2 X 
Lobophytum sp. 3 X 
Sarcophyton sp. 1 [c.f. S. 

trochelio~horum -
(Marenze ler)] X X X 

sarCO~hyton sp. 2 [c.f. S • 1 aucum (Quoy & Ga1mard)] X X X X 
, Sinu aria p01~dactY1a X X X X X X X 
Sinularia con erta var . 

graci 1 is X X X X X 
Sinularia sp. 1 X 
Sinularia sp. 2 X 
Sinularia sp. 3 X 
Sinularia sp. 4 X 
Sinularia sp. 5 X 
Sinularia sp. 6 X 
Sinularia sp. 7 X 
Sinularia sp. B X 
Sinularia sp'. 9 X 
Sympodium coeruleum X 

Nephthyidae 
Species 1 X 
Spec1es 2 X 

Xeniidae 
Xenia sp. X 

Zoanthidae 
Pa1ythoa sp. [c.f. P. 

tubercu10sa Esper] X X X 
Zoanthus sp. X 
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Table 15. Density and per cent cover of soft corals on each transect of Cocos Lagoon. 

Facies Transect N Total Densitv/m Per cent Cover 

Windward Barrier Reef Flat lAWa 40 4.68 .71 
Windward Barrier Reef Flat lAWb 40 24.02 1.13 
Windward Barrier Reef Flat lAWc 36 2.54 .08 
Windward Barrier Reef Flat lAWd 30 .44 .26 
Windward Barrier Reef Flat lAWe 20 1.60 .07 

Leeward Barrier Reef Flat lALa (8/40) -- --Leeward Barrier Ree~ Flat lALb (2/40) -- --
Leeward Barrier Reef Flat lALc ( 0 ) -- --
Leeward Barrier Reef Flat lALd ~ ~ ~ -- --
Leeward Barrier Reef Flat lALe -- --
Lagoon Shelf IBa ~ 0 ~ -- --Lagoon Shelf IBb 0 -- --
Lagoon Shelf IBc ( 0 ) -- --
Lagoon Shelf IBd (6/40) -- --Lagoon Shelf IBe (15/40) -- --
Lagoon Floor lCa ( 0 ) -- --

• 
Patch Reef IDa 53 .43 1.14 
Patch Reef IDb 16 2.24 4.14 
Patch Reef IDc (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 lEb 40 3.39 1.26 
Nearshore Shelf lEc 40 3.74 11.74 
Nearshore Shelf lEd 36 4.00 18.87 

Mane" Channe 1 Margin IlAa 40 0.52 0.83 
Manell Channel Margin IlAd 26 0.10 0.43 

Mamaon Channel Margin IlAb 31 0.16 0.27 
Mamaon Channel Margin IlAc 33 0.10 0.69 

Mane" Channel IlBa 0 -- --
Mamaon Channel IlCa 0 -- --
Mamaon Channel IlEa 0 -- --

Table 16. Checklist of the fishes. Fishes recorded from the lagoon by previous 
workers are shown in the first column and coded as' I - Kami et al. (196B); 
2 - Kami (1971); 3 - University of Guam Museum; ~ - Jones and-Randall 
(1973); 5 - Randall et.s.l. (1973); 6 - Collections or incidental 
observations in the lagoon during the study. Fishes observeq by the 
present authors on random counts are shown as (+) under the pertinent 
biotope. Numbers refer to the actual number of a species seen on 
7 combined transects. I - Outside of. Lagoon, II - Channel Walls, III -
Lagoon Patch Ree fs, IV - Barrier Reef Flat, V - Seagrass Beds, and VI -
Sand Bottoms. * - Fishes observed or recorded only outside of lagoon. 

Family/Species I II III IV V VI 

ACANTHURIDAE 

Acanthurus qlaucooareius Cuvier 2 + 6 - - -8.. lineatus. (Linnaeus) I + - - - -8.. ~ Valenciennes 2 8.. rii grofuscus (Forska 1 ) 1 19 15 I 6 - -8.. olivaceous (Bloch & Schneider) 1 8.. pyroferus Kittlitz + + - - - -8.. thompsoni (Fowler) * + - - - - -8.. triostegus (Linnaeus) - + 10 26 - -8.. xanthopterus (Cuvier & Valenciennes) + 5 2 - 6 -Ctenochaetus binotatus Randall ~ 5 - - - -£. striatus (Quoy & Gaimard) 56 B9 57 23 - -Naso brevirostris (Cuvier & Valenciennes) * + - - - - -R· hexacanthus (Bleeker) * + - - - - -R· lituratus !B10Ch & Schneider) 1 5 + 3 + - -R· unicornis Forskal) + I I 2 - -Zebrasoma flavescens (Bennett) 1 + 9 9 - - -I. scopas ( Cuvi er) - I + - - -I· veli.ferum (Bloch) 1 + ~ 2 - - -
APOGONIDAE 

Apogon exostigma (Jordan & Starks) - I - - - -8.. leptacanthus Bleeker 1 fl· mydrus (Jordan & Starks) 1 fl· novemfasciatus Cuvier & Valenciennes - - - I~ - -fl· ro~ustus (Smith & Radcliffe) 1 fl· trlmaculatus Cuvier & Valenciennes 5 fl. sp. - 200 - - - -Cheil~dipte~us macrodon (Lacepede) - 2 2 - - -£. gUlnguellneata (Cuvier & Valenciennes) - 3~ 33 - 3 -
ATHERINIDAE 

Pranesus insularum (Jordan & Evermann) 1 
AULOSTOMIDAE 

Aulostomus chinensis (Linnaeus) + 6 2 - I -
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Table 16. (continued) 

Family/Species 

BAlISTlOAE 

Balistapus undulatus (Mungo Park) 
Balistoides niger (Bloch) 
MelichthYi niger (Bloch) 
M. vidua So ander) 
Pse~listes flavomarQinatus (Ruppell) 
Rhinecanthus ilculeatus. (linnaeus) 
R. rectanqul% (Bloch to Schneider) 
Suff1amen bursa (Bloch & Schneider) 
~. chrysopter=a'"( Bloch & Schnci der) 

BWINIIDAE 

Aspidontus taeniatus Quoy & Gaimard 
f!.!'.r,ip~c!es ;;.£.b.".e, Fowl er , 
C. vario10sus (Cuvier & Va1enc,ennes) 
Ecsenlus-Jjf color (Day) 
r.-O'tiSifronta 1 i 5 Chapman & Schul tz 
Exa 11 i as brevi s (Kner) 
Istib1ennius COl'onatus (Gunther) 
Mei acanthus a trodors" 1 is (Gunther) 
Petrosci l·tes mi tra tus ( Ruppe 11 ) 
P1agiot"emus ~eiMsoma (Bleeker) 
f. sp. 
Sa1arias fasciatus (Bloch) 

BOTHIDAE 

Bothu5 mancus (Broussonet) 

CANTHIGASTERIOAE 

Canthiqaster il",boinensis (Bleeker) 
C. corona-ti'j;; '( Rilnda 11 ) 
£ . ..i!lnthinopterus_ (Bleeker) 
£. solandri (Richal'dson) 

CARACANTHIDIIE 

Caracanthus macu1atus (Gray) 

CARANfUDAE 

Carangoides malabaricus (Bloch & Schneide~ 
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Table 16. (continued) 

VI Family/Species 

Caranx melampY9us Cuvier & Valenciennes 
Gnathanodon speciosus (Forskal) 

CARAPIDAE 
Cara~us homei (Richardson) 

CHAETODONTI OAE 

Centropvge bisDinosus (Gunther) 
C. fJ ayj 5S jI!JII51Cuvi er) 
C. heraldi ~Ioods & Schultz 
Chaetodon auriga Forskal 
C. bennetti Cuvier 
C. citrinellus Cuvier 
I· ephippium Cuvier 
C. falcula Bloch 
C. kleini Bloch 
I· lunula (lacepede) 
C. melannotus Schneider 
C. mertensii Cuvier 
C. ornatissimus Solander 
I. punctato-fasciatus Cuvier & Valenciennes 
£. quadrimaculatus Gray 
C. reticulatus Cuvier 
£. strigangulus (Gmelin) 
£. trifasciatus ~lungo Park 
C. unimaculatus Bloch 
Forcipiger flavissimus Jordan & ~lcGregor 
Heniochl!.~ nTm~.tatu~ Cuvier 
H. varius Cuvier~ 
H. monoceros Cuvier 
Holaca-nthus- trimaculatus Cuvier 

+ 

Pomacanthus imperator (Bloch) 
Pygoplites diacanthus (Boddaert) 

CIRRHITIOAE 

Cirrhitus pinnulatus (Schneider) 
Neocirrhites armatus Castelnau 
Paracirrhites arcatus (Cuvier & Valenciennes) 
P. forsteri (Bloch & Schneidpr) 
f. hemistictus (Gunther) 

OASYATIOAE 

Oasyatis kuhlii (~luller & Henle) 
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I II III IV V VI 

+ - + - - + 
1 

1 

* 9 - - - - -
1 5 2 + i' - -
* + - - - - -1 I 2 II 5 - -

+ I + - - -
1 9 5 3 II - -

+ ~ ~ + - -
+ 12 6 - - -
- ~ - - - -
+ ~ J 3 - -

1 - 4 3 - - -
1 2 7 I - - -
1 3 2 - - - -
1 20 ~ + - - -
* 3 - - - - -
1 II I + • - -

I - " - - -
1 + 23 I~ + - -
1 7 I - - - -
2 4 - - - - -
1 6 ~ 5 
1 - - - - - -

+ ~ + + - -
* + - - - - -
1 - + - I - -
1 - I - - - -

* + - - - - -
* 8 - - - - -

8 - I - - -
1 16 + - - - -
* + - - - - -

3 



Table 16. (continued) 

Family/Species 

DIODONTIDAE 

Diodon hystrix (Linnaeus) 

ENGRAULIDAE 

Thrissina bae1ama (Forska1) 

FI STULAR I DAE 

Flstu1arla petimba Lacepede 

GOBIIOAE 

Acentrogobius be1isslmus Smith 
A. triangularis Weber 
~blygoblus albimacu1atus (Ruppe11) 
A. aecussatus (Bleeker) 
-,; sp. 

E:,~!;~ppe11 

1_.~Fow1er Herre 
& Seale 

HEMIRAMPHIDAE 

Hvporhamphus 1aticeps (Gunther) 

HOLOCENTRIDAE 

Adioryx caudimacu1a (Ruppe11) 
A. microstomus (Gunther) 
A. s~inifer (Forska1) 
A. t ere (Cuvier & Valenciennes) 
A. ~oguttatus (Cuvier) 
A. sp. 
~ammeo sammara (Forska1) 
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I II I II IV 

1 

1 

1 • 1 

12 11 5 
4 
1 
4 

+ 4 + 

6 
1 30 
5 

+ 25 
5 
3 
3 
+ 5 
+ 2B 
3 
4 

1 

+ 10 
1 

+ 

1 + 3 
1 3 
6 

1 5 
92 11 

-
" 2 

2 

3 

• 
2 
2 

+ 
5 

V VI 

+ + 

86 
10 63 

+ 
+ + 

7 
2 

Table 16. (continued) 

Family/Species 

~ripristls amaenus (Castelnau) 
!!.. kuntee, ~Cuvier & Valenciennes) 
M. microDhtha1mus Bleeker 1 E. murdjan (Forska1) 

KUHLIIDAE 

Kuh1ia taeniura (Cuvier ~ Valenciennes) 1 

KYPHOSIDAE 

KYphosus cinerascens (Forska 1) 1 

LABRIDAE 

Anampses caeru1eopunctatus Ruppel1 * Chei1inus celebicus Bleeker 1 £. chlorourus (Bloch) 
C. fasciatus (Bloch) 
C. rhodochrus Gunther 

1 

C. trilobatus Lacepede 
C. undulatus Ruppe11 
Cheilio inermis (Forska1) 
Cirrhilabrus temmincki Bleeker * Coris avgula Lacepede 1 £. gaimardi (Quoy & Gaimard) 1 
Epibu1us insidiator (Pallas) 1 
Gomphosus Yarius Lacepede 
Ha1ichoeres biocellatus Schultz * tl. hortulanus (Lacepede) 
tl. margaritaceus (CuYier & Valenciennes) 
tl. marginatus Ruppe11 1 
tl. trimacu1atus (Quoy & Gaimard) 1 
Hemigymnus fasciatus (Bloch) 
tl. melapterus (Bloch) 1 
Hemipteronotus sp. 
Labrichthys uni1ineata Bleeker 
Labroides bicolor Fowler & Bean 1 
i. dimidiatus (CuYier & Valenciennes) 
Macrophar~ngodon meleagris Seale 
!!.. pardal1s (Kner) 
Pseudochei1inus hexataenia (Bleeker) 2 
Pteragogus guttatus (Fowler & Bean) 
Stetho~ulis (axl11aris) bandanensls Bleeker 1 
S. strlgiYenter (Bennett) 
ihalassoma ambl~cephalus (Bleeker) 
T. hardwickei ( ennett) 
!. lutescens (Lay & Bennett) 1 
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I II III IV V VI 

- 65 + - - -- I - - - -
6 46 + I - -

+ - - - - -
- + 2 2 I -

I 9 19 13 + -2 5 2 - - -+ I + + - -+ + 3 I - -- - + 2 41 -15 - - - - -
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Table 16. (continued) 

Family/Species 

I. l)!,q)IJ~.! (Fol'skal) 
J.. . .9..uinglJevit.tar~ (Lay & Bennett) 
Xyri chthys. taen i ourus (Laccpede) 

LUTJANIOAE 

folALACAIHH I OAE 

1·1alacanthus. 1 a tovitta tus. (Lacepede) 

MONACAllTrr IDAE 

Alutp..!:.i!. scripta. (Gro:c1 in) 
1I1l1anses .. ~,<l!'2Jil~ Jordan r, 1-1cGre90r 
II. sand\·lic'2.~. (Quoy & Gaimard) 
Oxvn:ol\aLanthus -Ionqirostri s ([:loch & Schneider) 
pffi]UTeres. p..!:.i.9nu.r.!I~. U 1 eek"er 
PervaquI' n:e 1 allncel'ha I US (lll eeker) 

NONOOIICTYLIDAE 

Monodacty1 us ~1l'genteus (L i nnaeu$) 

14UGILl OIlE 

.Ch".lon vaiQie!!,,!]!!. (Quoy & Gaimard) 
Crpl1imu~J. crenilabis (rorska1) 
I·l""i 1 cel'ha 1 us l i nnaeus 

MUGILOIOIOAE 

ParapP:!,cis E.el!halopunctatus (Seale) 
f. c1athl'ata Ogilby 
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1 
1 
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1 
* 
1 
1 
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2 
* 
1 
1 
2 
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1 
1 
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+ 
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12 
12 

2 

+ 

+ 

+ 

+ 

18 
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VI 
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Table 16. (continued) 

Family/Species 

~lULLlOAE 

Mul10idichthys aurif1amma (Forska1) 
~affioensis (Gunther) 
~arupeneus barberinus (Lacepede) 
f:riITiiSi:TatlisTClcepede) 
~. cyclostollius (Lacepede) 
F. illUTITfasclatus (Quoy & Gaimard) 
~. r..leur02-.tl'1niilTBennett) 
p.:. I!.Qrphy~eu$ (Jenk ins) 
Upeneus ~!l ttatus. (Forska 1) 

1·1URAEN I DAE 

HYLlOOATIOAE 

OPHICHTHIOIIE 

Leiuranus .~cmi c inctlls (Lay & Bennett) 

OSTRAC I ONTI OIlE 

PEHI'HEP.IOAE 

!,pmpher.i<' .oya1~s.i'!. Cuviel' & Valenciennes 

PO;·lACEIHRIOI\E 

Abudef!lllf ulllabilis (deVis) 
(Ceu rii'i:~1-0 \fiinch T 
7\. dlcIT(Lienartl) 
K. ijJ~1ii£I!.~. (Cuvier f. Valenciennes) 
fl . .!!:!l",,·ipinnis (Sauvage) 
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1 

1 
1 

4 

6 
2 
2 
1 
* 
1 

2 

1 

1 

I 

+ 
I 
3 
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1 10 
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Table 16. (continued) Table 16. (continued) 

Family/Species I II III IV V VI Family/Species I II III IV V VI 

A. johnstonianus (Fowler & Ball) * 52 - - - - -
7i. lacrymatus \~uoy & Gaimard) 1 60 68 B 2 - -
A. leucopomus (Lesson) 55 + - 5 - -
A. leucozona (Bleeker) - - - 39 - -
A. saxatilis (Linnaeus) * + - - - - -
7i. septemfasciatus (Cuvfer & Valenciennes) + - - + - -
7i. sexfasclatus -(Lacepede) - - IB - - -
Amphiprion bicinctus Ruppell 1 
A. chrysopterus Cuvier 3 8 - - 3 - -
A. melanopus Bleeker 1 - B 4 5 - -
A. perideraion Bleeker * + - - - - -
thromls atrlpectoralis Welander & Schultz - I + 3 - -
C. caeruleus (~UVler & Valenciennes) 1 - 222 544 158 - -
C. (dimidiatus) hanui Randall & Swerdloff 7B I - . - -
C. leucurus Gi 1 berr- * 3 - - - - -

* I C. vanderbilti (Fowlerl 5 - - - - -
£. xanthochir (Bleeker * + - - - - -

P. volitans (Linnaeous) + + - - - -!)corpaenopsis gibbosa (Bloch & Schneider) 1 

SERRANlDAE 

Cephalophol is argus Bloch' & Schneider 1 
f· urodelus (Bloch & Schneider) * 16 - - - - -Epinephelus emoryi Schultz * + - - - - -E. merra Bloch 1 - 2 + 2 - -Grammistes sexlineatus (Thunberg) * + - - - - -

SIGANlDAE 

Siganus a~enteus (Quoy & Gaimard) - - - - + -~. punctatus ,(BlOch & Schneider) 1 ~ - + - - -~. spinus (Linnaeus) 1 - - - + + -
C. sp. , + - - - -
1iascyllus aruanus (Linnaeus) 1 - 143 131 112 - -
D. reticulatus (Richardson) 1 27 3 - - - -
1i. trimaculatus (Ruppell) 1 2 5 - 15 - -
Pomacentrus albofasciatus Schlegel & Muller - - - 380 - -
P. amboinensis Bleeker - 5 - - - -

SPARIDAE 

Monotaxis grandoculis (Forska1) 1 + 3 + + ~ -
SPHYRAENlDAE 

P. jenkinsi Jordan & Evermann 27 + - 3 - -
P. lividus (Bloch & Schneider) 1 - 10 36 + - -
P. nigricans (Lacepede) 1 - 8 211 24 - -
!. pavo (~loch) - I 2 - - -

13 61 2 - - -f. trace~1 Schultz 
225 205 I 83 -P. vaiul1 Jordan & Seale -

!. sp. * 255 - - - - -

Sphyraena sp. - - - - + -
SYNGNATHIDAE -

Cor~thoichthls intestinal is waitei (Jordan & 
Seale) 1 - 8 2 - 2 -f. sp, - - - 3 - -

PSEUDOCHROMIDAE SYNODONTIDAE 
Plesiops corallicola Bleeker 1 

SCARIDAE 
Saurida gracilis (Quoy & Gaimard) 1 - I . - - I 
Synodus variegatus (Lacepede) 1 - 2 2 + - 1 

Calatomus spinidens (Quoy & Gaimard) - + - + - -
Chlorurus bl co I or }Ruppe 11) 1 - I + - - -
C. gibbus (Ruppell) 2 - - + - - -
Ieptoscarus vaigiensis (Quoy & Gaimard) - - - - 2 -
Scarus dubius Bennett + + 4 - 3 -
S. lepidus Jenyns 9 + + + - -
S. sordidu5 Forskal 4! 50 192 13 139 -
i. venosus Cuvier & Valenciennes I 20 12 10 - -

TETRAODONTl DAE 

Arothron alboreticulatus (Tanaka) 3 + + - - - -fl. immacu latus (Bloch & Schneider) 1 - - - - + -
ZANCLIDAE 

Zanclus cornutus (Li nnaeus) 2 13 20 2 - -
SCORPAENlDAE 

Pterois antennata (Bloch) 1 
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Table J7. 51.Ilmary of data by biotope (based on seven canbined transects for each biotope). 
N = nunber of individuals observed on transects 
Ts = nunber of species observed on transects 
Rs = number of raman species observed in 140 minutes (7 x 20 min.) 
s = canbined transect and randan species or total species observed 
H" = Shannon-Wiener diversity index (based on N and Ts; and linear bianass and Ts) 
E = evenness 'falues based on S (E = 1 would show perfect equitability) 
Bianass = total kg/ha values, all species cariJined less those with values under 0.5 kg 

Area 
Sa'!pled Bianass 

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

Qltside 
1400 m2 I Reef 2397 94 147 150 43.07 3.338 0.666 3.590 

Channel 
1400 m2 II ~1al1s 2044 104 133 138 167.89 3.367 0.683 3.622 

Patch 
l400 m2 III Reefs 1859 67 92 94 85.80 2.56~ 0.564 2.936 

Barrier 
1400 m2 IV Reef Flats 2084 67 84 91 25.29 2.722 0.603 2.817 

Grass 
1400 m2 V Flats 1489 22 29 32 14.79 1.916 0.553 2.047 

Sand 
1400 m2 VI BOttom 159 7 11 14 3.38 0.966 0.366 1.059 

Table 18. Comparison of .rank order of top 20 species from reef biotopes II-IV using all four evaluation 
techniques (N, l.I.V., 1bm and kg/hal. 

SPECIES _N_ SPECIES 0.1. V . SPECIES 1bm SPECIES 

t.. !;aeru1eus 924 C. 22.6 C. caeru1eus 7.9 S. sordidus 
A. curacao 450 ri. 14.1 S. ~ordidus 7.6 M. amaenus 
H. trimacu1 atus 422 H. 13.0 A. curacao 7.2 1'. nigrlcans 
O. aruanus 386 1'. 11.7 H. tnmaculatus 6.4 r. Striatus 
If. al60rasciatus 380 ~. 11. 5 1". nlerlcans 6.0 K. murdJan 
1'. vaiuli 288 O. 10.7 P. 5.5 r. sarrmara al of asci at us 
A. glaucus 266 1'. 9.6 C. striatus 4.6 S. venosus 
~. sorihdus 255 If. ;J.8 [. aruanus 4.5 A. curacao 
1'. nigricans 243 C. 7.0 E. sanmara 3.5 If. alborasciatus 
S. 6andanensis 238 S. 7.0 ~. band~D!:D~is 3.4 r. lnsldlator 
~pogon sp. 200 A. 6.8 f.. WMli 3.3 If. l1Yldus 

. striatus 169 ~pogon sp. 5.7 Ii. amaeDus 2.9 if. trl macu 1 a tus 
M. atrodorsa1is 167 . salllllara 5.4 a. glaucus 2.6 Ii. aruanus 
r. 108 ):. tracell 5.2 Apogon sp. 2.4 T. cornutus 
if. 82 M. atrodorsa 1; s 4.6 M. murd~an 1.9 r. tnfasciatus 
A. 78 M. amaenus 4.1 M. atro~orsa1is 1.7 If. multH'asci atus 
r. QUlnQUe l1rleata 67 K. murdjan 2.6 r. 1~l~~uellneata 1.3 A. xantliol!terus 
M. amaenus 65 A. lacr~tus 2.5 If. lVl us 1.3 S. liandanensis 
P. trace~l 63 C. ~uinguelineata 2.3 S. venosus 1.3 A. chlnensls 
T. hardw-ckei 61 i. ardwldel 2.2 T. liardwlckei 1.2 r. caeruleus 

E (ll:m) 

0.716 

0.735 

0.646 

0.624 

0.591 

0.401 

.!!lILh! 

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 Cocos Lagoon associated with each 
biotope and facies. Spec jes are alphabetized under respective 
Divisions. 

BIOTOPE I BIOTOPE II 
SPECI ES A B C D E A B-D E 

CYANOPHYTA (blue-greens) - 6 spp 

Ca10thrix crustacea Thuret X X X X X X 
Hormothamnion enteromorphoides B. & F. X X X X X X 
Microcoleus lyngbyaceus (Rutz.) X X X X X X X X 

Crouan 
Schizothrix ca1cico1a (Ag.) Gomont X X X X X X 
schizothrix mexicana Gomont X X X X X 
Rivularia atra B. & F. X 

CHLOROPHYTA (greens) - 31 spp 

Acetabu1aria moebii Solms-Laubach X X 
Avralnvlllea obscura J. Ag. X X X X 
BoerTesenia forbesii (Harv.) Feldmann X X X X 
Bood ea composita (Harv.) Brand X X X X X X 
Caulerpa cu~ressoides (West) C. Ag. X X X X X X X 
Caulerpa fi icoides Yamada X 
Caulerpa lentillifera J. A~. X X X X 
Caulerpa racemosa (Forssk. J. Ag . X X X X X X X 
Caulerpa serrulata (Forssk.) J. Ag. X X X X X 
Caulerpa sertularioides (Gme1.) Howe X X X X X X 
Caulerpa taxifolia (Vahl) C. Ag. X X X X X 
cauler~a verticil lata J. Ag. X X X 
Chloro esmis fastigiata (C. Ag.) X X X X X 

Ducker 
C1adophoropsi~membranacea (Ag . ) X X 

Boerg. 
Codium edu1e Silva X 
Dictyosphaeria cavernosa (Forssk.) X X X X X 

Boerg. 
Dictyosphaeria vers1uysii W-v. Bosse X X X X X X 
Enteromorpha compressa (L.) Grev . X 
Halimeda copiosa Goreau & Graham X X 
Halimeda discoidea Decaisne X X X X X X 
Halimeda gigas Taylor X X 
Halimeda incrassata (Ellis) Lamx. .\ X X X 
Halimeda macroloba Decaisne X X X X X 
Halimeda opuntia (L.) Lamx. X X X X X X X X 
Neomeris annulata Dickie X X X X 
Neomeris vanbosseae ,Howe X 
Rhipilia orientalis A: & E. S. Gepp X 
Tydemannia expeditionis W-v : Bosse X X X X 
Udotea argentea Zanardini X X 

110 

Table 19. (continued) 

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

Valonia fastiqiata Harv. X X X X X X 
Valonia ventricosa J. Ag. X X X X X 

PHAEOPHYTA (browns) - 16 spp 

Chnoospora imp1exa (Hering) C. Ag. X X X X ' X 
Dictyota bartayresii Lamx. X X X X X X X 
Dictyota cervicornis Kutz. X X X X X 
Dictyota divaricata Larnx. X X X X X X 
Dictyota friabilis Setche11 X X X X 
Dictyota pa~ens J. Ag. X X X 
Ectocarpus reviarticu1atus J. Ag . X' X 
Feldmannia indica (Sonder) Womers1ey X X X X X 

& Bailey 
Hydroc1athrus c1athratus (C. Ag . ) Howe X X X X X 
LObOphora variegata (Larnx.) Womers1ey X X X X X 
Padina jonesii Tsuda X X X 
Padina tenuis Bory X X X X 
Sargassum cristaefo1ium C. Ag. X 
Sargassum po1ycystum C. Ag. . X X 
Sphace1aria tribu10ides Meneghini X X X X 
Turbinaria ornata (Turner) J. Ag. X X X X X X 

RHODOPHYTA (reds) - 38 spp 

Acanthophora s~icifera (Vah1) Boerg. X X X X X X 
Actinotrichiaragilis (Forssk.) Boerg. X X X X X 
Amphiroa foliacea Lamx. X X X X 
Amphiroa fragilissima (L . ) Larnx. X X X X X X X 
Antithamnion sp. 
Asparagopsis taxiformis (De1i1e) X 

Co1·lins & Harvey 
Botryoc1adia skottsbergii (Boerg.) X 

Levring 
Centroceras clavu1atum (C. Ag.) X 

Montagne 
Ceramium sp. X 
Chameia parvu1a (C. Ag.) Harvey X 
Desmla hornemanni Lyngbye X X 
Galaxaura fasciculata Kje11man X X X X X 
Ga1axaura mar~inata Lamx. X X 
Galax~ura oblongi\t~ (;, ' r, ~ J Larnx. v X X Gelidlellaacerosa' (rors~k. ·~ 

.. X X 

. Feltlminn & ~~1 X X X Ge1idlopS1S lntrlca~ Ag.l Vickers X X X X 
Ge1idium di.varicaturn Milrt': :1s X X X X X X 
Ge1idium pusi11um (Stackh.) Le Jo1is X 
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Table 20. Relative abundance and frequency (in parenthesis) ,of marine plants representing 80 percent 
{± 5 percent-) within each biotope and facies. "=windward reef, L=leeward reef. 

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

W L 

Percent Algal Cover 36 33 14 <1 32 
I 

26 56 22 97 

Number of Tosses 214 90 197 38* 173 157 328 115 7 

Number of Species 12 9 13 4 8 6 6 14 5 

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 84(37) 
Bo'odlea cOll1Posi ta 4(9) -
Caulerpa filicoides l1(43) 
Caulerpa racemosa 3(7) 27148 7(6) 10(10 ) 
Cauleroa sertularioides 10(21 ) 
Dict~osphaeria versl~sii 4(16) 
Halimeda discoidea 3(5) 
Halimeda incrassata 14( 32 ) 
Halimeda macroloba 4l( 32) 6(12) 
Halimeda oountia 4(10) 3(3) 13(16 ) IG\18 ) 15(43) 
Udotea argentea 3(15 ) 

Phaeophyta 
Chnoosoora imolexa 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) 
Dictyota patens 4(6) 3(18) 
Feldmannia indica 3(4) 8(6) 17(15) 
H~droclathrus clathratus 6(18) 8(5) 6(5 ) 
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Table 21. Checklist of common macroinvertebrates, other than corals, 
collected or observed in Cocos Lagoon. 

BIOTOPE I BIOTOPE II 
SPECIES A B C 0 E A B C 0 E 

Phylum Protozoa 

Class Sarcodina 

Marginopora vertebralis Blainville X 

Phylum Cnidaria 

Class Scyphozoa 

Cassiopea andromeda (Forska1) X 
Stephanoscyphus racemosus Koma i X 

Class Hydrozoa 

Porpita sp. X 

Phylum Annelida 

Class Polychaeta 

Spirorbis sp. X 

Phylum Mollusca 

Class Gastropoda 

Acmaea sp. X 
Arca ventricosa X 
Astra1ium petrosum X 
Bar6atla sp. X X 
Bursa sp. X 
Cantharus fumosus X 
Cantliarus undosus X 
Cantfiarus sp. X 
Cerithium columna X 
Ceritfilum nesioticum X 
Cerithium nodulosum X X 
Cerithium ravidum X 
cerithium sp. X 
Chicoreus brunneus X 
Chione sp. X 
Chlarxs sp. X 
Codak;a diver ens X 
Contumax nOdu~osus X 
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Table 21. (Continued) Table 21. (Continued) 

BIOTOPE I BIOTOPE II 
SPECIES A B C 0 E A B C 0 E 

BIOTOPE I BIOTOPE II 
SPECIES A B C 0 E A B C 0 E 

Conus arenatus X 
Conus distans X 
Conus fl avi dus X 

. 

Conus · ebraeus X 
Conus imperialis X 
Conus litteratus X 
Conus li Vl dus X X 
Conus marmoreus X 
Conus miliaris X 
Conus pUlicarius X X X X 
Conus rattus X 
Conus sponsa li s X 
Conus sp. X 
Coralliophilia violacea X 
Ctelina sp. X 
Ctelinidae sp. X 
Ctena olVergens X 
Cymatium muricinum X 
cYri1ati urn pi' eare X X 
cYmatium sp. X 
eypraea carneola X 
cYpraea moneta X X 
Cypraea ti gri s X X 
~rupa morum X 
~ rlClnUS X 
~ rubisidaeus X 

rupe la cornus X 
~rfgum fragum X X X 
a rarium pectinatum X X 

Imbrlcarla conularls X 
Latirus barclayi X 
Latirus polygonus X 
Labrus sp. X X 
Maculotriton digitata X 
Mitra mitra X 

Otopleura auriscatis X 
Otoe'eura sp. X 
Perlg1~pta puerpera X 
Pincta asp. X 
Pyramidella sp. 1 X X 
Pyramidella sp. 2 X 
auidnipagus palatam X 

~ripa 
X X 

lnoc avis asper X X X X 
Sagaminopteron lSYChedelicum X 
Septifer bilocu aris X 

spon~tus sp. X 
Stro us Vibberulus X X X 
Strombus uhuanus X X 
Strombus sp. X 
Telina sp. X 
Terebra affinis X X X 
Terebra areolata X 
Terebra bab~lonia X 
Terebra dimldiata X X 
Terebra guttata X 
Terebra maculata X 
Terebra subulata X 
Terebra sp. 1 X 
Thais armigera X 
Thais tuberosa X 
Tonna perdlx X 
Trochus niloticus X 
Trochus ochroleucus X 
Truidrupa bijubata X 
Turridae sp. X 
Turbo sp. X 
Vasum turbinellus X X X 

Phylum Echinodermata 
M1tridae sp. 1 X 
Mitridae sp. 2 X Class Asteroidea 
Modiolus auriculatus X 
Morula uva X 
Muricidae sp. X 
Nassarius graniferus X 
Natica marochiensis X X 
Nebularia cucumerina X oli va mi nacea 0( 

Acanthaster planci (Linnaeus) X X 
Asterina anomola H.L. Clark X 
Asterina sp. X 
Astropecten polyacanthus Muller & X 

Troschel 
Choriaster granulatus Lutken X 
Culcita novae uineae Muller & X X X 

froschel 
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Table 21. (Continued) 

SPECIES A 

Echinaster 1uzonicus (Gray) X 
Fromia hemiop1a Fisher X 
Gomophia egyptica Gray X 
Linckia. guildingi (Gray) X 
Linckia 1aevigata (Linnaeus) X 
Linckia multiflora (Lamarck) 
Mithrodia c1avigera (Lamarck) 
Ophidiaster granifera Lutken X 
Ophidiaster robi11ardi de Lorio1 X 

Class Ophiuroidea 

Macrophiothrix longipeda (Lamarck) X 
Ophiocoma erinaceus Muller & X 

Troschel 

Class Echinoidea 

Diadema savignyi Mickelin 
Diadema setosum (Leske) 
Echinometra mathaei (de Blainville) X 
Echinostrephus aciculatus Agassiz 
Echinothrix calamaris (Pallas) 
Echinothrix diadema (Linnaeus) X 
Heterocentrotus mammi11atus (Linnaeus 
Toxopneustes ejleolus (Lamarck) X 
Tripneustes gratilla (Linnaeus) X 

Class Ho1othuroidea 

ActinopYQa echinites (Jaeger) X 
Actlnopyga mauritiana (Quoy & Gaimard X 
Bohadschia brgus Jaeger X 
Bohadschia ivitata Mitsukuri X 
Holothuria TCysti~u~ inh1bilis Selen a 
Holothuria \Halodeima) atra Jaeger X 
Holothuria (Halodeima) edUlis Lesson X 
Holothuria (Mertensiothuria) 

leucospilota Brandt X 
Holothuria (Jhymlosyciu) ~ 

Lesson X 
Holothuria (Microthele) nobi1is 

Selenka X 
Holothuria sp. 1 
Holothuria sp. 2 X 
Stichopus ch1oronotus Brandt X 
Stichopus. horrens Selenka X 
Stichopus variegatus Semper X 
Synapta maculata (Chamisso & X 

Eysenhardt) 
The1enota ananas (Jaeger) 
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Bay 
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Cocos Lagoon 

------1 Pati Pt. 
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Figure 1. Map of Guam showing the location of the Cocos Lagoon 
Study area. 
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Fi gure 3, Aer·i a 1 vi ew of the Cocos Lagoon study area, The vi 11 age of 
Merizo borders the landward side of the lagoon, Mamaon 
Channel cuts through the barrier reef at the upper right and 
Mane11 Channel cuts through it at the lower right, 

121 



~ 

N 
N 

-!:l 

1 o 1/2 MILES 
I 1 I " 

o .5 1 
" , , , ,,' "1 KILOMETERS 

N 

Fi gure '4. Geologic map for the Cocos Lagoon study area . Rock units 
designated are: Qal= alluvium, Orb= Beach Deposits, Qrm= 
Merizo Limestone, Qlma= Agana Argillaceous Member of the 
Mariana Limestone, QTmr= Reef Facies of the Mariana Limestone, 
Tuf= Facpi Volcanic Member of the Umatac Formation, Tub= 
Bolanos Pyroclastic Member of the Umatac Formation, and Tum= 
Maemong Limestone M~ber 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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Soil map for the Cocos Lagoon study area. A soil unit 
explanation legend is given on the following page. 
Fringing reef-flat and shallow lagoon shelves are stippled. 
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SOILS EXPLANATION FOR 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 surface 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 Lithosols and scattered small areas of volcanic rock 
outcrop (ba.sa It and bedded tuffs); depth to rack ranges from 0 to 50 or more 
feet and averages perhaps 20 to 35 feet; prevailing surface gradient 35 to 
more than 100 percent. 

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; soil depth is generally more than 10 and less than 150 feet; 
moderately well drained; subject to occasional flooding; prevailing surface 
gradient 1 to 3 percent. 

10 - Inarajan Clay. Similar to Pago Clay but lower. wetter, and shallower 
(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 to 12 inches of the surface; depth 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 1 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 table 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, 
and cliffs; prevailing surface gradient 25 to more than 100 percent, with 
many scarps or cliffs nearly vertical. 
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Vegetation map for the Cocos Lagoon study area. A legend 
explanation for the numbered vegetation units 2, 3, 5, 7, 
and 8 is given on the following page, 
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VEGETATION MAP 

Explanation of Units 

Forest Vegetation 

2 - Mixed Forest on Volcanic Soil in Ravines and on Limestone Outcrops in 
Valleys. Basically a moist broad~leafed evergreen forest dominated locally 
by hibiscus or by screw-pine (Pandanus), rarely by wild breadfruit (Artocar us 
or "dugdug"); usually very mixed, commonly containing betel palm (Areca an 
with breadfruit scarce or absent; varies commonly to a dense scrub 0 lmon­
de-china (Triphasia) or to patches of reef marsh or hibiscus scrub. Coconut 
occasional to locally common. Stature generally low (seldom over 40 feet), 
canopy dense to irregular, large trees locally common and closely spaced; 
undergrowth generally dense, usually spiny. Concealment generally good; 
cover fair to usually poor. Some temporary construction timber of poor quality 
available locally. Unit may include small areas of savanna. 

Swamp And Marsh Vegetation 

3 - S\~amp Forest. Mangrove and!!lP! swamps locally near the sea, principally 
in river valley in river valley mouths, changing upstream to a mosaic of 
stands of Barrjngtpnja racemqsa, Hibjscus, Hibiscus and Pandanys, and reeds 
(Phragmites). Stature is about 50 feet and canopy is continuous where 
Barringtonia is dominant; elsewhere stature is much lower and canopy may be 
continuous, irregular, or absent. Undergrowth very dense, except in 
Barringtonia stands. Substratum usually mucky and unstable. Concealment 
good; cover fair to absent. Little or no construction timber. 

Grassland And Woody Or Herbaceous 
Vegetation And Cultivated Or Open Ground 

5 - Savanna. Mosaic of several kinds of grassland and herbaceous vegetation 
and erosion scars with shrubs and tangled ferns. Swordgrass (Miscanthus) 
dominant over large areas. Small ironwood (Casuarina trees scattered in 
many parts, locally forming sparse woodland. wor grass very dense, extremely 
difficult to traverse on foot, leaves likely to lacerate skin; areas of other 
vegetation easy to traverse. Concealment poor or lacking; cover lacking. 
Timber lacking. Unit may include small areas of ravine 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 incomplete. Undergrowth usually dense, often very dense, sometimes 
spiny. Concealment good; cover fair. Coconut logs available. 

8 ~ Predominantly Open Ground And Pasture. Open cultivated ground, pasture­
land, dwellings, and thickets. Concealment usually lacking; cover lacking. 
No timber. 
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Figure 8. Topography map of Cocos Lagoon. Inset shows the location 
of the physiographic units, Map from Emery (1962), 
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Figure 9. Histogram and cummulative depth curve of Cocos Lagoon. 
Figure from Emery (1962). 
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Figure 10. Eastern end of Cocos Lagoon, Manell Channel, and Achang 
reef flat platform showing topography and surface 
composition. Figure from Emery (1962). 
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Emery (1962). 

131 

• 

• 

• 
, . , 



~
' "_'''"N 

H.II".,.. 

C •• ,l 

,$::_ Sill 

_~m, 

• o 
o 

!lHULl' 

'0 

I, " 
00 

o 
o 0 

o 
o o 

o 

0 0 0 o • 

o 

I COCOS LAGOON 
o 100 500 1000 YAROS , 

• SlmpI. position 

10 foot contouft 

o 

C:::::"" . ..) 

o 0 
o 0 0 

. .. " . . . 

Figure 12. Generalized sediment map of Cocos Lagoon. Map from Emery 
(1962). 
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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 flat 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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6 is located in the middle of Hamaon Channel, See Figure 19 
for the location of the study (Station C-3) in relation to 
the whole of Cocos Lagoon, 
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Facies E) for Stations 1-12, A summary of the current data is 
given in Table g, Stations 17 and lB are the locations at Coral 
Transects 30 and 31 respectively , 
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Figure lB. Current patterns at the head of Mane11 Channel (Biotope II) 
for Stations 13-16. A summary of the current data is ~'ven 
in Table 9. Station 19 is the location of Coral Transect 
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Figure 20. Drift cross tracts for current station near the mouth of 
Namaon Channel (in center of channel opposite the public 

Figure 21. 

pier at ~lerizo). 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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Map showing the distri buti on of Faci es A-E for Biotope I. A= Biotope IA. 
B= Biotope IB, C= Bi otope Ie , 0= Bi otope 10, and E- Biotope IE. Hamao" 
and Mane 11 Channels constitute Biotope II. See Figure 37 for the 
distribution of Facies A-E for Biotope II . Cocos jsland= Biotope IlIA, 
Babe Island (f )= Biotope IIIB. and the landward border of Cocos Lagoon· 
Biotope IIIC. Sand islet= (9) and (h)= the location of a Hal odule 
uninervis sea grass bed. The stippled area along the landward border 
of the lagoon shows the distribution of the Enhalus acoroides sea grass 
beds. Numbers 1-37 show the location of the coral transects (Table 13) . 
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Figure 22. Aerial view of Mamaon Channel and the northeast corner of 
Cocos Lagoon. The vi 11 age of Heri zo borders the shore 1 i ne 
along much of the channel. Note the contrast between the 
dark colored sediments on the narrow fringing reef platform 
(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 southern barrier 
reef flat platform. Most of the boulder debris is 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. A lagoonward view of the lagoon terrace or shelf (Biotope 
I, Facies B) taken from the point where it grades into the 
barrier reef flat surface. Note the exposure of the tips 
of the Acropora hebes thickets. 

Figure 27. ' A large thicket of mixed arborescent Acropora species 
(dark area in background) over a kilometer across which 
has developed on the shallow lagoon terrace (Biotope I, 
Facies B) at the southeast corner of Cocos Lagoon. The 
upward growth of these thickets is controlled by the low 
tide level which gives the thicket an even flattened 
appearance. Much of the central part of the thicket has 
been killed by repeated exposure during low spring tides. 
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Figure 28 . A bushy clump of Acropora formosa about 1.5 meters high 
growing in a deeper part of the lagoon terrace (Biotope I, 
Facies B). 

Figure 29 . Small nodular colonies of Psammocora contigua and a massive 
head of Porites lutea growing between Acropora asPS)a 
thickets on the lagoon terrace (Biotope I, Facies along 
the eastern end of the souther~ barrier reef. 

146 I 

Figure 30. Cone-shaped mounds formed by the burrowing activity of marine 
worms on the Cocos Lagoon floor (Biotope I, Facies C). Height 
of the mounds is about 30 cm. 

Figure 31. Small Pocillopora damicornis colony growing on isolated piece 
of coral rubble on the sandy floor of Biotope I, Facies C. 
Note the small mounds in the vicinity built by burrowing 
worms. 
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Figure 32. Black sponge, Terpios 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 (1.) 
iwayamaensis colonies. Height of this mound is about four 
meters. 
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Figure 34. I~und (Biotope I, Facies D) dominated by a laxly branched 
arborescent coral Acropora teres. 
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Figure 37. Vertical profile (Transect B) through Mamaon Channel showing 
the various facies of Biotope II. Facies A- channel margin, 
Facies B- channel slope, Facies C= channel wall, Facies D= 
cavernous parts of the channel slopes or walls, and Facies E= 
channel floor. See Figure 7 for the location of Transect B. 
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Figure 38. Holothuria edulis. a common sea cucumber found 
slope and floor and lagoon terrace and floor. 
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Figure 40. Sinularia conferta v. gracilis. 

Figure 42. Sarcophvton SPa 

Figure 41. Asterospicularia Spa 

Figure 43. Sinularia SPa 

154 155 



Figure 44. Sinularia polydactyla. 

Figure 45. Zoanthus sp. 
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Figure 46. Sinularia sp. with eXpanded 
and contracted polyps. 
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in the lagoon. I-Biotope outside the barrier; II-Channel wall biotope; 
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Figure 49. Location of the 24 algal stations. 
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