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All the fleld work for this study was carried out by members

of the Joint Services Expeditions to Egmont in 1972 and to
Danger island and other Islands of the Chagos Bank In 1975.

The identification of the Egmont coral collecticn was carried
out by Dr B.R. Rosen of the British Museum (Natural Hlstory).
ldentification of the Chagos Bank collection and all anélysls
and discussion of the Egmont and Chagos Bank data are entirely
my own work. This thesls has not been accepted for any degree,
and Is not belng submitted concurrently in candidature for any

/

other degree..



"Full fathom flve thy father lles,
Of his bones are coral mede."

William Shakespeare : fThe Tempest
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ABSTRACT

This study Is based on corals collected during the Joint Services

’ Expadition to Egmont Atoll (in 1972) and to the western part of the
Chagos Bank (in 1975). The corals were identified to generic level,
and where appropriate to speéies and specles groups. A systematic

check-list Is presented covering the material from both col lections.

Much of the Information from Egmont has been lost, especially regarding
the locations where specimens were collected. I+ was hoped however to
use the data from the Chagos Bank collection to classify the coral
communities In terms of associations, according to the methodology of
the ZE}ich-Monfpelller School of Socioclogy (Braun-Blanquet, 1951).

This was attempted with the aid of sultable computer analysis, but owing
to the highly variable nature of the data, the approach had to be

abandoned.

'NeverfheleSS, some patterns may be observed in the distribution of the
corals from Chagos Bank, principally in relation to depth. No definite
zZones can be‘dellmlfed, but some of the genera and species are more
conspicuous at certain depths. This Is most obvious in the shal lowest

collections (3 - 6m) and the deeper areas (33 - 45m).

The major factors Influencing local distribution patterns of hermatypic
corals are discussed, and the Chagos Bank data ars compared with similar

studies in the Indo-Paciflc.



At least 55 hermatyplc genera have so far been recorded from the

Chagos Archipelago. There is a high diversity of coral genera In the
western Indian QOcean, which may or may not be continuous with the very
rich Indoneslan-west Paclflc area. The records presented here suggest
that the high diversity region In the Southern Maldives may extend south

of the equator to Include the Chagos resfs.

Few quantitative studlies have been carried out on reef corals, and most
of the work has been confined to the accessible reef flat, while deeper
areas of the reef front have been neglected. Furthermore, sampling
methods and the kind of information recorded have varied greatly. i+
ls‘recommended that a standard sampling procedure Is laid down, so that
data collected in the course of future studles may be meaningfully

compared.

ii
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NOMENCLATURE

Classification of coral genera is according to Wells (1956).
Classificatlon of specles Is as indicated in the check-list In Appendix A.

All other terms are defined where necessary In the text.
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central Indian Ridge apparently runs north-south, geological, magnetic and
~bathymetric studies indicate that this region is in fact composed of
en echelon northwest-southeast spreading centres and northeast-southwest

fracture zones.

Just to the east of the central part of the Mid-Ocean Ridge lies the
Chagos-lLaccadive Ridge; this ridge and the southern part of the Mascarene
Plateau are linear volcanic features. Studies on the evolution of the
floor of fthe Indian Ocean suggest that during the Mid-0ligocene the
Chagos-lLaccadive Ridge was part of the Mascarene Ridge and formed a chain

of volcanic islands parallel to the Ninetyeast Ridge.

The climate in the Chagos Archipelago is governed mostly by a zone of
equatorial westerly winds which migrate north and south across the region,
separating the NE and SE Trades. Where the westerlies and Tﬁe Trades

converdge there are shear zones with unsettied and squally weather. During
December To March the winds.are variable but mostly westerly. Then the
westerlies weaken, and throughout June to September the SE Trade winds are
'dominanf. In October and November the wihds are again variable but still blow
mostly from the south énd east. Cyclones are rare in such low latitudes, but

calm periods are only occasional and seldom occur during the Trades.

. The temperature follows the wind pattern and is lowest during the Trade
months. The diurnal variation is less than IOOC, and records (from
Diego Garcia) show a mean maximum temperature of over 30° in March, and
a mean minimum of almost 24°C in August. The Chagos |slands are the

wettest in the Indian Ocean, with an annual mean rainfall of over 3000mm.



The rainfall seems to vary from year to year, and Is highest In the
north of the archipelago, the annual figure for Peros Banhos being 3999mm.
Further south at Diego Garcla and north at Addu Atoll, the annual mean

drops by some 500mm.

The 1ldés are seml-diurnal and somewhat greater in amplitude than at the
southern Maldives. Records from Diego Garcia show a maximum range at

springs of |.6m and a minimum at neaps of 0.7m.

The Chagos Bank measures some 120km across and 80km north to south.

About 17,000 years ago it may have had a dry land area of ab§u+ 13,500 sq km,
and there were presumably other large land areas in the outlylng Speakers
and PllIl Banks. The present structure suggests that it Is now a drowned
atoll, and the only remaining land areas are a few isiands along the western
rim and one in the north (Figure 2). The largest of the islands is Eagle
(244 hectares), with the much smaller Sea Cow 2km to the south; and sohe
25km south of Eagle |les Danger Island (66 hectares). The Three Brothers
and Resurgent lle along a NW-SE axls 8km long, and‘fogefher constitute a

land area of over 37 hectares. On the northern rim of fﬁe Chagos Bank

iies Nelson or Legonne Island, with an area of 8! hectares.

The greatest land areas are now concentrated in the cutlying atolis
(Figure 2). Egmont is a small atoll with I+s axis Inclined WNW to ESE,
with seven Islands scattered around the shallow lagoon to form an oval
9km by 3km. In the west are Rat Island, Lubine and Clpaye (or Slipallle)
with an adjacent iIslet. In the south Ile‘Téfamaka, Carapate and South-
East Islands. North of the Bank is the large, almost rectangular Peros

Banhos Atoll with some 30 islets (land area 1150 hectares). East of this
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lies Sa(amoh, a smaller atoll with eleven Islands and 2 tand area of

500 hectares. Some distance to the south of the Bank Is Diego Garcla

with four Islands, the largest one being U-shaped and constituting one of the
most continuous land rims found anywhere on an atoll. The total land area

Is about 3000 hectares, more than one-sixth of the total atoll area.

The Chagos Islands were probably discovered and first named by the
Portuguese at the end of the fifteenth century. Although the Iislands
appear In sixteenth century charts, thelr positions were not well plotted
even at the end of the followlng century. None of the islands was settled

untll the latter part of the elghteenth century.

‘The economic Importance of Chagos has always been In the coconut trade.
Egmont and tagle were both Inhabited by the mid 1800s, and there seem to
have been brief settlements on most of the other Islands of the Chagos
Bank, except Rasurgent and possibly Nelson, But the settlements on Egmont
were not well managed and the society there seems to have fallen Into
decay. By the 1930s the Inhabitants of both Egmont and Eagle Island were
evacuated to Peros Banhos. All the Islands In Egmont and the Chagos Bank'
are nov uninhabited. The atolis of Salamon, Peros Banhos and Dlego Garcla
are however stil| populated, and they export considerable amounts of copra
and coconut oll. They have also been used for other purposes, for
example, Dlego Garcia was once a coaling station, and was of some importance

as a naval base during the world wars.

During the Joint Services expedition to the Chagos Bank in 1975 all the
Chagos Bank Islands were visited and some surveys of the vegetatlion were

carried out. There are still many coconut palms on the islands,



especlally Eagle and Sea Cow, and domestic plants such as paw paw are

In evidence. (Resurgent is the only Island unaffected by human activity).
But it seems that the broad-leaved forests are recovering well, in many
cases actively spreading Into the coconut arees. Similar observations
were made during the eariler expedition to Egmont: the vegetation was
found to be chliefly coconut, but there are some broad-lecaved areas which

are spreading.

All the Egmont Islands are rat-infested, likewlse Eagle Island; but the
other Isiands of the Chagos Bank support many thousands of nesting birds,
estimated at wall over 100,000 breeding pairs. About 15 species of
seabirds are represented, including various species of Shearwaters, Boobles,

Herons, Frigate Blrds and Terns.

During the island surveys other Interesting features were recorded.

For example, on Eagle there are four batachols systems which are senescent
In that they are no longer normally flooded by the sea. Profiles from
the barachols were carrled out, and the sub-fossl| pollen should produce

a record of the vegetation prior to the period of coconut farming.

Resurgent Island was marked on Moresby's chart of |837 as being a shoal
drying at low tide. But there is a small plece of land rising to weil
over 2m above the extreme high water mark. North Brother and Sea Cow
also have areas well above the high water mark, and around the former
there are plnnacles of coral rock rising well beyond the level of extreme
high water. Such features suggest that these three islands may be

ralsed reefs.



The major sclentific expeditions to the archipelago include the visit
by G.C. Bourne In 1885-1886, the Deutsche Tiefsee-Expedition in the

Valdivia in 1899, the Percy Sladen Trust Expedition In 1905, and the
expedition In H.M.S. Vidal in 1967.

General references for Chapter One

Geology and climate Stoddart (1971a; 197tb; 1973); Laughton ef sl (1973

Geography and island surveys Bellamy et al (1976); Bourne (1971).

History Scott (1961); Bourne (1971); Stoddart (197lc).



CHAPTER TWO

CORAL SAMPLING AT EGMONT AND THE CHAGOS BANK; LABORATORY
WORK AND PRELIMINARY ANALYSIS OF DATA

SECTION Coral Sampling at Egmont Atoll

The maJorlfy.of the corals collected at Egmont were taken from the
seaward sides of the atoll. The locations of the major transects are
marked in Fligure 3a. All underwater work was carried out by divers
using SCUBA and the samples from each collection were placed In separate

bags.

The most detalled collections were made at the sheltered northwest area
of the atoll where there was the greatest living coral cover. Here the
Malin Transect wes lald down, and samples were taken from the reef flat
and at depths from Im to 46m. A total of fifty 2m x 2m quédrafs were
used, and for each quadrat a specimen of every different coral present
was removed. Many random collections (i.e. not from the quadrats) were
carrlied out at varlous depths in the vicinity of the Main Transect. The
purpose of these random collections was to find specimens apparently not
repfesenfed in the quadrats at that depth, iIn order to supplement the main

col tection.

For the Anti-Transect (opposite the Maln Transect at the exposed south-
western end of Egmont) several quadrats were sampled at each of flve

depth Intervals from about 8m to 38m.
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In addition, Transects | to 10 were set down at intervals around the
atoll. For each of these ten transects, divers recorded the major
coral growth forms at distances of 10m apart, beginning at a depth of
3m or 6m, usually down as far as 45m. |In all cases random collections
of corals were made below a depth of 24m to a maximum dpeth of about
45m. For five of these Trénsecfs col lections were also made on the
reef flat, and for Transect 6 also above 9m. Subsequently five further
Transects were positioned between the transects described above.
Specimens (quadrat and random) were collected at a series of depths,
usually from 8m down to 38m or 45m. Transect 9.5 (between Transects 9
and 10) was sampled both inside and outside the false ridge (see Figures

3a and 3b).

Finally, there were about ten random collections made in the lagoon at
various depths. Random samples were also collected from seven coral

banks, and from seven coral heads between 3m and 8m, all in The lagoon.

All speéimens were broughf back to the expedition camp on South-East
Istand. A preliminary identification was given énd specimens were
labelled individually wiTh name and location, this information being
recorded in the field log-book. Corals were then laid out to dry, and
most of them were packed in boxes just prior to departure for

transportation to Durham.

In December, 1974 Dr. B. Rosen of the British Museum (Natural
History) kindly examined the collection, and specimens were sorted
info genera and species or species groups, as appropriate in

the time available. A systematic check-list of the genera



and species Is presented In Appendix A, along with the records from

the more recent Chagos Bank collection.

On examination of the collection with reference to the field records

i+ appeared that a good number of the specimens must have been lost In
transit, Including meny of those from the valuable Main Transect.
Furthermore, many of the labels on the specimens had elther come adrift
or rotted so that they were Illegibie. It was hoped that such problems
might be overcome to some extent by relying on the data recorded In the
field. To check the rellablilty of the fleld records, the collectlon"
was examined for specimens still bearing labels with the original fleld
identifications. A list was drawn up to compare the field and laboratory
identiflcations. Unfortunately, fhls revealad that the earlier
identifications were often inconsistent, and the names glven might apply

to a number of different coral types, sometimes to several genera.

As many of the fleld records could not be relled upon, the remalning
possibility was to use Information from labels stlll attached to specimens.
Regrettably, It appeared that the only reasonably complete Information was
for the deaper collections on Transects 2 to IO; plus the growth form

profiles for these transects.

Lists of specimens collected from Transects 2 to {0 below 24m, plus the
collection above 9m on Transect 6, are given in Appendix B. (The reef
flat data for these transects were Insufficlent In all cases.) There

is not a great deal to be learned from these data, but 1t would appear

that even below 24m there Is a falrly high diversity of corals, for In

these collectlons alone at least thirty genera are represented. A

fuller discussion of coral distribution in relation to depth Is glven



In_ChapTer 3, with particular reference o the Chagos Bank data.
Some of the profiles of the coral growth forms recorded for Transects
-1 to 10 are presented in Figure 6, and these are also discussed in

Chapter 3.

It is unforfunate that there is very little useful information

available for the Main Transect, for fhis detailed survey of the

richest part of the Egmont reefs might have yielded some interesting
results. The loss of data limited the scope of ecological and statistica

work which could be carried out by the author.

SECTION 11 Coral Sampling on the Great Chagos Bank

Most of the sampling on the Chagos Bank was carried out on the western
side of the Bank on the reefs surrounding the extant islands. Darwin
(1842) remarked on the scarcity of living coral on the Great Chagos Bank;
and Gardiner (1936) states that "the coral society .... is not generally
either luxuriant or extensive." Observations made during the 1975
expedition suggest that the majority of the Bank is not actively growing
at present. But it seems that both seaward and lagoon reefs along the
western sector of the Bank between Danger and The Three Brothers {(and
perhaps further north towards Nelson) have a good coverage of living cora
and could be said to be actively gréwing (Bellamy et al, 1976). The
richest coral groQTh was in the more sheltered areas, as was found at

Egmont and at Aldabra (Barnes et al, 1971).

Transects were laid down on the seaward and lagoon areas of the
western side, on the reefs surrounding the extant islands. The positions

of the transects are marked on the map in Figure 4. The survey methods

!
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were simllar to those used for the Egmont Maln Transect. Collectlions
were made from 2m x 2m quadrats by SCUBA leers, and samp les were placed
in bags (separate for each collection). Generally a random collection
was made near each quadrat, at about the sams depth, to collect corals
which did not seem to be present in the corresponding quadrat coliection.

A photograph was taken of every quadrat before removal of any specimens.

in total, 36 transects were surveyed, uslﬁg 317 quadrat and random
collections. The number of quadrats sampled for each transect varied
from two to elght, but samples were generally taken from four or flve
depth intervals. The depths at which sampling was carrled cut varied,
but collecting usually began at 3 or 6m, generally down to over 30m, and
frequently as deep as 45m. Dlvers aiso made notes on the percentage
céver of coral growth forms at various depths along the transects, and

-these records were photographed when the divers returned to the shore.

In addition, two further sets of specimens were collected, using

dl fferent survey methods. For the "minimal area" experiment, corals
ware collected from a depth of 12m off Middle Brother uslng 7 quadrats,
each quadrat being twice the size of the previous one. For the "tram-
lInes", specimens were collected along 1Om tine transects at Intervals
from 9m down to 45m. Finally, thers was a collection of "pristine"
corals, very fine specimens representing 35 geners (but with no location

data).

All speclimens were brought back to the expedition camp where they were
tdentified and the information recorded In the field data book. The

samp les were then lald ocut to dry, the collections generally belng kept
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separate. Later, each collection was placed in a separate plastic
bag, with a label stating depth and transect number in a separately
sealed compartment at the top of each bag. The bags were then stored

in crates and transported to Durham.

When the cdfals arrlve& in Durham, the specimens were unpacked, each one
was washed in running water, and all the "pristine" collection and some
problem speclmens were soaked In bleach to clean them further. Every
specimen was labelled Individually according to location and depth. The
specimens were then identlfied (by the author) to genera and species or
specles groups, as Dr Rosen had done for the Egmont collection, using the

fol lowing texts :

Wells (1956, 1966); Vaughan and Wells (1943); Pichon (1971);

and with reference fo the Egmont collectlion,

The ldentlfication was mostly to generic level only, partly because of
the large number of specimens which had to be ldenflfled within a few
weeks, also because the author's somewhat |imited knowledge of coral

systematics dld not usually go beyond an identlfication to generic level.

A systematic check-list of the corals so far identifled is glven In
Appendix A, with notes on the Identlifications and approximate numbers of
each genus/specles. In all, about 3930 specimens were recelived in Durham,
though this number may be silightly exaggerated because of breakage of
fraglle specimens such as Pectinlids and delicate Aeropora specimens.

0f this total, over 3850 were Scl;}acilnlan corals (the remalnder belng
Tubipora musieca, Heliopora eoerulea and hydrozoans).' Table | indicates

the approximate numbersof corals In the various sub-orders, and thelr

percentage contribution to the total Scleractinian collection.



TABLE | PROPORTIONS OF SCLERACTINIAN SUB-ORDERS IN THE CHAGOS
'BANK COLLECTION

Approximate percentage

Number of of Scleractinian
Sub-order specimens - collection
ASTROCOEN | INA > 960 25%
FUNGI INA > 1180 30%
FAVIINA > 1570 ‘ 40%
CARYOPHYLLIINA + > 130 5%

DENDROPHYLLI INA

Lists were compiled to show which genera or species/species groups had .

occurred in the quadrat and random collections along the various
transects. The author's lists were then compared with the information

initially regorded during the expedition.

In the ehd, about ftwo-thirds of the data collécfed were used for
further analysis. Table 2 indicates the numbefs of transects sampled
and collections made in various areas, as compared with the number of
quadrat and random collec%ions which could be included in discussion
of the data. It turns out that the greatest loss of information is
from fransects carried out around the Brothers where half of the data
have been abandoned. However, all 36 transects have been represented

in the collections further considered.



TABLE 2 NUMBER OF COLLECTIONS MADE IN VARIOUS AREAS ON WESTERN CHAGOS BANK, COMPARED WITH
AMOUNT OF DATA WHICH COULD BE USED FOR FURTHER AMNALYSIS

Lagoon Seaward
Around the Grande (Eastern (Western Passe Diego

Brothers Passe side) slde) Jacques Garcla Total
Number of transects sampled 16 5 7 6 | | 36
Number of quadrat and random |
col lections 10 39 74 85 7 2 317
Number of transects used for
further enalysis 16 5 7 : 6 i i 36

Number of collectlions used for

further analyslis 55 36 60 63 6 2 222



The loss of one-third of the data was mostly caused by inadequate

label ling of the specimens.



SECTION 111 Preliminary analysis of data

In some of the more recent reef sfudles,‘affemp?s have been made. to

classify coral communities using the methods and concepts of plant
'sociology. This kind of approach has been adopted In more general terms

by Barnes et al (1971) and Rosen (197la) for defining coral zones and
assemblages. Jaubert and Vasseur (1974) and Vasseur (1974) have used

such methods in the study of various communitles In the reef environment,

and Scheer has rlgorously followed phytosociological procedure for ‘describing

coral assoclatlons (e.g. Scheer, 1971, 1974; Mergner and Scheer, 1974).

It was hopéd that a similar procedure might be adopted in the analysls of
the Chagos Bank coral data though these are strictly In terms of the
presence or absence of coral types. At Durham University a considerable
amount of research has been carried out on plant communities, following
the Zurich-Montpellier method (Braun-Blanquet, 1951) with the aid of
computer anélysis. in particular, Or Wheeler has used available computer
programs In conjunction with ancillary programs which he wrote himself,
The Chagos data were computed using some of these programs, and for more

detal ls the reader should refer to Dr Wheeler's Ph.D. thesls.

Program SHUFFLE (devised by Wheeler) allows a rapid and error-free means
of re-ordering and re-writing the species-sample matrix. This program
can also be used to express In tabular form the results of numerical
classifications. Varlous programs for numerical clustering strategles
are avallable in the CLUSTAN |A package (see Wishart, 1969). Wheeler
has linked these with programs of his own to form a continuous system
for nhmerlcai analysis which can be used fd generate dendrograms and

specles-sample tables according to the classiflication produced.
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IWheeler investigated the many clustering techniques available and compared
the results with data sorted according to the traditional Braun-Blanquet
table method. He concluded that Information Analysis and Ward's

Analysis (see Ward, 1963) are the most satisfactory of the available
procedures for the purposes of clusTe}ing phytosociological data.
Therefore Ward's method was adopted for analysis of the Chagos Bank

data. The system is arranged so that normal and inverse Ward's analysis
of the same data set can be performed sequentially, so that in the final

table outputted both species and samples have been clustered.

The Ward's analysis of the coral data produced a most disappointing

final SHUFFLE table, with almost no clustering of the aufnahmen (samples)
or the genera/spécies. Dr Wheeler pointed out that compdfer analysis of
highly variable data (such as those from Chagos) would be unlikely fo
yield very good results., In the end, the attempt fto order the data
according to the BraUn—BlanqueT hierarchical classification system had to
bé abandoned. Scheer (1974) admits Théf "it is difficult fo fix
characteristic species and to classify coral éommunifies.in associations",

but if sufficient data are available, phyTosociblogical methods could be

extremely useful for describing and comparing different coral communities.

Most of The subsequent computer analysis was restricted to manual
rearrangement of the species/sample table using program SHUFFLE. (lIn
addition, using further programs from the CLUSTAN package, species
similarity coefficients were calculated, testing in pairs all the most
common genera and species. Preliminary observation suggested that
certain coral types tended to occur together, e.g. Leptoseris

and Pachyseris; Pavona clavus group and P. varians group. For
reference, a |list of the genera or species with similarity coefficients

for the ten nearest neighbours is presented in Table 8, Appendix B.
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In manually rearranging the genera/specles-sample table, an attempt was
made to sort the coral types and aufnahmen Into groups, though obviously
these could only be poorly defined. An attempt was made fo arrange the
data according to e*posure levels, but this was not found to be very
frultful, probably because most of the sltes suffer a similar degree of
exposure (see Chapter 3). In fact, the fauna seem to be evenly
distributed among the different locations sampled, In that all the common
genera were found on most of the .transects. There are a few exceptions,
for example, Leptoserie and Pachyseris were rarely found on lagoon-facing
reefs, but this is probably because they are more frequent In deeper
water, and not many deep collections were made on the lagoon side. The
same can be sald for Dendrophyllia which, 1f found In lagoon collections,
occurred mostly In the vicinity of Passe Thomas, where a strong current
flows through. (Dendrophyllia has often been observed in shallower
water in channels; this Is attributed to the effects of current and
tIght attenuation.) lf'was found that the only clear patterns In the
distribution of the corals were in relation to depth. tf the samples
are arranged In Increasing order of depth, certain of the genera can be
grouped together as belng more typical of certain depths. Occasionally,
a sample from, for example, 12m might be better grouped with those from
I18m, but since the mest obvious distribution patterns are according to
depth, It was thought best to keep the samples arrangéd In approximate
depth order. The results are glven in Table 5 and dfscusséd in
céhJuncflon with other studies in the following chapter. (Please note
that Table 9 In Appendix B contains, for reference, a full.record of the

corals collected In every sample considered in analysis of the data.)



Perhaps a fuller identification of the Chagos corals to species level
mighT‘yield a more fruitful sociological analysis. But some estimates

of coveg by the different coral genera and species are also required.
Photographs were taken of every quadréf, but the use of photographic
records in coral studies is fairly limited, chiefly because identification

of some coral types from photographs is impossible (see Loya, 1972).

None of the fransects studied at Chagos Bank was sampled in as much
detail as the Egmont Main Transect, and on some transects collections
were made only at fwo or three depth intervals. Furthermore, data
for the full range of depths sampled is available for only a few of
the transects. For this reason, and because there were no striking
differences‘befween the different stretches of reef sampied, it was
thought best fo pool the data from all the transects, in order to have
‘as large a data set as possible. Therefore, in the discussion in
Chapter 3, Sections Il - V, no distinction is drawn between lagoon,
lee and seaward reefs, as such distinctions are not really valid for
" the Chagos Bank. Any conclusions drawn from the depth distribution
of the Chagos corals musf be taken to apply, in very general terms, fo

any type of reef; although discussion of the deepest zones may be more

applicable to seaward reefs.
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CHAPTER THREE

LOCAL DISTRIBUTION PATTERNS OF HERMATYPIC CORALS :
THE CHAGOS DATA COMPARED WITH OTHER STUDIES

SECTION | Factors affecting the distribution of hermatyplc corals

Hermatypic corals are restricted to the shallow waters of tropical

zones. Before proceeding to any discussion of the Chagos corals

data, some mention of the environmental factors which may affect coral
distribution Is relevant. The principal factors are Ilght, temperature,
salinity, water turbulence and related effects of sedimentation, nutrient

supply, and oxygen and carbon dioxide levels.

Temperature Temperature seems mostly to govern the
géographlcal distribution of hermatypic corals, which will be considered
in Chapter 4. Wells (1967) states that the minimum temperatures for
reproduction are about l6°C, and 18°C for significant growth and reef
development.  The upper limit folérafed can be as high as 40°c.
Temperature is generally not Important in controlling local distribution
patterns, for femperafure ranges are usually well within the (imits for
good growth. Regarding temperature change with depth, Wells (e.g. 1954,
1967) has shown that even at 120m, beyond the range of most hermatypes,
the temperature In the tropics Is usually around 24°C, well within

thelr tolerance range.

Light This seems to be a major factor controlling
t+he depth distribution of hermatypic corals, as they are generally

restricted to shaliower, |lluminated water. Table 3 shows the decline



in light intensity with depth, and very broadly speaking, coral species
diversity drops off accordingly (Wells, 1954, 1957) (but see discussion

in Section V).

TABLE 3 DECLINE IN LIGHT INTENSITY WITH DEPTH IN CLEAR TROPICAL
WATER (after Wells, 1967)

Depth ' Percentage surface

{m) illumination
20 35
40 20
60 13
100 5

All hermatypic corals contain within their tissues unicellular flagellate
algae called zooxanthellae. Many of the experiments carried out on the
dependence of corals on their zooxanthellae have produced rather
contradictory resuits. (For a review of nutrition in corals, see
Muscafine,vl973.) The zooxanthe!llae are active primary producers; some
of their metabolic products are transferred to the host polyps. This may
be more important in the case of small colonial polyps with high
metabolic rates. Zooxanthellae also act as nutrient conservers in that
they accumulate host waste material (see below). But corals also benefit
from their carnivorous habits. Goreau et al (1971) emphasise the
heterotrophic nuTrifioﬁal'acfivi%ies of reef corals, as indicated by
their specialised carnivorous feeding, primarily on zooplankton
(facilitated by ciliated currents and mucus and by direct transfer of
prey by tentacles to the mouth), by their unspecialised detritus

feeding, and by direction utilisation of dissolved or colloidal organic
matter. Drew (1973) suggests that corals are adaptable organiéms which
may use the sources of nutrition available in their particular area,
"efficiently carnivorous where the water is furbid and relatively rich

in zooplankton, but autotrophic on clear water reefs with little

plankton".



It does seem clear that zooxanthellae are very important in causing
corals to calcify at accelerated rates in the light, and the work of
Coreau has contributed greatly to knowledge in this field. Goreau and
Goreau (i959) used Ca45 to measure calcium uptake in Thirteen hermatypic
scleractinian species and two species of Millepora. Experiments were
carried out underwater on shallow reefs off Jamaica, in conditions as
similar és poésible to the natural environment. They found that in

all cases, light infensity had a profound effect on coral growth rate.
All corals deposited calcium‘faéfesf in sunlight, less rapidly in cloudy
weather, and deposition was slowest in darkness. Bleached colonies
(lacking zooxanthel lae) deposited calcium more siowly in the light

than normal specimens (with zooxanthellae) in the dark.

Several mechanisms linking photosynthesis and calcification have been
proposed. Probably the most acceptable hypothesis is that

calcification is enhanced through the removal of carbon dioxide from the
éalcification site by photosynthesis and/or carbonic anhydrase (see,

for example, Goreau, 1961). However, the exact reactions and the part
played by zooxanthellae are not fully understood, and Drew (1973) poinfs
out that the relaTionship.beTweeﬁ photosynthesis and calcification is
not straightforward, since the reduction in the rate of calcification
with depth is not as great as the reduction in photosynthesis and light

infensity.

That zooxanthel lae enhance calcification by removing metabolic waste
(here COZ) remains an atfractive theory, and Weber (I974) suggests

that in this way, zooxanthellae have allowed the high degree of phenetic
variability displayed by reef-building corals. His arguments are based

on studies of stable isotope ratio measurements of carbon and oxygen

contained in the skeletal carbonate of a range of corals, the skeletal

21



carbonate being derived either from seawater bicarbonate ions or from
carbon dioxide produced in respiration. Ahermatypes, he suggests, are
restricted to relatively simple forms because of the djfficulfies in
metabol ic excretion of CO2 (by diffusion) they would encounter with a
more complex geometry. Hermatypes, however, are not so confined, as
"zooxanthel lae, by removing metabolic waste products in situ, liberate
the reef-building corals from restrictions on the range of corallum

configurations that their physiological status would otherwise impose".

Salinity : The salinity tolerance of hermatypic corals
probably lies between 30 and 48 p;p.T. (Kinsman, 1964). In the open
ocean salinity levels should be well within this range, and corals are
unlikely To experience severe fluctuations in salinity (except in rare
cases where heavy rainfall coincides with an unusually low tide, fhusb

lowering the salinity on the reef flat).

Water turbulence Water turbulence seems to have a marked effect

on coral distribution (see Section Il). The gxfremes will be the most
harmful,'%or example, mechanical stress caused by strong surf or
storms. In very still water, there may be accumulation of sediment,
which in extreme cases'wijl deprive many'fypes of coral of a suitable
sdbsfrafe for attachment. Corals may also be subject to burial by
sediment; branching forms may be less likely to suffer from this by
virtue of their shape. Some massive forms seem to be fairly sediment-
'Toleranf, e.g. Porites; and Platygyra lamellina (see loya, 1972).
Massivéyspecies resistant to sedimentation have apparently evolved some
cleaning mechanism, perhaps mucus and ciliary cleaning, as discussed by
Marshall and Orr (1931). Poor water circulation, especially in very
enclosed lagoons, may have adverse effects on corals. This is probably

more important for the removal of carbon dioxide than for replenishing

the nutrient and oxygen supply (Stoddart, 1969).

22
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SECTION 11 Distribution patterns of hermatypic corals Iin shallow

water environments (above 5 - {Om in depth)

The majority of the studies carried out in the Indo~Pacific have been
conflned to the reef flats or very shallow reef areas. Some of these

studles are reviewed by Stoddart (1969, 1973).

There is very little information on the shal lower reaf environment
(above 3m) at the Chagos éank or Egmont. From prelliminary observations
at Chagos Bank, it appears that the reef flats usually have very poor
coverage of living coral, generally < 5%4. The reasons for this are
not known. It could be that at very low tide the reef flat may dry
out, especlially during hot weather. Further, it is possible that if
heavy rainfall (frequent in the Chagos area) coinclides with low tide
the satinity on the reef flat might be reduced o a critical level.

In both cases, physlological damage to colonles on the reef flat could
occur. (See Stoddart, 1969). Loya (1972) has recorded poor species
diversity and llving coral coverage at Eilet, where the reef flat
environment is severe and unpredictable. Flshelson (1973) has noted
at Ellat that massive species are more tolerant of dessiccation than

bush-shaped colonles.

Flgure 5 shows a typical profile of the reef flat and upper reef siope
at Chagos Bank. The algal ridge varies in Its degree of developaent,
and there are no groove-spur systems. No marine grass beds were
observed although Cymodocea (= Thalassodendron) has been found at Diego
Garcia (Stoddart, 197la). Significant coral growth usually beglins at
a depth of 2 - 3m.in more sheltered areas, and at about 5m on a more

exposed reef. The pattern Is very similar for the Egmont seaward reefs,
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except that In sheltered sites the reef flat and upper few metres of

the reef siope have a better llving coral growth.

Di fferences between windward, lee and lagoon reefs have often been
observed, both In terms of thelr morphology and the biota. However,
no striking differences were apparent between the various reef areas

studled at Chagos Bank, probably because they all siffer a fairly
simi lar degree of exposure. Reefs on the western slide of the section

studled are exposed to the open ocean, but the westeriy winds are not
as severe as the Trades. Lagoon faclng reefs are also falirly exposed,
because the lagoon is so large and not enclosed, and 1heref§re does not
offer a great deal of protection from the Trade winds. (The only
excaption Is the area Just east of Danger lsland. Here on Transects
28 end 42 shallow areas (< |12m deep), entirely dominated by species of

Aoropora, extended for several kilometres from the shore,)

Little can be sald about the distribution of coral fauna at Chagos Bank
in the very shallow water since most cf the data were collected below
3 or 6m. Therefore the shallow envlronment witl not be considered In

great detall here, but some discusslion is nonetheless relevant,

Water turbulence is probably the most Important factor affecting coral
distribution in shallower areas. As stated above, most of the coral

reef studles In the Indo-Pacific have concentrated on shallow environments;
but until recently many of the records have been of a qualltative nature,
and the approach taken by workers has varied greatly, especially

regarding the features they have used to describe different reef areas.
This hés made I+ rather difficult fo draw comparisons betwean the varlous

reefs so far Iinvestigated.



Rosen (1971a) describes a pattern for the distribution of coral
assemblages In shalliow reefs around Mahe, Seychel les, and this Is
further developed In a subsequent paper (1975) as a tentative scheme

for the Indo-Paciflic as a whole. The associatlons are named after the
most consplcuous genus or famlly In each case, p'usv?he calcareous algal
ridge. They are distributed In response to a Qradlenf in water movement
In three directions : vertically; horlzontally In terms of the aspect
(1.e. whether the windwardtor lee side of the reef); and horizontal ly
in relation to the line of the reef edge (see. Rosen, 1975, Figure 3).
The calcareous algal ridge occurs In the most turbulent area, and there
is a progression in the three directions through the Poeillopora,
Acropora;:. and Favild (+ Mussid) assemblages, to the Porites
assemblage In the stillest water. The assemblages may infergrade;' and
the full range might not be present within a single reef or reef area,
due, for example, to insufficlent spéce or variety of conditions for

them to develop.

Although the schéme is related to the strength of water movement,

soveral factors may be Invoilved, fhéugh there are not many~experlmenfal"
data which might help to clarify the reasons for such a distribution.,
Mechanical stress Is probably most Important iIn the region of the algal
ridge, and the Pocillopora, and perhaps the Aoropora assemblages. At
the other extreme, Porites probably flourishes because it is a highly
tolerant genus, able to withstand such effects as sedimentation, poor
nutrient supply etc, which may be associated with poor water clrculation,
In the Intermediate areas there Is probably much competition for space,

especlally between the branching forms and the Faviids and Mussids.
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Although Rosen's scheme is a very general one, for which there may be
many exceptions, this kind of approach Is very useful. in the past
too many studies have been carried out in isolation, with little attempt

to link cbservations with findings in other areas.

There is little information from the Chagos Bank or Egmont which might

be compared with the above pattern (except pogsibly fér the loﬁer end

of Rosen's vertical component). But in the absence of any contradictory
evidence, It seems fair to assume that the scheme may apply at feast iIn
part, though the full range of water movement conditions Is unlikely to

be present.,

SECTION 111 Coral Distribution patterns In the deeper water

environment (mostly below 5m in depth)

(Terms such as "shallow" and "deep" are relative! In Sections |11
and IV of this chapter the following definltions are applied for
convenlence :

L4

Shallow = 3 - 12m; Intermediate = 12m - 27m; Deep = below 27m )

As stated in Section 1l of the preceding chapter, the most obvious

parameter to which one can relate any patterns in the distribution of

the Chagos corals Is depth. Table 4 presents a SHUFFLE with the aufnahmen -
(both quadrat and random) ordered In slx depth classes from 3m to 45m.

it Is Immediately clear from the SHUFFLE that practically no genus is
restricted to enly one or two depth classes,.and most can be found over

a wide range of depths. However, a fair number of the genera and species

do seem to occur more frequently at certaln depths. The pattern Is



TABLE 4 SHUFFLE WITH SAMPLES ORDERED iIN S1X DEPTH CLASSES
FROM 3m -~ 45m

Top half of table : corals exhiblting some zonation with depth

Below : corals apparently showlng no zonation, and corals which

are too rare to place.



16

the species and sample numbers
in Appendix B.
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clearest for the shallowest (3 - ém) and the deepest areas (33 - 45m),
where a more limited range of coral types tends to be found. Of the
corals which seem to exhibit some zonafion with depth, Those types
frequently occurring in the shallowest water seem to be rare or absent
in the deepest areas, and vice versa. At depths of 9 or 12m to about
30m there does appear to be some transition, with the shallow types
gradually becoming less frequent and apparently giving way to the
intermediate and finally to the deeper water corals. But the pattern
is not distinct and at all these intermediate depths a broad range of

coral types is represented.

Any conclusions‘which might be drawn about the depth distribution of the
corals at Chagos must be based solely on the numbers of occurrences of
corals at various depths. Moreover, the author wishes fo emphasise

that while corals may exhibit zonation with respect to depth, the

actual depths at which such zones may occur wjll vary according to

local conditions, principally light.

To clarify any trends emerging in Table 4 some of the data have been
re-arranged in Table 5. 1In creating this table only the data from
quadrat collections have been used. The random samples have not been
included because for these, collections were only made of those corals
not appearing in the corresponding quadrat, hence many specimens were
deliberafély omitted. In Table 5 a species or genus is only marked
where it occurs in at least 15% of the quadrats in that depth class.
It is also indicated if a coral type occurred in 25 - 50%, or in more

than 50% of the quadrat samples at that depth.
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The iimitations of the table should be mentioned. There is a bias
against less common gandra or  ‘species 1f they happen to occur
more in the random than in the quadrat samples, e.q. Hydnophora; and
the shallowest occurrences of Symphyllia. Also, a coral’wlll not be
Included if it occurs only now and again at various depths, but is not
prominent In any oné depth class. lThe table does help to improve the
paffefn suggested by the SHUFFLE by omitting odd occurrences of corals
outside their usual depth classes; and excluding, of course, the veryi

rare ones.

It is again clear (from Table 5) fha?vmany genera are widely

distributed ln'relaflon to depth, and some are very'common through
several depfhbclasses. But from the degree of shading it Is more
readl |y apparent which genera or species groups are the most abundant
within certaln depth classes. It Is hard to pick out any genera as
being definite "markers" for certain depths. However, the distribution
of Acropora spp. type |, Leptoria, Heliopora coerulea and Stylophora cf.
mordax (+ Stylapkora spp) Is certainly concentrated In Qafer not deeper
than 12m. | Genera such as Cycloseris, Leptoseris, and Cosotnaraea are
common only below about 27m; and *houéh Pachyseris, Leptoseris?
mycetoseroides group and the Pectinlids are often present at lesser

- depths, they are clearly most Impérfanf In the deepest collections.
Several genera occur mostly at intermediate depths, e.g. "Agarictella’,

Goniopora, Cyphastrea and Oulophyllia.

A more detalled identification of the material from Chagos might well
improve the depth zonation patterns suggested. Regrettably, It was
quite Impossible to ldentify such a large number of specimens to specles

level In the course of this short study.
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Unfortunately, there are few studies of depth distribution In the

Indlan Ocean with which the Chagos data might be compared. The best
records seem to be from the Red Sea (Loya and Siobodkin, 1971), Aldabra
(Barnes et al, 1971), and the Maldlves (WelIsAand Davies, 1966). The
usual depth distributions of a number of genera and species as observed
In the four localities are compared in Table 6. It should be borne in
mind that the level of ldentification Is not always the same; that

dl fferent types of reef are belng compared; that sampling methods were
not always the same; and that the Aldabra data are based on one detalled

transect only, whlle Chagos data are from many transects.

The depth data from the four studles are In some cases in agreement,

In others rather discordant. In all cases Stylophora mordax and
Leptoria/Leptoria phrygia are shallow water specles. Speclies with some
range, but occurring mostly In shallow or shallow and medium areas, Include
Galarea fascicularie, Pocillopora eydouxi, Echincpora gemmacea and

Favia stelligera. The genus Aeropora occurs over a wide depth range

but mostly commonjy In shallower water. Montipora and Porites are

found from shallow through to falrly deep water, |ikewise Platygyra/
Platygyra lamellina (except for the Maldives record). Leptoseris spp,
Leptoseris? mycetoseroides group and Cosgeinaraea do occur at Intermediate

depths, but particulerly .inzdeep-water.

The most striking anomaly in Table 6 concerns the depth at which
"Agartaiella” pondsrosa ls llkely to be found. At Aldabra the records
suggest that it Is a deep water species, but Its optimum depth range in
the Eilat study was found to be above 6m. Chagos recqrds for the genus
"Agarioiella” are mostly from intermediate depths. While at Chagos

Pachyserie and the Pectinlids do occur at Intermediate depths, they are



TABLE 6

(In this table shallow = 0 - |2m;

GENUS OR SPECIES

Stylophora mordaz
Pocillopora eydouxi
Aeropora
Astrecpora

Montipora

Pavona varians

Pguona clavus

Leptoserts
Leptoseris? rycetoseroides

"Agericiella' ponderosa

Fachyserts

Coseinaraea

Porites

RED SEA

Fringing reef at Eilat Sheltered reef front

8 spp :
shallow 1o 50m;
shallow only

Shallow

Range varlies for

individual spp, but

genus present from
shallowy to deep

Shal low
Shal low
25 ~ 50m
Shal low
{0 - 30m

Medium and deep

Shallow to deep

2 prominent
rest

a

COMPARISON OF THE DEPTH RANGES OF SOME GENERA AND SPECIES FROM FOUR LOCALITIES

medium = 12 - 27m; deep = 27 - 50m)

ALDABRA MALDIVES
At Gan, Addu Atoll
Mostly lagoon but some

seaward collections

of elevated atoll

Shali low Shallow
Shallow and medium Shal low
4 spp, all shallow I8 spp : some medium,

most shallow

Range to 35m, but Shallow and medlum

mostly shaljow

As for Red Sea From shallow to 27m

Medium and falirly Shallow and medium

deep
- Shallow and medium
- "Medium and fairly
deep
Falrly deep
Deep -

Mostly medium, some Shallow and medium

fairly deep
- Medlum

Mostiy shallow and

Shallow to deep
© medium - ' '

CHAGOS BANK
IDENTIFICATION

8. of mordax and similar

Sty lophora spp
P. of eydouxi

Aeropora

Astreopora

Montipora

P. varicns group

P, clavus group
Leptoseris
L.? mycetoseroides
group
"Agarteiella”

Pachyseris

Coscinaraea

Porites

CHAGOS BANK
Seaward and Lagoon reefs
of partially drowned

stoil

Mostly shallcw, scme
medium

Shallow and medium

Some range; mostly

shaliow and medium

Wide range, but mostiy
medium

Abundant to 7tairly deep
water

Wide range, especially
medium and fairiy desp

As P. varians group
Deep
Wide range, mostly
medium and deep
Medium

Medium and especially
deep

Deeg

Abundant shallow to deep



TABLE 6 (Contlnued)

GENUS OR SPECIES

Favta favus
Favia pallida
Favia stelligera

Favites pentagona

Favites abdita
Favites virens
Platygyra lamellina
Leptoria phrygia

Leptastrea

Echinopora gemmacea
Galarza fascicularis

Acanthastrea echinata
Symplyllia
Hehinophyllia cepera-

Mycedium tubifex

Mycedium tenuicostatium

RED SEA
Fringing reef at Ellat

Shallow
Shal low
Deep

Shallow to deep
Shal low
From shallow to deep

Shallcw

Shallow to deep

Shallow
Shal low

Shaliow to deep

Lower part of shallow
range

Medium and deep

ALDABRA
Sheltered reef front
of elevated atol!

MALDIVES

At Gan, Addu Atoll.
Mostly lagoon but some

seaward collectlons

Shallow to fairiy deep

Shallow and medium
Shal low to fairly deep
Shal low

Shallow to deep, mostly
medium

Mostly shallow and medlum
Mostly shaliow and medium

Lower part of medium
range, and to 33m

Medium

Medium

‘Both spp medium

to falrly deep

Shal low
Shal tow
Shal low
Medium

Shalliow and medium

Shallow
Shal low
Shal low
Shal fow
Medium

Shallow and medium

Shal low end medium

Medium

]

CHAGOS BANK
IDENT{FICATION

Favia
fallida<fﬁvus group
F, stelligera

F. pentagona group

Favites

Wirene /abdita group
Platygyra

Leptoria

Leptasirea

E.cf. gemmacea
G.cf. fascilcula:is

Acanthastrea

Symphyllia

Pectiniids, mostly
Echinophyllia and
Mycedium

CHAGOS BANK
Seaward and lLagoon reefs
of partially drowned
atoll

Shal low to quite deep

Shallow and medium

Wide range, especialiy
shallow and medium

Shaliow and medium

Shallow fo fairly deep

Shal low

Wide range, shaiilcw fo dee

Shaliow and medium
Shallow and scme medium

Shal low and medium

Wide range, mostly medium

Medium and especially deep

r
E
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most Important In deeper water; the records for thelr distribution

at fhe other sites are rather variabie. No explanatlion can be offered
at this stage for the differences In the optimum depth range of some of
the genera and specles at the four localitles. Some of the differences
might be due to insufficlient sampling or dlfferent methods used, or
there may be genulne variatlons due to local environmental conditions

and the relative abundance of genera and speclies In different places.

Wells (1954) presents a detalled account of the distribution of corals

at Bikini Atoll. This study provides data from greater depths than

those referred to above (but no dredging was cerrifed out on the seaward
slope above I18m). Wells defines three broad 2ones; the Eehtnophyllia
zone from 18 - 9im; the Leptoeeris zone from 91 - 146m; and below this
the Sclerhelia-Dendrophyllia zone. In the upper part of the Echinophyllia
zone are several species also occurring on the surface reefs. Not
recorded In surface collectlions, but abundant In this zone, are
Echinophyllia aspera and Ozypora lacera. Other specles pecullar

to this zone Include Pachyseris spectosa, Cycloseris vaughani, and certain
specles of Aoropora, Montipora, Porites, Favia and Psammcrora (Plegioseris).
The Leptoseris zone s clearly beyond the range of optimum growth of
hermatypes. in this zone are found a few stragglers from the zone above,
but the most common coral Is Leptoseris (not found on surface reefs), of
which several specles are represented. Other species recorded only In
thls zone Include Montipora granulosa and Coscinaraea ostreasformis.

The Selerhelia~Dendrophyllia zone seems to be ahermatypic.

Rosen (197ib) discusses the distribution of coral genera in the indian
Ocean. In sddition to a table presenting records for total fauna

(Irrespective of depth), he glves records for 18 - 9luv9l - 146m, and
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below 146m, in accordance with Wells' zones for Bikini. Several
'genera are much more conspicuous in +hé 18 - 9Im zone than in the
total fauna, such as Cycloseris, Pachyseris, Leptosertis and
Coscinaraea. Genera also notably higher in this table than in the
total fauna are Echinophyliia, Oxypora and Mycedium. Little
information is available for depths below 9Im in the Indian Ocean, but
occurrences of Leptoseris, Cycloseris, Pachyserig and Coscinaraea

have been reported.

The Chagos data (collected by SCUBA divers and not by dredging) do nof_go
beyond about 45m. It has already been pointed out that the genera
Leptoseris, Cycloseris, Coscinaraea, and Pectiniids (mostly Echinophyllia
and Mycedium) are most abundant between 27m and 45m, and Leptoseris and
Coscinaraea rarely occur at iesser depths. These records are well supported
by the data presented by Wells and Rosen, i.e. that such genera are most
conspicuous at depths beyond the optimum range of many other hermatypes.
Maragos (1573) carried out a detailed Transec+ survey of a Pacific leeward
ocean reef at Fanning Island, using a Im x IOOm‘conTiguous Transect. He tfoo
found that corals such as Echinophyllia, Leptoserie, Leptoseris? mycetoseroides
(aﬁd certain species of Pévona) were among those typical of deeper water,

occurring only below a depth of 18m.

'Af Bikini Wells found that the Echinophyllia zone was succeeded by the
Leptoseris zone and finally by the ahermatypic zone. The Chagos Bank
records indicate that Pectiniids, Pachyseris and Leptoseris are abundant
together from 27m downwards, and the ahermatypic Dendrophyllia occurs
alongside these genera. It seems that here the deeper water genera are
not as distinctly zoned as.aT Bikini, though nothing can be said about

their distribution at depfhs below about 45m.



SECTION 1V Discussion

Not a great deal can be added about the depth distribution of the
corals at Chagos. Other studles, for example those mentioned above
at Aldabra (Barnes et al, 1971) and at Eilat (Loya and Slobodkin, 1971;
Loya, 1972) and Pichon's work at Madagascar (1964), suggest that there
is a succession of more or less distinct zones down the reef front,
typitied by certaln marker species (not necessarily the same marker
types In different localities). From the Chagos data in Table 5,

and the preceding discussion, It appears that some genera or species
groups occur more frequently at certaln depths. Beyond thls, however,
it Is not possible to describe very deflnite zcnes with marker specles.
A fuller ldentificatlion to species tevel might help; but more data on
the abundance and cover of the corals Is required. Only |imited
deductions can be made from records which are purely In terms of the

presence or absence of corals.

Some data are avallable from Egmont on the degree of cover of varlous\
coral growth forms down the reef front (Figure 6). There Is much
Intergradation of the zones and some forms (e.g. encrusting) may occur
throughout. But very generally there Is a progression through branching
and brain forms in shallower areas; to bracket forms In deeper water, which
where the hermatypic cover declines are replaced by Gorgonians and
Dendrophyllia. Similar data were coilected during the Chagos Bank
expedition, and though these were not avaliable In tIme for Inclusion -
In this report, the same trends seem to emerge (Bellamy et al, 1976).
Barnes ét al (1971) report the same zonation of growth forms at Aldabra.
However, this can only be accepted as é very general scheme, and there
are often exceptions (for example, in the studies cited In the previous

paragraph).
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Reasons for zonation of coral growth forms and the distribution of
coral genera and specles down the reef front can only very tentativety
be suggested. Branching forms seem to be dominant in the shallowest
water (and are very generally succeedsd further down by massive forms).
This is probably due to the effects of water turbulence as proposed In
Rosen's scheme. The very lowest zone Is ahermatyplc, presumably
because the reductlion in radiant energy excludes hermatypes. Corals
occurring Just above the ahermatypic zone are mostly those with thin,
flattened coralla. Because of the reduced calciflcation rates at
greater depths, corals can only produce thin, fragile skeletons; the
flattened form will also allow the colony to recelve as much as possible

of the available flight.

Perhaps the coral forms in the very shallow furbulent>afeas and the
poorly irradiated deeper zones are particularly suited to such conditions.
But In the Intermediate zones the environment should be favourable for
many types of coral, and the reasons for any distribution patterns are
more obscure. Hers Lang's study (1973) of lnferSpeclflc aggression
between corals Is relevant. The most aggresslve species are slow-
growing massive or encrusting members of the Faviina. They use their
aggressive Interactions as a defence against overgrowth by more rapldly
expanding ramose and follose corals. The stronger aggressors extrude
thelr mesenteral filaments over thelr weaker neighbours and dissolve
those tissues wlthin reach by extracoelenteric forms of digestion.

A definite hierarchy exists between different species; some of the

weakest aggressors are the follose Agaricilds.

A
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Far more data are required before any very detalled account of the
reasons for coral zonation can be given. There seems 1o be a similar
succession of growth forms down the reef front on many reefs. But
some of the zones described in terms of definite specles or genera do
not necessarlly correspond; and the species dominant in zones
apparently analogous (e.g. In terms of coral forms and depth) may not
be the same. The data In Table 6 suggest that there are genulne
differences In different areas between the optimum depth ranges of
certaln genera and specias. All such variation cannot be attributed
solely to differences in sampling methods. . There may be genulne
zoogeographical differences; or a range of local differences In reef
morphology, and the prevaliing environmental condltions may be
responsible. Many more studies of zonation patterns In relation to
depth are required, with accompanying data on the local environment,
before any definite trends In specles distribution down the reef front
(especial ly at Intermedliate depths) can be established, or the reasons

for any differences accounted for,

SECTION V Changes in coral diversity with depth

Wells (1967) states that while there Is no definlte lower bathymetric
limit for hermatypic corais, 100m Is the lower limit of any slgnificant
contribution to reef bullding. By 50m the number of sbecles has been
halved, and at 100m the number of specles Is about 108 of the surface

figure.

As stated above, the reduction of diversity with depth cannot be
attributed to change In temperature, for this raﬁalns well within the

tolerance range of hermatypic corals to well below 100m. Light seems



to be the controlling factor, and Wells (1957) has shown that reduction
of coral diversity follows very closely the curves for the decrease in
i1 lumlnation and radiant energy with depth. In his Bikinl study (1954)
Wells plots of the numbers of both genera and species agalnst depth,
dfsflnguishing between surface and non-surface hermatyplc corals, and
ahermatypic kinds. On the seaward siope the number of species drops
very sharply between the surface and 27m, though such a rapld decrease
may be due to insufficient sampling between 18 and 75m, as the specles

diversity changes less rapidly on the lagoon slope.

Samp | Ing methods certalnly Influence diversity reeords; For example,
Rosen (1975) compares flgures for the Southern Maldives where there has
been fittie dredglng(bu+ much collecting has been done by‘SCUBA divers

to about 30 or 40mlwlfh the Blkinl area where non-surface data have been
col lected chiefly by dredging. in ?be former case, the generic dliversity
is very high above about 30m, but decreases rapidly below this depth.

At Bikinl, the diversity Is much lower in the uppermost 30m, but declines
slowly with a long deep-water "tail", so that between about 30 and 180m

the diversity is much higher than at the Southern Maldives.

The relationship between |ight attenuation and coral diversity may no+.be
as sfmple as Wells' work has suggested. At Ellaf,.Léya (1972) has found
that there is a successive Increase in specles diversity to around 30m,
with about twice as many species recofded at this dspth than from very
shal low water. (The attenuation of light with depth at El!af Is very
simitfar to that at Bikinl.) Loya and Goreau observed a similar pattern
on Jamalcan reefs (unpublished data, but see Loyé, 1972) where the species

diversity decreased only below 40m.

35
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Although there are few diversity data from Aldabra (Barnes et al, 1971)

the number of specles on Transect | was greatest between 12 and 33m, with

a maximum of 19 species at 27m. Table 7 lists the numbers of genera and
subgénera’ collacted at various depths on the Chagos Bank expedition. in
compl ling this table, the number of collectlons used from each depth Varled.
But though more data were avallable from 18m, the gfeafesf generic diversity

is at 24m, with 44 genera recorded.

Only eleven collections were used from a depth of 45m, but here 27 genera
were recorded, compared with 24 genera at 3m. The 3m and 24m collections
have only 15 genera in common. No data are avaflable below 45m, though

it seams likely that the diversity continues to decline bélow this depth.

TABLE 7 NUMBERS OF HERMATYPIC GENERA RECORDED AT VARIOUS DEPTHS
AT CHAGOS BANK

Number of Number of hermatyplic
Depth (m) col lsections genera recorded
3 17 24
6 22 29
12 24 | 28
18 38 35
24 29 44
30 27 38
45 It 27

Data from several sources show that diversity (in terms of species or

genera) may Increase from the surface to betwsen 25 and 40m. It seems
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‘that radiant energy and llght Intensity may have a critical effect on
coral dlversity only below a certain depth (which may vary from reef to
reef according, for example, to turbidity). Loya (1972) found that
though speclies diversity at Ellat Increased with depth, the average colony
slze of many specles decreased, this curve following the same pattern as
#he.llghf intenslity curve (except on the reef flat). Clearly, further
study Is requlred of the effects of 1ight (especlally the different wave-
lengths) on cora|§ and thelr zooxan?ﬁellae, before the distribution of

corals with light and depth can be explained.
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CHAPTER FOUR

CORAL DISTRIBUTION AND DIVERSITY PATTERNS IN THE INDO-PACIFIC;
AND DIVERSITY ON CHAGOS REEFS

SECTION | Coral Diversity In the ‘Indo-Paclfic

The coral fauna of the Indo-Paciflc Is remarkably homogeneous, at
least in terms of its generlic composition. In this chapter,
reference will be made‘fo generlc distribution only, because the
confusion surrounding coral systematics at species level does not
allow a-meaningful discussion of species distribution. Wells ()954)
plotted dlvérsify contours for the Indo-Paclific region, and found that
these corresponded quite well with Isocrymes, l.e. lines of equal
minimum surface water temperature. The greatest number of genera’
occurs within the 25°C Isotherm, and especially In the 28°C areas.

The diversity declines radlally from the rich central strip In a fairly
regular pattern, and "In all the perlpheral areas the same genera drop
out in the same MEhner, and the remalning peripheral faunas are [wlfh
fow excepfloné] of the same composition and Include only genera also
found more cenfrallyl..... There Is no generic difference between

a fauna from one extreme geographical situaticn and one from another

within the same temperature range."

Further confirmation of temperature~-related diversity patterns has been
provided in subsequent papers, e.g. Stehli and Wells (1S71) for the
Indo-Pacific and Atlantic, and Rosen (1971b) for the Indian Ocean.
Rosen also plotted generic diversity agalnst minimum prevailing |

surface water temperature, and there is some suggestion of a smooth-
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curve relationship with a peak around 28° - 30%. Temperature
controls distribution chiefly in ferms of the minimum temperature
required for reproduction (Yonge, 1940). There are few data

aval lable, but the lowest tolerated for reproduéflon seems to be about
16°c (Wells, 1967). Presumably, the mintmum temperature requlrements
vary, and genera occurring in the perlpheral regions are mofe tolerant

than those restricted to central, warmer areas.

From the maps of Stehli and Wells there seem to be three high diversity
centres, situated in the western part of each ocean ¢ the Caribbean
and the Indonesian-yestern Pacific foci, and the western Indlan Oceén
focus (which may be superficlal, see below). As Is well-known, the
fauna of the Atlantic and the Indo-Paclfic regions are qulfe distinct;
they have only five genera In common, and only Aercpora and Porites

are abundant in both areas. The highest diversity In the Indo-Pacific
is at least 50% higher than that In the Atlantic. i+ is of Interest
that the high diversity centres sesm to occur Just north of the equator,
as the thermal equator (In terms of the mean annual sea surface
temperatures) lles well to the north of the geographic equator. This
suggests that temperature ls a more Important factor In the geographlcal
distribution of corals than the avallabllity of light for the zoo-
xanthellae, which should be optimal at the equator (Stehli and WellS,
1971).

The thermal gradient fatitudinally across the oceans Is relatively
small, and the higher diversity In the westerly regions of the oceans
is attributed to the actlion of oceanic currents which flow predominantly

from east to west. Thus, the spread of coral planulae In.an easterily



direction Is Inhiblted. But the lack of islands and shallow areas
In the eastern parts of the oceans must also influence coral
distribution, since here there will be a smaller area of habitat

tavourable for coral growth (Stehil and Wells, 1971).

Diversities dilffering from those predicted by the general model may
be due to Insufficient sampling In some areas. But some of the
anomalies require other explanations. For example, Wells (1954)
draws attention to the northerly shift of a high dlversify'cbnfour
from the Phillipines towards Japan, well into the 15°C 1sotherm.
This he attributes to the effect of the strong Kuroshio Current,
carrying the planulae of genera usually found only'ln warmer areas.
The Agulhas Current may have a simllar, though less marked, effect
In the South African area (Rosen, 1971b). The higher salinity and
temperatures, and greater temperature range, In areas such as the
Persian Gulf and the Red Sea, may together act to reduce diversity
(Rosen, 197tb).

Stehll and Wells (1971) also determined the “average'generic age'" of

a number of stations, an "old" area belng defined as one with a high
proportion of genera with a long geological record, and vice versa

for a "young" reglon. Thelr youngest areas correspond with the two
main high diversity centres, and they conctude "that evelution Is
proceding rapldly In reglons of hlgh diversity and that newly evolved
genera extend thelr ranges over a considerable period of time into
peripheral reglons." The youngest average generlc'aga found In the
Pacific Is half that of the youngest Atlantic region, and they suggest
that evolution has been proceeding twice as fast In the indo-Pacific

as In the Atlantlic.
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Rosen (1975) has polnted out that the evolutionary centres defined
by Stehli and Wells coincide with areas of crustal Instablliity,
though data on the distribution of past coral faunas are required

before any definite relationship can be established.

In general, the model suggested by Wells (1954) of a central high
diversity reglon with a successlve radial decrease In diverslity away
from the focus seems +o hold good. There are, In fact, fringe fauna
assoclated with certaln reglons, and sub-provinces might be deflned.
There wiil not be dlscussed, excapt to mentlon that the genera
Stdavrastrea, Anomastrea, Ctenella (and perhaps "Agarictella’ and

Gyrosmilia) are conflned to thae western part of the Indlan Ocean.
(But' Siderastrea 8180 occurs In the Atlantic.) Whether there i3 a

true high dlversity centre in the western indian Ocean has yet to be
confirmed. The number of genera found In this reglon now approeches
that recordad In the Indoneslan - west Paclflc focus, and there may be
a contlinuous high diversity belt across the Indian Ocean. But little
sampling has been ﬁarrled out In the eastern Indlan Ocean, and until
more data sre avallable from this region the problem must remain

unsolved,

SECTION 11 Diversity on Chagos Reefs

Rosen (1971c) has presented a check-llst of corais from the Chagos
Archipslago, besed on three collections : the colliection of G.C. Bourne
from Dlego Garcla In 1885; <that of J.S. Gardiner et al made during the
Percy Sladen expedition, 1905; and that of J.D. Taylor from Dlego
Garcla In 1967. Rosen reports a ?ofal‘of 54 genera and sub-genera,
 of which 42 are hermatyplc Scleractinians.
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A check-llist of corals so far identified from the recent Egmont and
Chagos Bank collections may be found In Appendix A. At least 63
Scleractinlan genera and sub-genera are represented, Including 55 .
hermatypic genera. The non-Scleractinlans Tubipora musica,

Heliopora coer iuulea and varlous hydrozoans were also collected.

These recent collections contain many new records (but as the
identifications are not compiefe, discussion will be In terms of
genera only). The’fﬁ?rteén~hermafyplc gsnara not previously recorded
include Psammooora (Plestioseris), Coseinaraea, Horastrea, Merulina,
Cyocloseris, Physogyra and four Pectinild genera. There are also

new rec ords for six ahermatypic genera, Inciuding Tubqatrea and
Oulangia. Several génera were previously known only from sight
records; the recent collections now conflrm the presence of

Seviatopora, Alveopora and Euphyllia on the Chagos reefs.

Only three genera (all sight records) from Rosen's check-list haye
not been found In the latest collections. These are the ahermatypic
Pungiacyathus and Madrepora, dredged by Gardiner et al from desper
water; and Siderastrea. It is unfortunate that Siderastrea has not
been identified from the recent material. This genus Is one of the
few genera common to both the West Indlies and the Ihdo-Paclfic, and
its distributlion In the indo-Pacific reglon Is confined to the western

indian QOcean.

Several genera from the Egmont and Chagos Bank collections are
particularly noteworthy. The rare genus Ctenella has so far been
recorded only from Chagos and Saya da Malha. (Pichon's (1964) record

of Ctenglla from Madagascar has turned out to be Gyrosmilia (Personal
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communication), an obscure genus of Iimited distribution.,) But
Ctenella is certainly not uncommon in the Chagos area. A good many
specfmens of "Agarieiella” were also col lected during the recent
expeditions. This Is an Agaricild closelyvallled to Leptoseris and
Pavona (Polyastra). It certainly deserves generic or subgeneric
status and a redescription is urgenf(y required. "Agariciella”

seems to occur mostly In the western Indian Ocean, but there has been
some confusion with P. (Polyastra). (See Rosen, 1971b; Ma, 1937).
Other less common genera found In the Chagos Include Oulophyllia and
Plerogyra, and the newly recorded Pavona (Polyastra), P, (Pseudocolumm—
astrea) and Physogyra. Horastrea, 8 genus recently described by
Pichon (1971) appeared In both the Egmont and Chagos.aahk collections,
In the past it may have been confused with other Siderastrelds such as
Coseinaraea. Prior to the Chagos record, It has béen'found only in

the southwest Indian Ocean, where it Is fairly common.

in generlc terms at least, the Egmont and Chagos Bank collections
broadly overlap, and over 85% of the total hermatyplc genera occur in
both collections. Rosen (1971c) gives the numbers of genera and
species recorded at different Chagos atolls, with 29 hermatyplic genera
recordsd at Salamon'compared with only 16 at Peros Banhos and.Eg&on+.
Such differences, and the fact that Rosen's check-llst reports far
fewer genera than recently recorded, show that the Chagos area was not
very thoroughly sampled until the 1970s. Judging from the latest
records, if seems fair to assume that all the atolis have a similarly

high diversity, with at least 50 hermatyplic genera.
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From the latest records it appears that the diversity In the Chagos ‘ ;
approaches that recorded in the Southern Maldives. Genera found iIn

the Seychelles and /for the S. Maldives, such as Diploastrea,

Psamms 2ora (Stephanarig) and Anacropora, may well be recorded from

Chagos In future collectlions. Wells (1966) presents a map showing the
distribution of the various Fungiids In the Indo-Pacific. All fhe.
Funglids so far recorded In the Chagos fall within the ranges defined

by Wells. Wells' map also predicts that Fungia (Ctenactis) and
Herpetoglossa could occur In the Chagos area. Theseﬂgeﬁera may well

be collected during future expeditions, or found among the Funglids

not fully Identifled from the Chagos Bank collection.

As stated above, there is a high diversity focus in the wesfern'lndian-”
Ocean which may or may not be continuous with the very rich Indonesian-
west Pacific centre. It seems to be falrly well established that the
high diversity centres in the Atiantic and Indo-Pacific lie slightly
north of the equator. But at least ﬁﬁxﬁérmafyplc genera have
deflnlfeiy been recorded from the Chagos Islands, and the frue flgure
may well be over 60 genera. Thus the diversity here, about 5° to

7°S, and the large number of genera reported in the Seychelles,

suggest that the high diversity focus may extend some way south of

the equator.
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CHAPTER FIVE

SUGGESTIONS REGARDING SAMPLING METHODS AND THE AIMS OF FUTURE
STUDIES

It Is not possible within the scope of this thesls to glve a full review
of the sampling methods adopted In the varlous reef studies undertaken .
so far. And never having taken part In any fleld studles on reefs,

the author Is In no position to dictate to others how such work should

be carried out. The purpose of this chapter is simply to summarise soms
of the diffliculties encountered In the course of coral reef surveys, and
to recommend some standardisation of the recording of data in future

studles.

In the past, many of the studies of reefs and reef corals have been of a:
qual itative nature. Some of the recent surveys have attempted to collect
data in a more quantitative way. But the methods of sampling have varied
greatly, and In the absence of standard criteria In recording, much of the
quantitative information obtalned in dlfferent areas Is not comparable.

An example 'Is the size of quadrat chosen by different workers : where
numbers of genera or specles per quadrat have been recorded, varla}lon in
quadrat slze has prevented any meaningful comparison of diversity.
Stoddart (1969) lists the quadrat slizes used In a number of studies at

di fferent locations, and this ranges from 0.8 to 930m2; sometimes the
same workers have used differsnt slzes on different reefs. Selection of
quadrat size often seems to be arbitrary, and few attempts have been made
to relate quadrat size to statistical criteria. But Scheer (e.g. 1974)

has plotted specles diversity at Radsu Atoll, Maldives, against area,

using quadrats from O.Imz to IOOmz. For subsequent work he used a quadrat
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slze of 5m x 5m, as this area, with -an average of 28 specles, corresponded

to about two thirds of the final asymptotic value (lOOm2 with 37 specles).

Although many quantitative studlies have used continuous quadrats, or
sample quadrats at Intervals along transects, the type of informatlion
recorded from the quadrats has varled. Thils has Included counts of the
number of genera or species In a quadrat; subjective or more quantifative
estimates of percentage cover by the corals; the recording of coral growth
forms. Plchon (1964) discusses some of the problems of using quadrat
sampling techniques on the reef flat and front, and the particular problems

encountered on steep slopes.

Loya (1972) has grave doubts about the value of many quantitative studies
carried out, and states that "In general, most of them have no usable
quantitative data.” For a study of the coral communities at Eilat from
the reef fiat down to 30m, Loya and Slobodkin(1971) (see also Loya, 1972)
used line transects instead of quadrats. They found this method more
satisfactory on reef slopes with a complex bottom topography. Transects
10m in length were placed along depth contours paratlel to the shore, and
all corals which lay under the line were recorded and measured. Measure-
ments were also taken of corals -growing beneath other colonies. It was
found that the line transect survey was very efficient In terms of the
Information recorded per flme spent underwater, an important consideration

where deeper dlving is concerned.

There are many problems associated with recording coral data, and the
difflculties are accentuated |f the work Is belng carrled out entirely
underwater. Firstly, many coral specles and even genera cannot be

readi ly ldentlfied, and must be removed, cleaned and examined closely.



The use of photographic records has become Increasingly popular, but

they are useful only as an Indication of major coral types and growth
forms. Small specimens and those growing beneath other colonles wiil

not show up; and many species cannot be Identifled from photographs

(see Loya, 1972). Drawings (on slates) have been u#ed to record the
percentage cover by di fferent species and the relative positions of colonles.
Such data are certalnly valuable, but there are errors involved in
transferring complex three-dimensional distributions to a two-dimensional
plane. Difflcuities arlée also in estimates of colony size and percentage
cover. Colony definition is very difficult, especially for branching and
encrusting forms. There are problems with scale for corals growing on
vertical or overhanging surfaces, though Pichon (1964) suggests methods of

recording coral cover on steep slopes.

To collect such detaliled informatlion is very fime—consumlng, and for
safisfacfdry recording a combination of photographic and sketch records
is.redulred, followed by collection of the coral material. Some standards
are urgently needed, not only for quadrat size, but for colony definition

in cover estimates.

There are however disadvantages In detal led quadrat sampling In that this
method concentrates attention on a section of'fhe reef which may be
unrepresentative. Surveying by direct vlsuél observations will only
provide data regarding the more obvious feafures of the reef and gross
zonation patterns. But a much larger area can be covered and a better
impression may be galned of the local variation on a feef. Subjective
assessments of broad reef features will not provide quantitative data
comparable with other localltles, but it Is lmporfénf to éomblne detal led

study with general observations. Ideally the positioning of'all transects



| should be randomised. However, this ls not easy In underwater study
where adverse environmental conditions may prevent sampling ln.cerfa!n
areas. And In order to spend the maximum possible time working under-
water, it may be desirabie to locate transects In more accessible areas
of the reef. Spencer Davies et al (1971) discuss the problems of
positioning transects, and mentlon that random sampling was difficult

In areas with human activity (e.g. because of Jettles).

If dlvers can make general observations within a larger area, some check

can be made that transects do at least cover falrly typlical sections of

the reef, 1f positioning of transects cannot be altogether randomly determined.
This may appear to be a rather unsclentlflc approach, but even in a strictly
conducted terrestrial survey there Is always an element of subjectivity,

and the problems are far more acute In the marine environment.

in summary, a combination of detalled surveying and broad observation is
required In any reef study. A standard procedure for data recording
should be lald down to allow a meaningful comparison of data collected on
different reefs. An investigation of sampling techniques is urgently
required to find those methods which provide the maximum amount of
information per time spent underwater. The advance of underwater diving
with SCUBA has provided access to areas of the reef which previously could
only be sampled by dredging. But very few studies have been carried out
on reef areas below a few metres In depth, and future studles should focus
attention on the poorly sampled reef slopes. All publlications on reef
sampling carried out by divers should Include a report on the difficultles
encountered, and suggestions on how these might be overcome. Any
coliectlion of corals should, wherever possible, be accompanied by full

detalls on locatlon, bottom topography, currents, exposure, and so forth.
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In addition to sampling by divers, carefully organised dredging of deeper
water is also required; the only account of deep water coral .zonation (tfo

over 146m) is that provided by Wells (1954).

There are vast probiems in the field éf coral systematics, and work on corals
will remain very difficuit unti{ their Taxoﬁomy (especially at species level)
is better understood. Studies of coral ecology must be combined with
laboratory work for remarkably little is known about the behaviour, physiology

and life history of the coral polyps.

It has already been stated that much valuable information was lost from the
Egmont and Chagos Bank collections, mostly through inadequate labelling of
specimens. For any reef coral survey, all specimens should be clearly

label led showing depth, locality and any other information required. To ensure
that labels do not decay, the author recommends the use of paper labels seéled
|in polythene, or non-degradable labels such as plastic "dymo-tape" or metal
tags. Careful packing of corals is necessary fo avoid breakage, and

specimens should be surrounded with plenty of éfraw or polystyrene chips when

" packed into crates.

-

Identification of corals is often very problematic. For detailed surveys
it is most helpful, whenever possible, to include_in the expedition persons
with a good knowledge of the Taxonomy. |t is further recommended Thaf
specimens of adeguate size be collected, as some species are very difficult

to idenTify from small specimens.

In Section Il of Chapter 2 some dichssion was devoted to the use of

phytosociological methodology in reef studies. Such an approach, coupled
with the setting down of standards for sampling procedure, may prove very
valuable for describing and comparing coral communities and improving our

understanding of reef coral ecology.
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APPENDIX A PRELIMINARY CHECK LIST OF CORALS COLLECTED AT
EGMONT AND THE CHAGOS BANK

Generic classiflication Is according to Wells (1956). Specles are listed
In alphabetical order. Notes on Identification are glven below. Figures
in brackets Indicate approximéfe numbers of speclimens from Chagos Bank.

No flgures are avallable for the Egmont specimens.

Notatlon : EG = from Egmont Atcll. CB = from Chagos Bank
% New record over Resen's (J971c) check list (genero enly)

phylum COELENTERATA Frey and Leuckart
subphy tum CNIDARIA Hatschek .

class ANTHOZOA Ehrenberg

subclass ZOANTHARIA de Blainville

order SCLERACTINIA Bourne :
suborder ASTROCOENIINA Vaughan and Wells
fami ly ASTROCOENIIDAE Koby

subfami ly ASTROCOENI INAE Yelix

genus Stylocoentiella Yabe abd Suglyama
: Stylococeniella spp. EG _

famity THAMNASTERI1DAE Vaughan and Wells

genus Psarmmccora Dana -

subgehus Peanmmoeora Dana . - ;
Pgammocora Pga “*”ﬁ app.EG and CB ;

¥% subgenus Plgstoseris Duncan
Psamme cora (Plestosaeris) spp. EG and CB (t63)

faml ly POCILLOPORIDAE Cray

genus Stylophora Schwelgger
Stylophora mordax (Dana) EG
Stylophora cf. mordax (Dana) CB (31)
Stylophora pistillata (Esper) EG ;
Stylophora cf. pistillata (Esper) EB (24)
Stylophora spp. type | CB (6)
Stylophora spp. deep water forms CB (12)
Stylophora spp. EG and CB (41)
?Stylophora spp. CB

genus Seriatopora Lamarck
Seriatopora spp. EG and CB (20)

genus Pocillopora Lamarck
Pooillopora damicornie (Linnaeus) EG
Pocillopora cf. damicornis (Llnnaeus) CB (4)
Poaillopora danae Verrill EG
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Pocillopora eydouxi Milne-Edwards and Haime EG
Pocillopora cf. eydouri (Milne-Edwards and Haime)CB (74)
Pocillopora verrucosa (Ellis and Solander) EG
Pocillopora danae/verrucosa EG and CB (2)

Pocillopora spp. encrusting EG

Pocillopora spp. EG and CB (18)

genus Aeropor

Aeropora
Acropora

a Oken
cf. abrotanoides (Lamarck) EG
humilis (Dana) EG

Acropora hyacinthus group EG

Acropora palifera (Lamarck) EG and CB (Il)

Acropora cf. patula (Brook) EG

Acropora cf. murrayensis (Vaughan) EG

Acropora cf. variabilis (Klunzinger) EG

Aceropora spp. type | cf. humilis (Dana) CB (15)
Acropora spp. type 2 cf. variabilis (Klunzinger) CB (48)
Acropora spp. type 3 cf. hyacinthus (Dana) CB (39)

Acropora

genus Astreop

Astreopor

Montipora
Montipora
Montipora
Montipora
Montipora

su
su

spp. EG and CB (102)
ora de Blainville
a spp. EG and CB (65)

genus Montipora Quoy and Gaimard

foveolate group EG
non-tuberculate group EG
Tuberculate group EG
verrucosa group EG

spp. EG and CB (275)

border FUNG!| INA Verrill
perfamily AGARICI!ICAE Gray

family AGARICI IDAE Gray

genus "Agariciella™ Ma

"Agariciella" spp. EG and CB (77)
genus Pavona Lamarck
subgenus Pavona Lamarck

Pavona (Pavona) cZavus group EG and CB (I3|)

Pavona (Pavona) cf. danae (Milne-Edwards and Haime) EG
Pavona (Pavona) varians group EG and CB (79)

Pavona (Pavona) spp. "exsert septa" EG

Pavona (Pavona) "unifacial frond" group EG

Pavona (Pavona) spp. EG and CB (14)

¥ subgenus Polyastra Ehrenberg
Pavona (Polyastra) spp. EG and CB
* subgenus Pseudocolumnastrea Yabe and Sugiyama
Pavona (Pseudocolumnastrea) spp. EG and CB
genus Leptoseris Milne-Edwards and Haime
Leptoseris spp. type | CB (I1)
Leptoseris spp. EG and CB (66)
genus Leptoseris? Milne-Edwards and Haime
Leptoseris? mycetoseroides group EG and CB (87)
cf. Leptoseris? mycetoseroides group CB (15)
genus Pachyseris Milne-Edwards and Haime
Pachyseris spp. EG and CB (82)



faml ly SIDERASTREIDAE Vaughan and Wellis

»genus Cosoinaraea Mline-Edwards and Haime

Coseinaraea spp. EG and CB (20)

cf. Cosetnaraea spp. CB (8)

cf. Coseinaraca spp. convoluted CB (3)
»genus Horastrea n. gen.

Horastrea spp. EG and CB (37)

cf. Horastrea spp. cerloid CB (8)

superfamlly FUNGIICAE Dana
family FUNGIIDAE Dana
% genus Cyocloeeris Milne~Edwards and Halme
Cyeloseris spp. CB (32)
?Cycloseris spp. EG
genus Fungia Lamarck
subgenus Pleuractie Verriil
Fungia (Pleuractis) spp. EG and CB (75)
Rungia (?Pleuractis) spp. EG
subgenus Verrillofimgia Wells
Rungia (Verrillofungia)ct.granulosa Kicazisges C8 (24)
FPungia (Verrillofungial)spp. EG and CB (7)
Pungia (fVerrillofungial)spp. CB (4)
subgenus Darafungia Wells

Rungia (Danafungia) spp. EG and CB (1)
subgenus Fungia Lamarck

hmmgia (Pungta) fungites (Linnaeus) EG and CB (i{)
Pungia (?Fungia) fungitee (Linnaeus) CB (6)
smal| Fungia, subgenera not determined CB (12)
genus Herpolitha Eschschoitz
Herpolitha limax (Esper) EG
Herpolitha spp. CB (7)
?Herpolitha spp. CB (3)

»*genus Podabacia Miline-Edwards and Halme
Podabactia spp. EG and CB (1)
genus Halomitra Dana
Halomitra sp. CB (1)

superfaml ly PORITICAE Gray
family PORITIDAE Gray
genus Gontopora de Blalnviile
Goniopora cf. stokesi ’'Miline-Edwards and Halme’
Goniopora spp. type | CB (3)
Gontopora spp. EG and CB (70)
genus Poritee Link
subgenus Porites Link
Porites andrewsi group EG
Porites (Porites) lichen Vand EGand CB(33)
Porites (Porites) massive group EG and CB (106)
Porites (Porites) masslve/encrusting group EG and CB (101)
Porites (Porites) spp. branching CB (13) ‘
subgenus Synaraea Verriil
Porites (Synarasa) spp. EG and CB (9)
genus Alveopora de Blalinville
Alveopora spp. CB (4)
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suborder FAV!INA Vaughan and Wells
superfamily FAVIICAE Gregory
famlly FAVIIDAE Gregory

subfami ly FAVIINAE Gregory

genus Pleeiastrea Mline-Edwards and Halme
Pleeiastrea sp. EG

genus Favia Oken
Favia matthai Vaishin EG
Favia pallida/favus group EG and CB (212)
Favia stelligera (Dana) EG and CB (85)
Pavia ct.stelligera (Dana) CB (15)
Pavta spp. EG and CB (6)

genus Favites Link
Favites pentagona group EG and CB (172)
Favites virens/abdita group EG and CB (77)
Favites spp. EG and CB (29)

genus Oulophyllia MiIne-Edwards and Halme
Oulophyllia spp. EG and CB (22)

genus Gontastreati! Ine-Edwards and Halmse
Goniastrea pectinata/planulata group EG and CB (2%)
Gontastrea ct. palauensis EC and C8 (51)
Goniastrea retijormis group CB (21)
Gontastrea spp. EG and CB (5)
7Gontaetrea spp. EG

genus Platygyra Ehrenberg
Flatygyra spp. EG and CB (128)

genus Leptoria Ml lne-Edwards and Halme
Leptoria spp. EG and CB (19)

genus Rydnophora Fischer
Hydnophora spp. EG and CB (42)

subfaml ly MONTASTREINAE Vaughan and Wells
genus Leptastrea Ml Ine-Edwards and Halme
Leptastrea spp. EG and CB (123)
genus Cyphastrea Ml lne-Edwards and Halme
Cyphastrea spp. EG and CB (33)
genus Echinopora Lemarck
Echinopora gemmacea . (Lamarck) EG
Echinopora ct. gemmacea:; (Lamarck) CB (52)
Eohinopora ct. lamellosa (Esper) CB (8)

faml ly RHIZANG!IIDAE d'Orblgny
* goenus Oulangia Mline-Edwards and Halme
?0ulangia sp. EG and CB

faml ly OCULINIDAE Gray
subfaml ly GALAXEINAE Vaughan and Welis
genus Galaxea Oken
Calaxea fasocioularis (Lamarck) EG
Galazea cf.fasctcularie (Lamarck) CB (71)
Galazea sp. type | CB A7)
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family MEANDRINIDAE Gray
subfami ly MEANDRININAE Gray
genus Ctenglla Matthai
Ctenella sp. EG and CB (62)

family MERULINIDAE Verriil
xgenus Merulina Ehrenberg
Marulina sp. CB (1)

fami ly MUSSIDAE Ortmann

genus Acanthastrea Milne~Edwards and Halme
Acanthastrea echinata(Dena) EG
Acanthastrea spp. CB (85)

genus Lobophyllia de Blainville

subgenus Lobophyliia de Blainville
Lobophyllia (Lobophyllia) spp. EG and CB (19)
?Lobophyllia (Lobophyllia) spp. CB (7)

genus Symphyllia Milne-Edwards and Haime
Symphyllia spp. EG and CB (62)
?Symphyllia spp. CB (9)

Mussid fragments CB (21)

faml ly PECTINIIDAE Vaughan and Wells
»genus Behtnophyllita Klunzinger
Eahinophyllia spp. EG and CB (35)
?Echinophyllia spp. CB (5)
»genus Oxypora Savi|le-Kent
Oxypora spp. EG and CB (4)
?0zypora spp. EG
=genus Mycedium Oken
Mycediwm spp. EG and CB (20)
? Mycediwm spp. CB (5)
x»genus Pectinia Oken
Pgotinia spp. CB (2)
Pectinild fragments EG and CB (30)

suborder CARYOPHYLL!INA Vaughan and Wells
superfami ly CARYOPHYLLIICAE Gray
fami Iy CARYOPHYLL!IDAE Gray

subfamily CARYOPHYLL!INAE Gray

¥ genus ParacyathusMi |ne~Edwards and Haime
?Paracyathus sp. EG
*genus Polycyathus Duncan
- Polycyathua sp. CB (1)

subfamily DESMOPHYLLINAE Vaughan and Wells
» genus Dasmophyllum Ehrenberg
Desmophyllum sp. CB (1)

subfami ly EUSMILIINAE Milne~Edwards and Haime
genus Euphyllia Dana
Euphyllia spp. EG
genus Plerogyra MilIne-Edwards and Halime
Plerogyra spp. EG and CB (1)



*genus Physogyra Quelch
Physogyra spp. EG and CB (1)
?Physogyra sp. CB (1)

suborder DENDROPHYLLIINA Vaughan and Wells
faml ly DENDROPHYLLI IDAE  Gray
genus Balanophyllia Vood
Balanophyllia spp. CB (1)
ygenus @ladopsamnia Lacaze-~Duthlers
Cladopsamnmia sp. CB (1)
genus Dendrophylliaq de Blainvllle
Dendrophyllia spp. ¥k andiCB (4)
?Dendrophytlia spp. EG
% genus Tubastrea Lesson
Tubastrea spp. EG and CB (35)
genus Turbinaria Oken
Tubbinaria spp. EG and CB (24)
Dendrophyllilds CB (16)

subclass OCTOCORALLIA Haeckel
order STOLONIFERA Hickson
faml |y TUBIPORIDAE Ehrenberg

genus Tubirora Linnaeus
Tubipora musica (Linnaeus) EG and CB (18)

order COENOTHECALIA Boufrne
fami |y HELIOPOR!DAE Mose ley

genus Heliopora de Bleinville
HelZopora coerulea .Pallas. EG and CB (31)

There were also varlous hydrozoans Millepora, Distiahapona,efc.

but most were not fully ldentified.
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Notes on the Identification

The identification of both collections, especlally the much larger
collection from Chagos Bank, Is very preliminary, and a great deal of

work still remalns to be done.

It has been recorded above whether coral types were coltiected at Egmont
or Chagos Bank. in a few cases, certain genera or species may have
been found only In one of these areas. But the identification of the
Chagos Bank collection was generally less detalled than that of the
Egmont maferlai. Therefore, a species recorded so far only at Egmont
may well be contained In the .Chagos Bank collection, but has not as yet
been identified. For example, Aeropora cf. abrotancides Is Indicated
as coming only from Egmont, but it might be among the Acropora spp. In
the Chagos Bank collection.

The identification of almost 4000 specimens from Chagos Bank had to be
carried out within a few weeks, and owlng Yo the author's limited

knovwledge, the classification is very preliminary and may in some cases

need revision. Particular difficulty was experienced with t+iny fragments
where specimens had broken up In transit. However, the author hopes that
the majority of the identlficatlions are correct, and that the errors concern

only a small percentage of the total collection.

The following polints should be borne in mind regarding the Chagos Bank
collection. Many of the specimens identified as Stylophora spp. are
probably Stylophora mordaz. Likewise, some of the Poeillispcra spp. may
turn out to be P. eydouxi. Apart from Asropora palifera, the Aeropora
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specimens have been divided rather arblitrarily Into groups, mostly
according to their growth form. Aeropora spp. Includes any specimens

which could not be readily assigned to one of the above groups. Soﬁe
difficulty was experienced with certain of the Agaricliids and Siderastreids,
and a few specimens have been recorded as cf. the genus, e.qg. c.f.
Coscinaraea. There were also problems with the subgenera of RPungia

(except for F. (Pleuractis), and the identifications given here may

need revision. Most of the Porites have been dlvided into massive or
massive/encrusting groups, and there Is considerable overlap between

these two groups. Platygyra and Leptoria could not easily be distinguished,
and there may be some incorrect identification here. Many of the Mussid
and Psctinlid speclimens were only small fragments, and some of these

could only be assigned to the appropriate famlly. Smail piecés of

Dendrophyliiids are probably Dendrophyllia or Tubastrea.



The author has previously stated that the identification of the Chagos
Bank collection was very preliminary and that some errors were doubtless
made. Since fthis thesis was originally submitted, the following

taxonomic points have come to the author's notice, which should be erughT

to the reader's attention.

The species originally assigned fo Goniastrea cf. palauensis (Yabe,
Sugiyama and Eguchi) is in fact Favites peresi (Faure and Pichon, in press).
Since the previous identification as G. cf. palauensis was at least

consistent, the author has not soUghT to amend this in the text.

~ Some specimens identified as DendrophyZZia spp. are probably Tubastrea

micrantha (Ehrenberg).

Finally, the author has reason fto believe that the subgenus Pavona
(Polyastra) may be a form of Pavona varians Verrill . While this systematic
question remains unsolved, The author has retained P. (Polyastra), but

with some reservations as to its validity.



PHOTOGRAPHS

The photographs which follow cover only a small
range of the many genera found at Egmont and
Chagos Bank. It was not possible to include
more photographs, and.unfortunately many

interesting genera have not been represented.

Some of the photographs were taken using a
Zeiss '"Tessovar' and the magnifications are

indicated as appropriate.
I should like to thank Mr. Ted Hinton-Clifton
for pfoviding this photographic equipment and

for ' -..3 assisting me with this work.




































APPENDIX B

SeCTION |

SECTION {1

SECTION 111

Specles slmllarffy coafficients for Chagos Bank

coral data

Specimens collected at Egmont Atoll on Transects 2 to 10.

A SHUFFLE showing specimens collected in the 222 quadrat
and random samples from Chagos Bank which were used for

subsequent analysis of data.
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SECTION | Species Simllarity coefficients for Chagos Bank coral data

Species similarity coefficlents were calculated, palring 42 of the most
common genera and specles, using data from 222 quadrat and random samples.
The coefficlents were computed using programs In the CLUSTAN |A package,

according the following general formula :-

Species 2
-+ -
a a b
+
— Species | »
a+be+c - c d

where a = the number of occurrences of both genera/species in the

same sample

b = the number of occurrences of the flrst genus/specles
without the second
c - the number of occurrences of the second genus/species

In the absence of the flirst.

The results are given In Table 8, showing coefficlients for the ten
nearest nelighbours in each case. A key to the species number

(e.g. S 52) Is given below. I+ was hoped that the coefficlents

"
might show simllarity between certain palirs of genera or specles,
especlially for corals showing some zonation with depth and belng

most common at about the same depth. The lack of any concluslve

results Is probably due to insufficient data.
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Key to numbering In Species Similarity Coefficients

w un w

HowW N

5
S22
S23
524
Sz
526

Pesammeeora (Plesioseris) spp.
Stylophora cf. mordax + Stylophora spp.
Stylophora cf. pistillata
Pociliopora cf. eydouxi
Acropora spp. type |
Aeropora spp. type 2
Aeropora spp. type 3
Astreopora spp.

Montipora spp.

Pavona elavus group

Pavona varians group
Leptogerie spp.

Leptogeris? mycetoseroides group
"Agarieiella" spp.
Pachysaris spp.

Cosetnaraea spp.

Horagtrea spp.

Cyocloeeris spp.

Pungia fPZeuractis) Spp.
Pungia (Fungia) fungttes
Goniopora spp.

Porites massive group

Pavia pallida/favus group
Favia stelligera

Favitas pentagona group

Favites virens/abdita group
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27
28
29
30
31
32
33
34
35
36
37
38

39
40
41

42
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Goniastrea cf. palauensis

Goniastrea pectinata/planulata group
Platygyra spp.

Leptastrea spp.

Cyphastrea spp.

Echinopora cf. gemmacea

Galaxea cf. faseticularis

Ctenella spp.

Acanthastrea spp.

Symphyllia spp.

Lobophyllta spp. + Mussid fragments

Pectiniids

Dendrophyllia + Dendrophyl!ilds (fragments)
Favites spp.

Heliopora coerulea

Porites massive/encrusting group
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SECTION 11 Samples collected at Egmont from Transects 2 to i0

Specimens were collected below 24m and to a maximum depth of 45m;

there are also samples from Transect 6 above 9m. In all cases data from
the reef flat collections are insufficient. (Unknown specimens are
those which were recorded In the field log but the Identifications

could not be traced.)

TRANSECT | insufficient data
TRANSECT 2 Stylophora mordazx -

Acropora humilis

Montiporg tuberculate. group
Leptoseric? rycetoseroides group
Favia

Favia stelligera

Favia pallida/favus group
Favites virens/abdita group
Favites pentagona group
Oulophyllia

Platygyra

Eehinopora germacea

Galaxea fusazaularms
Symphyllia (specimens unknown = about 6)

TRANSECT 3 Psammacora (Plesiosaris)
Pooillopora eydouxi
Aeropora hyacinthus group
Montipora tuberculate group
Pavona clavus group
Porites massive/encrusting group
Pavites pantagona group
Echinopora gemmacea
Dendrophyllia
Heliopora coerulea (specimens unknown = about 3)



TRANSECT 4

" TRANSECT 5

TRANSECT 6
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Stylophora mordax
Stylophora sp.

Acropora ct. variabilis
Acropora cf. abrotanoidse
Aeropora sp.

Astreopora

Montipora foveolate group
Montipora tuberculate group
Pungia (Pleuractie)
Herpolitha limax

Porites masslve/encrusting group
Favia stelligera

Favia

Favites virens/abdita group
Favitea pentagona group
Favites

Galaxea fascicularis
?Dendrophyllia
Turbinaria (specimens unknown = about 6)

Psammu.z2ora (Plesioseris)
Stylophora mordax

Aeropora humilis

Acropora

Astreopora

Montipora tuberculate group
Montipora non-tuberculate group
Pavona clavug group
VAgariciella”

?Cycloseris

Porites lichen

Favites pentagona group
Favites

Bydnophora

Echinopora gemmacea
Galaxea faseicularie
Ctenglla

Symphyllia

Dendrophyllia
?Dandrophyllia

Turbinaria (specimens unknown = about 14)

(belqw 24m)

Pooillopora eydouxt
Acropora
Pavona clavus group (specimens unknown = | )

{above 9m)

Psammczora (Plesioseris)
Sty lophora mordax
Aeropora palifera
Acropora



TRANSECT 6

TRANSECT 7

TRANSECT 8

TRANSECT 9

69 -

(above 9m) {Contd.)

Pavona clavus group

Pngta

Favia stelligera

Favites pentagons group

‘Favites

Gontastrea cf. palauensie (specimens unknown = about |)

Psammmoora (Plestioseris)
Stylophora mordax

Pocillopora eydouxi

Poctllopora

Aeropora

Astreopora

Montipora foveolate group
Montipora non-tuberculate group
Pavona clavus group

Leptoseris

Porites massive/encrusting group
Favites virens/abdita group
Favitée

Goniastrea cf. palauenstis
Cyphastrea

Galarea fascicularies
?Dendrophyllia

Heltiopora coerulea (specimens unknown = about |)

Pocillopora eydouxi
Aoropora humilis

Montipora +tuberculate group
Pavona clavus group

Pungia (Pleuractis)

Favia stelligera

Favites pentagona group

Symphyllia ' (specimens unknown = about 3)

Psammcoora (Plesiogeris)
Pocillopora eydouxi
Acropora

Montipora tuberculate group
Pavona clavus group
Leptoseris

Porites cf. massive/encrusting group
Favites pentagona group
Platygyra

Leptastrea

Symphyllia

Mycedium (specimens unknown = about |)



TRANSECT 10

Aaropora ct. variabilis
Acropora _

Montipora non-tuberculate group
Pavona clavus group
Leptoseris? mycetoseroides group
Pachyseris '

Favia

Favites virens/abdita group
Favites pentagona group
Leptoria

Galaxea fascicularis

Mycediwn (specimens unknown = about 3)
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SECTION |1t Specimens col lected In quadrat and random samples

at Chagos Bank, which were used for analysis of data

As previously stated, about one-third of the data from the Chagos Bank
had to be discarded, and only 222 of the 317 quadrat and random
collections could be used fo. further analysis of the data. Table 9
is a SHUFFLE to show which genera and specles were contalned in the

222 samples; thls Is Intended for reference purposes only.

The species code used In the computer print-ocut may not In some cases

be clear to the reader, and therefore a key is given below, showing the

full names of the genera and specles. In addition there is a key to
the sample numbers, indicating the location and depth of each sample

and whether the collection was random or from a quadrat.
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No.

102
002
003
004
005
006
007
008

oto
ot
012
013
014

015

016

017
0t8 .

019

020
022
023 .

024

025
026 .
027

028
029
020

031
032
033
034
035
036

037 -
038 .
109,
041 -

110
042
047
048
049
050
051
052
053
108

72

KEY TO GENERA AND SPECIES IN COMPUTER OUTPUT

Code

PSA EXSE
PLES SPP
STYL MORD
STYL PIST
STYL ONE
STYL DEEP
STYL SPP
SERI SPP
POCI DAMI
POCI DANA
POCI EYDO
POCI SPP
ACRO PALI

. ACRO ONE

ACRO TWO
ACRO" THRE
ACRO SPP
ASTR SPP
MONT SPP
PAVO CLAV
PAVO VARI
POLY SPP
PSEU SPP
PAVO SPP
LEPT SPP
LEPT ONE
LEPT MYCE
CF L MYCE
AGAR SPP
PACH SPP
COSC SPP
CF C sPP
CF C CONV
HORA SPP
CF H SPP
CYCL SPP
PLEU SPP
VERR SPP
TVER SPP
FUNG FUNG
TFUN FUNG
FUNG YOUN
PODA SPP
GONI SPP
GONI X TY
PORI MASS
PORI M/EN
PORI LICH
POR| BRAN
SYNA SPP

Genus or specles

1Psammroora spp.

Pgammocora (Plesioseris) spp.
Stylophora cf. mordax
Stylophora cf. pistillata
Stytlophora spp. type |
Stylophora spp. deep water forms
Stylophora spp.

Seriatopora spp.

Poetllopora cf. damicornis
Poetllopora danaec/verrucosa
Pocillopora cf. eydouxi
Poctillopora spp.

Acropora palifera

Aeropora spp. type |

Aeropora spp. type 2

Acropora spp. type 2

Acropora spp. '

Aetreopora spp.

Montipora spp-

Pavona elavus:.group .

Pavona varians group

Pavona (Polyastra) spp.

Pavona (Pseudocolunmastrea) spp.
Pavona spp.

Leptoseris spp.

Leptosertis spp. type |
Leptoseria? mycetoseroides group
cf. Leptosaris? mycetoseroides group::
"Agariciella” spp.

Pachyeeris spp.

Cogainaraea spp.

cf. Coseinaraca spp.

cf. Coseinaraea spp. convoluted
Horastrea spp.

cf. Horastrea spp. cerioid
Cycloseris spp.

Fungta (Pleuractis) spp.

F. (Verrillofungia) spp.

F, (?Verrillofungia) spp.

F. (Fungia) fungites

Gontopora spp.

Gontopora spp. type |

Porites massive group

Porites massive/encrusting group
Porites lichen

Porites spp. branching

Porites (Symnaraea) spp.



No.

054
055
056
057
058
059
060
061
062
063
064
066
067
068
070

o071

072
073

074

07

077

078
080
081
082
083
084
085
086
087
088
089
090
091
092
098
099
100
101
103

105

Code

AlLVE SPP

FAVI PALL
FAVI STEL
FAVI CF S
FAVI SPP
FVIT PENT
FVIT VIRE
FVIT SPP
OULO SPP
GONA PALA
GONA PECT
GONA SPP
PLAT SPP
LTOR SPP
HYDN SPP
LSTR SPP
CYPH SPP
ECHI GEMM
ECHI LAME
GALA FASC
GALA SMAL
CTEN SP.
ACAN SFP,
LOBO SPP
7L0B SPP
SYMP SPP
7SYM SPP

MUSS FRAG

EPHY SPP
7EPH SPP
OXYP SPP
MYCE SPP
w™YC SPP
PECT SPP
PECT FRAG
DEND SPP
TUBA SPP
TURB SPP
DEND YOUN
TUBI MUSI
HEL1 COER
HYDR VARI

Genus or specles

Alvecpora spp.

Favia pallida/favus group
Favia etelligera

Favia cf. stelligera

Favia spp.

Favites pentagona group
Favitee rens/abdita group
Favitee spp.

Oulophyllia spp.

Gontastrea ct. palauensis
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Gontastrea pectinata/planulata group

Gontastrea spp.
Platygyra spp.

Leptoria spp.
Bydnophora spp.
Leptastrea spp.
Cyphastrea spp. .
Echinopora cf. gemmacea
Echinopora ct. lamellosa
Galaxea cf. fascioilaris
Galazea spp. type |
Ctenella sp. .
Acanthastrea sSpp.
Lobophyliia spp.

" ?Lobophyllia spp.
Symphyllia spp.
?Symphyllia spp.

Mussid fragments
Eehinophyllia spp.
?Echinophyllia spp.
Oxypora spp.

Mycedium spp.

?Mycediwn spp.

Pactinia spp.

Pectinlid fragments
Dendrophyllia spp.
Tubastrea spp.
Turbinaria spp.
Dendrophylilids
Tubipora musica
Heliopora eoerulea

Hydrozoans



KEY TO SAMPLE NUMBERS IN COMPUTER OUTPUT

Sample Number

053

Transect and location

3 North Brother
3
2
3
4 North Brother
5 Middle Brother

(LR R U RS R

6 Middle Brother
6
6
6
7 Middle Brother
7
7
7
& Middle Brother
8
8
8
9 South Brother
10 South Brother
10
Il South Brother
11
H
il
i

14 Grande Passe Mounds

14
14
14

{5 CGrande Passe Mounds

16 Grande Passe Mounds

16
16
16
16
I7 Eagle Istand
17
17
17
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Sample number

054
055
056
057
058
059
060
061
062
063
064
065

Transect and location

|18 Eagle Istand
18
18
i
18
18
18
18
18
18
18
18
19 Eagle Island
19
19
19
9
19
19
19
19
19
20 Sea Cow
20
20
20
20
20
20
20
20
20
20
20
20
20
21 Sea Cow
21
21
21
21
21
21
24 Passe Jacques
24
24
24
24
24
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Sample Number

109
tio
(RN

12
13
114
Hi5
16
17
18
19
120
124

122
123
124
125
126
127
128
129
130
131

132
133
134
135
136
137
138
139
140
141

142
143
144
145
146
147
148
149
150
151

152
153
154
155
156
157
158
159
160
161

162
163
164

Transect and location

27
28

32

33
34

35

37

38

39

40

4)

Danger island
27
Danger Island
28 d
28 ‘
28
28
28
28
28
Resurgent
32
32
32
Resurgent
Resurgent
34
Resurgent
35
Eagle iIsland
Between Eagle and Sea Cow
37
37
37
37
37
37
37
37
37 _
Between Eagle and Sea Cow
38 ‘
38
38
38
38
38
38
East of Eagle
39
39
39
39
Sea Mound east of Eagle
40
40
40
40
40
40
40
Eagle Island
41
41
4\
41
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Sampte Number

165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188

189
190
191
192
193
194
195
196
197
198
199

200
20|
202
203
204

. 205
206
207
208
209
210
211
212
213
214
215
216

Transect and locatlon

42

43

99

10
H
17

19
27

28

35
36

39

4|
41
41
41
4]
41
41
41
41
41
Danger Istand
42
42
42
42
42
Grande Passe
43
43
43
43
Diego Garcia
99
North Brother
|
North Brother
Middle Brother
6
South Brother
North Brother
South Brother
H
Eagle Island
17
17
17
17
Eagle Island
Danger Island
27
27
27
27
27
Danger Island
Resurgent
Resurgent
Eagle Island
36
36
East of Eagle
39
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Sample Number

217
218
219
220
221
222
223
224

Transect and location

40 Sea Mound east of Eag