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Fig. l. The Maldive Islands, after Farquharson (1936).
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Fig. 2. Addu Atoll, based on Admiralty Chart No. 2067; 1 kilometre location grid overlay.



I. INTRODUCTION

The Maldive TIslands

The Maldive Islands proper {(Fig. 1), between Thavandiffulu and
Haddumeti Atolls, form a double chein of stolls, rising from a sub-
marine platesu or ridge, 150-210 fathoms deep, 350 nautical miles
long, and up to 70 nautiesl milee wide. The atolls are peparated by
channels which are deeper than the general plateau surface, and at
the edge of the platesu the sea floor falls steeply to between 1000
and 1400 fathoms on the east side, and to 1300-2000 fathoms on the
west side. The main features of the bathymetry were first recognized
?y Gggdiner (1902, 1903-6), and subsequently confirmed by Farquharson

1936).

Both o north and south of the main plateau the bottom topo-
graphy is5 less clear. Minikoi, in the north, is linked to the main
Maldive plateau by a shelf at 700~000 fathoms. In the southern
Maldlves, the plateau may be interrupted between Haddumati and Huva-
diva Atolls at gbout 900 fathoms. Between Suvadiva and Addu Atolls
the platesu does not seem to exist: the minimum sounding midway
between the two atolls is 845 fathoms, rising to 654 fathoms 12 naut-
ical miles north of Addu, and most of the soundings range from 1000
to 1200 fathoms. The existence of s deep ridge seems clear, however,
for on elther side of a line Joining the two atolls, at depths of
about 1000 fathoms, the floor fells to depths of 1300-1500 fathoms on
the east side, and to 14002000 fathoms on the west. The relation-
ship of Fua Mulaku Island, between Addu and Suvadiva, to this ridge
1s unknown.

South of Addu, between the Maldives and the Chagos Archipelago,
soundings are few. Immediately south of Addu, depths of 1200 fathoms
are recorded, increasing to more than 1800 fathoms at 3°S. This sug-
gests that the Mid-Ocean Ridge, extending northwards to the Chagos
8t about 6T°E longitude, and swinging northwestwards from there to-
wards the Gulf of Aden, thus forming the Carlsberg Ridge with depths
of sbout 1000 fathoms, does not continue uninterruptedly into the
Maldives (Heezen 1962; Heezen and Bwing 1963, 396; Heezen and Tharp
196l4), ‘Recent work.on the structure of the Indian Ocean has con-
centrated on the Carlsberg Ridge, and does not make its relation-
ship with the Maldives ridge clear. At the 2000 fathom level the
Maldive Ridge is continuous with the Carlsberg and Mid-Ocean Ridges:
to the east of the Maldives Ridge the ocean floor lies at more than
2000 fathoms, between the Maldives and Carlsberg Ridges it averages
2400 fathoms (reaching 2600 ), snd s.w. of the Garlsberg Ridge the floor
everages 2700 fathoms and in places reaches more than 2800 fathoms.
Farquhavson (1936) uses the 1300 fathom isobath to delimit the Mal-
dives Ridge, thus inecluding Minikol and Addu; most of the Maldives
gtolls are connected at the 300 fathom level.

Most observations on the structure of the Maldives have been
speculstive. Darwin (1842, 110), followed by Davis (1928, 527-532),
suggeeted that subsidence of ‘an island like New Caledonia, with reef
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upgrowth, could form such s double chain of stolls. Gardiner (1902,
1903) believed that the main Maldives plateav was Fformed by current
erosion, snd that the atolls themselves were subsequently formed by
the growth of deep- and later shoal-water organisms on this forme-
tion. During the John Murray Expedition, Glennie (1936) made gravity
readinge at several stations, Iincluding Midu Island, Addu Atoll.
These showed a strong negative anomaly slong the vhole Msldives ridge,
which Glennie interpreted as indicating a thickness of several thou-
sand feet of reef limestone. Magnetic anomaly studies carried oub
by H.M.S8. Owen in 1902 demonstrated small field changes in the Mal-
dives and Laccadives, which were interpreted as indicating the
presence of a continental basement (Caskell and others, unpublished
data). In conbtrast to the mld-ocean ridge characterisiies of the
Carlsberg Ridge (high heat flow, seismicity, vulcanicity (Hill and
others 196L4)), the Maldives and Laccadives area 1s notably aseismic.

Reef studies in the Maldive Islands

Several large expeditions have visited the Maldive Islands reefs,
yvet pearadoxically they remsin one of the least Xnown groups of atolls.
Unlike Pacific atolls, the Maldive Islands have been known to the west
since medieval times.  Thn Babtuta visited the islands in 1327 and
gave the first recognisable sccount of Maldivian life (Ibn Battuta
1829, 1854-8, 1890, 1929), In 1602 Francols Pyrard de Lavel was ship-
vrecked in the Maldives, lived there for five years, esnd wrote a spinp-
ited account of topography, vegetation, and native 1lfe (Pyrard 1887-
1890). At this time Portuguese influence in the islands was great,
since the Maldives lay across the shipping route from Europe to the Far
Bast, ©Scientific investilgation properly began in the Mgldives with
Commander R. Moresby's hydrographic survey for the East India Coupany
in the 1830s, a survey which for most atolls forms the basis of current
charts. Moresby's remarkable survey of so large an ares resulted in
charts of great elegance, but his vessel carried no naturslist, and he
does not appear to have concerned himself with reef physiography or
fauna. Apart from his own brief memoir (Moresby 1835), and some botan~
ical and general dats by other officers (Christopher 1841, Horsburgh
1832, Owen 1832, Young and Christopher 184%), the only published con-
clusions on the reefs of the Maldives from this survey are those of
Darwin (1842), based on commumication with Moresby himself. Moresby's
two nautical memoirs, on the lslands of the Indian Ocean, and on the
Meldives, remain in manuscript. : : '

The major sdvaace in seientific lmowledge of “the Maldive Islands
dates from the expedition led by J. Stanley Gardiner of Cambridge Uni-
versity to the Maldives and Laccadives in 1899-1900. Gardiner's work
was meinly zoclogical, and his collections, based-on extended stays at
Minikoi and South Male Atolls and brief excursions through the whole
group, were published in two large quarto volumes and & series of papers.
Gardiner himself contributed studies of reef and islznd physiography
and speculated on the coral reef problem and the origin of the Mal-
dives (Gardiner 1900a, 1900b, 1901b, 1902, 1903a,- 1903b, 1906d, 1930,
1931), as well as working up some groups of scleractinlan corals (Gar-
diner 1906b, 1906c, 1909, 1929). In spite of his reef experience in



-3 -

the Western Pacifiic, however, Gardiner was no physiographer, and many
of his ideas on tue Recent history and development of the reefs and
islands must be discounted. His major contribution lies in the sys-
tematle llste of land and marine fauna (Gardiner 1903-6), and in his
botanical collections (land flora: Willis and Gsrdiner 1903; marine
flore: Foslie 1903, Barton 1903), which until recently remained unique.
It is difficult to obtain from Gerdiner's work any precise idea of the
structure of modern Maldivian reefs, or of the distribution and rela-
tive importance of corals and other reef organisms. A number of groups,
including the genus Acropora, alse remained unmonographed. Without
Gardiner's work, however, our knowledge of the Maldives would be

sparse indeed. Qardiner was followed by Alexander Agassiz, who spent
two months in 1901-2 cruising through the whole archipelsgo, making

8 large number of shipboard observations and deductions (Agassiz

1902a, 1903). Many of Agassiz't plates are of imterest, but in gener-
al his work is of small value compared with that of Cardiner.

The major event of the inter-war periocd was the John Murray Ex-
pedition 1933-34, led by R. B. Seymour Sewell. Sewell, who had
already published on the reefs of the Indlan Ocean (Sewell 1932, 1935),
carried out gravity surveys and deep soundings in the Maldives {Glen~
nie 1936, Farquharson 1936) and published physiographic descriptions’
of Addu and Goifurfehendu Atolls (Sewell 1930a, 1936b}. Like Gar-
diner, Sewell was a zcologisht, not a marine geologist, and his chief
work was on the Copepoda. His physiographic work, while of gread
value, contains many untensble speculations. Taken together, however,
Gardiner's and Sewell's expeditions provide the greater part of our
knovledge of the atolls and their reefs. Subsequently, Gardiner led
the Percy Sladen Trust Expedition to the Indian Ocean in 1905, which,
while not dirvectly concerned with the Maldive Islands, led to Mat-
thal's studies of the Indian Ocean corals (Matthai 191k, 192k, 1928),
including many of Gardiner's type specimens from the Maldives. The
reports of the Percy Siaden Expedition contain much material rele-
vent to the study of the Maldive Islands (Cardiner 1907-1936).

The pre-l945 literature is largely completed by reference to a
series of reports by H. C. P. Bell (1882, 1921, 1940) which, though
largely historical, include much topographic data and information on
flora and native names of plants. Gray (1878) compiled a vocabulary.
A few expeditions touched at the Maldives, including the Deutschen
Tiefsee Expedition (Chun 1905) and the S.M.S. Planet (Ilbbert 1909).
A full bibliography is given by Sachet and Fosberg (1955), and also
in this paper.

The limitations of these data became apparent with the Increas-
ing number of Pacific reef studies after 1945. Fmphasis in these on
reef distribution, ecology and sedimentology, rather than on syste-~
matics, gave reef studies new impetus. When Wiens swmmarised post-
war work in 1962, therefore, the reefs of the Indian Ocean received
virtually no mention, although the Maldives include some of the
largest atolls on earth, and many have unique characteristics unlknown
in Pacific and Caribbean atolls. The need for further studies of
Maldivian reefs became more apparent, but for politilcal reasons few
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seientlists were able to visit the area. The Xarifa carried out ByS~-
tematic studies in 1957-8, under Hens Hass, which are in the course

of publication (Hess 1961, 1965; Eibl.Eibesfeldt 1964); Hass's own
contributions on marine geology (Mass 1962a, 1962b, 1963) ere largely
speculative. TFosberg (1956) briefly visited Male in 1956, and pub-
lished a revised and sugmented version of Trimen's (1896) and Willis
and Gerdiner's (1903) flora. Deraniyagela (1956) published the re-
sults of ecologlical collecting in 1932, and Kohn (196ha) has published
molluscan and general notes following visits to the southern atolls in
1957. Both the ge Vega and the Anton Bruun have vislted the Maldives
in comnection with the International Iadian Ocean Expedition, but re-
sults have not yet been published, and in general political conditions
made extenslve work in the Maldives during this Expedition impossible.

Present expedltion

An expedition was, therefore, first plamned in 1962, to visit
the Maldive Islands and to carry out on a small scale reef studies
similar to those carried out in the Pacific since 1945, to provide
data on topography, sedimentology, marine geology, and ecclogy of the
reefs, reef {lats, islands, and other environments. It was hoped to
work at either Male or Kolumadulu Atolls, but this proved politically
impossible, and finally permission was given for a small party to
work et the Royal Ailr Force Staging Post at Gan Island, Addu Atoll,
southern Maldives, in mid-1964., TFor political reasons work on is-
tands other than Gan and part of Hitaddu was impossible, but travers-
ing and sampling the lagoon and its reefs was allowed. The expedition
thus came to concentrate on reef and island environments eround Gan
and, to a lesser extent, Hitaddu Islands.

The expedition was led by Ir. D. R. Stoddart, Department of
Geography, Canbridge, who concentrated on topography, sedimentology
and marine geology of reefs, reef flats and island beaches, Dr. P.
Spencer Dgvies, Department of Zoology, Giasgow University, collected
marine invertebrates and was in charge of aqualung work on the reefls.
Mr. D. C. Sigee, Deparitment of Botauny, Cambridge University, col-
lected land plants and marine algae, and Mr. A. C. Keith of the De-
partment of Geography, Cambridge University, assisted with the survey-
ing and sediment sampling programmes. The detailed reef transects
were carried out Jointly by all menmbers under the direction of Dr.
Davies. The party errived at Gan on 1 July 1964, and remained until
September 10. The collections and other data collected by the expe-
dltion will take some years to work oub, and this report is hence of
a preliminary nature. The main colilections were sent for ildentificar
tion as follows: land plants, Dr. F. R. Fosberg; marine algae, Mr. R.
Teuda; stony coraln, Dr. J. W. Wells.

Previous work at Addu Atoll

Being remote rom the centre of Goverument in Male, Addu Atoll
(Fig. 2) has been visited only briefly by most of the expeditions
working in the Maldlveg, The first detailed examination of the atoll
was wade by Commsnder R. Moresby and Lieut. F. T. Powell in 1836,
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their small scale chart being published in 1839. Moresby's manuscript
Nautical directions for the Maldive Islands (no date, c. 1837) con-
tains an extended account of Addu (p. 39-46), reproduced here as Chap-
ter VI. The first scientific account is that of J. Stanley Gardiner,
who spent 11-15 April 1900 at Addu, meking soundings, teking 1h dredge
hauls in the lagoon, and collecting fauna and flora, chiefly at Midu
and Maradu Islands. For Gardiner's description of Addu, with a sketch
map, see Gardiner 1903a, 10; 1903b, 150-151; Willis and Gardiner 1901,
78-80; and other veferences cited in this report. Alexander Agassiz
spent two days at Addu in January 1902, published brief notes on Midu,
Wilingili and Gan Tslands, and took issue with Gardiner on lagoon
floor sedimentation (Agassiz 1903, 1L45-148). Subsequently H.C.P. Bell
visited Addu in his third tour in the Maldives, spending 10-15 February
1922 gt Gan and Hitaddu Islands, describing thelr historical remains
(Bell 1940, 115-121).

During February-April 1923, Commender F. H. Daugleish, R.T.M.S.
Investigator, carried out a survey of Addu Atoll at a scale of 1:18,
136, making approximately 18,000 soundings in the lagoon and the reef
channels, Until the post-1945 work in the Maxrshall Islarnds thls was
the most detailed atoll chert in existence, but for military reasons
it remained classified until 1964. The published chart of Addu re~
mained that by Moresby, with some corrections, until the current
Admirslty Chart No. 2067, based on Daugleish's but with a greatly re-
duced number of soundings, was published in 1957. Land topography
on Daugleish's chart was sketchy, and in some cases had changed con-
slderably since 1923, so that the Daugleish chart was republished
in 31964, with land topography and outer reef detall from aerial photo-
graphy of 1958 and 1960. With the establishment of the Gan Staging
Post, a number of minor hydrographic surveys have been carried out to
supplement Daugleish's chart.

Addu was visited by the John Murray Expedition 1933—3h. Sound-
ings (Farquharson 1936) and gravity profiles (Glennie 1936) were made
at Addu, and Sewell (1936a) contributed a general account of the whole
atoll., This for the first time described the reefs and reef-flats,
added additional lagoon soundings to Moresby's and Gardiner’s charts,
and included notes on Midu, Heratera, and, more briefly, the other
islands. There has been little opportunity for scientific work at
Addu since Sewell's expedition. The ornithologist Phillips has re~
corded bats, amphibians and reptiles in the Maldives, including Gan
(Phillips‘l958a, 1958b, 1958c, 19584, 1963; Phillips and Sims 1958a,
1958b). The conchologist Kohn, of the Yale Seychelles Expedition,
spent a week at Addu in October 1957, visiting Gan, Hitaddu and Wil-
ingili TIslands, vecording mollusca (Kohn 1964b). Hans Hass with
the ¥axifa Fxpedition visited Addu in early 1958 (Hass 1961,34-63,
80-85; Eibl-Fibesteldt 196k4), and scme. systematic reports are being
published (Scheer 1960a, Gerlach 1960, 1961).
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IT. CLIMATE AND MARINE ENVIRONMENT

Climate

This sectlon briefly summerises date on climate and merine en-
vironment of Addu Atoll. Gardiner (1903, 20-21, 25) commented on
the climate as observed in 1900, and stressed the variability of
winds, Addu lying too far south for the monscon reversals to be strong-
1y felt. Cardiner estimated snoual rainfall st 150 inches (too high,
Judging by recent records). Agassiz (1903, 145) and Sewell (1936a,
65) made similar observations. Addu differs from the norithern Mal-
dives (a) in 1ts greater total rainfall, and its less seasonal nature;
{v) in the weakened effect of monsoon wind reversals; and (¢) in the
gbsence of typhoons, which originate in the Leccadlve ares and travel
northwerds. The contrast with trede wind atolls in the Pacific and
the Ceribbean is marked.

Instrumental records began to be kept in the Maldive Islands
during World War IT. Wells (1948) reported 4 years of observations
at Male, end Newnbham (1949) coumpiled warbime records ab Addu Aboll
for the period Septewber 1942 to December 1945, With the establish-
ment of the R.A.F. Stsging Post gt Gan, recording was resumed In
October 1957 for temperature and rainfall and in June 1960 for winds.
The data to 1964 have been analysed by the Meteorological Centre at
Gan, and the following asccount ig abstracted from thelr summary:

"The weather experienced differs little Trom that of the sur-
rounding Tadisn Ocean but the heating of the land by day and its
cooling by night causes an sverage diurpal variation of temperature
of around 10°F. Only small varistions occur in the surface pressure
and these are masked by the diurnal pressure varietion which has a
range of about 4 nb with pressure maxima at about 1000 and 2200 and
minima at OO0 and 1600 hours local time. Temperature and humidity
show also only = small snnual varistion being controllied largely by
the warm water of the Indian Ocean. It is unusual for the sky to
be elther overcast or free from cloud for a day or more at a'time,
and much of the cloud is of the convectional type, ranging from
falrwesether cumulus to magsive cumilonimbus. During rainier per-
iods there is often a background of Altostratus and Cirrostratus.
Rainfall averages around 90 inches per year, the highest total sO
far reqorded being 118 inches and the lowest Th inches, Visibili-
ty 15 usually very good except when rain is falling. Occasionally
in very heavy rain it is reduced to less than 1000 yards. Strong
winds or gales ave relablively rare, although Westerly winds during
8 wet spell blow rather strongly for several days. However, dur-
ing wet spells squalls of up to TO kts have been experienced.

Sw face wlinds in January from between WNW and NNE become mainly

North or Northeast in Februsry {cf. Fig. 3, where wind data are

" plotted as monthly wind roees). In March winds are evenly dis- :
tributed between WSW gnd NNE, but in April become maluly Westerly. The
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Westerly winds persist throughout May, then change in June to blow from
between Southwest and Scutheast. Throughout July and August winds are
between South and Southesst, then change to a more Southwesterly direc-
tion in Seplember; October and November see the re-establishment of

the Westerly, but in December winds become more varisble, being distri-
buted between WSW and NNE.

"The weather at Gan is controlled by the migration North and
South with the sun of the belt of Equatorial Westerlies unigue to this
area of the Indian Ocean, which lie betwesn the Northeast Trades of
the Fovipern Heplgshere and the Southeast Trades of the Southern Hemis-
bhere. Alsne the powndsrles between these wind regimes lie zones of
conveppence Which give rise to unsettled rainy weather. The boundary
betvisen the Westerlies and the Northeast Trades is called the Northern
Shear Line, and that between the Westerlies and the Southeast Trades
*he Southern Shear Line. Almost invariably prolonged spells of unset-
tled weather are associated with oscillations north and south over
Gan of one or the other of these shear lines.

"Roughly the weather at Gan divides into five main typee, as
follows:

Type 1. Northeast Trade type with the Northern Shear Line south of
Gan. The surface wind is mainly northeasterly and the
weather fair but sometimes showery.

Type 2. Disturbed Westerly Type A associated with the Northern |
Shear Iine oscillating north and south over the area. The
surface wind is mainly Westerly and the weatyer unsettled,
with periods of heavy rain, accompanied at times with
squalls of between 40 and TG kts.

Type 3. Setiled Westerly type with the shear lines well northvand
south of Gan. Surface winds are westerly and the weather
is fine.

Type 4. Disturbed Westerly Type B associabed with the Southern |
Shear line oscillating north and south over the ared. The
surface wind is westerly and the weather unsettled, with
periods of heawy rain accompanied at times with squalls
of between 40 and TO kts.

Tyee 5. Boutheast Trade Type with the Southern Shear Line north of
Gan. Burface winds are southeasterly. The weathe? is most-
Ly fair but spells of unseitled weather are also likely
with periods of rain and fresh southeasterlies of up to 30
kts.

"January and February usually have either Type 1 or 2. March
and April uvsually have either Type 2 or 3. May, June and July usually
have Type 3, 4 or 5. August and September usually have Type 5. Octob-
er and November usually have Type 2, 4 or 3. December usually has
Type 2.
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"To complete the summary mention should be made of periods of
light and varishle winds vhich occcur from time to time in any month.
They usvally last from 2 to 5 days, but there have been exceptional
periods of up to 12 days. The weather is fine but sometimes showery.
Showers when ‘they occur may be heavy and prolonged, but severe squalls
of wind are usually absent."

Figure 4 shows annual temperature data at Gan, Cctober 1957 -
Septenber 1962. The monthly figures vary less than 30F throughout
the year, which is considerably less than the diurnal variation.
Figure 5 plots mean monthly rainfall at Gan for the period October
1957 - June 1964, together with the records for each month in this
period and for the period Februsry 1944 - February 1945. The figures
show a considerable range in each month, from a monthly minimum of
0.50 inches to a monthly meximum of 18.75 inches (mean 7.91 inches).
There is no clear seasonal pattern, except that Februsry and March
tend to be drier than the rest of the year.

Currents and tides

Marine currents in this area are varisble with the monsocon
cireulation, but under the influence of the Equatorial counter-
current the predominant current direction appears to be eastward of
northeastward. ‘"Current observations are, however, scanty in this
reglon, but it is probable that marked variations of current direc-
tion occur" (West Coast of India Pilot, 1961, 57).

Tidal variations are referred to the standard station at Madras.
Low vater springs stend at Q.6 feet and high water springs at 3.8 feet,
an extreme range of 3.2 feet. Low water neaps stand at 1.7 feet and
high water neaps at 2.6 feet (Admiralty Tide Tables, 2 (1965), Atlantic
and Indian Oceans). A predicted curve for part of 1964 is given in
Figure 6. According to the West Coast of India Pilot, at Addu Atcll
"the flood stream sets strongly into the lagoon through Wilingili
channel and out of the lagoon through Gan channel, but the ebb stream
sets out of the lagoon through both these charhels; thus whereas in
Wilingili channel there is a reversal of the tidal stream with the
change of tide, in Gan channels the stream sets continuously out of
the lagoon. In Kudu Kanda channel, the tidal streams set into the
lsgoon with the flood tide and out of it with the ebb, but in Man
Kanda channel, the tidal streams set contihuously out of the lagoon'
(Hydrographic Department 1961, 61).

Continual wave action on the reef edge, together with tidal
variation, seunds a continuous sheet of water across the reefl flats,
particularly between dislands. In the channel between Gan and Fedu
Islands, on the Addu reef flab, current measurements with fluorescein
and with floats at high water on 2% August 1964 gave values of 1-2 kibs
off the west end of the runway, and of 1.5 kts lagoonward of the
causevay between the two islands.



w 10 -

Sea temperature and salinity

Sea temperatures are approximetely 28-29°C (82.4%-8k,2°F) through-
out the year. H.M.S. Owen recorded 28.1-28.89C (82,6-83.8°F) in this
ares in early 1962, and Agessiz a surface temperature of 27.8°C (82°F)
and bottom temperature of 27.80C (820F) at 22 fathoms in Addu lagoon
in January 1902. Temperstures messured during the Gan lagoon reef
transect work in 1964 varied from 27.0 to 28.0°C. On the lagoon reef
slope temperabures were isothermal to depths of at least 80 feet, but
they tended to be more varigble on the reef flat, The following tables
summarise temperature and salinity data recorded by Ir. Davies on the
lagoon reef transect I in 1964

(a) Variation In temperature and salinity with depth in lagoon reef

transect T.

Depth £t Temp. °C Salinity ©/oo

Surface 28,0 3.7
10 28.0 3.7
20 28.0 4.7
30 28.0 3.7
Lo 28.0 3.7
50 28.0 34,7
60 28.0 3.7
70 28.0 3.7
80 28.0 3.7

{b) Variation in temperature and salinity over the lagoon reef flak
in trensect I during one tidal cycle, after moderate rain with
light wind from the north. Readings taken at surface and atf
bottom at inshore, mid-flat and reef edge locations at LWST and
HWST on 23 August 1964,

0900 hrs, LWST

Temperature  Salinity

Zone Sample °c °/e0

. surface waber 27.0 .5

Toner botton (2 £t below) - 2;.5 gg-B
_ surface : 28.0 4.8
Mid-flat bottom (3 FL below) 28.0 gh-?
surface 27.5 3.7

Reef edge bottom (6 £t below) 58.0 3l
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1530 hrs, HWST

Temperature Salinity

Zone Sample O Ofoo
surface 28.0 33.9

Taner votton 28.0 33.9
Mid~Flat surface 28.0 3.3
bottom 28.0 3.1

Reef-edge surfsce 28.0 3.1
bottom 28.0 3.1

These data show a slight salinity gradient across the reef flat
from land to sea on the lagoon reef. A higher gradient was found on
the seaward flat, particularly after heevy rainfall, as shown in the
following determinations by Ir. Davies. They may be compared with
normel sea salinities of 33.8-34.4 %o in this area, debermined by
H.M.S, Owen in 1962.

Semple (100 metre intervals Salinity ©/oo
from shore to seaward edge) Shortly after Following
LWaT heavy rain
1 26,3 16.7
2 31.7 3.5
3 30.8 31.5
b 31.2 3L.5
5 31.0 3L.6
6 30.8 31.6
7 34,1 32,0
8 3.3 33.8
9 3.0 4.7
10 3.5 3.7

11 (reef edge) - 3.7
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IIT. GECMORFHOLOGY OF ADDU ATOLL

by
D. R. Stoddart, P. Spencer Davies and A. C. Keith

A. General description

Addu Atoll, latitude 0°38' South, longitude 73°10! East, is the
southernmost atoll in the Maldive Islands, separated from the next
nearest atoll. to the north, Huvadu or Suvadiva Atoll, by the 45 mile
wide Bguatorisl Channel. The next nearest atoll to the south is
Salomon Aloll, Chagos Arthipelago, 320 miles distant. Addu itself
(Fig. 2) iz one of the smellest of the Maldive atolls, measuring 28.k4 lm
(17.6 miles) in meximum dimension (W to NE points), and 16.5 km (10.2
wniles) in the transverse direction. The atoll may be termed semi-circu-
lar or triangular: the south-facing reefs are broadly convex, the north-
ern reef concave. The shape mey be approximated to that of a triangle,
apex southwards, with a base of 28 kn between the northwest and north-
east points, snd sides of 25 lm. Shape measurements by several methods
give values for Horton's I number of 0,604, for Miller's Circularity
Ratlo of 0.754%, for Schumm's Elongation Ratio E of 0.895, for Royce
and Clark's Radial Line Index of 28.54, and for the Ellipticity Index
of 1.3 (Stoddsxrt, in press).

The total area of the atoll is approximately 60 square nautical
miles, or 6.5 on Haggett's G scale (Haggett et al. 1965). OF this, no
less than B1% consists of reef flat and islands. The peripheral reefs.
cf the atoll are broad, ranging from 700 metres on the north side to
1900 metres on the southwest; maximum widths of up to 2900 metres are
found on the northwest projection. The yeefs are continuous except for
two gaps In the centre of the southern reef (Gan Channel, Wilingili
Channel) and two in the centre of the northern reef“(KUdu Kanda Chan-
nel, Man Kanda Channel). Gan Channel, which is buoyed, is 950 metres
wide with a sill depth of 9-10 fathoms; Wilingili Chamnel, 750 metres
wide, has a sill depth of 21-31 fathoms. In the north the channels
are narrower: Man Kanda, which is buoyed, is 350 metres wide with
a 13-18 fathom sill; Xudw Kands is 250 metres wide, with a 13-19 fathom
sill. All the peripheral reefs are of simple linear form, and lack
the ring-shaped faros so well developed in the northern Maldives. Lit-
tle is knoun of the detailed topography of the atoll slopes. The John
Murray Expedition ran a profile from the northeast corner of the atoll,
recording a depth of 1000 fathoms within 4.5 miles in the easterly
direction (mean slope 14°10') and within 5 miles to the noritheast.
Thelr zownmdings also indicated a rildge exlending northeastwards towards
Fua Malaku, shown by soundings of 590 and 654 fathoms (Farquharson
1936, Plate 6). H.M.S. Modesta, sounding out of Gan Channel in 1956,
recorded 1069 fathoms 1.5 nautical miles southeast of the Wilingili
reef edge, giving a mean slope of 350,
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The atoll lagoon is elliptical, with its axis trending ENE-WSW.
It has a maximun length of 11.7 km and breadth of 9 km. Unlike the
northern Maldive atolls, such as Horth Msle and Ari, there are few
knolls or patch reefs in Addu lagoon. The two most conspicuous patch
reefs are near the lagoon centre, named Medagala and Arubal, on which
waves break even in calm weather. Medagala and two smaller patches
near the west side of the lagoon are buoyed. Small reef patches and
knolls are more profusely developed in the extreme northwest and
northeast corners of the lagoon, but elsewhere the lagoon reef slope
falls steeply to the lagoon floor. The maximum lagoon depth is 43
fathoms, comparable to that of the much larger Huvadu Atoll and con-
siderably deecper than that of the larger atolls in the northern
Maldives (cf. Biewald 196k, 35k).

Tslands occupy apvroximately 20% of the peripheral reef flat of
the stoll by area, and no less than 65% of the seaward reef edge is
backed by land. The only extensive reef sector without land is the
concave northern reef. There are large villages on two of the islands,
Midu and Hitaddu, and the settlement formerly located on Can Island has
been relocated on Fedu following the 1960 Agreement between Britain
and the Maldivian Government. An airsbrip was operational on Gan Is-
land during the Second World War, when the deep channels and lagoon of
Addu proved of naval value (the Gueen Mary has anchored here ). Follow=
ing the Agreemerts of 1953 and 1860 the Maldivian Covernment has made
certain scheduled territories (CGan Island and part of Hitaddu Island)
available for use as a Royal Alr Force Staging Post. DTevelopment of
this Staging Post has involved the construction of a new rumvay a?d
facilities, with personnel quarters on the northwest side of the 1s-
land.

The populabion of the atoll was 4664 in 1931 and 5686 in 1946
(pidi 19&9%5 in 1963 it was 8235. Por a fairly deteiled general account,
see the Wesl Coast of India Pilot, tenth edition (1961, p. 57-62),
together with the more scientific papers cited in this report.

To aid in locabion an arbitrary 1000 metre grid was laid dowm
cn the Admiralty Chart (¥No. 2067) of Addu, related to the earth gra-
tleule in that the 0°k0' 8 latitude line and the 12 km 8 grid line, and
the 73°10' B longitude line and the 12 km E grid line are coincident.
This basic 1000 metre grid shown in the figures in this report may then
be subdivided to give locations to the nearest 10 metres, easting before
northing in each point reference. The grid, with a 100 metre interval,
vas slso superimposed on an enlarged vertical air photograph of Gan to
aid locatlon referencing in the field., All reef flat and lagoon loca-
tlons were obtained by horizontal sextant angles on fixed island points,
and then raduced to grid coordinates.

B. Peripheral reefs

The most detailed descriptions of the Addu reefs are those of
Sewell (1936a, 69~-72, 87-92), who divided the reef ares into reef plat-
form, outer reef and inner reef. Gardiner (1903, 317-321, 4#16) briefly
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comments on the reefs, stating that "the coral growth, taken as a
wvhole, in Addu lagoon is most extraordinary, and in vigowr quite sur-
yasses anything in my experience elsewhere either in the Maldives or
in the Pacific Ocean" (1303, 319). Most of his vemarks on reef chara- .
cteristics, however, are phrased in general terms. Agassiz (1903, 148)
doubted vhether the coral growth on the lagoon reef slopes of Gan
was as vigorous as CGardiner implied. Xohn (1964a) gives a brief des-
cription of the reef flat and reefs at Hitaddu and Gan. Eibl-Eibesfeldt
(196h, 38-39) gives a schematic section of the reefs of a Maldivian
atoll, and his zonzation is followed here (Fig. 7). Figure 8 gives in
disgrampatic form cross-sections of the peripheral reefs at Gan (B) and
Hitaddu (A) Islands, to show contrasting conditions at these two loca~-
tlons. Peripheral reef characteristics are treated under the following
headings: (1) seaward reefs and slope, (ii) seaward reef edge (algal
%quform), (iii) seaward reef flat, (iv) ncrthern reefs--Midu side,

v} lagoon reef flat, reef and slope.

(1) Seaward reefs and slope

Little is known of the seaward reefs of Addu, except from air
photographs, though Davies and Keith inspected the seaward reef slope
by diving at Gan and Bushy Island. The 1958 aerial photography shows
spur-groove formation well-developed along the reef front along the
whole of the convex southern reefs from Hitaddu to Midu, but not along
‘the northern reefs, the lagoon reefs, or in the channels. Along most
of the southwest reefs the lineations are approximately 100 metres long,
or lesg; but off Wilingili they reach 250 metres, and off Mulikadu,
north of Wilingili Chanmel, they reach a maximum length of 300 metres.
The depth to which the lineations extend is unknown; Davies and Keith
report no apparent trace of lineations on the seaward slope off Can
in depths of 7-16 fathoms. They also report a fairly gentle bottom
slope, suggesting that at some point, perhaps 400-500.metres outside
the breakers at Gan, the bottom slope increases rapidly and falls to
great depths. Air photographs indicate that the reel front outside
the breakers ils steeper or the reef front terrace narrower round most
of the rest of the atoll perimeter than at Can. . There is no data on
the area immediately outside the breakers, which Wells (1957, 618)
terus the innominate zone.

Hass (1961, 60) and Eibl-Eibesfeldt (1964, 37) describe an
abrupt increase in bottom slépe to form a "reef wall" at the foot of
the more gentle reef slope outside the breakers on the seaward sides
of Maldivian atolls. Undercutting at the base of this reef wall
forms "Grotte" or "Hhle" at depths of 25-135 metres (1h-19 fathoms).
Hass ascribes this undeventting to low-level marire erosion during a
Wirm glacisl. low sea level at -30 metres (16.% Tathoms). Main Wirm
sea levels, however, were probably in excess of -100 metres {Donn,
Farrand and Bwing 1962), and stillstands at the -30 metre level may be
connected with the Allergd or similsr oscillations. Whether these
brief Hplocene stillstands (Fairbridge 1961) were long enough to cut
Hass's features is debateble. Similar wdercutting was unfortunately
not observed during the 1964 expedition.
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An attempt was made by Tavies and Keith to investigate the struce
ture of the seaward reef slope at Gan at a distance of approximately
150 metres from the reef edge, using SCUBA apparatus, but the high
bottom surge made working conditions too dangerous for more than a
brief exasmination. Here the depth was approximetely 35-40 feet and
the seewsrd begirmings of the surge channels were discernible. Corals,
perticularly macsive palmate Acroporas were present on the areas cor-
regponding to the base of the spurs and reached a height of no more
then 4 fest above the gerersl level of the bottoms of the groove areas.
In the bages of the grogve channels there was & conbinuous back and
fore surge corredpending to the passage of each wave above, of approx-
lmgtely 15«20 feet. Coarse sand and fine gravel are kept in suspension
in these areas, often rising to heights of k-5 feet above the level of
the flnor of the surge channel. The backwards and forward motvion of
*he bottom water was discernible to depths of approximately 70 feet on
the seaward terrace.

At & distance of 200-250 metres from the reef edge a wore thor-
ough examingtion of the structure of the seawvard reef slope was made.
At this point the seawerd terrace had e depth of 40 feet and sloped
graduelly seawards at about 10°. Al a depth of TO feet there is a
slight increase in the steepness of the slecpe to 30-40°, extending to
. depth of 130 feet and the bottom then appears to flatten out again.
At 2060-250 metres from the reef edge, there is little trace of the
groove snd spur system. The corals nevertheless appear to be in baunds
of approximately 10 feet wide, normal to the reef edge. Between the
bands sre arveas of desd coral fragments, rounded and largely covgred
wlth calecareous algae though still mobile. Sand is present in places

amongst the dead coral. The Living coral 1s of three dominant types
1) » mouch brenched twlg like Acropora similar to that growing on the
isgoon reef glope at Gan, 2) Fchinopora and 3) a messive palmate
Acrepora whose growing points all pointed in the direction of the reef
edge. Lcopsional small colonies of Pocillopors were present butb there
vwere few encrusting corals. This was in marked contrast to thal seen
8% equivalent depths on the lagoon reef where encrusting corals were
common, The calcareous alga Halimeda was to be found, particularly
amongst the first wentioned type of Acropors.

At 60 feet coral growth gave way to a zone of Alcyonariang often
forming mssses of up to % x 5 feet in avea. There was no sign of any
btanding of corsls and the few small coral colonies present were ran-
domly dispersed amongst the Alcyonarians, with areas of sand and spall
corsl frasments hetween. There was no evidence here of auy cementing
sction by caleareous algse. A% a depth of 120-130 feet +the bottom
flyttens out and is comprised largely of gravel and sanf.



(ii) Seaward reef edge

Seavard reef edge features at Gan are comparable o those de~
seribed in the Marshall Islands (Ladd and others 1650). The outermost
zone, between the reef flat and the breskers, is formed by a platform
of encrusting and nodular red and purple calcareous algae, forming a
rough and irregular surface. Unlike some areas in the Marshall Is-
lands, where the algal zone forms = high ridge, at Gan it is less
distinetive topographically, forming a zone 30-50 metres wide, rising
0.5-1 £t above the level of the reef flat immediately to landward,
and drying at extreme low water but not at other low tide stages. Re-
Ttween islands, vhere the level of the reef flat is lower, the relative
helght of the algel platform is correspondingly greater. At low tide
stages, waves bresk outside the algal platform, where its crest be-
ging to curve down towards the reef slope, and each breaker sends a
sheet of water over the platform, the higher parts of which remain
emerged. At higher tides the platform may be covered with 34 £4 of
water, and breaking of waves takes place over a wlder area on the
platform itself.

In places the seaward slope lineations extend through the break-
er zone into the algal platform. At Gan, long sectors of the reef
edge lack algal-platform channels, and often poorly and irregularly
Geveloped channels can only be seen vhere the platform descends be-
rneath the breakers at low tide. At certain points, however, as at
093150 and particularly 115161, the chamnels cut back into the plat-
Torm for 25-35 metres, forming deep, steep-sided gullies, with
vertical or overhanging sides and floors 6 £t or more below the level
of the intervening ridges. The channels are narrow, often less than
2 metres wide, and the ridges are wider. The sides of the channels
and the intervening areas are covered with encrusting nodular and
papillose browmish-red slgae and other non-caleareous colonlal organ-
Isms. Small colonies of Acropora are found on the channel_walls and
are exposed at low tide during backwash, vhen water level 1n.the chan~-
nels mey vary vertically 3-5 £t with each wave advance. During
backwash the channels act as drainage lines for water on the reef fiat,
vhich cascades over the channel lips and attached small corale; during
swash, water surges up the channels and spills over the brim'onto the
flat, where it joins with the slower water flow over the platform sur-
face to form a translating weve 1-2 £t deep. No signs of channel
rocofing or tunnel formation were seen, and no observations were made
on the channels during higher tidal stages.

The Gan reef edge may be compared with that in the Northern
Marshalls described by Bmery, Tracey and Ladd (195k, 24-26), except
that reel blocks lodged by extreme storm action are not found. At
Gan the reef edge fallse into the Northern Marshalls Class I, strongly
grooved, Sub~type A, ridge low and uncut by grooves. In this typre
the algal zone 1s described as forming "a broad arch, sloping genily
seaward and rising only 6 inches to 1 foot above the main reef flat.
With rare exceptions, the grooves, though well developed, are limited
to the seaward slope beyond low-tide level" (IEmery, Tracey and Ladd
(1954, 25). Their Type I-B, with an algal ridge 2~3}% feet above the
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reef flat and deeply cut by surge channels, is apparently absent at
Addu. The northern reefs at Addu, not investigated in detail, appear
to belong to thelr Class II, grooves weak or sbsent, Sub-type A, reef
edge stralght or smoothly scalloped.

{111). Seaward reef Tlat

Precise levelling was carried out on the seaward reef flat, from
Pedu to Gan Channel, a distance of 5 kms. Landward of the algal plat-
form is a deeper area, or most, 20-70 metres wide, and generally 9-12
inches lower than the highest part of the algal platform. It lacks
encrusting red algae of the reef-edge type, is floored with rubble
coated with filamentous algae and occasional massive Halimeds,with oc-
casional flattened coral colonies. This moat carries a few inches of
water even at lowest low tides. Landward it is succeeded by a rubble
zone of small boulders, usually less than L £t in diameter but excep-
tionally up to 3 rt, and smaller rubble. This zone 1s as high as the
reef edge platform and is exposed at lowest low water. Gravel and
cobbles form irregular tongues extending lagoonward from the rubble zone
across the reef flat, with maximum lengths off the southeast shore of
Gan of 250 metres. Generally these debris tongues are about 50 metres
long and only a few inches thick, fingering out lagoonward; there Is
gsome indication in vegetation patterns on the flat of the existence of
tongues of several ages, suggesting that they may be mainly formed
periodically during storms.

‘The reef flat itself (Fig. 9) is a rock platform thinly veneered
with sand and some coarser debris, partly in transport and partly held
by vegetation. The width of the reef flat varies widely round the atell,
snd the width of the seaward flat depends largely on the relative loca-
tion of islands on it. At Gan the total width of the reef flat is 1500-
2000 metres, and of the seaward flat 600-750 metres. Most of the is~
lands are situated closer to the seaward reef, and between Hitaddu and
Hankada and Mahera and Mulikadu the seaward flat is 50-300 metres wide;
the mesn width of the whole reef flat round the atoll is approximately
1000 metres (cf. Section B below). The flat also varies in height.

Off the central part of Gan (115-120 easting), where the flat is 750
metres wide, it stands at a relatively high level, is thickly covered
with merine grasses, and dries completely from the shore to the algal
platform at lowest low tides. Retween Gan and Fedu, by contrast, the
flat is at a lower level, carries 1-3 ft of water even at lowest tides,
lacks a vegetation mat, and is covered with sand in transport. These
reel’ flats on the southern side of the atoll differ considerably from
those on the north side;‘and may be distinguished as windward reef flat
types. They @iffer from many described elsewhere in the Pacific and
the Caribbean chiefly in the lack of coral growth on the seaward flat
itself (cf. Bmery and others 1954k, 27; Wells 1954, 396-398). This
apparently results from the high level of the flat and its regular dry-
ing. Where the level is lower on the Gan flat, growing corals are
found. This occurs in three main areas: (a) the Gan-Fedu channel,(b)
the lobe-~shaped inlet of deeper water at the reef edge at 106158, and
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(c) on the flat near the Gan channel (130153). A few very small and
scattered corals are also found in the most and in deeper parts of the
slgal platform round the reef edge. These consist mainly of corywbose
Acropora and small nodular Porites, tightly cemented to the flat, to-
gether with small patches of Heliopora. In the three deeper areas,
carrylag at least 1 foot of water at lowest tides, the dominant corals
are widely scattered colonies of Heliopora and Porites, the latter
forming "micro-gtolls" the top surface of which often supporis a grow-
ing mass of Turbinaria. In the Gan-Fedu chamnel, where coral growth

ls scattered in spite of adequate water depth, coral growth is probably
restricted by the amount of sediment in transport across the fiat into
the lagoon: in the case of meny Porites colonies this is indicated by
scnuring on the upstream face and construction of a sand tail on the
lee side, which creeps up the face of the colony killing the polyps
which it buries.

At Hitaddv where the seaward flat is narrower and thus more char-
acteristic, the seaward edge is also formed by an algal platform, but
the seawsrd flat itself is rocky, 100-200 metres wide, and 18-24 inches
deeper then at Gan (precise comparison is difficult in the absence of
s common dabtum). No part of the seaward flat dries at sny time. From
the algal platform to within a few metres of the shore the flat is
covered with coral rubble and blocks, with scattered small colonies of
Heliopora, Porites and Acropora. Hellopora nowhere reaches the impor-
tence described at Funafubi and Onotos Atolls (Cloud 1952), but it is
certainly cne of the more successful colonisers ovn shallow seawerd
flats at Addu.

(iv} Northern reefs - Midu side

The northern reef flat at Addu is quite different from those
described above. It is likely that it carries 1-2 feet of water over
almost 1ts whole extent at lowest tides, and circulation of water 1s
not inhibilted by the presence of islands. Considerable coral growth
iz found both along the seaward edge of the flat, and on the lagoon
side, and the sand-floored area between is patterned by growing corals.
Similer conditions are Found on the flats at the northwest and north-
east corners of the atoll lagoon. The patterns of coral growth on
these flats vesemble at & small scale those described by Kornicker and
Boyd (1962, 643) at Arrecife Alacran, Gulf of Mexico. This reef flat
type may be termed the leeward type.

Lagoon reefs (approximate grid ref. O45130)

The noxbthern reefs are considerably narvower than those at the
south end of the atoll and ditler in morphology and species composi-
tion of the corals. The lagzoon reef slope 18 less steep and has an
estimated angle of approximately 40°, pmerging with the lagoon floor st
a depth of approximately 80 feet, The cessation of coral growth is
not 80 distinct and patches of coral growth are found to depths of 1C0
feet on the gradual slope of ‘the lagcon floor. Chute formations were
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not observed. The reef edge does not form a distinct zone and the
outermost area of the reef top merges with the upper srea of the
lagoon slope, being dominated by paimete Acroporeas, although some
Pavia, Galaxes and Porites are slso present.

The reef flat or reef top is cheracterized by the very low
growths of coral which rise no more than 1-~1.5 feet sbove the level
of the surrounding sand. The area between corals is typically com-
posed of a coarse sand rather than cf coral fragments. The area
occupled by living corsl decreases towards the centre of the reef top
and in some areas 90% of the surface of the reef is covered by the
fand. Corsls of the genus Acropors are dominant and comprise sn esti-
mgted 95% of the total coral population. There are probebly five or
8ix species of this genus present, all tending towards a rather heavy,
rassive growth form. Other corals observed included Millepora, Pocil~
1opera but Echinopors snd Gonisstrea did not appear to be present and
massive cerioid and mesndroid corals were not found.

Seaward reels (approximate grid ref. 037133)

The centre of the reef +top was not observed dirgctly but aerial
photographs indicate that there is little or no coral growth and that
this area is carpeted with a layer of sand. Tovards the reef edge,
coral growth increases in sbundance. Acropora spp. are agaln the dom-
inant corals, particularly A. palifera and a branching species resembling
A formoss. Altogether there appears to be about six or seven species
of ﬁEEEBQ{Q composing this commmumiby but occasional colonies of Mille
Bora and Poclllopora eydouxi are also present. The only common alga
1s & cpecies of Halimeda. There are very few massive or cerilodd corgls.
The ares between corals is sgain filled by sand which here shows evi-
dence of sorting and is typically of large flake-like form, from 1 to
several millimeters in diameter and probably derived from the breakdowm
of Halimeda. Towards the edge of the reef the corals form a very close
community with very little non-living areas between the colonies. Where
these are present they are filled by small Acropora fragments cemented
together with encrusting calcareous algae. The dominant ccorals heve
are A, pslifera and a massive bracket type of Acropora. These cora}s
are actively growing and probably do not break surface at lov water
spring tide,

The reef edge is not distinct, but at a depth of approximately
10 feet the zone of luxuriant growth gives way to & barren zone which
is chavacterized by the lack of wvigorous coral growth. Here, instead
i8 an arvea of broken coral fragments cemented into a stable structu?e
by the growth of encrusting ved calcareous algae. Very small colonies
of Acropora snd Pocillopora of 6-9 inches dismeter make up 10-15% of
the bolbtom cover. This zone slopes gradually seawards to a depth of
approximetely 20 feet and then gives way to a steeper sloping zone
(slope epproximately 30°) of very luxuriant coral growth. AcCYOpOrs
species are again dominant but Fevia spp. Seriatopora, Millepora and
occasional fungiids.are also found. Occasional massive upgrowths,
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rising up to 20 feet above the general surface of coral growth were
observed and these provided ecological niches for the estsblishment
of several encrusting and nodular form corals which were not other-
- wise In evidence,

At a depth of gpproximately 80 feet a break occurs in the slope,
forming a Tairly distinct edge and from herz the reef falls away ab
a slope of about 50<60° to the depths of the Zquatorial Channel. Be-
ginning at depthe of 4O feet in the zone above, the area between corals
ig filled by a cggrse sand similar to that on the seaward region of the
reef flat above. The relative srea occupied by the sand increases with
Incregsing depth as the number of corals and coral specles decreases.
At 5 depth of 150 feet there aie very few corsls still present but small
Porites colonles are of sporadic occurrvence., The hermatypic corals are
gradually replaced by large branching colonies of Dendrophyllia and by
large gorgonian sea fans and sea whips. Algse arve still pregent at
depths of 150 feet, attached to the larger coral fragments.

The northern reefs were visited at a time of year when the pre-
dominant wind is from the soubheast so that the seaward reefs were
therefore in the lee of the stoll. At midday, depths in excess of_lSO
feet were visible from the surface and water clarity was greater than
that experienced in any pert of the lagoon or on the seaward reel atb
Gan., Morphologically the seaward reef of ‘the northern reef system dif-
fers from that of the southern reef in:

a) the sbsence of a dlstinct reef edge bresking surface at
low tides

b) sbsence of a groove and spur system

c) the sbsence of a 10-fathom terrace although it is possible
thet the barren calcareous algae zone is the morphological
equivalent of this

d) the presence of delicate wesk-framed corale and gorgonians

e) the almost total domination of the surface reef by species
of Acropors, including species which were not obgerved at
the south of the atoll.

' The windward reef flats abt Addu are further distinguished by
the presence of apveas of relict 'reefrock” standing (at Gen) up to k
feet above the general level of the reef flat. In the Gan-Fedu channel
the largest of these patches are found 300 and 4CO metres vespectlvely
from the reef edge, and measure 140 x 30 and 140 x 60 metres. fmeller
‘pelehes are found up to TOO metres from the reef edge near the Fedu
shore. At Hitaddu similar rock platforms outerop at the foot of the
seaward beach, at a distance of 100-200 metres from the reef edge. The
distribution of this reck and 1ts origin are discussed under Section G
helow. - :
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At Gan there has been considersble human interference with the
condition of the seaward flat. Several of the aress of exposed reef-
rock have been damaged by military vehicles and by excavation, and areas
of the reef flat near the Gan shore have been used as a source of reef-
rock for construction purposes, pariticularly in the construction of the
runway, leaving a pattern of excavation hollows; the approximate extent
of these is given in Pigure 9.

{v) Lagoon reef flat and slope

Like the seaward flat, the lagoon reef flat varies widely in char-
acter in differvent parts of Addu. At CGan it is narrow (100-140 metres
wide) and slopes from the shore to the lagoon reef edge. Most of the
flat carries more than 1 £t of water at low tide, and except for the
tips of some corals none of it dries. It is divisidble into an inshore
sandy zone with breaklng weves, & zone of rubble and dead coral from
25-60 metres from the shore, and a zone of living reef from 60 retres
to the edge and down the lagoon slope. The bresk of slope marking the
edge of the flat has depths, between coral heads, of 10-15 £t at Gan.

At Hitaddu the leevard flat is much wider (reaching 1000 metres), has

a depth of 1-2 fathoms, and for most of its width Is sandy, covered
with marine grasses, and lacking in growing corals. The reef itself
appears to be simllar to that at Gan. It is possible, especially at
Gan, that military activity hes led to increased sediment disturbance
on the lagoon reef flat, with the death of nearshore corals; certainly
the extent of coral growth, while comparable to that on Caribbean reefs,
falls short of Gardiner's description. Detailed transects were made

on ‘the lagoon reef at CGan, and some geological aspects of these are dis-
cussed in Section D below.

The lagoon slope at Gan has a gradient of 60° from the reef edge
to a depth of 14 fathoms, and is coated with growlng corals. At 14
fathoms the siope angle decresses to less than 10°, and begins to merge
vith the lagoon floor. Coral growth in this zone is restricted to
patches of Leptoseris, together with scattered Alcyonarians.

The nature of the lagoonward reefs is subject to modification be-
tween 1slands, where water flowing across the reef flat carries a con-
siderable load of debris. Thus between Can and Fedu, Fedu and Maradu,
Maradu and Hankada, and elsevhere, through-flowing curreants have incised
deep channels into the upper part of the lagoon reef edge and slope,con-
centrating flow across the reef flat into narrow streams with speeds of
2-3 knots, and vesulting in bthe growth of sand deltas at the foot of the
lagoon slope.

C. Addu Lagoon

Lagoon topography

Information on lagoon topography is derived almost entirely from
Daugleish's 1923 survey, in which the density of soundings exceeds even
that at Eniwetok (Table 1). Since location-finding methods were less
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refined in 1923, however, and since the soundings were all lead-line

soundings corrected for tide snd not reduced from echosoundings, the
sccuracy at Addu may be less than in the Marshall Islands.

Table 1. Sounding density in selected atolls

Lagoon areal Nunber of soundingsl Soundings
Atoll _Sg.uiles per sg.mile
Addu 30 18,000 600
Eniwvetok 360 180,000 500
Bikini 259 38,000 46,7
Rongelap 396 1k,550 36.7
Rongerik 57 1,640 28.8

1. FEmery, Tracey and Ladd 195k,
2. Estimated from sample counts.

The Daugleish chart has been supplemented by ten echo-sounding pro- .
files made with a Marconi Ferrograph Offshore 500 echosounder in 1964;
these have been replotted on rectangular coordinates in Figures 12-15
and the location of the echo-sounding tracks is shown in Figure 1l.

The Daugleish chart has been contoured and redrawn to include land top-
ography derived from aerial photography and included on Admiralty Chart
2067 of 1964; it is included here as Figure 10.

Addu. lagoon is deepest in the east and northeast, and shoals to-
wards the north and southwest. The 30 fathom isobath delimits a basin
of irregular outline, which includes a number of igolated deeper basins
and a few upstanding knolls. The lagoon reef slopes are steep {(Pro-
files 1-%, 6-7, 9-10) and extend from the lagoon reef edge at 5-15 £t
to the lagoon floor at depths of 85-100 1, where the slope angle de~
creases and the slope becomes a flatter apron. Chart inspection
suggests that much of the lagoon floor is fairly flat at depths of
25-29 fathoms, particularly in the south and northwest parts of the
lagoon, and this is also suggested by several of the profiles. Pro-
file 1, between Gan and Man Kenda Channel, shows a distinct level at
20-25 fathoms, with deeper central areas down to 33 fathoms below this
level., Similar features are shown in Profile 9. The deepest parts of
the lagoon (more than 40 fathoms) lie in the south-central sector, where
nire small areas fall below this level. Most of these are narrow and
aligned eagst-west on Daugleish's chart, in the direction of sounding,
suggesting systematic variation in sounding accuracy between successive
lines of soundings. Hence the gbsgolute depths of these basing may be
unrelisble. The maximum charted depth is 43 fathoms (258 £t).
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To determine the reality of the apparent fleor flattening between
20 end 30 fathoms, Daugleish's chart at 1:18,360 was contoured, and the
areas belween successive contours were measured using a Stanley Precision

Disc Planimeter.

The areas of reef flats and islands were obbtained in

the same way from the published Admiralty chart at 1:25,000, in which
these features are plotted from aerial photography.
measurenments are given in Tsble 2.

The results of these

Table 2
Depth Area Cumalative Per cent Cumulative Per cent
fathoms g, yds ares shallower ares, deeper
shalilover deeper

Islands 13,419,197
Reef flat,
0-1 fathom, 65,987,766

inc,islands

Reef fiat,

0-1 fathom, 52,508,569

exc, lslands

1 - b 12,110,207 12,110,207 13,20 91,750,231 100.C0
15 ~ 20 11,815,554 23,525,761 26.08 79,640,024 86.80
21 - 2k 19,085,942 43,011,703 46.88 67,024,470 73.92
25 - 29 22,353,011 65, 36k, T1h L2k 48,738,526  53.12
30 - 3k 14,153,743 79,518,457 86.67 26,385,517 28.76
35 - 39 11,553,133 91,071,590 99.26 12,235,774 13.33
Lo - 43 678, 641 91,750,231 100,00 678,641 0.7h
Total lagoon
ares, inc.

gaps 91,750,231
Total atoll
area 157, T37: 997

The dats in Teble 2 are pilotbited as a histogram in Figure 16, which
shows the large area of reef flat and also the dominant lagoon floor area
at 25-30 fathoms. The hypsometric curve for the whole atoll (bounded by

the ouler reefl edge)

in Figure 17 gives a graphic idea of the wide shal-

low reef flats, the steep lagoon floor slopes between 1 and 15 fathoms,the
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slope Toot gpron at 15-21 fathoms, the wide flatbter area between 21 and
30 fathoms, and the smaller extent of deeper holes in the main lagoon
floor level. A percentage hypsometric curve may be constructed for the
lagoon data only, and directly compared with percentage hypsometric
curves constructed for the better sounded lageons of the Northern Marsh~
all Islands (Pig. 18), where the curves were obtained by cubtting out and
weighing depth zones on conbtour maps. The similarity between the curves
for Iniwetok, Rongelap and Bikini Atolls and Addu Atolld is striking, at
depvhs shaliower than 28 fathows, though Addu lagoon floor reaches greatb-
er depths than those in the Marshalls. The curve for Rongerik is of
different form, and a cuxve for Johnston Island published by Emery is
not really ccmparsble bhecause of the abgsence there of an enclosed lagoon
(see Emery, Tracey and Ladd 1954,55; Fmery 1956).

The infilling controversy

Using Davgleish's chart it is also possible to resolve the contro-
versy hetween Agassiz, CGardiner and Sewell over possible aggradation or
degradation of the lagoon floor. Gardiner (1903, 317-321), comparing
Moresby's 1836 chart with the soundings made by his colleague TForster
Cooper, argued for "a decrease in depth of from 1 to 8 fathoms, the gen-
eral reduction being 2 or 3 fathoms" on the lagoon floor proper, at the
seme time as the encircling reefs were growing rapldly into the lagoon.
He concluded that "in the 65 years between Moresby's visit and my own
there has been gt the leagt a decrease in depth of 2 fathoms over the
whole area of the iaéboﬁ—EEbper, i.e. about 15 square miles....To suppose,
therefore, for the 60 odd years since the survey, a deposit or £illing
in by corsi growbh of 2% inches a year over an ares of 22 square miles
does not seem to me o be excessive’ (Gardiner 1903, 320). Lagoon infill-
ing was the reverse of the process which Cardiner thought was general in
the Maldive Islands lagoons: in the case of Addu he attributed lack
of solutional deepening %o the landlocked nature of the lagoon, 1lts small
size, supposed lessened rate of water circulation through the reel gaps,
and high rates of coral growth., Agassiz (1903, 148) questioned whether
Porster Cooper's soundings were close enough to Moresby's to allow Gar-
diner to draw any conclusions, and emphasized the dlfficulty of accurate
location within the lagoon. Subsequently Sewell made several more sound-
ings (Sewell 1936a, 64), and calculated that while the "average depth”
of the lagoon, excluding shoal areas, wes on Movesby's chart 24.4 fathoms
znd on Cooper's 21.5 fathoms, Cooper's and Sewell's soundings together
made it 2%.5 fathoms. He hence concluded that no change had taken place.
Sevell's conboured chart bears a tolerable resenblance to Daugleish's,
from which the median depth read from the hypsometric curve {including
shoal patches) is found %o be 25.5 Fathoms. The maximum depths in the
lagoon were charted by Moresby as 36 fathoms, by Cooper as 32 fathoms,
and by Daugleish as 43 fathoms. Subsequently Gardiner (1931, 141 )ceased
to stress the supposed infilling of Addu lagoon. As Sewell observed and
Daugleish demonstrated, the bottom topography of the lagoon is sufficient-
ly complex to require precise sounding location before conclusions on
depth changes can be made.
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Lagoou reef patches and knolls

By comparison with other atoll groups, and with the northern Mal-
dive atolls, there are few reef structures within the Addu lagoon.
Arbitrarily defining s patch reef as s structure rising more than 10
Tathowms above 1ts base and capped with wave-breaklng corals, Addu lagoon
patch reefs total 3. Defining knolls as structures rising 10 fathoms
oxr more above the floor, denoted by two or more closed contours on the
bathymetric chart, but failing to reach the swrface, Addu legoon knolls
totel 22. The total of 25 lagoon reef structures may be compared with
nearly 2300 at Eniwetok, over 900 at Bikinil, and 700 at Glover's Reef,
British Honduras. Daugleish's density of sounding was such that it is
unlizely that eny major structures were unrecorczd.

The knoils and paibch reefs sre located and given index numbers in
Figure 19. Two in the centie of the lagoon, Arvhal (13, at 137084 ) and
Medagala (1, at 13609L), have Living veef caps, aand are normally marked
by breakers, peaking up to & £ in height even in calm water. Of the
rest, numbsrs 3, 23 and 24, on the west side of the lagoon, have groving
coral on thelr summits and vesch to within 2% fathoms of the surface; mum-
ber L, reaching 4 3/4 fathoms, alsc has growing ccral, but Davies and
Feith report much dead coral also. Vhether apny other knolls support grovw.
ing coral is not lnown.

Chart inspection suggests that of the knolls which fail to reach
the gurface there is a dominant swnmit level at 15-25 fathoms. The Stan-~
ley Precicion Disc Planimeter was used to measure the basal area (lowest
closed contour) and summit area (highest closed contour) of all 25 knolls
end patches: their depth-area distribution is shown in Figure 21. Apart
from Aruhal (13) and Medagala (1) all of the patches which reach within
10 fathoms of the surface are small and steep sided: the mean ratio of
bagal area and sumnit erea is 7.6 and the median 4.6, None of the other
kneolls rises sbove 12.5 fathoms: six reach to between 12.5 and 17.5
fathons; and five to between 20 and 25 fathoms. With one exception (21)
the knolls rising to 12.5-17.5 fathoms all lie in the northeast part of
the lagoon (numbers 7, 9-12). Those rising to 20-25 fathoms all lie in
the centre of the lagoon. The mean ratic of basal to swmalt area of
knolls rising to 12.5-25 fathoms is 24.4 and the median 9.1; the mean
ratio for Arubal and Medagala is 14.6. OF the knolls rising above 20
fathoms some show apparent terracing at the 20-25 or 25-30 fathom levels,
as in numbers 12 and 21.

Comparison may again be made with the Marshalls. At Eniwetok the
greatest frequency of knoll swamits is at 16-20 fathoms, with few rising
to 0-8 fathoms. At Bikini the greatest frequency of summits is at 4-12
and 20-2h fathoms (Fuery, Tracey and Ladd 1954, 99). The concentration
of the larger Addu knolls at similar depths, and the contrast between
these and the smaller, steeper surface patches, suggests that the deep
¥nolls have not been formed by reef growth in the Holocene. The echo-
sounding profiles of two different types of lmoll may be compared in
Figure 15 (number 24) and Pigure 12 (number 20). The spparent bevelling
of the lower knoll sumnits may possibly be correlated with the apparent
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lagoon floor flattening shown by the depth-area histogram, and with
the reported erosional undercutting of the seaward reef wall described
by Hass and Eibl-Eibesfeldt, both at 25-30 fathoms. It is possible,
a8 shown by the distributlon disgram, Figure 20, that the knolls fall
into two groups, one riging to about 12.5 and the other toc about 20
fathoms., If these knolls are indeed older fesgtures, then they may
have lost both height and steepness during karst erosion at the time
of glacisl low sea levels: 1t would be extremely valuable to have
data on the nature of the knoll surfaces, and whether coral growth
occurs on them. The small size of the sea-level patches (numbers 1%,
6, 22-24) may indicate that they are wholly Holocene reef construc~
tions. Of the larger knolls only Arubal and Medagala reach the sur-
face, and it is possible that they have been the only older knolls on
which Holocene reef growth was established, and thet the fairly small
area of surface reef growing on mich larger foundatlons represents an
amount of Holocene reef growth comparable to that of the other near-
surface patches., Such lnterpretations must be speculative until more
data are available on the knolls themselves.

Notes on the structure of "Five Fathom Shoal (095095)

Underwater observations were made on the leeward, northwestern
side of this structure (no. 4, fig. 19) to a depth of 140 feet. The
surface of the knoll lies at a depth of approximstely 30 feet, is flat
topped and is characterised by almost complete lack of coral growth.
There are occasional small colonies of Pocillopora, Porites, Galaxen
and Acropora but most of the surface comprises loose, uncemented skel-
etons of a branched Acropora with individual pieces of up to 2 feet
in length and of plate-like fragments probably derived from Echinopora.
The whole i8 carpeted with a fine leafy alga.

Below epproximately 45-50 feet on the northwest side, the dead
coral is replaced by fine sand and the slope is very steep to a depth
of 80 feet. The sand 1ls very tightly vacked, cannot be scooped into
with the hands and superficially reserbles a soft sandstone., Ccca-
sional coral colonies are found in this area, with a density which
rarely exceeds one per 10 sguare metres. A loosely branching bracket
form of Acropora is the most common of these but Favia and Porites
were also observed.

Below a depth of spproximately 80 feet the slope begins to level
off and at a depth of 140 feet the bottom is almost flat. Between these
two depths reef building corals are very infrequent although one large
colony of Porites was present. Small colonies of Dendrophyllia and oc-
cagional gorgonian sea whips were observed.
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D. General Reef Characteristics

The main reef work of the expedition was concentrated on two
lagoon reef transects at Can (locations: 108140, between the jet-
ties, and 113143, east of the oil Jetiy). Recording and collection
of corals and algae in 10 feet gquadrats from the shore to the foot
of the lagoon slope was carried oubt continuously along a steel chain
laid on the sea floor. Within each gquadrat an effort was made to
collect a specimen of every species of corals and marine algae pre-
sent, and estimates vere made of total percentage cover and of rela-
tive importance of particular species. Details of these transects
will be published when all the determinations are available, but
certain features are of geological interest and are discussed here.
Figure 21 shows relative sbundance of coralsz across each transect
in terms of tobtel number of species per quadrat; the specles them-
selves were separated in the field and theixr identity will be sub-
Jeet %o revision. TFigure 22 shows the distribution of these species
roughly classified by growth form. In both transects coral growth
begins at aboult 30 metres from the shore, though scatbered smail
coronies may be found closer, and rapidly increages to form a rich
reefl associabtion at about 70 metres from the shore. From here to
the reef edge at 112 metres, the abundance of species increases
(Pigure 21), from about 10 species per 100 sq. ft. to about 20 spe-
cies per 100 sg. £t. FTrom the reel edge to the fool of the lagoon
slope the number of species remains approximately comstant (10-17
per 100 sq. f£t. in Transect I, 12-29 per 100 sg. fit. in Transect II).
Abundance of species itself 1s not necessarily of gecloglcal impor-
tance, however, for many are small and often insignificant reef
builders. A rough division was therefore made into species of the
genus Acropora, those of the family Fungiidae, and the cerioid
eorals (those with adjoining polygonai calices such as Favites).
Both transects show regularity in the distribdution of these admit-
tedly rather diffuse groups. The ceriold corals are important on the
reef flat, forming 25-35% of the species present, bubt are less s0 on
the reef slope, particularly with increasing depth. The fungiid corals
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are not important on the flat, but form a minor constituent on the sliope.
The Acroporz spp. form one of the most important and cosmopolitan groups,
generally accounting for 25-50% of the species present on the flat, and
continuing to the base of the reef siope.

A rough classification of specles was also made into growth form

(Fig. 22), distinguishing foliaceous corais (e.g. Pachyseris and Echiro-
pora), meandroid corals, branching corals (e.g. Acropora, Pocillopora,
Fuphyllia, and the superflcially meandrold Lobophylliia), and the non-
meandroid massive corals, many of cerioid form (e.g. Asireopora, Favites,
Hydnophora, Porites, and wmany others )}, The contribution of the massive
corals appears exaggerated, for many of the species represented form
only small colonies. Attention may be drawn {a) to the importance of
branching corals over the whole transect, and (b) to the importance of
foliaceous corals on the outermost flat ard particularly on the reef
gslope. Estimates of cover of different corals give a similar picture,
particularly reinforcing the importance of reef flat Acroporas: on the
outer part of the flat many quadrats show 50% of the area of living
coral to be Acropora, and one shows 85%.

By comparison with Caribbean reefs there are certain major dif-
ferences, with geological implications, in these reef assemblages. These
may be swmmarized as;

(a) the virtual absence in the Maldives of the massive meandroid frame-
building corals, such as the Diploria spp., and the greabtly reduced sig-
nificance of otheyr massive frame-bullders corresponding to the Caribbean
Montastresz and Siderastrea species.

{p) the greater diversity in species amd the greater avea covered by
Acropora. Branching and plate-like Acropora spp. are the most important
corals on the Addu lagoon reefs, and most of the species present are of
light and open growth form, rather than heavy and massive. On lagoon
patch reef 24 the diversity and luxurisnce of the Acropora, especilally
the flat, plate-llke species, is remarkable, compared to the abundance
of other species and to the Atlantlc Acropora. Massive Acropora, com-
parable to the Atlantic é. palmagg, are less comnon.

(c) the importance of foliaceous corals, particularly Rchinopora on the
glope, and of other open-branched, weak-framed, and often unalttached
corals (such as Fungia, Herpolitha and Halowitra) in slmilar situations.

It is probably reasonable to conclude from this that the Maldivian
lagoon reefg are formed of much faster growing species than the Carib-
bean reefs, but that the reef framework formed is less rigid and more
unstable than that in the Caribbean. There is, as a result, evidence
of reef instability at Gan. The lagoon slope is exceptilonally steep,
and must approach the limits of cohesion of wesk-gstructured corals. Om
the Gan lagoon slope coral growth is freguently interrupted by dead areas
of broken coral and rubble, often extending from the top of the slope to
the bottom, which are cleariy slide scars. At times smsell scale sliding
vas geen taking place down the slope, raislng turbid clouds of filner
materlal. The reef structure, as Hass (1962) observed, is certainly a
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fragile and delicate one, at least near the surface, but the conclu-
sions which Hass drew from this on the guestion of atoll origins
wmisconceive the space and time scales involved. Tt is also possible
that some at least of the larger slides have been triggered by military
activities at the Gan Staging Post. HNevertheless, the evidence indi-
cates major differences in the nature of reef growth between the Mal~-
dives and the Caribbean, and the implications of this might well be
explored further.

B. Islands

Types of lslands

Pwenty per cenlt of the reef flat area at Addu 1s covered by is-
lands, and the proporticn would be higher If it were not for the almost
island-less northern reef, The three largest islands are Hitaddu, Gan
and Midu: six other islands have areas in excess of 100,000 sg. yds.
The planimetric asrea of the islands is given in the following table:

Table 3. Areag of Addu Islands

Island Ares, 5¢. miles
Hitaddu 1.3943
Gan C. 8711
Midu 0.7913
Maradu G.3118
Heratera 00,2965
Wilingili 0.1989
Fedu 0.1583
Abuhers, (.1399
Mahira G. 046l
15 small iglands 0.1132

Total - b, 3020

Many of the islands have only been sketchily siudled, but Tairly full
accounts exist for Midu, Hitaddu, and particularly Heratera {Putali),
end Gar and Hitaddu were visited during the 196k expedition. The char-
acteristics of the islands vary with size and with position on the reef
flat. There are two extreme cases of island types: <Those formed close
to the seaward reef edge, and those formed close to the lagoon reef

edge (Fig. 8).

(a) Seaward-edge islands.

The seaward beach of these islands characteristically lies 45-
180 metres from the algal platform, and may adjoin the rubble zone.
The seaward beach is steep and high, and generally bullt of coral Ge-
bris coarser than gravel, though in more protected areas it may be
largely or wholly sand. According to Gardiner (1903, 1L46) raised reef-
rock oubcrops on the seavard beach, underlying beach sediments, where-
ever the shore lies within 230 metres of the reef edge, though this is
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by no means a general rule (Section G below). At Wilingill the sea-
ward beach lies culy 90 metres from the reef edge, is bullit of shingle,
and was reported by Agassiz (1903, 146) to be "the highest in the Mal-
dives". At Hitaddu the seaward beach is sandy with patches of shingle
at a distance of 180 metres from the reef edge, and rises 10-12 ft
above the flat; but at Abuhera, 45 metres from the edge, the beach is
built of shingle and is steeper. The lagoonward beach on these islands
may be 450-1000 metres from the lagoon reel edge, and is usually low
and sandy, with vegeltabion reaching close to high tide level.

(b) Lagoon-edge islands.

In this class the island lies close Lo the lagoon reef edge, and
correspondingly farther from the seaward reef, The distance belween
the lagoon reef edge and the lagoon beach ranges from 45-180 metres,
and between the seawsrd reef edge and seaward beach from 180-1000 metres.
Peacches Tacing the wide and often high-standing seaward reef {lal are
thus relatively more protected than those facing the narrow lagoon reef
£lat., At Gan, which falls in this class, the seaward beach is flat and
narrow, and the lagoon beach high, steep and wide. Gravel and coarser
debris is rare on both seaward and lagcon beaches, which are mostly

sandy.

The characteristics of the larger islands thus depend to a con-
giderable extent on relative location on the reef flat, and this varies
in & fairly systematic Tashion round the atoll rim. Smaller islands
such as Bushy and Mulikadu are simple ridges of coral shingle and sand
lodged on the reef flalt by waves, and they do not show the more complex
features of the larger islands. The following table classifies the
Addu islands into three types: A, seaward-edge islands, B, lagoon-edge
islands, and C, intermediate islands, and gives distances measured from
air photographs between the seaward and lagoon reef edges and beaches.

Table
Island tctal width of reef width seaward width lagoon Island
flat, metres flat, metres flat, metres type
Hitaddu G00=-1350 90-180 900 + A
Abuhera 820 L5 640 =900 A
Maradu 1040 600-650 180-320 ¢
Fedu 11.30-1350 600-1.350 160-180 B
Gan 1350~1800 550-690 TO-90 B
Wilingili 730 90 LEG-550 A
Midu 300-400 $0-1.80 - A
Heratera 820-1260 T0-90 550-900 A
Pirhiduw Hera 900~-1000 30 730-820 A
Kalu Hers 1130 90 1000 A
Mulikadu 450 135-275 90-1.80 o
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Tsland beaches

151 beach profiles were surveyed at (Gan Island and 30 at Hitaddu,
using a tripod quickset level and staff. Profiles were carried Tfrom the
beach crest (or vhere vegetated the outer edge of the vegetation hedge)
to a point 15~30 metres seaward of the foot of the beach. The foot of
the beach is defined on most profiles by a sharp concave break of slope
where the beach Tace meets the horizontal reef flat. In the field it
is delimited by a more or less abrupt transition between white beach
sands and the rocky, wvegetated {lat. Beach vrofiles may be slightly
convex or concave, but most are straight with a swmmit convexity, ex-
cept where erosion has led to scarp formation at the beach crest. A
distinction mey be made between {a) rough water beaches, where the Toot
of the beach forms a step up to 1L £t in height imrediately below low
tide level, often with an srea ol strongly rippled sand to seaward, and
(b) calmer water beaches, where this step is absent., Beach profiles
were measured over a period of weeks, but always at similer tidal stages,
i.e. during the 4-5 days of exceptionally low low tides occurring at
fortnightly intervals. Gan profiles 1-5 were also repeated at g medium
high tide (profiles 6-10)}.

Considerable differences were found in beach angle in areas with
different exposure to wave activity. At Gan the profiles were grouped
into beach sectors (Fig. 23), separated by areas unsurveyed hecause of
human interference or other resgsons. Jithin each sector, bheach angles
tend to be tightly clustered about a mean value {except on the east
shore, where values are more widely scattered), but there are considerable
differences hetween beach sgectors. Mean beach angles for Gan beach sec-
tors are as follows:

Tabhle 5
Beach sector Nurber of profiles Mean angle
Fasgt shore 10 5.750
North shore (east) 10 785
North shore (centre) 56 83.30
North shore {west) 15 8.07
West shore 1k %.18
Southwest shore 36 5. 7T
Total and Mean 151 T.0L

These beach anglies correlate directly with exposure., Wave activ-
ity is most intense on the lagoon shore between the two Jetties; it is
high along the wvhole lagoon shore, and much less on the east and west
shores vhere the reef flat is wider and shallower. On the southwest
shore the beach is rather more exposed to waves in the wide and deeper
Gan-Pedu channel, aand beach angles are correspondingly higher. The
steepest beach angle recorded at Gan is 11.5° in profile 58. "The south
shore of Gan, Tacing the exceptionally wide seaward flat, is most piro-
tected from vave actilon: the beaches are low and Tlat, and vegetated
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almost to high tide level; this, together with the fact that this shore
has been used since World War II as a rubbish dump for military debris,
made profiling impossible.

At Hitaddu similar contrasts are found in beazch angles, again co-
relating with wave energy, hut vhereas at Gan the steepest beaches
are on ‘the northern lagoon shore, at Hitaddu they face the narrow sgea-
ward reef flat, and the more protected lagoon beaches are lovwer and
flatter.

Table 6
Beach sector Nwiber of profiles Mean angle
Seaward shore 19 0.50
Lagoon shore 11 5.2

The steepest beach angle messured at Hitaddu was 13° on seaward shore
profile B9.

Ingpection of the Gan profliles shows that the wildth of the beach
tends to be fairly constant between the sectors measured (not inciud-
ing the south shore): width averages 14-16 metres, and varies extremc-
ly from 7 to 23 metres. The height of the heach zbove the immediate
offshore flat (i.e. above the concave break of slope at the beach foot)
is more variable, and is directly related to beach angle. On beaches
with a mean angle of 5° or less, the height of the beach is 5 ft or
less. On steeper beaches (angle greater than 8°) beach heights are
greater than 5 £t and range up to 10.5 L. Steep, high beaches are
built in exposed areas where rapid swash builds the beach face above
still high-water level. The most sheltered beaches have heights ap-
proximately equal to the tidal range. Medlan teach heights for dif-
ferent beach angles at Uan are as follows:

Table |
Beach angle, deg. 3 4 5 6 7 8 9 10
Median height, f&. 3 & 5 L 5 6 7 8
Similarly at Hitaddv, the width of the seaward beach averages 15
metres, varying from 13 to 20 metres, and that of the lagoon beaches

averages 13-14 metres, varying from 10-15 metres. Main variability is
in beach height, which again directly correlstes with angle:

Table &
Beach angle, deg. 5 5.5 8 9 10 13 13

Median height, ft. L L T* 7 T 8% 10%
(* single cases only) -
Plotting median height and helght range against beach angle in

Figure 24 indlcates the range and varisbility of these beach character-
istics; the regression line is fitted by eye.
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Interior topography

Most of the Addu islands consist of seaward and lagoonward
ridges, separated by a lower area, in places occupled by water. The
eastern islands consist of a rocky seaward ridge and sandy lagoon
ridge, separated by freshwater lakes or kuli (Willis and Gardiner 1901,
78). Air photographs show a large interior lagoon at Hitaddu, but
this could not be visited. Much of the central part of scouthern Hita~
gdu was covered with standing water 6-2h inches deep in August 196k,
under a vegetation of sedges and Panlanus thicket. At Gan the interl-
or topography has been considerebly alfered by construction work, but
in the centre of the island the soil is black and mucky, with the water
table at or within an inch or two of the surface. Excavatlon at sev-
eral places showed a clear distinction between solls derived from per~
iphersl sand ridge sediments, and those formed under high water table
conditions in the centre of the island. Unlike many Pacific and Carib-
bean islends, mantles of coarse sediments {"rampart wesh") in the in=-
teriors of islands, resulting from exceptional storm sctivity, seem to
be absent at Addu,

The height of the water table is such that afier heavy rain
fregh water may stand on the island surfaces for several days, and in
places permenently. This 1s the case at Gan, where levelling of the
surface has added tc drainage difficulties, but zlso at Hitaddu, Gar-
diner described similar conditions at Maradu (Willis and (Gardiner 1901,
80). Rainwater replenishment of the Gan freshwabter lens is sufficilent
to supply all freshwater requirements for the R.A.F. Staging Post es-
tablisghed there.

Mincr changes in Addu island topography

The records of 1836, 1900, 1934 and 1964 show that some features
of the Addu islands are subject to minor alteration, particularly where
gaps between lslands are narrow and shallow. Islands charted as sepa-
rabe by Moresby and even by Gardiner may now be joined; and some small
iglands may have disappeared. Sewell has chropicled the changing pum-
vers of smell islands off northwest Midu: 6 in 1836, 7 in 1900, 5 in
1934 (Sewell 1936a, T73-7h4); in 1964 there were three, two small, and
one (Mshira) long and narrow. Heratera and Firhidu Hera were separate
in 1836, joined in 1900 (Gardiner 1903, 318), separate in 1934 (Seyell
1936, T4), snd joined in 196k. Wilingili, charted as two islands in
1836, had become one by 1900 (CGardiner 1903, 418), and remains so. In
1836 Abuhera was continuous with Hitaddu, and remained so in 1900 {Gar-
diner 1903, 415}, By 193k the two were separated {Sewell 1936a, 8h),
but were agaln joined in 1964, by a sandy ares with continuous vegeta-
tion cover, standing 3.5-4 £t above the level of the reef flat immed-
lately to seaward, with a seaward sand and shingle ridge 2.5 ft higher
(Profile B19). The series of small islands on the seaward side of Fedu
and Maradu, uncharted in 1836 but recorded by Gardiner, were probably
omitted in error by Moresby; they are discussed by Gerdiner (1903, 419)
and Sewell (1936a, 80-81). The scrub vegetation described by Sewell
has now been replaced by coconut thicket with trees 45-50 £t tall.
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According to Agassiz (1903, 147-8) and ¥Xohn (1964b) the lagoon
and southwest shores of Gan are being eroded, while Sewell (l936a,
80) inferred aggradation. Evidence for beach retreat is given by the
veachrock at the northwest point, which is now being actively under-
cut by throughflowing water in the Gan-Pedu channel; by the exposure
of cay sandstone on the beach face on the southwest, west, and to a
lesser extent the northern shore; and oecasional undermining of trees
at the eastern end of the north shore. Retaining walls have been
built %o stabilise the shore on parts of the west and north shores.
For details of the beachrock and cay sandstone exposures, see Section
G(1ii) and (iv). TLocal aggradation is taking place at the northeast
point of Gen, vhere = fresh sand spit extends 60 netres from the main
beach crest.

F. Sedimentary environments

The main aim of the geomorphic work was the sampling of sedi-
ments in a variety of atoll environments, to demonstrate (a) how
sediment characteristics varied between environments within the depo-
gitional framework of the atoll, and {b) how sediment characteristics
(mecharical and organic composition) vary on the beach face and the
imnediate nearshore area in a number of beach sectors subject to dif-
fering wave intensities at Gan and Hitaddu Islands. The main sedl-
mentary -environments sampled were (L) island beaches, (2) reef flat,
{3) lagoon reef slope, and (4) lagoon floor. On beaches sampling was
carried out at the same time as beach profiling, on a total of 250
beach profiles. Bamples were collected at 5 metre intervals on each
profile, measured from the beach crest, and the profiles were general-
1y spaced at 25 metre intervals along the beach. Generally 5-6 samples
are avallsble per profile: the profiles are located in Figure 23. The
total number of beach face and immediate nearshore samples collected
gt Gan numberad 950, and at Hitaddu 99. Sampling of reef flabt environ-
ments was carried out on the seaward flat at Gan, and in the Gan-Fedu
channel, concurrently with levelling. Location of the reef flat san-
ples, totalling 127, is shown in Figure 25. On both beaches and reef
flat sampling was carried out with a simple scoop sampler holding ap-
proximately 300 grams. On the lagoon reef slope 5 samples were col-
lected by Keith using SCUBA apparatus. On the lagoon floor sampling
was carried out using a bronze grab sampler which closed automatically
on striking the bottom. Recovery of samples was poor because of fre-
quent malfunction of the release, and the total nunber of szmples
collected was 42; their location is given in Figure 26. Processing of
these samples for machine cowpubation of mechanical characteristics is
continuing, and this section simply records some gross characteristics
of reef flat, beach and lagoon floor sediments, on the basis of pre-
liminary data for 350 samples. As measures of sediment characteristics,
cumulative percentage curves were drawn from sieve data and used to de-
rive phi median diameter (M) and sigma phi (0@), the latter giving a
simple measure of sorting ( % [B8% - 6T /2 ).

Using these parameters clear dlstincticns may be made beltween
reef flat, beaches and lagoon floor environments (Fig. 27)., In the
reef flat sediments as a whole the mean ¢Md is about 0.5, & coarse sand,
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with a range from -1.3 to +1.7 @ (very fine gravel to medium sand)., Tak-
ing the Gan beach sediments as a whole, wean ﬁMd size is about 0.85, a
less coarse sand, with a range from -0.2 to +2.1 4 {very coarse sand to
fine sand). The lagoon floor sediments are highly variable in size come
position, ranging from less than 1.0 to more than 4.0 ¢$My (coarse sand
to coarse siit)., There is therefore some distinetiveness in size range
between the three environments (note that no attempt was made to sample
beach sediments coarser than fine gravel, such as the shingle or rubble
sediments on the seaward beach of Hitaddu). Taking median size charac-
terlstics alone, however, there is considerahle overlsp, particularly
between reef flat and beach sediments. Sorting is more discriminatory.
Although the sorting measure used here ls rather inefficlent and was
chosen for ease in ecaleulating, 1t is clear that considerable differences
in sorting exist between environments. Beach sorting values are almost
all less than 1.0, except vwhere the sediment sampled is obviously bi-
modal; the peak Treguency of beach sorting values is 0,5-0.6, i.e, beach
sediments are very well sorted. By contrast, reef flat sediment sorting
values range from 0.7 to 2.1, with a mean value of ghout 1.5, i.e. sorb-
ing is much poorer. Lagoon floor samples have similar or higher sorting
values than those on the reef flat., Plotting of median size against
sigma phi in Figure 28 shows that reef flat and beach sediments are
clearly distinguishable in terms of size and sorting; data ere too Tew
to accuraltely define the range of lagoon floor characteristics. In sun-
nary.
(1) beach sediments are moderately fine sands and very

well sorted;
(23 reef flat sediments are coarser and poorly sorted;
(3) lagoon floor sediments are coarse to very fine, and

poorly sorted.

There is in addition considerable variation within the major en-
viromments. The beach sampling programme was designed to agsess chang-
ing sediment characteristics normal to the sghore, parbticularly in the
light of Miller and Zeigler's (1958) model of beach sediment character-
istice. Preliminary results indicatlte that sediments are coarsest at
the foot of the beach, at the "step" on rough-water beaches, and become
finer in medlan dismeter both to seawsrd of the beach foot and up the
beach face. Sorting ls also best in the lower part of the beach, and
decreases to seaward of the bheach foot and up the beach face. Much work
needs to be done on the data, however, before conclusions can he drawn.
Similariy on the reef flat, a distinction can be made between flats
backed by islands and chamnels, since considerable sediment transport
and sorting occurs through the Gan-Fedu channel, by comparison with more
stable conditions on the vegetated flat south of Gan.

G. Lithified sediments

Lithified sediments of various types have been described from the
Maldive Islands by Moresby, CGardiner, Agassiz and Sewell, and Gardiner
in particular has used the present distribution and height of 1lithified
sediments on the atcolls as evidence for considerable shifts of gea level
in Recent times. In many discussions of lithified sediments, genesis
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has been deduced only from the gross topographic characteristics of the
outerop, and it has then been assumed that similar outcrops have a sim-
ilar composition. Few discussions of atoll rocks consider lithology
and mineralogy ss well as topography and distribubtion, and meny of the
earlier deductions on rock origin and its implications in terms of geo-
morphic history are purely speculative.

Gardiner (1903) and Sewell (193%5a, 500-512) distinguished three
main types of rock on atolls: reef rock, beach sandstone or beach-
rock, and cay sandstone. All these types are found at Addu Atoll, but
a Turther distinction must be made between reef rock underlying the
modern reef flat, and ralsed or relict presumed "reefrock" of uncertain
status. This account is purely descriptive, and no attempt is made to
describe the mineralogy or origin of the rocks, or their bearing on at-
oll history at this stage.

(1) Reef rock

Wherever investigated the reef flats of Addu atell conslst of a
more or less regular rock platform, veneered with loose sediment. This
1s particularly so south of Gsn, on the wide seaward reef flat, which
is vholly a rocky feature, lacking any considerable relief, and giving
no indication of subsurface structure in the form of either curvilinear
fracturing or of truncated and relict coral heads described from such
flats elsewhere. Samples of reef rodk were obtained by blasting on the
seaward reef abt Gan, locatlon 115159, thirough the courtesy of Mr. dJ.
Woodward. The rock is a toughly cemented rock of coral fragmente in a
limestone matrix, with abundant Heliopora fragments which have lost
their blue colour and turned brown. The constituents indicate a reef
commnlty similar to that now found on deeper flats than the present Gan
flat, It is difficult to see how such rock could form at the present
level of the flat off central Gan.

(ii) Relict "reef rock"

Several of the seaward-edge islands have low rock platforms at the
foot of their seaward shores. Cardiner (1903, 416) described this as
cccwrring wherever pert of the island lies within 230 metres of the sea«
ward reef edge; at Hera, north of Midu, he described emerged reef-flat
rock masses standing up to & ft above high water and 10 £t above the
fiat. At Midu, rock is described along the east shore, reaching 5 ft
above high water (Cardiner 1903, 417; Sewell 1936a, 73, Plate 1ii). Sea-
ward~beach rock masses are also described at Heratera (Sewell 1936a, 75,
Plate 3ii), Firhidu Hera and Kalu Hera (Sewell 1936a, 79), Mulikadu (Se~
well 1936a, 79), and Maradu {Sewell 1936a, 82). Sewell also describes
it between the seaward shore and the reef edge at Maradu, forming "coral
horses” (Sewell 1936a, 83, Plate 31}, and in the swall islands between
Fedu and Maradu (Sewell 1936a, 81).

"Reef rock" of similar type is present on the seaward shore of
Hitaddu, where it was surveyed in beach profiles Bl, Bl2, Bik and Bl5.



- 38 -

In profile Bl the highest poin®t of the reef rock ocuterop, which is I
metres wide, reaches 4.3 ft above the general level of the reef flat,
but only 37t above the level of the flat immediately seaward of the
rock. It outcrops at the foot of the beach, which here rises 6 ft
above lowest low water, and the rock itself dries at least 1.5 f© at
this stage. Other profiles show slmilar characteristics, except that
the beach face sbove the rock is only 3-4 £t high. In places the up-
per surface of the rock shows a distinct seaward gradient (4.5° in Bl,
3° in B12), but this is clearly ercsional: elsewhere the surface is
rough bubt horizontal. The structure of this reliclt rock is not easily
discernible, but at places on the southernmost part of the Hitaddu sea-
ward shore and the northernmost part of Abuhera the coral slabs forming
the rock are clearly imbricated, dipping seawsrds, which might indicate
a subtidal reef flal rather than s beach environment.

Several patches of rock, mentloned by Gardiner and Sewell, are
found in the reef flat embgyment between Gan and TFedu ITslands, and on
the wide reef flat to the south of Gan. The patches are as follows:

(1) A rock platform marked on charte as Addu Tsland, south of Gan,lo-
cation 10h8/1536~1550, measuring 140 x 30 metres, the highest part ris-
ing 5.1 £t above the deepest part of the sezward fiat beitween 1t and

the reef edge, and 3.45 £t above the level of the reef edge algal plat-
form. (2) A large patch 800 metres to the northwest, 220 metres from
the seaward reef edge, location 0958-0966/1486-1500, rising at 1%s high-
est 4.3 £t above the surrounding reef flat., (3) Two small patches of
rock, the largest 35 x 23 metres, approximately the same distance from
the reef edge, with a similar height, location 091143. (4) A small
patch of rock standing 3 £t above the reef flat approximately 30 metres
to the northwest. (5) A much larger patch, the Tfirst of a series, lo-
cation 089142, which continue towards the northwest and form the basis
of geveral of the small islands on the seawsrd side of Fedu, as described
by Sewell. (6) Two small patches, location 095139, close to the south-
ecagt shore of Fedu, drying up to 2 £t at low water, marked on the Admir-
alty chart as "drying 4 £3." In all these cases the rock surface is
deeply pitted and eroded, and in cases 1 and 2 it has also been damaged
by military activity. The rock is formed of coral fragments in a coral
sand matrix, and in places is dominantly sandy.

(iii) Cay sandgstone

The Maldive Islands form a classic area for the description of cay
sandstone. Moresby (1835, 308) described subsurface induration of sands
at a depth of 3« ft, forming a layer 2 £ thick overlying unconsoli-
dated sands, at the freshwater table, st Miladwnadulu Atoll. Sewell
(19358, 502-3) described a similar occurrence at Meradu Island, Addu At-
oll, and also figured a section at Fehendu Island, Coifurfehendu Atoll
{ef. gewell 1936b), where a layer of sandstone 1% £t thick underlies 2-3
't of surface sands and soil, well above high water level.

Cay sandstone is well exposed on the west and southwest shores of
Gan, where it forms a nearly horizontsl ledge or platforn several feet
wide on the upper part of the beach. The rock is generally 1-2 £+ thick:
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its base is dry at low water, but its upper surface is covered by svash
at high tide. Tts seaward edge forms a vertical or overhanging scarp-
let, which is being eroded by transverse gullying, by local undermining
and vave action, and by the Jdislodgment of sections several metres long
because of longitudinal fracturing. Inland the rock passes under the
beach, and at one point oubcrops in the eroded bheach face to a height 7
inches higher than the platform, suggesting that the upper surface of
the rock may itself be erosional. The rock is poorly bonded and may
generally be crumbled in the fingers abt fresh sections; at the outcior
it is casehardened and tougher. Tt lacks internal structures in beddirg
or grain size sorting, and is essentially horizontal.

Cay sandstone oubcrops on the west shore, as recorded in beach pro-
files 76, 77, 18 and 79. These are all low-angle beaches (gradients 1
in 10 to 1 in 15), the beach crest rising 5 £t sbove the immediate off-
shore flat. Cay sandstone outcrops 1.3-2.5 It belovw the heach crest,
forming a platform 2.3-5.6 metres wide, and 1-1.5 £t thick. On the HC1L D~
west shore, cay sandstone outcrops are shown in beach profiles 92, 55,0,
98, 99 and 100. Beach gradients here range from 1 in 5 (wvhere there nas
been considerable steepening as a result of erosion) to 1 in 16. The
height of beach creste above the flat ranges from 5 to 9 £t. The sand-
stone outecrop is 1-6.4 metres wide; it passes landward beneath unconsol=-
idated beach sands vhich form a vertlcal scarplet up to 2.5 £t high., The
outer edge of the rock platform forms a scarplet 0.5-2 £t high., The
height difference between the sandstone platform and the beach crest de-
pends on the amount of human interference with the labter: ab its greai-
est, where the erosional sand scarp is highest, the platform is 3.3-k £¢
below the beach crest. Elsewhere it may be only 1-2 £t. Profile 99 shows
the rock with a maximum thickness of 3.4 f4; generally it is 0.5-2 .
The surface of the platform is ofter tilted slightly seawards, but at o
very much smaller angle than intertidal beachrock.

No outerops of cay sandstone were seen at Hitaddu, but Sewell de-

scribes oubcrops of similar rock on the lagoon beach at Heratera {(Sewsil
1936a, 76, Plate hiii).

{iv) Beachrock

Intertidal beachrock has been clasgically described from the Mal-
dive Islands by Gardiner (1903, 34%1-346, Plate:16), and its character-
istics are now well known. GCGardiner insisted on its intertidal char-
acter (1903, 3%3), and this appears to be a useful field criterion for
beachrock ddentilicatlon. PBeachrock is uncommon on Addu beaches, where
it must not be confused with outecropping beach sandstone on the upper
beach Tace, exposed by beach retreat. Outcrops of heachrock are found
in two places on the Gan beaches, the largest heing at the northwest
point (101#/1367). Three lines of beachrock continue the trend of the
north shore towards the deeply scowred Gan Channel. The rock is eroded
snd discoloured by algae, the outer line blackened, the inner lines grey
and browm, but by contrast with the Csribbean, larger algae such ss Tuc~
binaris are absent, doubtless because of the high tidal range. The -
beachrock is showm in beach profiles 72 and 73. The lowest seaward past
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of the beachrock stands 1.5 £t above the level of the lagoon reef flat,
at this point a hard planed rock floor; the highest landward part of
the beachrock stands 4 £+ above the flat and 3.5 f't below the beach
crest. Low tide level approximates to its lowest extent, and the rock
is submerged at high tide. The three lines of beachrock all dip sea-
wards: the innermost at 3°hk0', the second at 5°36', and the outermost
at 6930'. They are separated by scarps l-l.k £t high. At its western-
most extent the beachrock is being undermined by current scouring in the
Gan channel, and several slabs have been broken transversely and have
fallen into scour holes. At the end of the beachrock the channel fioor
lies 4 1 below the beachrock surface, and as a result of this scouring
there 1s a secondary longitudinal +ilt in the exposure.

Possible massive beachrock outcrops on the north shore of Gan,
(a) immediately west of the marine jetty (1060/1394), where it has been
much altered by man, and (b) in four small patches at the eastern end
of the north shore (22kilh), where it is difficult, however, to distin~
guish it from possible cay sandstone on morphologic grounds. Similar
difficulty is also experienced with some of the outcropping rocks fig-
ured by Sewell at Goifurfehendu Atoll (Sewell 1936b). Unmistaksble
beachrock was not seen st Hitaddw, though a lagoon beach exposure south
of the Jjetty may be so classed. Cardiner also reports beachrock on the
seaward beach at Midu (Gardiner 1903, L417}.

The Gan beachrock consists of sedimentary particles similar to
those of the adjacent beach, showing vertical sorting into distinctive
layrers dipping seawards, which helps to differentiate it from cay sand-
stone. The constituent particles show evidence of soluticn, and the
rock has been secondarily cemented to an extremely tough and hard char-
geter., '

Eggplems

The problems posed by the Adde lithified sediments may be briefly
stated. The nature of the relict "reef rock” is of criticel importance
in the geomorphiec history of the atoll. Gerdiner and Sewell suppesed it
to be a true submarine reef rock exposed by relative elevation, but 1t
is also possible thait it has been Tormed by lithification of coarse is-
land clastic sediments at its present elevation and exposed by beach
retreat, as Newell suggests in the Tuamotus (Newell 1961). Bearing on
thisg problem is the generally unsorted nature of the constitusnts and
the 1mbrication of coral slabs abt Hitadduw. Bven though there is no evi-
dence of corals being found in the rock "in the position of growth", as
(Jardiner observed at Minikol and elsevhere, this seems to indicate a
subtidal origin, implying a relative shift of sea level. The widespread
nature of similar exposures elsewhere in the Maldives and in the Indian
Ceean generally (Sewell 1935a, 47h-479; 1932, 1928) would also lend sup-
port to a negative eustatic shift in explanation of these ralsed features.
It is interesting in this connection that Shepard (1963, 5) has obtained
a radiocarbon date of 2990 & 220 yrs B.P. from a raised reef 2-3 ft
above low tide level in Ceylon, although comparahle Pacific and Austra-
lian features heve yielded considerably older da‘es. At Gan the rock has
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been subject To considerable slteration by erosion, and is probably un-
datable. However, samples of reefrock underlying the present flat should
give significant results: if near-surface samples are very old, they may
indicate antiquity and subsequent planation of the flat, from which the
higher fragments of reefrock ryise ag ercosional remmants; but 1f young, it
will be difficult to attribute the reliet rock to any major eustatic
shift of sea level.

The nature of the cement in the cay sandstore and the intertidal
beachrock is of interest. If, as seems likely, the cay sandstone is a
Freshwater rock and the heachrock marine, the primary cements should be
caleite and aragonite respectively (Stoddarﬁ and Cann 1965). In the case
of ‘the Gan beachrock, however, solubtlon may have gone too far for the
Primary cement to be determined. Alternatively, if the beachrock cement
is calecite, this will add further evidence to Russell's theory of beach-
rock origin at the freshwater table under beaches (Russell 1962). A
major problem is why rock of one sort is developed on a particular is-
lanc, rather than another. At Gan, cay sandstone is the dominant lithi-
fied material, whereas at Cocos~Keeling Russell and McIntire (1965)
report massive beachrock.
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Addu Atell lagoon echoscunding profiles 9-10; for location, see Figure 1%, 9: Jy-J;
10, K;-K. Horizontal scale approximately 1:27,000
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Fig. 25, Sediment sampling stations, seaward reef flat, Gan Island,
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IV. PRELIMINARY LIST OF STONY CCORALS FROM ADDU ATOLL

by
J. We Wells and P, Spencer Iavies

During the course of the quadrat transect surveys on the lagoon
reef at Gan (see p. 28) a collection of corals was assembled. The
method adopted was as follows: Each coral specimen removed and re-
corded from each quadrat wes glven a number to form the nucleus of a
type collection. Subsequent corals were then compared with the types
and assigned the relevant nuber. Any showing morphological dif-
ferences from the type were given a new number and incorporated in the
collection; this involved some duplication and the assemblage of a num-
ber of what later turned out to be growth forms and varieties of the
same species. In this way it was possible to pinpoint the distribu-
tion of all corals collected along transects from the shore to the base
of the lagoon slope. Collections were also made in a non-systematic man-
ner whenever any corals were recognized as being not represented in the
type collection. The collection therefore includes a few gpecies
which were collected on a shoal in Addu lagoon (no. %, fig. 19) and on
the seaward reef slope of the reefs to the north of the atoll.

Distribution has been related in the list to the reef terminclogy
adopted by Tracey et al. (1955). On the lagoon reef flat, the area of
living coral (whicH commences approximately one-third of the distance
to the reef margin from the shore) has been divided into three arbitrary
zones, viz.: inner, mid and outer. These have no ecological significance
and are used solely to glve greater precision in describing distribu-
tion.

Subclass ZOANTHARTA

Order SCLERACTINTA
Suborder ASTRCCOENIINA
Family ASTRCCOENITDAE

Subfamily  Astrocoeniinae

Germus  STYLOCOBIIIELLA
1) Stylocoeniells guentheri {Bassett-Smith)
Lagoon slope, Gan. 20 to 80 ft.depth

Family THAMNASTERITIDAR

Genus PSAMMOCORA
1) Psammocors nierstraszi v.d. Horst
Outer zone of lagoon reef flatbt, Gan.

2) P. (Stephanaria) folium Umbgrove
Outer zone of lagoon reef flat, GCan.
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3) DP. (Stephanaria) togianensis Unibgrove
Lagoon slope, Gan. 20-T70 4., depth

L) P (Stephanarla) sp. cf. P.(S). digitata M.E. & H.
Lagoon reef flat, Gan.

5) P. (Plesioseris) halmeana M.E. & H.
Outer zone, lagoon reef flat, Gan. Common.

Family  POCILLOPORIDAE

Genus STYLOPHORA
1) Stylophora pistillata (Esper)
Mid to outer zone, lagoon reef flat, Gan.

2) Stylophora mordax (Dana)
Seawaxrd reefl slope, off Bushy Island, N. Addu. Depth 20 rt.

3) Stylophora subseriata (Ehrenberg)
Lagoon slope, Gan. Depth T70-80 f£t.

Genus SERTATOFORA

1) Seriatopora angulata Klunzinger
Seaward reef slope off Bushy Island, N. Addu. Depth 20 ft.
Not recorded from reefs st Gan.

Genus POCILLOPORA '
1) Pocillopora eydouxli M.E. & M.
TLagoon reaf margin, Gan. Comnzon.

2) Pocililopora meandrina Dana vap. nobilis Verrill
Outer zone of lagoon reef flat: and lagoon slope to 60 f£t.,
Gan. Véry COMMOn .

3) Pocillopora damicornis (Linn. )
Very common over whole of lagoon reef flat, Gan. One of
the first corals found on the landward margin of growing
coral on the reef flat. S
P. sp. cf. P. damicornis (Linn.) - Stunted growth form.
Tnner zone of lagoon reef flat, Gan.

4) Pocillopora ligulata Dana
Lagoon slope, Gan. Depth 10-~00 ft.

5) Pocillopora acuta Lemarck
Lagoon slope, Gan. Depth 40-90 ft.
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Family  ACROFPORIDAE

Genus ACROPORA

1)

2)

3)

)

bg,)

5)

6)

7)

8)

9)
10)
11)

12)

Acropora convexa (Dana)
Found over whole surface of lagoon reef flat, Gan.
Particularly abundant at lagoon reef margin.
A. sp. cf. A. convexa {Dana)
mid zone of lagoon reef fiat, (an.

Acropora intermedia (Brook)
Mid zone lagoon reef flat, Can.

Acropors, humilis (Dana)
Very common on whole of lagoon reef flat and to 15 ft.
on lagoon slope, Gan. Also found in shallow pools
behind algal pavement seaward reef {lat, Gan and Hitaddu.

Acropors hemprichi (Ehrenberg)
Lagoon reef margin and to depth of 20 £t on lagoon slope,
Gan. Commen at depths of 20 £t on seaward reef slope of
Northern reefs, Addu.

Acropora sbrotanoides (Lamsrck)
Qutexr zone of lagoon reel flat, Gan.

Acropors formosa {Dana)
Very common. Forms s distinct zone between mid and outer
zone of lagoon reef flat. A similar specles, tentatively
identified as Acropora sp. cf. A. formosa is dominant over
large areas of the lagoon slope, between 20 and 70 ft. Gan.

Acropora hyscinthus (Dana) "cytherea' form
Lagoon reef margin, Gan.

Acroporas, forskall (Ehrenberg)
Lagoon reef margin, Gan.

Acropors palifera (Lamarck)
Wot recorded on Gan reefls but abundent, in places dominant,
on reef top and seawsrd margins of Northern reefs, Addu,

Acropors eurystoma (Klunzinger)
Mld zone, lagoon reef flat, Gan.

Acropora variabilils (Klunzinger)
Lagoon slope, Gan. Depth 50-80 ft.

Acropora corymbosa (Lemarck)
Legoon reef margin and lagoon slope to 50 ft. Gan.

Acropors syringodes (Brook)
Lagoon reef margin and lagoon slope to 80 ft. Gan.
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13) Acropora sp. of. A. conigera (Dana)
Outer zone, lagoon reef flat, Gan.

14) Acropora rotumena (Gerdiner)
Outer zone, lagoon reef flat, Gan.

15) Acropora hystrix (Dena)
Lagoon slope, CGan. Depth 80 ft.

16) Acropora squarrosa (Ehrenberg)
Lagoon slope, Gan. Depth 30 ft.

17) Acropora n. sp. ?
"Five Fathom Shoal, Addu Lagoon. Depth 70 ft.

Genus ASTREQFORA

1) Astreopora myriophthalma (Lemarck)
Lagoon reef flat and lagoon slope to 35 ft, Gan. Also
recorded from "Five Fathom Shoal', Addu Lagoon. Depth 50 £,

2) Astreopors ocellats Bernard
Lagoon reef flat, mid zone to reef mergin and to depth of
20 £t on lagoon slope. Gan.

3) Astreopora listeri Bernard
Lagoon slope, Gen. Depth 15 Tt.

&) Astreopora sp. ¢f. A. gracilis Bernard
Lagoon slope, Gsn. Depth 55 .

5) Astreopora sp. cf. A. incrustans Bernard
Lagoon slope, Gan. Depth 4O T+%.

Genus MONTIFORA
1) Monbipora sinensis Bernard
Lagoon reef margin, Gan.

2)  Montipora dahae M.E. & H.
Lagoon slope, Gan. Depth 00 rt.

3}  Montipora pulcherrims Rernard
lagoon slope, Gan. Depth S0 ft.

%)  Montipora sp. cf. M. foliosa (Pallas)
Lagoon slope, Gan. Depth 50 ft.

Subordexr FUNGINA
Superfamily  AGARICIICAR
Family AGARICTITIDAE
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Genus PAVONA
1) Pevond gardineri v.d. Horst
Lagoon slope, Gan. Depth 15 ft.

2)  Pavona clavus (Dana)
Lagoon slope, Gan. Depth 20-60 f+t.

3) Pavona varisns Verrill
Widely distributed. Mid to outer lagoon reef flat and
lagoon slope to depth of 80 £t. Gan.
var. "repens”
Lagoon slope, Gan. Depth 60-80 &,

L)  Pavona (Polyastra?) acuticarinata (Unbgrove)
Lagoon slope, Gan. Depth 50 ft.

5) Pavona (Polyastra) sp. ef. P. (B.) planulata {Tana)
Lagoon reef margin to 80 £t on lagoon slope, Gan.

6) Pavons {Polysstra?) ponderosa (Gerdiner)
Seaward reef slope, Bushy Island. Depth 30 ft.

7}  Pavona {Polyastra?) n. sp.
Lagoon slope, Gan. Depth 50 ft.

8)  Pavona (Polyastra) sp.
Lagoon slope, Gan. Depth 60 ft.

9) Pavona (Pseudocolumnastraea) sp. cf. P. maltdivensis Gardiner
Lagoon slope, Gan. Depta 60 ft.

Genus LEFPTOSERIS

1) Ileptoseris gardineri v.d. Horst
Forms large colonies in sand at base of lagoon slope, Gan.
Depth 90-100 f£t.

2) Leptoseris incrustens (Quelch)
Lagoon slope, Gan. Depth 60 f%.

fenus PACHYSERIS
1) Pac yseris speciosa (Dana)
Lagoon reef margin and lagoon slope to €0 ft. Gan.

2) Pachyseris levicollis (Dana)
Lagoon slope Gan. Depth L40-7C f£t.

3) Pachyseris valenciennesi M.E. & H,
Lagoon reef margin and lagoon slope to 30 £t. Gan.
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FPamlly  SIDERASTREIDAE

Genus COSCINARARA

1}  Coscinarsea monile (Forskasl)
"Five Fathom Shoal”, Addu Lagoon. Depth 50 ft.
Mid zone, lagoon reef £lat, Gan.

Superfamily  FUNGIICAE
Family FUNGIIDAE

Genus PUNGTA
1) PFungia scutaris Lamarck
Lagoon reef margin to 50 ft on lagoon slope, Gan.

2) TFungia repands Dana
Lagoon reef margin to 90 £t on lagcon slope. GCan, Common.

3) Tungia echinata (Pallas)
Lagoon slope, Gan. Depth TO-90 ft.

4} Pungia fungites (Linnaeus)
Very common on whole of lagoon reef flat, Gan, attached
stage commonly on Acropora formosa. Not recorded from
lagoon slope.

Genug HERPOLITHA
1) Herpolitha limax (Esper)
Lagoon reef margin to 60 £+ on lagoon slope, Gan. Common.

Genus POLYPHYLLIA
1)  Polyphyllis talpina (Lamerck)
Lagoon fioor at base of lagoon slope, depth 80-100 ft.
Gan end lorthern reefs, Addu. Tentacles extended during day.

Genus  HALOMITRA
1) Halomitra philippinensis Studer
Lagoon slope, Gan. Depth 50-90 ft. Conmmon.

Superfamily  PORITICAE
Femily PORITIDAE

Genus GONIOPORA
1) Goulopors minor Crossland
Lagoon reef margin to 80 ft on lagoon slope, Gan.
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2) Gopnicpora sp. aff. G. planulata (Ehrenberg) of. Klunzinger
Seaward reef slope, Bushy Island. Depth 3C ft.

Genus  FCRITES
1) ZForites solida (Forskasl)
Ho distribution data gvailable.

2) Porites lutea M.E. & H.
Tegoon slope, Gan. Depth 10-100 £,

3) Porites Lichen Dana

Jagoon slope, Gan. Depth 90 ft.

k) Porites sp. cf. P. alveolata

Outer zone, lagoon reef filat, Gan.

5) Porites (Synaraes) monbiculosa (Dana)
Lagoon silope, Gan. Llepth 15-90 Tt.

6) rorites (Synaraea) n. sp.? aff. P.(S.) horizontalata Hoffmeister .

Lagoon slope, Gan. Tepth 70 Tt.

7) Porites sp. (cf."P. mauritius 5" Bernard)
Beowerd reef edge, Gam.

Genus  ALVEOPORA
1) Alveupora sp. cf. A. viridis (@uoy & Caimard)
Legoon siope, Gan. Depth TO £t.

Suborder PAVIINA

Superfamily FAVTICAFE
Family FAVIIDAS
Subfamily Faviinae

Genug CAULASTREA
1) Caulastrea Turcata Dona
ML3 zone of lagoon reef flat, Gan.

2) Caulastrea tumida (Matthai)? o
"Five lFathom Shoal', Addu Lagoon. Depth 50 ft.

(enus  PLESTASIHEA

1) Plesiastrea versipora (Lamarck)
Lageon glope, Gan. Depth 80 £4. "Five Fathom Shoal’,
Addu Lagoon. Depth 70 £t.
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Genus FAVIA
1) Pavia valenciennesi (M.E. & H.)
Lagoon reef rlat, Gan.

2) Favia rotumana (Gardiner)
Lapgoon reef flat, Gan.

3) Favia stelligers (Dana)
Lagoon reef margin, Gan.

%) Favia favus (Forskaal)
Tnner zone of lagoon reef flat to 40 £1 on lagoon slopm=,
Gan. Also mid zone, lagoon reef flat, Gan.

5) Favia pallida (Dana)
Mid zone of lagoon reef flat o 30 £t on lagoon slope, Gan.

6) Favia hululensis Gardiner
Mid zone, lagoon reef flat, Gan.

7) Favie speciosa ;Dana)
Legoon veef flat, mid zore, to 80 £t on lagoon slope, Gan.
Also at depth of 60 ft on "Five Fathom Shoal', Addu Lagoon.
Z. speciosa Dana "clouwel” form

Isgoon slope 80 ft, Gan.

- 8p. ef. F. speciosa Dana

s et

Five Pathom Shoal', Addu Lagoon. Depth 60 ft.

Jes k

Genus FAVITES
1) Favites melicerum (Shrenberg)
Mid zopme of lagoon reef flat, Gan.

2) Favites halicora (Fhrenberg)
Lagoon slope, Gan. Depth 50-80 Tt.
F. sp. cf'. P, halicora (Ehrenberg)
Lagoon reef margin and to 80 £t on lagoon slope, Can.

3) TFavites ehvenbergi (Klunzinger)
Lagoon slope, Gan. Depth 50-60 ft.

k) Favites hemprichi (Ehrerberg)
M1d zone of lagoon reef flat, Gan.

5) Favites complanata (Ehrenberg)
Lagoon reef margin, Gan.

©) Favites pentagona (Esper)
Lagoor glope, Gan. Depth 80 ft.

7) Pavites abdita (Ellis & Solander)
Mid and cuter zone of lagoon reef flat and to 70 £% on
lagoon slope, Gan.
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8) Favites flexuose (Dana)
Lagoon slope, Gan. Depth 15-90 ft.

Genus OULOPHYLLIA
1) Oulophyliia crispa (Lamarck)
Lagoon reef margin, Gan.

Genus  CGONIASTREA
1) Coniastrea retiformis (Lamarck)
Middle to outer zone, and reef mergin of lagoon reef £flat, Gan.
One of the commonest massive corals on this reef.
G. retiformis (Lamsrck) var. parvistella (Dzna)
Mid to outer lagoon reef f£flat and 4o 20 ft on lagoon slope, Gan.

2) Coniastrea pectinata (Ehrenberg)
lagoon slope, Gan. Depth 15-80 ft. Also recorded from
"Pive Fathom Shoal", Addu Lagoon. Depth 50 ft.

Genus FPLATYGYRA
1) Platygyra lamellins Ehrenberg
Cuter zone, lagoon reef flat, Gan.
P. lamellina Fhrenberg forma sinensis (M.B. & H.)
Outer zone of lagoon reef flat, Gan.
P. lamellina Fhrenberg forma rustica (Dapa)
Mid to outer zone of lagoon reef flat, Gan.
P. lamelling Fhrenberg forme astreiformis (M.E. & H.)
Outer zone of lagoon reef flat, Gan.

ngus LEFTORIA
1, Leptoria phrygis (Ellis & Solander)
Mid zone tc reef margin of lagoon rveef flat, Gan. Very common.

G%nus HYDNOPHORA
1, Hydnophora exess (Pallas)
Mid zone, lagoon reef flat, Gan.

2) Hydnophora microconos (Lamarcic)
Cuter zone, lageon reefl flat, Gan.

Subfamily  Montastreinae

Genue DIPLOASTREA

1) Diploastrea helipora (Lamarck)
Lagoon slope 60 to 100 £t, Gan and Fedu., Yorms massive sheets
at base of lagoon sicpe. C(ne such mass megsured spproximately
15 x 20 Tt.
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Genus LEPTASTREA
1) Leptastrea transverss Kiunzinger
Mid zone, lagocn reef flat, Gan.

2) leptastrea purpurea {Dana)
Mid zone, lagoon reef flat to 30 £t on lagoon slope, Gan.

Genus CYPHASTREA

1) Cyphastrea microphthalme (Lamarck)
Mid zone, lagocn reef flat to reef margin and to depith of
90 £t on lagoon slope, Gan.

Genus IECHINOPORA

1) Echinopora lamelloss (Esper)
Outer zone of lagoon reel flat to 4o £t on lagoon slope.
Dominant coral in places at lagoon reef margin at Gan;
less frequent at Fedu.

FPamily OCULINIDAE
Supfamily  Galaxeinae

Genus  CALAYEA

1) Galaxea fascicularis (Lamarck)
Mid to outer zone, lagoon reef flat, Gan. "Five Fathom Shoal",
Addu Lagoon, depth 40 rt.

2) Gslaxea clavus (Dana)
Mid zone of lagoon reef flat, reef margin and lagoon slope to

80 £t, Gan. Very common.

Genus MERULTHA

1) Merulina ampliate (E. & S.)
Outer gone of lagoon reef flat and to 90 1 on lagoon slope, Gan.
M. sp. ef. M. appliata (E. & S.) (M. vegalis Dana?)
Lagoon reef margin to %0 ft on lagoon slope, CGan.

Pamily  MUSSIDAE

Genus ACANTIASTREA
1) Acanthastrea echinata (Dana)
Lagoon slope, Gan. Depth 60 .

Genus CYMNARINA
1) Cynerina lacrymalis (M.E. & H.)
Lagoon slope 80-100 fi, Gan.
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Geans LOBOPHYLLIA
1) Lobophyllia corymboss (Forskaal)
Outer zone of lagoon reef flat to 20 £t on lagoon slope, Gan.

2) Lobophyllia costata (Dena)
Lagoon reef flat and to 30 £t on lagoon slope, Gan.

3) lLebephyllia sp. cf. L. hemprichi (Ehrenberg)
Lagoon slops, Gen. Depth 100 ft.

L) Tobophyllia sp. cf. L. fistulosa (M.E. & H.)

s [y L——————

Genus SYMPHYLLIA

1} Syomphyliia radians M.E. & H. ‘
Mid to outer zones of lagoon reef flat and to 80 it on lagoon
slope, Gan.

2) Symphyllia sp. cf. S. nobilis (Dana) . -
Mid zone of lagoCn reef flat and to 40 £t on lagoon slaope, Gan.

3) Symphyllia valenciennesi M.E. & H.
Lagoon slope, Gan. Depth 9C ft.

Paplly  PECTINIIDAE

Genus ECHINOPHYLLIA
1) Echinophyilia aspera (E. & S.)
Lagoon slope, Gan. Tepth 20-80 £t.

Genus  PECTINIA
1) ©Pectinia alcicornis (Saville Kent)
Lagoon slope, Gan. Lepth_6p—80 £t

Genus  QXYPCORA
1) Oxypora lacera (Verrill)
Lagoon slope, Gan. DIepth 15-80 f£t.

Genus  MYCEDIUM
1) Mvcedium tubifex (Dana)
Lagoon slope, Can. Iepth 50-80 ft.

Suborder CARYCOPHYLLITNA -
Superfamily  CARYOPHYLLIICAE
Family CARYOPHYLLIIDAE
Subfamily Busmiliinae

Genus FUPHYLLIA ,
1) Puphyllia glabrescens {Chamisso & Eysenhardt)
Mid to outer zone, lagoon reef flat, CGan.
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2) Puphyllia Timbriata (Spengler)
Lagoon slope, CGan. Depth 60 ft.

Genus  PLERCGYRA
1) Plerogyrs sinuosa (Dana)
Lagoon slope, Gen. Depth 30-90 ft.

Suborder  DENDROPHYLLIINA
Family DENDROPEYLLITDAE

Genus DENDROPHYLLIA
1) Dendrophyllia micranthe (Ehrenberg)
In sand at bhase of lagoon slope, Gan. Depth 100-110 ft.

Genus TUBASTRAFA

1) Tubastraes aurea (Quoy & Caimard)
Beneath overhangs, in shade on dead boulders, lagoon
reef margin, (an.

2) Tubastraeca diaphana (Dana)
Similar distribution to T. aurea.

Genus TURBINARIA

1) Turbinaria peltata (Esper)
From wrecked ship, Addu Lagoon. Depth 110 £t.
"Five Fathom Shoal", Addu Lagoon. Depth 90 ft.

2) ‘Purbinaris n. sp. ?
Lagoon slope, Gan. Depth 50 ft.

Subclass  ALCYONARTA
Order COBENCTHECALIA
Family HELTOPORTDAE

Genus HELICPORA
1) EHeliopora coerulea (Pallas) var. meandrina Dana
Inner reef zone, lagoon rveef flat, Gan.

Class HYDROZOA
Crder MILLEPORINA
Pamlily  MILLEFPORIDAE

Genus MILLEPORA
1) Millepora lstifolia Boschma _
Outer zone of lagoon reef flat, and to 20 £+ on lagoon slope, Gan.
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2) Millepora tenera Boschma
Lagoon reef margin and to 80 £t on lagcon slope, Gan,

Crder STYLASTERINA
Family STYLABSTERIDAL

Subrfamily Distichoporinae

Geous DISTICHCPCRA
1) Distichkcpora fisheri Broch
In shaded areas on dead coral boulders, lagoon reel margin, Gan,
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V. VEGETATION AND FLORA

A. A brief history of botanlcal observations and collections made in

the Maldive Islands, Indian Ocean

*
by B. W. Groves ~/

Although the earliest known account of the Maldives is that given
by the Moorish traveller, Tbn Batuitoh (1829, 1853-59) who was in the
islands in 1343-44 and briefly mentioned pomegranates (Punica grnetum Toe )
in cultivation there, it was not until nearly 300 years .&tar that the
firsl description of any of the vegetation was pade. This was recorded
by a Frenchlman, Pyrard de Lavsl, who whilst travelling to the East In-
dies in the barque "Corbin", was shipwrecked on one of the northern
islands of the group during July 1602. He stayed on in the Msldives
from 1602 to 1607 end it was during this period that he mzde notes for
an account of the islands whilch he subsequenitly published on his weturn
to Treace (Pyrard, 1679). His references to the vegetation were, howr-
ever, confined to describing plants that he had noticed either in cul-
tivation or heing put to some domestilc use.

The firzat collection of plants, albeit somevhob fragmentary and
few in nurber, was made by H.C.P. Bell, a Ceylon Civil Servant, during
the first of his visits to Malé (Lhe capital of the Maldives) in 1879.
e few specimens he brought back from this trip vere examined by W.
Faprguson of Colorbo. Rell Incorporated Ferguson's determinations along
with other of his observations on plants seen in cultivation (amount-
ing to 39 species in all) in his excellent sccount of the Maldive

giands and its people which was publlshed: by the Ceylon Government s
fev years later (Bell, 1883).

Capt. A. C.: Christopher, serving in g British Naval wership,
visited Malé in 1688 making a collection of flowering ylants {hoth wild
anf cultivated) smounting o 73 gpecias of vhich b were mew to Pallts
vrevious list. A few more addltions were discovered later by a ic.ifzly,
at thot time Director of the Colombo Museum, visiting the same igland
in 1323. Both collections were reported upon by Henry Toimen (1806,
In 1596, Mohammed Ibrahim Didi, then Prime Minister to the Sulten of
the HMaldives, despatched to the Persdeniys Gurdens herbariuwm a collac-
tion he had made of some 1Th numbers including many cultivated species.
These he had collected probsbhly sll from Malé or Funadu Islets, both
on Malé atoll and included 100 species new t0 the Maldive list. Three
furthor brief visits to the seme atoll were made during the next Tew

Depi. of Botany, British Musewm (Netural History), London



- 58 -

years: the first by J. J. Thorburn in Aug. 190L when he made notes of
some of the economic plants under cultivabtion there; the second by

Capt. Simons of the British warship "Pomone' who recorded another three
nevw gpeciles; and the third by F. Lewis of the Ceylon Forestry Dept. who
vigited Male and two adjacent islands 1n Oct. 1901 and was able to add
yet a further seven records. All these additions were taken into accoumt
in the Willis and Gerdiner paper mentioned below.

The first widely gathered botanical collection was not e in the
Maldives until the visit of the J. Stanley Gardiner expeditiony to Min-
ikoi and the Maldives during 1899-1900. In the course of this-expedi-
tlon, the primery purpose of which was to study the reef formations and
their associated fauna and fiora, collections were made on 19 atolls
from Thavandifulu in the nporth to Addu in the south. About 212 different
species Including flowering plants and ferns were collected and presented
to the herbverlum at Peradeniya Gardens, Ceylon. The marine algae that
were collected were brought back to England and presented to the herba-
rium at Cambridge University. They were determined and published upon
as follows: ‘the calcarecus algae 9 species belonging to b genera were
dealt with by M. Foslie {1903) and the remainder which included & species
from Suvadivan waters and 2 gpecles from Addu Atoll were written up by
Miss E. Barton (1903). The vascular plants were determined in Ceylon by
W de Alvis and J. C. Willis and were written up, along with those smaller
collections wentloned above, in an excellent account by the latter in con-
Junetion with J. Stanley Gardiner (Willis & Gardiner, 1901). Thus by the
end of 1909 the vascular flora list for the islands had risen to 28k
speciles,

Although a few visits were made to the islands between the two
World wars the only known reference to any plants is that given by T.W.
Hockley in his book (1935) which gives an account of his trip, to Male
in particular, in 1926. He mentions some of the species grown or used
economically but all of these had already been mentioned by earller au-
thors. During World War IT the present author (E. W. Groves) was sta-
tioned at Addu Atoll from 1943 to 1945 during which time he made & swmall
collection of flowvering plants and some notes of some of the specles seen
growing on Gan and a few on Fedu and Hitbtadu. Owing to lnsect ravage
two specimens only survived to be determined but these together with
those identifigble from his notes amounted to 18 gpecies of whicidﬁ spe-
cles were new Maldive records. These were Canavalia cathartica,

Commeline puffruticosa and Cysnotis axillaris, all from Gan ilsland.

¥ J. 8. Gardiner was a Fellow of Cambridge University and his expedi~
tion, consisting of himself as leader, with L. A. Borradaile from June-
July 1899 and C. Forster Cooper from Oct. 1899-April 1900, was under
patronage from the Royal Society and the British Association.

ff/Seeds of Cansvalis cabhartica were brought back to England in 1945
and taken to the Chelsea Physic Garden, London. These were germinated

in lghé under tropic heat and by that midsumser two vines at least were
tralling slong beams of the glass house for agbout 15 ft. Unfortunately

a countrywide fuel shortage the followling winter prevented the stoves
belng maintained at the necessary temperature end the Canavalia, along
with many other plants that were in the tropic house at the time,perished.
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Tn April 1956 F. R. Fosberg peid a short visit to Melé atoll and
whilsy there made a good collection of flowering plaats hoth on Male
i1sland itself and on two adjacent islends (Kudos Bados and Furannafuri).
In addition notes were made of species identified in the field but not
actually collected, especially of plants in cultivation in gordens on
Malé. A leter sssessment of specimens both collected and identified cn
sight indleated a further Lk species not aiready known from the Maldives.
These were listed together with a detailed ecological account of the
islends visited in & paper publiished by Fosberg (1957). W. W. A. Phil-
Lips who was in the Maldives first at Malé, Nov. 1956-Feb. 1957, and
then on Gan islend, Addu Atoll, May 1958-April 1959, made a small col-
lection during his first stay which he sent for identification fo
A 8L, Packeer (Asgt. Warden, Dept. of Wild Life) in Colombo. The list
of 12 specles was included in Fogberg's paper Just mentloned.

During Sept. and Oct. 1957 the Yale University Seychelles expedi-
tion en route there from Colombo visited North Malé, Fadiffolu, South
Mehlosmadulu snd Addu atolls. At a prior request W. D. Harimen, one of
the moologists on the expedition, collected as many different Pandanus
Spp. as he encountered and as a result a small but excellent collection
was brought back to the Arnold Arboretum herbarium for Dr. H. St. John
to study. After evaluabtion U4 species new to science and to the Maldive
list were described (St. John, 1961).

As far as known, the pext and most recent collections made in the
Yoldives are those of the 1964 expedition, reported upon below in parts
C and D,
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B. Preliminary account of the land and marine vegetation of Addu Atoll

by D. C. Sigee

There are few studies of the vegetation of the Maldives, and even
less attention has been paid to that of Addu Atoll, Earlier papers were
mostly systematic lists of plants, In addition to such a list, Willis
and Gavdiner (1901) include much information on plant distribution, econ
omic uses and vegetation of the Maldive Islands. Gardiner (1903, ». 25)
noted that the luxuriance of the vegetation of the Maldives tended to
increase with rainfall from North to South. Both Agassiz (1903, p. 146)
and Sewell (1936a) comment on Addu vegetationm,

i

During the 1964 expedition, collections of land and marine flora
and notes on the vegetation were made at Gan and Hitaddu ¥slands, The
other islands could not be visited, but Midu and Maradu are described in
some detail by Willis and Gardimer (1901, p. 78-80), Gan was described
as"well-woodad' by Sewell (1936a, p. 80), and remained so at least until
1940 (West coast of India Pilot, 1961, p. 58). During Worid War II, much
nf the vegetation was removed when an airstrip and installations were
built, and a second major phase of clearing took place in 1957, when the
present staging post was established, There is little undisturbec veget-
ation left at Gan therefore, but in recent years there has been conside-
vable opportunity for additions to the flora of imported species, both
weeds and cultivated plants. Similar, though less extensive, clearing
has taken place on the southern part of Hittadu. Conditions are there-
fore comparable with those of other airstrip atolls in the Pacific, such
as Midway and Wake. About 142 species of land plants were collected at
Addu Atoll in 1964, and these are reported in Chapter V, part C. About
100 species of algae were collected and were identified by R. Tsuda and
J. Newhouse {(Chapter V, part D).

Land vegetation of Gan island

Much of the original woodland vegetation of Gan has disappeared
with recent clearing, and most of the island is now covered with open
grasslend, with a little open woodland in the centre of the island, and
some coastal shrubs and trees. The water table is high over the whele
island surface, resulting in the formation of a zone of marshland at the
soutleast end (Figure 29),

The open grassland is continually cleared of bushes and tall herbs
by hand and wechanical activity, and is coatinually sprayed with tar
sprays to reduce the brecding of mosquitoes. Where the water table is
highest, sedges form the sward completely, Cyperus rotundus, C. polysta-
chyos and Fiwbristvlis cymosa being very common. Grasses are commoner in
the drier regions, comprising largely Panicum repens, Digitariz timorensis
and Dactyloctenium agegyptium. In some parts, where the ground is very
dry, with bare patches of earth, 8Sida humilis, Tridax procumbens, Corsho-
rus aestuans and Thuarea involuta are typical.
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A variety of weeds occur in this open grassland. Celosia argentea,
Cassia occidentalis, Cyperus melanosperma, Physalis angulata and Cleome
viscosa seem partlcularly characteristic of this habitat,

Areas near roads and buildings arve also kept clear of tall herbs
and shrubs. A few trees have been left standing near the staging Post
buildings at the northwest point: these include various coconut palms
30-67 ft, tall, Terminalia catappa 50 ft tall, Artocarpus altilis 35 ft
tall, and Delonix regia. In the northern part of the island, at the site
of the former Maldivian village, is an old graveyard., This contains a
a single specimen of Moringa oleifera, and adjacent to a nearby Mosque
a single large tree of Erythrina variegata.

In the centre of the island is a zone of woodland., Part of this is
fairly dense and is probably regenerating after clearance., The woodland
has well developed tree, bush, and herb layers. The tallest tree was
Eupenia cumini averaging 44 ft in height but reaching 50 ft. Hibiscus
tiliaceus is very ccmmon, the mature trees reaching 14-16 ft. Other trees
include Morinda citrifolia up to 9 ft tall and Pandanus up to 26 £t. The

-shrub layer consists mainly of juvenile Hibiscus tiliaceus, Morinda
citrifolia and Pandanus. There is little light penetration to the herb
layer, where the ferns Thelypteris poggilodus and Nephrolepis hirsutula
cover the ground in a dense layer., Cyanotis axillaris is found at the
edge of the woodland, and in sunny clearings. South of the main woodland
is an area of younger woodland largely consisting of juveniles reaching
a height of 9 ft. Hibiscus tiliaceus is widespread, with Morinda cityi-
folia and Rugenia also occurring. Ixora coccinea is common. The fern
layer is well developed, with the grass Apluda mutica occurring in the
more open conditions of regenerating woodland.

In the southern part of the island, in the marshland and open scrub,
clearing is not as rigorous as in the northera end. The grass Apluda
mutica occurs extensively over the whole area, with many bushes. Many
plants are found here that do not occur in the open grassland, including
Ricinus communis, Hedyotis brachiata, Ammania baccifera, Passiflora foe-
tida, Ipomoes tuba, Gloriocsa superba,

Much of the marshland consists of sedges, Cladium jamaicense, Cy-
perus ligularis, and C. javanlicug, to a height of 2~3 ft. Other sedges
Present are Cyperus rotundus and C. polystachyos and the two species of
Fimbristylis. In the wetter areas, Lippia nodiflora, Eclipta alba and
Bacopa monnieri are plentiful, the latter two species being found only
in this region. Apluda mutica occurred over the whole marshland, and
patches of Thelypteris gogpilodus in the drier areas,

Around the edge of the marshland, and scattered sparsely throughout,
are small shrubs of Scaevela taccada, Hibiscus tilisceus, Pandanus and
a few specimens of Morinda citrifolia and Tournefortia argentea. The
first three are characteristically found under fairly open conditions in
a successional stage to forest.

‘It is convenient to consider the vegetation at the periphery of the
island as comprising a shoreline community, reached by the tide and direct~
ly exposed to sea winds, and a2 coastal gcrub community immediatelybehind
this,
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The most common shoreline shrubs at Gen are Scaevola ta wccada, and -
Tournefortis svgentea, On the lagoon side, these are frequently covered
with the vines of Canavalis cathartica and Vigna marina, Where the shore-
line has heen cleared, Launaea pinnatifida and Ipomoea pes-caprae cover
the ground arvound the hightide line. Cocos nucifera occurs at the shore~
line near the staging post, and single specimens of Cordia subcordata and
Hernandia sonora on the ]agoon shore, Behind the shoreline, Hibiscus ti-
li‘ceds, Pandanus and Wedelia biflora characteristically form a dense

castal scrub, This zlso includes bushes of Morinda citrifolis, Carvica
p¢pa1g, Scaevola taccads and Tourneforiia argentea, and a variety of
herbs, including ipomoea nes~canrae, Apluda mutica, Boerhavia diffusa.
A few specimens of Pemphis acidula and a single specimen of Suriana mari-
tima were found on the gouth shore.

Land vegetation of Hitaddu Island

The area occupied by the staging post at Hitaddu is extensively
cleared of vegetation. Many of the herbs seen at Gan are also found here,
with a few additions, such as Stachytarpheta indica.

Immediately surrounding the buildings is an area of open grassland
which is completely free of shrubs. Tridax procumbens covers the ground
extensively, with much Cassytha filiformis and patches of Launaea pinna-
tifidz and Apluda mutica. '

North of this area, clearsnce is not so vigorously maintained, and
there 1s open scrubland, Apluda mutica is very common, and a variety of
bushes occurj Scaevola taccada, Dodonsea viscosa occur in the drier arsas.
The scrub is densest on the ggaward side with Tournefortia argentea, Pan-
danus juvenile shrubs and tzll stands of Wedelia biflora, In the centye
of the open scrub, wmuch of the ground is open and covered with trailing
nlents, Cucumis melo, Jacquemontis paniculata, Passiflora suberosa, Cas-
sytha filiformis and Boeriavia dlifusa being commen. Other common herbs
ara Cleome viscosa,Corchorus agstuans, Nothosaeirva byachista. In the ex-
trome northern part of the scrub is a swmall area of open mavshland. At
the ed"e of tbe water, Scaevola taccad Mor Lnﬂg citr Lfolin and Muntingia

ive carpet of Llppla nodlxlo a occurs. Large Lussocks of Cyperus jaVaHlCUi
form islands, with Cyperus polystachvos. Blumea sinuats occurs here in
shallow water and was not found elsewhere.

Woodland is found to the north and south of the cleared area. To
the south, the undergrowth had been cleared Leneath the coconats on the
lagoon side, and Apluda mutica and Wedelia biflora were especialiy COmMOn «
To the north, pathways have been cut through the coconuts, and plants
such as Apluda mutica and Vernonia cinerea introduced.

In the midst of the northein forest, parts have been cleared for
benana plentatien, with a number of original trees such as Artocarpus
altilis, Terminalis catapps and small groves of Pandanus left standiong.
Yith the opening up of the forest, Apluda mutica, Vernonia cinerea and
Buphorbia cyathophora occur as common weeds, Kalanchoe pinnata and Turnera
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ulmifolia were common in this area of cultivation, but not seen anywhere
else at Gan or Southern Hitaddu.,

A transect was taken through the woodland at the noivthern boundary
of the staging post avee. Seven zones may be distinguished: (1) on the
eastern lagoon side, the soil is dvy and under woodland. The main path-
way along the island runs along .this shore, and there is probably perio-
dic clearing of shrubs, The main trees are Cocos, with Hibiscus tiliaceus
and Guettarda speciosa as both trees and shrubs, The herb layer includes
Apluda mutica, Laungea pinnatifida, Striga asiatica, and Tacca leontope-
‘taloides. Scaevola taccada is occasionally found on bave ground in clear-
ings.

(2) About 245 metres from the shore, the bush layer becowmes much denser,
wvith Guettarda speciosa and Morinda citrifolia more frequent,

(3) About 260 metres from the shore, the ground surface is leower and
covered with a mosaic of pools, These are surrounded with bushes of Hi-
biscus tiliaceus and Guetitarda speciosa, and with palm trees separated
from each other by distances of 5-12 metres. The ground surface lies 2.4~
5> £t. beloy the crest of the lagoon beach ridge. On the bases of the
palm trunks, which are usually surrounded by water, Asplenium pellucidum
and Psilotum nudum zre found. Moss is also found on the bases of the
trunks and in the pools., The pools contain several inches of water, with
decaying palm leaves and other debris forming a soft layer a foot or more
thick, Two species of sedge grow in the centre of the pools, Fimbristylis
$p. projecting & inches or more above the surface, and Eleocharis genlcu~
lata 2-3 inches, Ho clearing of vegetation takes place in this marshland,
and there is no obvious sign of humen interference.

(4) Between 280 and 425 wmetres from the shere of the lagoon, this
marshland vegetation changes into one with Pandanus as the dominant tree,
and Cladium jamaicense forming a tall stand belowr it., The forest is still
fairly open. The Pandanus at Hitaddu is of different growth-form from
that at Gan. At Gan; mature Pandanus has an erect main stem, with stilt
roots leading from the lower part and branches from the upper, to form a
fairly compact dense canopy. The Pandsnus at Hitaddu in the mature state
nas thinner, decumbent stems with foliage not in a dense canopy but pro-
duced at all levels, At Hitaddu, the Pandanus foliage seems lighter in
color and mere yellow, Where Cladium jamaicense occurs in a dense stand,
no other herbsare seen, and open water is vestricted to narrow channels.

(5) At 450 metres from the lagoon shore, the marsh disappears and the
ground is covered with dense Pandanus woodland. This was the densest and
most impenetrable woodland encountered. It is almost entirely Pandanus,
with a litetle Hibiscus tilisceus included. The Pandanus trees grow with
stems spreading out in groves, and when a certain age is reached a clear-
ing forms in the centre, and Scaevola taccada invades as temporary colon-
iser. The Pandsnus regenerates from the fruit and several scedlings were
seen where fruit had fallen to the ground, The ground is covered with a
dense malt of dead Pandanus leaves, and there is no herb or shrub layer.
There is no evidence of human interfevence. The small number of species
in the mature undisturbed woodland is of interest,
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{(6) Toward the shore on the seaward side, a dense coastal scrub of
Hibiscus tiliaceus, Scaevola taccada, Morinda citrifolia, and Pandanus
is found. Scacvola taccada occurs in woodland clearings and margins,
togethey with Wedelia biflora and Pemphis acidula, Terminalia catappa
is also found in this zonc,

(7) On the seaward shore itself, Pemphis acidula is common all along
the crest of the shingle ridge, with 3caevola taccada and Tournefortia
2rgentea immediately behind, Scaevela frequently shows leaf stripping
along the shore, and many neavest the sea are dead. Suvianas maritima is
also frequent, particularly in exposed conditions, Ipomoea pes-capraz and
Leunaea pinnatifide ave not seen on the beach itself, growing only well
back from the shoreline, but the grass Lepturus repens does occur in these
exposed situations and was not seen elsevhere,

In the central part of North Hitaddu there is a large area of open
marshland, This appeared from the edge to be largely Cladium jamaicense,
traversed by freguent channels.

On the lagoon shore at Hitaddu, the vegetation is similar te that
at Gan. Scaevola taccada is the commonest shoreline shrub together with
some Tournefortisz argentea and Hibiscus tiliaceus. To the south, where
the islend narrows towards Abuheva, both Pemphis acidula and Suriana
mariitima ave common on the lapgoon shove, Behind the shore occurs an open
serubland of Wedelia biflora, Apluda mutica, Scaevola, Guettarda speciosa,

fournefortia zrgentea and others.

Coastal scrub on the lagoon side is wmuch less dense than on the
seavard--presumably due to the establishment of a major pathway, a few
houses and general clearance of vegetation on this side.

Comment: Human activity has thus comnsiderable effects on the vegetaition
of Gan and Hitaddu. The vesult of clearing, if only partially, of the
meiure woodland, is to allow the imtroduction of many new species, includ-
ing pentropic weeds, and to increase the number of species per unit area,
which nrobably accounts for the large number of species collected afl Gan

and Hitaddu. In this comnection, comparvison with the vegztation of an
uncleared Haldivian island would be wvaluable.

At both Gan and Hitaddu many of the plants are diseased or damaged.
This is particularly the case along the shore. Chlorosis was often seen
in Ipomoea pes-caprae and other herbs, The wost serious damage, however,
was inflicted on foliage by insects. This is seen in nearly sll the shiub
and ground-level foliage along the shore, but is especially severe on
Scaevola taccada and Ipomoea~pes-caprae. Grasshoppers particularly occur
in vast numbers in the Ipomoea. Many trees, shrubs and hexbs are also
overgrown by creepers, particularly by Cassytha filiformis. Several spec-
imens of Scaevola are completely smothered by Cassytha, with much
dead foliage vhere the Cassytha is most abundant.




Marine alzas of Gan and Hitaddu Islands

Collection of marine algae at Gan and Hitadde was carried out either
along line or quadrat transects, or by traversing on the reef flats, fixing
location with horizontal sextant anzles. The latter method was useful in
covering large areas rapidly; the transect method gave detailed observa-
tions in smaller areas, and was useful in studying zonation. Under dif-
ficult conditvions nce record of precise location was made. The aloae were
collected in polythene bags, examined fresh, and then transferred to al-
cohol-formaldehyde preservative, to which metaldehyde had been added as a
neutralising agent. Srecies distribution along transects, Tigs., 30-32,

Qut of ¢l warine species and varieties, 15 were most common in or
restricted to the seaward reef, 31 to the lagoon reef, and 15 occurred
equally on both, Three species were found only on Hitaddu.

Lazoon yeef, Gan

Charts of algal distribution show that for most algae, there was no
rict zZonation across the resef, but considerable variation along the
2, so that distribution over most of the reef flat was mosaic,

Un the basis of algal distributionm, it was possible o divide the
lagoon teef from the shore to the base of the reel slope, into thvres maisry
zones, Distance on the lagoon veef were measured from a sand ridge which
was presumably high tide line.

(1) An inshore zone {(20-60 £t). Alzac found reve were specific to this
zone, characterised by a loose sand substratum, continuous water motion,
and high turbidity. Chaetomornha byachyzona, C. crasgeand Entevomorpha
sp. occurred very close inshore, attached to stones and pieces of coral
lying in the sand, Just beyond this, Padina commersonii formed a very
characteristic zone.

(2) An inshore zone (€0-150 ft) between Che zone of turbulence znd
the beginning of the large dead coral massaes. The subsirvate was mainly
sand patches with much dead coral litter.

Beyond the Padina zone, Dictyota sp. and Jania capillacea covered
the ground in large patches, Intevgrading with, and beyond this, Halimeda
incrassata wes common on sand end coval fragments., Halimeda discoidea and
Hoergenesia forskii wers also common in this zone alony pavts of the reef,
Caulerpa lentillifera and €. racemoSa var, macronhiysa were especially
luzuriant here, N

(3) From about 150 ft to bottom of the reef slope. The whole of this
zone is characterised by an abundance of dead and living corals,., 3oth the
comnletely dead corvals, and the dead parvts of living ones were covered
by epiphytic algae, The epiphytic habit was thus the predominating one in
this part of the reef,

Common epiphytic algae included Hypnea sp., Jania capillaces and

Lophos a villum which formed a mat-like covering ovei the coral.
Lyngbya majuscula ocrusved as a mase of threads attached to the coral,
a2

Host of the algae seen in zone 3 on the reef flat also occurred on the



-7 -

reef slope, e.g. Dictyota sp., Caulerpa lentillifera, Gelidium divarica-
tum, Exceptions to this were few, and included Lyngbya majuscula and
Polysiphonia ferrulacea which were rare on the reef slope, and Symploca
hydnoides and Pocockiella variegata which were common on the reef slope
but not on the flat. Pocockiella was a very common epiphyte on dead coral
on the reef slope and represented the most significant difference between
it and the reef flat.

Seaward reef, Gan
The seaward reef profile was divided into two major areas, separated
by the rubble or boulder zone.

(1) Shore-boulder zone, a shallow zone of little water movement and
exposed to sun and rain. Algae were not plentiful in this zone, Much of
the reef was covered by Thalassia and Cymodocea, with patches of sand
and marine grass forming a mosaic, (ladophora sp. was common over the
whole of the reef as free floating ov loosely attached to the marine
grass. Jania capillacea and Boergenesia forskii were common in the sand
between and within patches of marine grass.

{2) Boulder zone to surge channels. Between the boulder zone and the
surge channels there were 3 main zones:
a. In the region of the surge channels, towards the edge of the reef, the
coral rock was almost entively covered by encrusting red algae.
b. At the ends of the surge chamnels, and for a distance up to 30 ft,
the growth of algae was luxuriant. A few algae were restricted to this
zone, Caulerpa racemosa var, peltata, Codium arabicum and Valonia utri-
cularis. Algae which were particularly common includecd Codium edule,
Halimeda opuntia and Jania capillacea which formed compact bunches, with
strong attachment to the coral rock. Pocockiella variegata was luxuriant
on roclk surfaces betwsen algal clumps,.
c. Between zone b and the boulder zone, alsal growth was not so luxuriant.
This was a zone of algal pavement with clumps of Halimeda opuntia, H.
discoidea and Jania capillacea distributed over it. Tuxbinaria ornata
occurred towards the sea end, as small rosettes covering much of the
ground. Pocockiella variesata, Schizothrix calcicola and Cladopioropsis
8p. occurrved on rock surfaces.

Seaward veef, Hitaddu

The seaward reef at Hitaddu was narrow compared with Gan, a width
of about 250 yards as against $00, distances measured to beginning of
surge chaunels. The physical appeavance of the veef is very like the
outer part of the seawand reef at Gan, consisting over nearly the whole
surface of hard coral pavement, with a boulder ridge on the shore in
places, The transect taken across the reef at Hitaddu was divisible into
2 distinct algal regions: .

(1) An outer zone, about 60 ft offshore to the surge channels. The
number of algae was large over the whole of this zone comparable with
the outer veef zone at Gan., The force of wave action seemed less at the
edge of the reef at Hitaddu than at Gan, and there was no zone of marked
algal abundance as at Gan close Lo the surge channels.

The algae over the whole zone were comparable to those geen at Gan,
Ceaulerpa racemosa var. peltata and Valonia utricularis occurred in the
cuter zone. Halimeda opuntia, H. discoidea, Jania capillacea, Pocockiella
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variegata, Turbinaria ormpata, Boodlea composita, Cladophoronsis sp., and
DLcLyoopnaL ia intermedia var. intermedia weve recorded as occurring over
most of the reef, Neomeris mucosa occurred mideveef at Hitaddu, and was
_ouly seen elsevhere in strong eurrent on the far seaward side of the Gan-
Fadu gan.

(2) An inshore zome within about 80 £t from the shore, This was a zone
of continual water motion, and was closgely similar to the inshore zone at
Gan lagoon reef, Two algaa were recovdad, Padina commersonii forming a
distinet zone, and inshore to this, Cha retomornha gracilig growing on stones
and 1onose coral vock.

-

Woteg on occurvrence of algae collected™

Myzophyceae
Anacystis montana
Gan, seaward reef, Coveved the surface of low lying beachrock in the
Gan-Fedu gap. Periodically submerged and exposed by the tide.

Calothrix pilosa
Gan, seaward reef. Found in association with A, montana on beach vock,

Hormothannion enteromorphoides

Gan, lagoon reaf: found in inshore zone, withia 100 ft from shove,
Seaward reef: faivly common over mosi of the reef flat belween the shore
and the boulder vidge, appearing as a brown-golden covering on stones and
d2ad coral,

Lynebva aestuarii

Appecared as a greenish fel: of projecting filaments on dead coral.
Gan, lagoon reef: fairly rare on dead coral from abour 100 f£r to the reef
edoe,

Lynebya majuscula

Gan, lagoon reef: common, especially from about 100 ft to reef edge.
Uncommon in the inshore zome, and a few specimens were found on the reef
slope. Seaward veef: quite rare between the shore and boulder ridge, becom-
ing slightly move frequent between the yidge and the surge cLhndzln.

o
[

Schizothrix calcicola
Gan, seaward veef: very common as a covering on stones and rocks,
between the shore and boulder zone.

Symploca hydnoides

WVide variation in external appearance, collected as 7 diffevent forms.
Gan, lagoon reef: uncommon over the whole of the reaf flar, but becoming
fairly comson near the reef edge, and common on the veef slope. Seaward
reel: uncomron, occurcing io the shoveward half of the reef flat, between
shove and boulder zone.

N

The data on occurrence were received too late to be of use to the algo-
logists whe identified the collection, and even to be incorporated in their
vetematic list below (Fsuda and Newhouse, Chapter IV, Part D). Their
identifications, however, are utilized in the present enumeration, but se=s
lost paragraph on p. 93 [AR3 Eds,]
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Chlorophyceae
Boergesenia fovbesii
Gan, lagoon reef: occurring at the western end of the island, on the
reef between about 100-150 £t from shore, where it was common on a sub-
stratum of sand and dead coral fragments. Seaward reef: seen over a wide
area of reef flat, between shore and boulder zome, where it was locally
common. It was not common between the boulder zopme and surge channels,

Boodlea composita

Gan, lagoon reef: common and restyicted to outer zone of the reef, from
about 200 ft to the reef edge, Seawvard reef: not common, occurring between
the boulder zone and the surge channels,

Boodlea sp.
Gan, lagoon reef, A few specimens were found on the reef slope, at a-
depth of about 60 ft,

Bryopsis pepnata

Can, lagoon reef: common in mid-teef zone, between 100-200 f&, found
occasionally over most parts of the reef, Seaward veef: generally uncom-
mon, occurring occasionally over the greater pavt of the reef,

Cavlerpe lentillifera
Gan, lagoon reef, western end, Common in the middle of the reef, from
160-200 ft, uncommon on the lagoon edge and on the reef slope,

C. racemosa VAr. macrophysa
R e T - .
dabitat closely similar to that of €. lentillifera,

C. racemosa var, peltata _ :

Gan, lagoon reefs uncommon, oceurring locally in the mid-reef zone,
100-200 ft from shore, with a few specimens occurring either side of this,
Seaward reef: uncommon, between the boulder ridge and the surge channels,
Hitaddu, seaward rveef: noit common, occurrying toward the seaward edge of
the recf.

L. serrulata var, typica : :

Gan, Gan-Fedu @ap: commédn and vestricted to. this area, on the seawavd .
side between islands. Occurred on sand substratum, as small colonies, wit
a distinctly yellowish appearance.,

C. taxifolia
Gan, lageoon reef: uncommon, occurring at the western end of the island,
40 to 250 fr from shore.

Chaetomorpha birachygoua

Gan, lagoon reef: uncommon, occurring locally along the reef, A filam-
entous preen alga living on dead coral fragments, i1t occurred close in-
shore, 20~50 it from high tide line.

C. crassa
Gan, lagoon reef: uncommon, vestiricted to a zone 20-100 ft from shore,

C. gracilis
Hitaddu, secaward reef: common and restricited to close inshore zone,
0~2C £t from tideline,
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Cladophora sp.

Gan, lagoon reef: uncommon, attached to zocks and dead coral,
occurring between 20-250 £t from shore., Seaward reef: common between
shore and boulder zone,

Cladophorz sp,
Gan, lagoon reef: uncommon, attached to stones and coral, inshore
zone 20-250 ft,

Cladophorongis sp.

Gan, seaward reef: uncommon, occurring between the boulder »idge
and the surge channels, where it was attached to coral pavement and loose
rocks, Hitaddu: common over the whole of the seaward veef from 60 ft to
edge,

Codium arabicum
Gan, seaward reef: not common, bui found several times in the dense
alzal growth near to the surge channels,

Gan, lagoon reef: a few specimens only were found in one locality,
attached to dead coval about 250 ft from shoreline, Seaward reef:
fairly common, between the boulder zone and the surge channels, attached .-
to the undexrside of vocks near the boulder zone and to the surface and
cavities of the porous rock at the surse channels,

Dictyosphaeria intermedia var. intermedia

Gan, seaward reef: occurring only very occasionally between shore
and boulder zone, but fairly common between boulder zone and surge chan-
nels. Hitaddu, gseaward reef: fairly common over a wide area of reef
from abeut 50 ft from shore to the reef edge,

Enteromorpha sp.

Gan, lagoon reef: strictly an inshore alpa on the reef flat, where
it occurrved 20-50 ft from high tide line. It was attached to stones and
dead coral lylng loose in the sand, A few specimens were also found on
the reef slope on dead coral at about 50 #i depii,

Halimeda discoidea

Gan, lagoon veef: uncommon, locally common along the reef, It oc-
curred between 50 and 200 ft from shore, attached to sand or loose lying
rocks, Seaward reef: commen in the boulder zone to surge channels, Hit-
addu, seaward reef: quite common within 130 £t from the surge channels
at the edge of the veef,

H. incrassata

Gar, lagoon reef: common inshore, the inner limit being fairly sharp
at 60 ft from high tide line, the range extending lagoonwards to about
150 ftibeyond this the alga was uncommon. Seaward reef: found occasional-
1y attached to rubble and coral pavement in the boulder zone and up ta
halfway between this and the'surge channels. A few specimens were also
found between the shore and the bouldetr zone,



Halimeda opuntia

Gan, 'lagoon veef: as with M., incrassata, common between 60 and 150
ft from shore, Seaward reef: very common between the boulder zone and
the surge caannels, It was the species of Halimeda extending farthest
seavard, almost up to the channels, where it had a very compact growth
form, Hitaddu, seaward reef: fairly common in the mid part of the reef.

Heomeris mucosa

This had the appearance of small bunches of bright green fingers, and
occurred in conditions of good water flow. Gan, seawyard reef: uncommon,
between boulder zone and surge channels, and found only at the Gan-Fedu
Gap. Hitaddu, seaward reef:; a few specimens were found in the mid part
of the rveef, attached to the coral pavement,

Tydemania expeditionis

Gan, lagoon vreef: very characteristic of the outer reef zone, 200 ft
to edge, vhere it was spaygely distributed, Common alsc on the reefl slops
to depths of &0 fi., A few specimens were atuacned to coral brought up from
a knoll in the lagoon, depti 30 ft.

Ydotea orientalils

Gan, lapoon reef: ocecurvence very sporadic, specimens were collecied
from inshove, mid veef and outer reef, Seaward veef: a single specimen .
vay collected during tvaverses between the showe and the boulder zone,
The species was quite comson between the boulder zone and surxge channels
opposite the Gan-Fedu Gap. Hitaddu, seeward reef: falrly common in the
middie part of the reef.

Vsolonia wivicularis

Ceceurred as a dense mat of green vesicles, well attached to ¢t
substratum, Gan, seaward wveef: uncommon, between the boulder vidge znd
the surge channels, Hitaddu, seawvard zeef: common af; the edge of the weef,
within 150 £t of the surge channels,

ha rocky

V. ventricosa

Solitary, olive green vesicles, rconcealed within coral mascges, or i
crevices in vocks. Gan, lagoon veef: fairly common on veefl slope, to
depth of about 30 ft, less common over most of the reef flat. 3Seaward
veef: a few specimens were found in the porous coral near the surge chan-
nels.

v

Phazopnyceae
Dictyota friabilis
Gan, lagoon iyeef: not common, found mainly on the inshore part of the
reel in patches at about 40-00 ft,

Dictyota sw.

Gan, lagoon reef: common over the whole of the reef, Especially com~
mon in an inshere zone at gbout 50150 ft, wheve it Formed a carpet on the
sand, Comwon in other paris of the veef on dead coral, occurring cn *He
reef slope to a deptin of 70 ft. Seaward veef: uncommon on the reef £lu
batween shore and boulder zone, common between boulder zone and surge chan-
nels, Hitaddu, scawavd reef: common over tie whole of the reef except the
inshore 5G f£t, and the suvge channel zone.
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Uydroclathrus clathratus

an, seaward veel: not common, seen on the coral navement mldway be-
tween the boulder zone and the surze channels, and in the boulder zone
itself, Gan-Fedu Gap: quite commen in the swnd on the seaward 3160 of
the chaonel between the two islands.

Padina cowm mersonii

Gan, la000n reaf: very chavactevistic as an inshore alga, between
30 and 50 fr from shove, Can, seavard reef: vare, a few specimens were
found between the shore and the boulder ridge, Hitaddu, seaward ireef:

Eapm

very chevacteristic inshore plant, ocecurvinz within 60 £t of the shore,

ﬁ_)

Pocockiclla variega

Gan, laooon reef: common on the reef slope, vhere it formed a come
mon covering over dead coral to e depth of 70 £t. Uncommon on the reef
flat, occurring as occasional specimens, Seavard reef: abundant cover-
ing on rocks and coval pavement between the boulder zone and the surge
channels, Hitaddu, seaward veef: abundant over most of the outer zone
of the reef, especially so within 10 £t of the surge channels,

§3ha”ﬂleila Sire
Gan, lagoon rveef: uncommon in the mid pavt of the veel.

Tuxbinaria ornata

Gan, lagoon veef: occurred very infrequently in the middle of the
reef flat, attached to coral. Seaward weef: common between the boulder
ridge and the surge channels, as small, rosette-like plants attached to
the coral vavement. It occurrxed befween the shore and the boulder zone
as an occasional fipd, end was of moderate size (3 inches long). In the
area shore to boulder zone at the eastern end of Gan, the Turbinaria was
of layroe sfza and atitached to coral microatolls in the swiftly flowing
cULY ﬂmF‘ﬂu Gap: larze well developed specimens attacihed o micro-
atolls in the sitrony current. Hitaddu, seaward veef: sbundant ovev the
wnole of the reef f£lat except the close inshore zone, as small compact
rosettes.,

Rhodophyceae
Aniithamnion sp.
Gan, an epipnytic pink alga, occurving on CTaulerpna and associated

algae and on c¢ead coval. Lazoon reef: fairly common on the ruef flat in
the mid and outer zones of the reel,

Botrycladia skottshergii

Gan, lagoon weefl: generally umcommon over the zeef f£lat, mest fre-
quent in the mid zone of the veef, ccrourving oa the underside of dead
coral rock. Seaward reef; a fev specimens were found in cavities in the
porous coral vock in the surge channel region,

Cerxamium Ffimbriatum
HAitaddéu, seaward reef; restrxicted to the close inshore zone (G-64 ft),
vhere 1t was common,

Ceratodiciyvon gponsiosum
zan-Tedu Gap: occurred as a spongy, olive brown thallus on the seaward
side of the gap, on a sand substratun,
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Champia parvula
Gan, 1;Ooon reef: falvly common in close inshore zone, on sand,

C. salicorncides
Habitat closely similav to that of C. warvula

Dasya sp,
flitaddu, seaward veef: common in the mid region of the reeyf, attached
to the coral pav 131L cnd to coral rocks.

Dicivarus purpurescens

Gaq, lagoon reef: a pink alsa, which occurred only in the wmid rezion
of the veef flat as a few specimens along one of tha {ransects {200-250
It from shore).

Galaxaura marginata
Gan, a massive pink alga. Lagoon reef: rare, only a few specimens
found, attached to coral afads in the mid-outer vezion of the reef flat.

. rudis
Gan, lapgoon veef: aol common, occurring locally alomy the reel; most
frequent in the mid veef zone; specimens also found inshore, and on the
-

Gelidium divaricatum

Gan, lagoon r2ef: occurred on the surface of stones, dead coral and
living Halimeda. Cccasional over the whole of the reef flat, and on the
veer slope to a depth of 40 ft. Seavavd 1cef: single specimen seen nearw
reel edze. Lagoon knoll: specimens brought on dead coral from suxr-
face of knoll, 30 £t below surface.

Griffivhsia sn,
Gan, lagoon veef: ware, occurring from about 250 ft to edge.

)

Herposiphonia swo.

Commonly occurred as an epiphyte on Haliwmeda,. Gan, lagoon reef: un-
common, occurving wid reef at 200-270 £t, also infreguently found oun reef
slone, depth 30 fr., Hitaddu, seavard reef: a few specimens occurved at
mid zeef,

Hynnea sp.

Gan, seaward reef; rave, occurring between bdoulder zone and veel
edge. Another form coccurred as thick brown Filaments twining throush
cavities in the coral rock. Gan, seaward veef: fairly common near ithe
surge chamnels, uncommon hetween boulder zone and shore. Hitaddu, sea~
ward reef: common over middie pavt of weef. Gan, 3agoou veef; anothew
form common on dead coral, 40 to 250 £t from shore, Seaward reef: com=
mont hetween shore-boulder zone., Gan, lagoon reef:; still another form
common on dead corval from 80 £t to veef edge, and on upper part of reef
slope (to depth 40 ft).



- 74

Jania capillacea

This was the most common alga observed at Addu atoll in marine hab-
itats, Gan, lagoon reef: common over the whole reef flat except the
close inshore zone, from 40 £t Lo near the bottom of the reef slope at
80 ft depth., It was especially common in the widreef zone, where it
formed clumps on the sand and rock substrate, and was also common ate
tached to dead coral. Seaward veef: locally common between the shore
and the boulder zone, having a patchlike distribution over the whole
area., Abundant between the boulder zone and the surge channels, occurre
ing near the channels as especially compact masses with high calcifica-
tion, Hitaddu, seaward reef: common over the whole of the reef except
the inshore 150 ft, occurrving in masses on the coral pavement.

Lophosiphonia villum

Qccurred as a reog’sh, velvet~iike covering on stones and dead coral,
Gan, lagoon reef: common on dJead coval in the midreef zone, between 150 to
300 £r, less common to the reef edge, and rare on the reef slope. Gan,
seavard reef: rare, a few specimens were found neav the surge channels.
Hitaddu, seaward veef: rave, a few specimens about 30 ft offshore. Lagoon
knolil: ial 1y common on dead coval brought up from the summit of the knoll,
depth 30 ft, :

Polvsiphonia ferrulacea

Gan, lagoon reef: common on outer part of reef, from 120 [t tc reef
edge, wvhere it occurred om sand and rock substratum. Seaward reef: rare,
betwean shore and boulder ridge. Gan-Fedu Gap: common, on sand, midway
between islands,

Spyridea filamentoss :
Gan, seaward reef: occurred as 2 mass of pinkish filaments, close
te the shore at the eastern eand. Very local.

Tolyriocladia glomerulata :

Gan, lagoon reef: quice common, and local, at the western end of the
isiand, forming dark red clumps on dead coral mwasses. Host frequent {rom
100 to 200 ft from shoxe.

Viadlias serrata
Gan, lagoon reef: locally fairly common, 150 to 200 ft from shore.

¥reshwater and tervestrial algae
Nostoc cormune |
Gan, locally commoun on open waste ground with grassland, where the
wvater fable was high, Formed olive green masses, which under wet con~
ditions, as just after a rain shower, became swollen and apparent.

Pithophiora oedopgonia : :
Gen, found floating on the surface of fresh water in an old well at
the centie of the island.
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C. List of Addu vascular plants

by F. R. Fosberg, E. W, Groves and D. (. Sigee

The vascular plants collected by Mr. Sigee were independently
identified by Fosbery and Groves, and the resulting lists combined and
the differences veconciled., 145 specimens, in zll, were collected,
represeating 142 species. Of these 57 (marked with an asterisk *) were
clearly exotic, 33 of them cultivated or immediately persisting from
cultivation; 32 arve widespread maritime species. DMNost of the remainder
are widespread species that occur in tropical Asia, some pan-itvopical.
Some of them may well be indigenous, but this is difficult to be cextain
of, one way or the other. There are no local endemics, unless the
Euphorbia sp., should tuin out to be one, and it seems likely that it is
an Indian species that has been commonly, but erroneously, regerded as
a variety of . hypericifoliz, Further study of more ample material may
determine this. The Pandanus sp. (sterile) may well belong to one of the
local populations that have been regarded as species in this perplexing
genus, The Fimbwistylis sp. may possibly be new and local, but is more
likely an extreme or variant form of a known species.

This collection illustrates very well the state of our knowledge
of the floras of the islands that are a little off the beaten track., In
the 145 specimens, rvepresenting 147 species, there are 40 newly recorded
from the Maldive Awchipelago. 105 species are clear new recovds from
Addu, 23 more are possibly new records, as they ave plants mentioned by
Willis and Gavdiner (Ann. K. Bot, Gavd., Peradeniya L{Z2): 45-1C4, 1901)
as occurring genevally throughout the group, but not specifically men~
tioned by them from Addu. 7This is a large propoztion of new records,
found in spite of (in certain cases possibly because of) the almest to-
tal destyuction of the natural and planted vegetation by the constiruction
of an air base. It seems clear that a great deal of careful collecting
still must be done before we can claim anything like an adequate pictuve
of the floras of the world's islands.

In addition to the Dave recowxds of species collected, Sigee's
notes on theix occuirence on the three islets visited have been added.
The observations placed after the citation of the collection number do
not necessavily apoly strictl; to the local population from which the
specimen was collected., The ncotes before the citation presumably apply
to the plant actually collected.

S$ince the 1list of Maldive plants was published (ARB 58) ian 1957,
there have been certain changes in our understanding of some of the
species included in it, and certain changes in nomenclature. A list of
these has been added at the end of this paper, whether ov not they apply
to Addu species,



- 75 -
PDERIDOPHYTA .
Pilotaceas
Peilotum nudum (L.) Beauv: |

Hitaddu islet, in water, in forest area north of staging post, in
closed forest where water table was at ground level, Sisee 90,

Polwpodiaceae

Asplenium pellucidum Lam,?
Hitaddu islet, common in novthern forest area, on tree si{umps,
avound open pools, Sigee 105. WNew record for the Maldives.

Nephrolepis nirsutula (Forst. £.) FPrasl _

{Possilbly ithe plant vecosded as N. exsltata (L.) Scooti by Willis
& Gavdiner; sea ARB 58),

Gan islet, abundent, forming dense stands in the dense central
woodland, Sizee 57. Also found in wegenevating woodland nesxby; on
Hitaddu 1., found only in the novthewrn fovest aves, associated with
Psilotum and Asnlenium,

Thelypieris pgoggilodus (Schkuhr) Small

Gan idslet, ia open woodland with hign water table, Sigzee 41, Very
common in eopen scrubland at the S.E. end. Fairly common alse in central
dense woodland, S.8. wacrshland and roadsides. New record for the Mal-
dives,

SPERMATOPHYTA

Cupressaceae

*Juniperus sp. ?
Gan islet, Sigee 0, Recent intvoduction, cultivated bush along
roadsides neav RAF buildings. HWew recovd for the Maldives.

HPThuya orientalis L.
Gan islet, in villege neav Officers’ Mess, Sigee P. Recent intio-
duction, culifivated to form low sparse hedge. New record for the Hal-

dives.

Pandanacege

Pandanus sp.

Gan islet, common in ceastal scrub along margin of island, Sigee 76,
Some tyees also in the central dense woodland, in open scirub, and a few
juvenile plants in the $.E, marshland., On Hitaddu islet, abundant in
coastal scrub on seaward side of island, also in seawvard hzalf of northern
forest area. Juvenile specimens occurved infrequently in staging post
area,

Potamozetonaceae

Cymodocer ciliata (Forsk.) Asch.

et, on submerged veef, betveen shore and boulder edse of

veef, Sigee 25, On lacoon and seaward rveef flats on both Gan and Hitaddu
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islets. Common and widespread on seaward flat, occurring in conditions

of continuous, moderate water flow; localized on the lagoon neef to an
inshore zone. Wev vecord for the keldives.

Hydrocligritaceae

Thalassia nemprichii (Ehrenb.) Asch.

Gan islet, between bLoulder ridge and reef edre, Sinee Z&, On
lagoon ani sezwverd reef flats of both Gan and Hitadda islets. Distri-
sution genevelly similar to Cymodocea. Wew vecowd for the Maldives.

Guramineae

Aeluvopus littovalis (Gouan) Pavl.

Hitaddu islet, lagoon side, sand
along loagoon shove, on beach, wheve il
for the linldivas,

~colonisev, Sizee 3. Seen only
was faizl,s common. Wew vecoud

avistzta L.)

islei, on ton of sand bank 40 from sea, wit!
ang on para scad, Sisee 13, Acundant on coifb isleis (Hitad sl Gan),
where tueve o Laen 2 cleaymae of venstgtion. Common Throwzliout Gan,
excent in the cantvel dense woodlant a.es and ia the srassland suziound=
ing the wunway. On Hitadda islet, sbondszat in the stsogins post soiui,
and common onr tag lzscoon side of tue fouest nowth and south of this.

. Toomoea

Bamiusa

sizee X, Raecent introduciion.

Cenchiris zchiastss L.
Gonn lslet, neay uwat
£ TAT puildings, Hew recond for itne laldives

+

s, ciree 92, Uncommon in open gressland ia

1

[
the immediate vicinit,) o

Chrysopegon acizulatus (Retz.) Twin,
Gan islet, in jwass wasieland, near buildings, Sizee 80, Common
in open grasslanc, alse occulring aloaz voadsiies. ﬁew secord fou

HMaldives,

FPectvlocteniun asgyntium (L.) Willd,

Gan islet, in wasteland nzer buildings, Sizee 01, Common in open
ssland and along voadsides. Hitaddu isles, common in steaging post
a. Hew vecourd for ihe Haldives.

sra
ave

Dinitaria timorensis (Kuath) Dalansa
Gan islet, common in the onen gressland and along .oadsides,
Siree ©2, New vecgord for the Haldives,

“Eleugine indics (L.) Gaerin,
Gen dislet, cast end, lapoon side, in wastelaud, in shade, In
natches on ave zround, Slgpe 1< Comnwon in the open rvassland and
along woadeides., Hitaddu is leL, in gtagine post alea,



¥hracvostis teaellsa (L.) Beauvv,
(B. amabilis (L.} #. & A.)
Gan islet, nesy east ead, lagoon side, in wasteland, Sizee 10,

- ("(.')

Leptuirus vepens {(Forst. £.) R. B..
Hitarica islet, colonisev, on seaward shove, Sigee 1. Hew recond
fov fhe Lisldives.

Pangicum Tepens L.
Gan iglet, Bizee 4. Hew vecord fou the Haldives,

Paspalum cowmersonil Lam.
Gan islet, fairl, common in open wmawrshland at 5.%. end, Sigee O,
Hew Cecovd fov tha HMaldives.

*Sowziwm ticolos (L.) Moench
Gan islet, spovadic in open grassland at WM. end of aivstuip,
Sigee 74,

™

‘huaies ipvoluafs (Fowst. £.) . & 5.
ant fslat, eastern tip, shewveline, in open, near se coven ing

&y
sround wits Cassyiha, Sigee 27; also common in opea girassland at M.,
a2, common in

ens, survounding runway and clong, Toadsides. HWitaddu isl
stazing a.en.

Cyperaceas

Cladium jamaicense C:antz ver, chivnense (Wees) Ko, ama

Hitadds dslet, in mwavshland, Ly side of open water, Sisee 7,
Locall s common in wavshland of wnorthern forest, and also observed
covering o wide aves of open mevshland norih of the stesing post avea,
in the widst of the forest. On Gen islet, seen onl, in swall awounts in
the 8.8, warsiland. o

Dogte.) Hassk.?
nzle colony found in open scrub at S.E. 2nd, forming
ound, Sinee &4, HWew vecord for the lislaives.

Cypeirus buoevifolia
Gan islet, s
lush stand on wet

8
i

Cvperus conglomesratus o f. pachyrraizus (Hees) Kik,
itaadn dslet, onl, a few colonies observed, lanoon shove, just
south of stajing post avsa, Sigee 1072, :

=

Crperus javanizus Houtt,
Gan islet, cowmon im the 3.3, open wassh evea, and sciubland

3
Sigee 24, Ca Hiteddu {slet, faivly common ia the stenging post acsc,
*Cyperus lisulexis 1.
— ]

Gen islet, awessland, Sizee 4; cowmmon in the $.F. wansil ase
On Hitadda islet, common in stazing post z.ea. WNew vecord fov ta
Maldives,

[N

melenosparme (Hees) Suw,

o
Gan islet, nezs al

Cyperd

stvip, suvessland, Jizee €6, Uncomnon in tha
open srasslaont and voadsides, whele the syoun® has had free suxface

vetew,  Haw Jecord for the Lizldives.



Cyperug polystachvos Rotil,

Gan islet, east end, south of wyuawsy, in marshland (high water
table), Sigee 33. Common in-the wetter zones of the open grassland sux-
rounding tine runway, and in the $.E. marshland, On Hitaddu islet, fairly

ey e 1.

common in staging post area, in the mzushland adjacent to the novthern
boundary.

*Cyperus votuandus L.
(But spikelets very pale)
Gan islet, behind oil tanks, in grassland, dense forest, Sigee 17.
Common in S.1, mavshland, open grasslend, and along rvoadside. On Hitaddu
iglet, fairly common in staging post area.

Lleocharis geniculata R, and S.

Hitadde islet, northern forest, in open pools, just projecting
al:ove water surface, in open woodland ares, Sigee 10¢. Wew vecovd Loy
the Maldives.

Fimbrigstylis cvmosa ssp. spathacea (Detn) Koyama
(4 slendew form with unusually small spikelets)
Gan islet, Sigee 40. Common ia 5.FB. mairsh area, uncommon in scrub
and alonn voadsides.

Fimbristylis so,

Gan islet, in marshland, Jizee 3¢, Common in southern marsh area,
On Hitaddu islei, seen only in the northern forest area, waeie it was
localized in open pools

Avaceae

*Colocasia esculenta (L.) Schott
Gen islet, center, in dease fern stand, Sisee 55, dMatuwre wplants
occurred in the zairdens, vhere they weve obviously cultivated., A few
mature swecimens were also seen in the scrub in the centve of the is-
land, and juvenile forms occurred in clearings in the centval woodland,

Palmac

Cocos nucifeva L.

Gan islet, common around RAF buildings, and alons the lagoon
shove at the northwest tip of the island, Hitaddu islet, common in
the forest north and south of the staging post. The lazoon side of
the forest comprised open coconui woodland. HNot collected.

Commelinaceae

Cyanotis axillawvis (L.} Bb. Don
Gan islet, centew, in open fern land, Sigee 70. Seen only
2dze of clearings in central woodland. Hew recovd for the Haldives,

first found there Ly Groves iun 1943-45,
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Cyanotis cyistata {(L,) D, Don

Hitaddu islet, north part, in cleaving, Sigee 113. A single
colony was seen in a dense area of the noithern forest in a clearing
near an old native dwelling.

Liliaceae

*Gloriosa superba L.
Gan islet, southern side, in bugh scrub, Sigee 533. Uncommen,
found in open scyublanéd in the centre of the +island adjacent to the
woodland,

Amaryllidaceae

Crinum asiaticum L.

Gan islet, in gavdens, Sigee AD. Hitaddu islet, planted in rows
by the wayside adjacent to the RAF buildings, Sigee L, south side in
claaving, Sigee 101, The Hitaddu specimens are leaves only, so the de-
termination is uoncartain.

*Zepuyrantiles vosea Lindl. )
Hitaddu islet, Sigee K. Planted as ornamental zlong roadsides

near RAF buildings,

Taccaceas

Tacca leontopetaloides (L.) 0. Ktze. :
Htaddu islet, in clearings in woodland, Sigee 9€. Occurrs in

the northern fovest on the lagoon side, where conditions ave fzirly open.

Musaceae

*Musa s,

r

Hitaddu islet, seen only in banana plantation north of trading post
area, Gan islet, small plantaciodn seen near the Pskistani villege, just
south of the ruwway. Not collected,

Casuavinaceze

Casuarina equisetifolia L. .
Gen islet, single twee in village near Officers' Mess, Sigee Q.

Moraceage

Fhrtocarpus altilis (Park.) Fosb,
Gan islet, Sigee €0. 4 few trees were left standing nesr the RAF
buildings. Hiteaddu islet, a few specimens seen in the banana plantation

north of the staging post.

Pouzolzia indica Gaud,
Hitaddu islet, novih, in clesring, Sigee 114, Gan islet, a few
specimens seen on a bank in the southeast serub,
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Nyctaginaceae

Boerhavia diffusa L. 7

Gan islet, east end of island, Sigee 4€., A few specimens were seen
near the RAF buildings, and in the scrub at the southeast end. Hitaddu
islet, commonly found in the staging post avea, where it spreads across
open ground.

*X Bougainvillea buttiana Holttum & Standley
(Perhaps the plant recorded as B. spectabilis #illd. in ARB 58)
Gan islet, in hedgerow, Sigee I. Recent intyvoduction, cultivated
near the RAF buildings.

*Bougainvillea glabyra Choisy
Gan islet, Sigee J. Recent intvoduction, cultivated near RAF builde

ings.
Amaranthaceacg

Alternanthers sesgilis (L.) R. Br.
Gan islet, center, in scrub on rough grvound, Sigee 73, Not common,
typically found at the edge of the grass verge near to the road. VNew

record for the Maldives,

#Celosia arzentea L.
Gan islet, behind oil tanks, on grassy wasteland, Sigee 1€. Widely
scatterved over the open grassland surrvounding the vunway, and in the
scrub.

Nothosaerva brachiata (L.) Wight
Gan islet, roadside wubble, Sigee 75, Common in scrub, by road-
sides and near buildings. MHitaddu islet, infreauently found in the

staging post area,.

Portulacaceae

*Portulaca oleraces L.
Gan islet, near oil drums, on bare waste ground, Sigee 42,
Uncommon in open grassland, Hitaddu islet, infrequent in the staging
post area. '

Leuraceae

Cessytha filiformis L. : g

Gan islet, eastern tip, Sigee 20, Common in open grassland near
buildings, and found in all open habitats over the island, Hitaddu
islet, very common in the scrub of the staging post area, and frequent
in the open woodland on the lagoon sides of the southern and northern
forest.

Hernandiaceae

Hernandia sonora L.

Gan islet, near oil tanks, on bank, 10 yards from sea, Sigee 14.
Single tree on the lagoon shoreline, and a few trees inland in the scrub
area south of the central woodland, WHitaddu islet, seen as an infreguent

tree or bush on the lazoon side of the novthern forest.




Cleome viscosa L.
Gan islet, on voadside, Sigee 34 (glabrous form), Sigee 34b.

Commeon in dry, open habitais such as roadsides and open grassland.
Hitaddu islet, common in dvy aweas of the staging post scrubland,
pavticularly on the seaward side. Specimens on Hitaddu were wore
pubescent than those on Gan,

Crassulaceae

#Kalanchoe pinnata (Lam,) Pers.
Bushy islet, in clearing on vough ground, Sigee 70, Common in

the clearings in the wooded area, Hitaddu islet, seen only in the
banana plantation north of the staging post.

*Moringa oleifers Lam.

‘Gan islet, Bigee 107. A single tree in the graveyard of the
Mosque, adjacent to the Pakistani villapge.

Leguminoesae

Canavalia cathavtica Thou.

Gan islet, lapgoon shore, climbing on Scgevola in shade of palm
tree, Sicee €., Common on lagoon and southeast coastal scrub. New rec-
ord for the Maldives, first found theve by Groves in 1843-45,

*Cassia occidentalis L.
Gan islet, souih end of island, east side, in open wasteland,
Sigee 40, Uncommon, individual plants were scattered over open grass-
land znd by roadsides, {litaddu islet, uncommon, seen only in dry parts
of the staging post scrub.

HkClitoria ternatea L.
Gan islet, in gavdens, 8izee T,

Crotalaria retusa L.
Gan islet, eastern tip, in scrub, neay sea, $igee 29, Fairly
common along roadsides and in sciub at the southeast end of the island.

*Delonix regia {Boj.) Raf. )
Gan islet, Sigee 32. A few trees lined the roadway alonz the
northern perimeter, '

*Dolichos lgblab L, ?

Hitaddu islet, in Scaevola-Tourneforiia hedge, lagoon side,
Sizee 92, A few plants seen along the lagoon shore at the northein
end of the stzging posit avea.




Frychrina variegata L.
{(E. indica L.)

Gan islet, Pakistani Camp, near graveyard, near wall of huildings,
Sigee 108. A single lavge sterile tree occurred on the southern side
of the Hosque, near the Pakistani village,

Sesbania bispinosa (Jacqg.) F. YW. Wight
Gan islet, golf links, grass stand, Sigee 65, Uncommon, seen in
open grassland and by voadsides., New record for the Maldives.

Vigna marina (Burm.) Merr.
Gan islet, west of promontory, east end, lagoon; coloniser, on
sand banks near sea, Sigee 21, Common along lagoon shoreline.

e e ararrsenea

Surianaceae

Suriana maritima L.

Gan islet, at edge of Scaevola bush, south side of island, Bigee 49,
Single plant found neayr the seaward coast. Hitaddu islet, common along
parts of the seaward shore, a few specimens found on the lagoon shoveline.

Luphorbiaceae

Acalypha indica L., _
Hitaddu dislet, in scrubland, centre of island, Sigee 103. Common
in dry parts of staging post scrub., Gan islet, common in dry scrub and by

waysides.

Acalypha lanceolaia Willd, ‘
Gan islet, waste ground, on coral pile, Sipee 83, An uncommon
plant, found in open grassland, roadsides and scrub.

*Acalypba wilkesiana M.~-A,
Gan islet, in gardens, Sigee Y.
Apvneia bacclformis (L.) Juss.
Gan islet, in-wvery wet area, Bigee 112, Common in the southeast
_-open mavrsh area.

*Codiacum variezatum L.
Gan islet, Sigee F. Cultivated as an orxnamental by the side of
buildings,

Ruphorbia c¢yathophora Murvay
(E. heterophylia L. of ARB 58)

Gan islet, near oil tanks, at back of Ipomoea zone, Sigee 1l.
Common plant in scyub, and wasteland near buildings., Hitaddu islet,
fairly common in banana plantation, also infrequent in staging post scrub.

Buphorbia hiria L.
Gan islet, wayside, Sigee 88, Common in serub at southeast end of
island, and along roadsides, UHitaddu islet, common in staging post scrub,
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Euphorbia sp.
(Probably undescribed, of E. atoto-E. chamissonis group, but con-
snicuously pubescent; requires further study)
Gan islet, east end, lagoon side, in wasteland, bare open ground,

Sigee 20,

*anihot esculents Crantz

Gan islet, Sigze H.

*Pedilanthus tithymaloides (L.) Poit.
Gan islet, in wayside, border, Sigee C. Common wayside ornamental.
Recent introduction,

Phyllanthus madraspatensis 1.

Gan islet, near oil tanks, on top of loose sand bank, 20 yavds from
tideline, Sipee 17, Common in all wasteland-scrub, roadsides and land
near Dulldldgb. Hitaddu islet, common in staging post scrub, = '

*Phyllanthus uvinavia L.
Gan islet, away from sea, necar oll tanks, in wasteland, Sigee 23,
Distribution as with P. madraspatensis: comron in all wasteland-scrub,
roadsides and land near buildings. B

*Ricinus communis L, .
Gan islet, rifle range, in open ground, near wayside, Sigee 44,
Fairly common along roadsides and in dry arxcas of the scrub at the soythe
eastern end. Hitaddu islet, a few plants seen in the sciub avound the
staging post.

qalglv01 ae

Tristellateia australasiae TRichaxd
Gan islet, in gardens, Sigee AC, U. New wecord for the Haldives,

Sapindaceae

Allophvius cobbe Bl.
Hitaddu islet, in woody cleairing in woods, Sigee 95 (stevile).
An infrequent plant, seen only in the lagoon now thern forest area.

*Caydiospermum halicacabum L,
Gan islet, grdss sward, Sigee 33. Common in scrub, and occasion-
ally seen in open wasteland around bhuildings,

bodonaea viscosa L,

Hitaddu islet, in wasteland, Sigzee 99, Common in coastal scrub
south of the staging.post. Gan islet, a few bushes seen in the central
scrub,

Corchorus aestuans L.

Gen islet, in grassland near bulldings, Sigee €1, Common in open
grassland snd along roadsides. Hitaddu ;slet, common in staging post
gerul,




*untingia calabura L,
Gan islet, west marsh, in tree-scrub woodland, small thicket,
Sigee 43. Uncommon, bordering the marsh at the southeast end., Hitad-
du isiet, common in parts of the staging post area, where it was re=-
stricted to the marsih near the novthern border.

lialvaceas

Abutilon indicum (L.) Sweet
Gan islet, south side, east end, Sigee 47. Uncommon, found in
central secrub,

la

Hibiscus wosa-sinensis L.
Gan islet, Sigee M, Solitary bush, at northwestern tip of island.

Hibiscus solandra L'Hder.

Gan islet, gvassland, Sizee 72, Uncommon, occurring along road-
sides and in open grassland, Hitaddu islet, uncommon in staging post
area.

Hibiscus tiliaceus L,

Gan islet, seashore, lagoon side, very near to tide-line; a dense
tree with no associated herbs bui often with Scaevola, Sigee 5. Abun-
dant along the shoreline and in the regenevating woodland in the cenire
of the island; common also in the central dense woodland. Hitaddu is-
let, common tiee, growing in the coastal scrub on the seaward side south
of the staging post area, and in open woodland on the lagoon side north

3

and south of this. s

Sida humilis Willd, 7 _

Gan islet, on mown grassland, Sigee 109, Common in open grassland
and along voadsides, very widespread. Hitaddu islet, common in staging
pest scrub.,

Guttiferae

Calophyllum inophyllum I,
Can islet, south side, scrub, Sigee 5&., 4 fev trees in the area of
regenerating woodland.

Turneraceae

¥Turneyra ulmifolia L.
Bushy islet, clearing on vough ground, Sigee (8. Common in clear-
ings in the centre of the woody avea, Hitaddu islet, seen only in the
banana plantation.

Passifloraceae

*Passifloia foetida vax, hispida (DC.) Killip
Gan islet, grassy scrub, Sigee 63, Common along roadsides and in
the scrub. Hitaddu islet, uncommon, in the staging post scrub. New
record for the Maldives.
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*Passiflora subeirosa L.

Gan islet, south side, scrub, Sigee 53. Not common, but szen in
the scrub, along roadsides, and clearings in the regenerating forest.
Hitaddu islet, common in open, dry areas of the staging post scrub, New
record fox the Maldives,

*Carica papaya L.
Gan islet, in open wasteland, Sigee 50. A few trees occurred in
the southern coastal scrub, and around the buildings at the northerun end,

Cucurbitaceae

*Cucumis melo L.
Gan islet, on vouph gwvound, concrete rubble, between oil tanks,
Sigee 15, Common in the grass verge by roadsides, and in the scrub
clearings, Hitaddu islet, common on bare ground in staging post axea,
seaward side, ifew record for the Maldives,

Lythraceae

Ammania bacciferg L.

Gan islet, near coral heap, wet ground, Sigee 8€. Uncommion in
the scrub, and localized in a small marsh area, Hitaddu islet, un-
common in the staging post scrub, where 1t was localized in the marsh

at the northern boundary. New record for the Maldives,

Pemphis acidula Forst.

Gan islet, lagoon shore, in open, about 2 yards from high tide-
line, among Ipomoea, Sigee 7., Uncommon; a few specimens scen in the sea~
ward coastal scrub, Hitaddu islet, common as the shoreline shrub alomg
parts of the seaward coast, and in the coastal scrub behind the shore-
line, A few specimens were also seen on the lagoon side, Bushy islet,
rock spits goling ouf To ses on ocean shore, Sigee 69, A common shrub,
cccurring along the whole periphery of the island, and in places washed
by the tide, '

Rhizophoraceae

Bruguiera gymnorhiza Lam,

(B. conjugata (L.) Merr., of ARB 58)

Hitaddu islet, south end, lagoon side, Sigee 110. Single specimen
seen on the lagoon shore, south of the staping post, in an area of local
surface water.

Combretaceae

Terminalia catappa L. & :

Gan islet, Sigee 71. A few trees seen in the area of buildiags at
the northwest end. Hitaddu islet, uncommen, occurring in the northern
forest near the seaward coast.
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Myrtaceae

*Bugenia cumini (L.) Druce

Gan islet, center, Sigee 77, The tallest tree on the island,
dominating the central woodland; also occurring as juvenile specimens
in the vegenerating woodland nearby. New record for the Maldives.

Apocynaceae

*#Catharanthus roseus (L.) Don
Gan islet, in wayside border, Sigee A. Recent introduction, very
common along the wayside border as an ornamental.

*Nerium indicum Mill. 7
Gan islet, bush, wayside, Sigee B. Recent introduction, very com~
mon along wayside border,

Ochrosia oppesitifolia (Lam.) K. Schum.
Gan islet, along eastern end, near road, solitary in scrub, Sigee 45,
Uncommon, seen only in vegenerating woodland.

*Plumeria obtusa L.
Gan islet, Sigee H. Recent introduction, wayside shrub.

*Plumeria rubra £, acutifolia (Poir.) Woods,
Gan islet, Sigee G.

Concoelvulaceae

sArgyreila nervosa (Burm. f,) Bojer
Gan islet, Sizsee E, Single specimen seen, cultivated as a creeper
on an erected cane f[ramework. New record for the Haldives.

inomoea littoralis BIl,

Hitaddu islet, in clearing in woodland, Sigee 115(sterile).
A single colony seen in the northern forest, near a disused native dwell-
ing.

Ipomoez pes-caprae (L.) R. Br. ssp. pes-caprae

Gan islet, seashore, in dense mats about 20 vards from sea, Sigee 1,
Abundant on the lagoon shoreline, and behind the ccastal shrub on the
seaward side, Hitaddu islet, abundant on the lagoon shoreline, occurr-
ing also in parts of the open woodland on the lagoon side, A few plants
seen in clearings in the seaward coastal scrub,

Ipomoea tuba (Schlecht.) G, Don

Gan islet, south of runway, east end, almost marsh (high water
table), Sigee 37, Common in southeast open marsh area, and also in scrub-
land at that end of the island. Hitaddu islet, uncommon, in northern
forest,

Jacquemontia paniculata (Burm.f.) Hall, £,

Gan islet, south side, scrub, grass, with Ipomoea vines, Sigee 54.
Generally uncommon, Seen in open grassland, roadsides, and scrubland meaw
the regenerating woodland. Hitaddu islet, common in the scrub of the stag-
ing post, where it covered local aveas of otherwise bare ground.
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Boraginaceae

*Cordia curassavica (Jacq.} R. & S.
Gen islet, in gavdens, Sigee 23a, Z., New recovd for the Maldives.

+

Cordia cubcordata Lan,
Gan islet, end of island, Sigee 79, Uncommon, occurring near build-

inzs.

Tournefortia argentea L.F.

(Messecschmidia argentea (L.£.) Johnst.)

Gan islet, seashove, lagoon, 5 vds from tide-line; open habitat,
Sigee §. Common along shoreline, and in coastal scrub at southeast end of
island, Scattered as an infrequent shrub in the scrub farther inland, and
a few colonising wushes seen in the open marsh area. Hitaddu islet, com-
mon along parts of seaward coast as shoreline shrub, and also in the coast-
al serub beliind the shoreline, Commoen alse in the staging post area on
the seawvard side., WMot cowmmon on the lagoon coast,

Solanaceae

Physalis anguiata L.
(This specimen would correspond to F. minima L., which is probably
just a reduced form of P. anzulata L,)

Gan islet, near aLrStLlp, t-,Lasslanc on disturbed area, Sigee G7.
Common herb by the side of roads, occuwring also in dry areas of the open
grassland, and scrub. Hitaddu islet, fairly frequent in the dry areas of
the staging post scrub,

Verbenaceae

“Lantana camara L, o .
Gan islet, Sigee 8. Recent instroduction. A few bushes seen planted
28 vayside or namentais at the northern end, Iew record for the Maldives,

*Lipnia nodiflova L. -
Gan islet, almost marsh (high water table avea), Sl e BC.' Seen
only in the open marsh avea at the southeast end, whére it was common,:
Hitaddu f{slet, westwicted to the marsh area at Lha northern boundary of
the staging post, where it was locally common.

Stachytarpheta indica Vahl

Hitaddu islet, south end, on wasteland and in open forest, Sizee 100,
Locally common in open grassland at the southern boundary of the Sta"ln“
posi. MNew vecord fov Lne Haldives, :

" TLeabiateae
Ocimum sancium L, _ S .
Gen islel, near coral heap, dry waste ground, Sigee 87. Uncommon
in central scr ub Hitaddu islet, uncommon in staging post gcrub,

Stachvs sericea Wall, ex Benth, S

Hitaddu islet, novth, in cleavings, Sigee 116. Comwon in central
staging post scrub, alsc found on the lagoon side of .the northern forest.
New. record for the Maldives. '
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Scrophulariaceae

“*Angelonia salicariaefolia H., & B.
Gan islet, in gavrdens, Sigee AB., New record for the MHaldives.

Bacopa momnieri (L.) Wettst,
Gan islet, in water in marshland, Sigee 111, Restricted to the
southeast marsh, where very common.

Striga asiatica (L.) 0. Ktze,

Hitaddu islet, north part, in forest clearings at lagoon side,
sigee 94. Localized in a small avea on the lagoon side of the northern
forest, near the northern boundary of the staging post, New record for
the Maldives,

Bignoniaceae

#Spathodea campanulata Beauv.
Gan islet, in gardens, Sigee AA., Hew record for the Maldives,

*Tecoma stans L.
Gan islet, in gavdens, 3iges V.

Acanthaceae

*Pseuderanthemun carruthersii var., atropurpureum (Bull) Fosb,

Gan islet, Sizee R, Recent intvoduction. Planted as wayside busk,

*Pseuderanthemum carruthersii (Jeem.) Cuill. var. carrvuthersii ?
Gan islet, in wayside, Sigee D, Recent introduction, Occurring
in gavden and as wayside bush near buildings,

Gueitarda speciosa L.

Gan islet, lagoon side, on shore, Sicee 10, Common in the coastal
scrub, and occurring frequenily in the open sevub, and regenerating wood-
land. Hitaddu islet, common in the coastal scrub on the secaward side, and
in the opean forest on the lagoon side north of the staging post, Fairly
frequent in banana plantation,

Hedyotis brachiata Yight
Gan islet, near coral heap, waste ground, Sigee 85. Restricted to
a small area of open scrub at the southeastern end of the island., Hew

record for the Maldives.

Hedyotis corymbosa (L.) Lam,

Gan islet, southern end, along wayside in rocky dust, Sigee 51.
Commonly found by waysides, also seen in the scrub, Hitaddu islet, com~
mon in the staging post area,

Ixora coccinea L.

Gan islet, southern part of island, in bush scrub, Sigee 52, Local-
1y common shrub, seen only in the regenerating woodland south of the cen~
tral dense woodland,
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Morinda citrifolia L.

Gan islet, Sigee 55, Hitaddu islet, common in the coastal scrub
on the seaward side, and occurring also as a freguent shrub in the open
woodland on the lagoon side of the northern forest.

Goodeniaceae

Scaevola taccada (Gaertn,) Roxb,

(8._sericea Vahl)

Gan islet, Sigee 9, Common along the shore as a shoreline shrub,
and also in the coastal scrub, Frequent in the open scrubland in the
regenerating woodland, A few bushes occurred as primary colounisers in
the southeast marsh area, Hitaddu islet, abundant on the seaward coast
both as a shoreline shrub, and in the dense coastal scrub behind the
shoreline, Also common in the staging post scrub, and on the lagoon
shoreline. A frequent bush in the open forest, north and south of the
staging post; was a coloniser in clearings in the dense Pandanus forest
on the seaward side novth of the staging post area.

Compositae

*Bidens pilosa L.

Hitaddu islet, in clearings in woodland, lagoon side, Sigee 98.
Common on the lazoon side of the northern foresi. New record for the
Maldives.

Blumea sinuata (Lour,) lierr,

fditaddu islet, in scrubland in open swampy area, Sigee 104.
Uncommon, a Tew specimens fouad in the marsh area at the northern boundary
of the staging post. WNew record for the Maldives,

*%Conyza floribunda Kunth
[This species seems to me insufficiently distinct from
C. bonariensis (L.) Cronq. FRF.]
Gan islet, east end of island, just south of airstrip, in open
scrub, Sigee 30, Seen only as a few clumps near the coastal scrub at the
eastern end of the runway. Wew wzecord for the Maldives.

*Fclipta alba {(L.) Hassk,
Gan islet, almost marsh (high water table), Sigee 35. Common
in the southern marsh area, uncommon along voadsides and in scrub.

Launaea pinnaitifids Cass.
Gan islet, seashore, Sigee 3. Common as a shoreline plant on
lagoon side, also fairly frequent inland on bare ground, Hitaddu is-

let, common along the lagoon shoreline, spreading across bave sand.

“Tridax procumbens L.
Gan iglet, east end, just south of airstrip, on bare ground, open,
Sigee 31, Common in parts of the open “grassland’, roadsides, scrub
and on the shoreline, Hitaddu islet, abundant in parts of the staging
post area, near buildings, where it formed a compact turf,
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Vernonia cinerea var. parviflora (Bl.) DC

(V. cinerea (L.) Less, of ARB 58)

Gan islet, away from sea, near oil tanks, in wasteland, more or less
shady, Sigee 22, Common by roadsides, in scrub, and near buildings. Hit-
addu islet, common in scrub of staging post area.

Wedelia biflora (L.) DC.

Gan islet, seashore, not normally washed by tide, Sigee 2, Abundant
im open coastal vegetation, occurring just inland from shoreline, Also
common in dry inland scrub. Hitaddu dislet, abundant herb, forming com-
plete ground layer in places, in the lagoon side open forest, north and
south of the staging post. Also common in clearings in coastal scrub on
seaward side, and common in open scrub of staging post area itself.

Name changes required in the Systematic list of plants

of the Maldive Islands (ARB 58: 8-36, 1957)

Apluda varia var, aristata L. = Apluda mutica L.
Bambusa arundinacea Willd, = Pambusa spinosa Roxb.

Bambusa arundinacea Willd.

i

Bambusa vulgaris Schrad,
Eragrostis amabilis (L.) ¥. & A. = Eragrostis tenella (L.} Beauv.
Paspalum vaginatum Sw, = Paspalum distichum L.

Cladium jamaicense Crantz = Cladium jamaicease var., chinense (ilees)Koyama
Areca cathecu L., = Areca catechu L,

Rhoeo discolor Hance = Rhoeo spathacea {Sw.) 3tearn

Cordyline terminalis (L.) Kunth = Cordyline fruticosa (L.) Goepp.

Ficus retusa L. = Ficus microcarpa L. f.

Gynandropsis gynandra (L.) Briq. = Cleome gynandra L,

Albizzia lebbek L. = Albizia lebbeck (L.) Benth.

Erythrina indica L., = Erythrina variegata L.

Triphasia trifoliata DC. = Triphasia trifolia (Burm. £,) P, Wils.
Buphorbia heterophylla L. = Zuphorbia cyathophera Hurr,.

Phyllanthus nivosus Bull = Breynia nivosa (Bull) Small
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Abroma augusta L. = Ambroma augusta L. f.
Hugenia jambolana Lam, = Rugenia cumini (L.} Druce
Ipemoea turpethum (L.) R. Br. = Operculina turpethum (L.} Manso
Messerschmidia argentea (L. £.) Johnst. = Tournefortia argentea L. f.
Physalis minima L. = Physalis anpgulata L.
Borreria ocymoides (Burm. £.) DC. = Spermacoce ocymoides Buxrm, £.
Scaevola sericea Vahl = Scaevola taccada {Gaertn,) Roxb,

Adenostemma viscosum Forst. = Adenostemma lavenia (L.} 0. Ktze,
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D. Harine benthic algae from Addu Atoll, Maldive Islands~/

2
by Roy T, Tsuda:/ and Jan Newhousea/

The following is an annotated list of the marine benthic algae
that were sent fo the senior zuthor by My, David €. Sigee. One terres-
trial and one freshwater alsa ave also included in this paper. All col-
lections were made in the proximity of three islands-~-Gan, Bitaddu, and
Fedu on Addu Atoll, July to Septeuber, 1564,

Past published iistincs of the algae f{rom the Haldive Islands are
based solely on the collections from two expeditiong~~the J. S. Gavdiner
Expedition, 1892-1900, and the J. luvray Expedition, 1933-34, Bavton
{1903} describes ¢ species, including & forms, 3 of the species from Ad-
du Atoll; vwihile Foslie (1903) enumevates ¢ species of wmelobesioid algae,
containing various forms, 2 of the species from Addu Atoll, Hewton
{1953) records onme elga, Microdictyon pseudohapteron £. luciparense Setw
chell, collected by the J. rurvay Expedition from hulakadu aAteoll, To
the authors’ knowledse, only these three papers treat the marine beathic
almae from the Maldive Islands,

HABITAT DATA

The fellowing is e list of habitais on Addu from which the collec~

tions of alzae were made or observed by iivr. Sines.

A, Gan Island - lagoon reef flat, shoreline to 110G feet.
B. Gan Island - lagoon reef flat, 100 feet to 250 feet.

C. Gan Island - lagoon veef flat, 250 feet to veef edge (360 feet).
D. Gan Island - lagoon reef slope, to depth of %0 feet.

¢, Gan Island - seaward wveef flat, shoreline to boulder zomne,
F. Gan Islend -~ seaward reef flat, boulder zone ifo reei edge, -
G. Hitaddu Island - seawand reef flat, shoreline to 20 feet.
H. Hitaddu Island -~ seaward veef flat, 20 feet to reef edge.
I. Gan-TFedu Gap.

J. On knoll in lageon, 30 feet below the surface.

FARTNE ALGAE

In the list of species below, the letters representing the habi-
tats above vefer both {o the site where the species were actually col-
lected and wheve the species were only observed, Uiere more than one
habitat is listed for a species, there is no available information in-
dicating which was he actual site of collection. It must be assumed
that the collector was sufficiently competent to judge critical dif~
ferences between the specific entities tepresented, All specimen numbeirs

1/ Technical Report No. 8, Hawaii Institute of larine Biology, Univer-
FaT-ua

gity of Hawail, Honelulu, Hawaii 26522,
2/ Department of Botamy, University of Hawaii, Honolulu, Hawaii.



cited here are those of the collector, and the specimens are deposited in
the herbarium of Dr. Mawmwell S. Doty, University of Hawail.

Those five species which ave recorded from Addu Atoll in both Barton
(1903) and Foslie (1903) are incoyrporated in this listing and preceded by
an astevisk,

Myronhyceae

Anacystis montana (Lightf,} Drouet & Daily
Habitat: E, Sigee 120,

Calothrix pilosa Bornet & [lahault
Habitat: ©», 3izee 120,

Hormethampion enteiomorphoides Bornet & Flahault
Habitat: A, B, Sicee 0C.
This species detevmination was wmade by Dr. Francis Drouet.

Lyncbya aestuarii Gomont
Habitat: B, C, &, Simee 28, 79, 27.

Lynzbya majuscula  Gomonk
) =

Hebitat: A~F, Sipec 1C.

Schizethrix calcicola (Ag.) Gowmont
flabitat: [, Sizee 30,

Symploca hydnoides Gomont
flabltat: A-F, Sinee 42, 46, 61, 711, 79,

—— e ? g
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Chlorophyvceae

. DBoé¥zesenia forbesii (Harvey} TFeldmann, 1938: 535, figs. 3-5.
' Habitat: A, B, &, F, Sigee &,
The elongated vesicles ave in groups of 10-20, The bases of
the vesicles in this collection are tapered with attached septate rhizoids,

Boodlea composita (Hawrv.) Bvand, 1905: 187; Egerod, 1952: 362, figs. Ca,
pl. 32a.
Habitat: B, I, F, #, Sigee 04,
Both specimens seem to fall within the limits of this species.,
No. 7 is much coarser with the main axis about 300 u in diameter,
while the main axis of Ho. 94 is about half that diameter.

Loodlea sp.
Habitat: D, Sigee &3,
The collection is a fine sponpgiose mass about a centimeter in
dlameter, with the presumed older porxtions of filaments approximately
25 u in diameter and the vounger vportions as fine as 7 e

Bryopsis pennata Lamx., 1009: 134, fig. lawb, pl, 3; Egerod,1952:370,fig.7.

flabitat: A~F, Sigee 1/, 34, on corval,



Caulerpe lentillifera J. Ag., 1837: 173; Bubank, 1946: 418, fig, 2L;
Taylor, 1250: 67,
Habitat: A~D, Sigee 8b,

This specimen, which is 5 mm high from the prostrate axis, does
not fall within the size range as described by Eubank (194%) or Taylov
(1950), but is placed here because of its distinct constrictions at the
points of attachment of the pedicels to the terminal heads.

Cauleypa racemosa var. macrophysa (Kitz.) Taylor, 1$28: 101, pl. 12
(fig.3) and »pl. 12 (fig. 9).
Habitet: A-D, Sigee Ca,

Caulerpz racemosa var. peltata (Lamx.) Rubank, 194&: 421, figs. 2r-as,
Habitat: A-C, ¥, H, Sinee 9, 13,
Distinct peltate ramuli are present on both specimens,

Caulerpa serrulata var. typica {(Weber-van Bosse) Tseng, 1936: 178, pl. 1.

Habitat: I, Sigee 47.

Caulerpa taxifolia (Vahl) Az., 1022: 435; Eubank, 194€: 417, fin. 2f-g.

Habitat: A-C, Sigee 10,

Chaetomorvna brachymona Havvey, 1853: 87; Teylor, 1960: 70, pl. 2(fig.S).
Habitat: A, 3izee €. .
The filaments arve zbout 150 u in diameter znd slightly constricted
at their septa. The cells are less than two times as long a8 their dia-
meter, '

Chastomorpis crassa (Ag,) Kitz., 1845: 204; Taylor, 1960: 72,
Habitat: A, Sigee 10C.

The filaments, including the cell wall, are about 420 u in dia~
meter with the cell length less than twice their diameter, fhe chick
cell wall is approximately 75 v in diameter.

N
Cheetomorpha gracilis. Kitcz., 1045: 203; Taylow, 1960: 70,
Habitat: G, Sizee 105.

These filamenis ave about 45 u in diameter with the length of the

cells about two to four times as lond as theinr diameter,

Cladophoxs sp.
Habitat: B~-E, Sigee 35, 55,

These intertangled filamenis are light brown in color with theiy
cells gbout 120 u in diameter. The length of each cell is about seven
to eight times their diameter., The lateral branches usually occur om
one side of the main. filament,.

Cladopiora sp.
iabitat: A-B, Sigee 73,

Cladophoropsis sp.
Habitat: F, U, Sigee ©¢, 113,

The lateral filaments ave spaced irregularly along the main fila-
ment in a verticillate manneir. The diameter of the main filament is about
350 a. '

\




Codium arabicum Kdtz., 1856: 35, pl. 100 (fig. 1D,
Habitat: ¥, Sigee 123,

Codium edule Silva in Lgerod, 1952; 392, fig. 18, pl. 35bL.
Habitet: B, F, Simee 22,
4 branching vepeat specimen with the thalli not secondarily at-
teched to each other., The size and shape of the utvicles are very similar
as those described in Egerod (1952).

Dictvosphaeria intermedia var, intermedia Weber-van Bosse, 1905; Taylor,
1950 42,
Habitet: E, ¥, H, Sigee 40,

Two morphologically different thalli ave included in this collec~
tion-~a solid, pseudopavenchymatous cushion and a hollow monostromatic
bladdex, Both thalli lack trabeculae, The latter thallus also falls with-
in the circumscription of D, caveinosa (Forsskfl) Boerg. Egzerod (1952)
comments on these species saying that D. intermedia, in the later stages
of development, is almost indistinguisheble from D. cavernosa., Since these
two thalli appear under the same collection number, it may be possible that
these represent the youny and old stage of D. intermedia. A more critical
study of the haptera of boih snecies is needed.

Enteromorpha sp.
flabitat: A, D, Sigee CC.

These thalli ave ebout 7 cm high with brenching occurring near the
base. Both cylindrical and compressed branches avise from the base, with
the fowmer type about 150 u in diameter and the latter type sbout 1 mm in
diameter. The cells appear in longitudinal xows with two to four pyre-
neids in each cell.

Halimeda discoildea Decaisne, 1842: 91; Hillis, 1959: 352, pi, 2 (fig. 5},
nl. 5 (fig, 11), pl, & (fig. L1), pl., 7 (figs. S-10), pl. © (figs.
5-8), pl, 11.

Hebitat: A, B, ¥, i, Sigee 1,
The secondary utricles are very conspicucusly inflated,

*Halimeda incrassatas (Ellis) Lamx,, 1812: 186; Hillis, 1959: 365, pl, 4
(figs. 1-2), pl, 5 (fig. 21), »l., 6 (figs. 21-24), pl. 12, -
Habitat: below 25 fathoms and on hard bottom outside atoll,
Bartonm, 1903; A, B, Sigee 75; A, B, F, Sigee ?2b; F,
Sicee 103, 5 it
The habitat daca for these three speclmens ave listed here sepd-
rately since the specimens appear morphelogically dissimilar, but all

three seem to fall within the cizcumscription of this species when exam-
ined anatomically. The suvrface utricles of specimen No. 2b are round in
appearance and not angular as described by Hillis (195%9). Aside from
this, it seems to fall within this species,

*dalimeda opuntia (L.) Lamx,.,, 1812: 186; Hillis, 195%: 359, pl. 2 (figs.
7-8Y, pl. 5 (figs. 3-0), »l, 6 (fig. 6), pl. 7 (fig. 3), pl. 10,
Habitat: Dbelow Z5 fathoms and on hard bottom ouitside atoll, Barton,

1¢03; A, B, ¥, ¥, H, Sizee 2a, 3, &.
These thalli ave aboui 4~5 cm bigh with no specific holdfast
present., The medullary filaments are fused in twos but occasionally may
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be seen in threes, with the points of fusion about 1-1.5 times as long as
the diameter of the filaments. The primary utriclies adhere to each other
even after decalcification, These individual utricles are about 17 u in
surface diameter. ‘

Neomeris mucosa Howe, 1909: 84, pl. 1 (fig., 5) and pl. 5 (figs. 1-14);
Dawson, 1956: 42, flg. 30c,
Habitat: ¥, H, Sigees 102.
Of the seven species in this genus, these thalli agree with the
description and figures of this species as described in Howe (1909).

Tydemania expeditionis Weber-van Bosse, 1901: 139; A. & E. S. Gepp, 1911:
66, fig. 153-154; Taylor, 1950: 73, pl. 38 (fig. 1).
Habitat; B~D, J, Sigee 32,
Only the distinct glomerular form of this species is present in
this collection.

Udotea orientalis A. & B, S, Gepp, 1911: 119 and 142; Tayloxr, 1950: 74,
pl. 38 (fig. 2).
Habitat: A~F, B, I, Sigee 15.
The thalli are small, about 3-4 cm high including the stipe, and
anatomically similar to the description ia Taylox (195C).

Valonia utricularis (Roth) C. Ag. 1822: 431; Taylor, 1950: 41,
Habitat: F, H, Sigee 103, 11l.
The vesicles ave ivregularly shaped with no organized pattern of
branching.

Valonia ventricosa J. Ag., 1887: 66: Lgerod, 1952: 347, pl., 29a,
Habitat: B-D, ¥, Sigee 52,
These vesicles are solltary, about one centimster in diameter,

Phaeophyceae

*Diciyota bartayresiang Lamx., 1809: 43,
Habitat: in passage below 25 fathoms and on hard bottom,Barton,l903,

Dictvota friabilis Setchell, 1926: 91, pl, 13 (figs. 4-7) and pl. 20
(fig. 1}.
Habitat: A-F, 4, J, Sigee b5a, 70,

Both collections form prostrate ciumps, with the thalli about 1-2Z
cm long, Most of the thalli of No. 70 are less than 2 mm broad, whereas
the thalli of No. 5a are about 5 mm broad, For the present, both of these
sterile specimens are tentatively listed here.

Dictyota sp.
Habitat: A-F, H, J, Sigee 5b.
This collection consisis of prostrate clumps with the thalll up to
3 cm long., The margins of the thalli are serrated as in Dictyota patens
J. Ag., but do not confoym to the growth habit and size of this species,

Hydroclathrus clathratus (Boxy) Howe, 1920: 590; Taylor, 1950: 96,
Habitat: E, F, I, Sigee 45,




Padina commersonii Bowy, 1028: 144; Okamuza (Icones VI): 89, pl., 295,
Habitat: A, B, E, G, Sigee 17.

These thalli are about 5 em high and arvise from a common hold-
fast. The thalli are two to three cells thick, about 90 u in thickness
at the apical portion and enlarging to 120 g in thickness below. The
oogonia are in concentvic rous on the upper surface above every hairline,
with no inducium present,

Pocockiella variegata (Lamx.) Papenfuss, 1943: 469, figs, 1-14,
Habitat: B, D-F, H, Sigze= 50,

The thalli were growing prostrate on fragments of coral. Al-
though the anatomical sections as well as habit are similar to those des-
cribed in Papenfuss (1943}, there is still some doubt as to the legitimacy
of the genevic name,

Sphacelaiia sp.
Habitat: A, B, Sigee 20C.
These thalli ave about 1-~Z mm bizh., Since all of the thalli
were without propagulae, no specific epithat can be designated here,

Turbinaria ornata (Turner) J. Az., 1048: 2460; Taylor, 1850: 101, pl, 53
(fiz. 2) and pl, 35 (fig. 2)
Habitat: B, F, B, I, Sisee 20,

Ithodophyceae

The melobesioid corallines of the present collection are not re-
ported here because of the authors® unfamiliavity with this group. Howw
ever, iwo species described in Poslie (1903) are listed here.

Antithammion sp.
Habitat: B, €, T, Jigee 23,
The branches on the main axis are either opposite or verticil-
late with the terminal Dbranches tipped with 2 single acute shaped cell,

*Archaeolichothamnion schmidtii Fosl,
Habitat: below 25 fathoms of water in lagoon, Foslie, 1903,

Botryocladia skottsbergii (Boerg.) Levring., 1941: 645; Dawson, 1956: 52,
fig. 51-3. ! :
Habitat: A~C, T, Sigee 23..

Ceramium Fimbriatum Setchell & Gavdnmewr, 1824: 777, pl. 26 (figs. 43 & 44)4
Davson, 1944: 317; Dawsen, 19503 123, '
Babitat: G, Sizee 105,

The mature portions of the thalli are approximately 70 y in dia-
meter, with the corticaring bands divided into two distinct parts at about
the .lower third., Short thick apically vounded, unicellular hairs are -pre=
sent at the nodes, The tetrasporangia are involucrate,




Ceratodictyon sponziocsum Zanawrd., 1870: 36; Okamura, 190¢ (Tcones II):
pls. 51-52,
Habitats I, Sizee 6,
The thalli are very sponge~like in appearance.

Champia pavvula (Agz.) Havvey, 1353: 763 Beoerg., 1915-20 (Danish ¥est
Indies): 407,
Habitat: A, Sigee 127a.
The thalli arve interianslaed and form small clumps about 2 cm

across.

Champia salirornoides Havvey, 10533 Taylor, 1950: 481, »l, 61 (fig. 5).
~ Habitat: A, Sigee 122b.

The thalli are about 3 ecm high and appear svect from a basal
disk. Anatomically, the walls of the thalll consist of a single laver
of large cells, 25-50 o in diameter, intevsnersed with smallew cells about
7-14 w in diameter. The ﬂmdullarj filaments are seen running througinout
the length of the thalli, The sessile pericarps ave conical in shape and
scattered on the thalli,

Dasva sp.
Habitat: i, figee 112,
Dictvurus purpurasceans Bory in Belanger & Bovy, 1354G: 170, pl. 15 (fig.
2Y; Tavlowr, 1950: 143, »nl, 72 (fin. 1.
Habitat: B, Sigee 24,
This collection is similar to the description and photograph in
Taylor (1250).

Galagaura marginata (Ellis & Solander) Lamx., 1816 264; Kiellman, 1900:
77, Tab, 20 (fig. 44),
Habitat: B, C, Sipee 104,
The thalli ave composed of flattened branches thioughout. Tex
minal cells of the corticel filaments ave spherical in shape.

Galaxaura rudis Kiellman, 1800: &3-44, Tab., 2 (figs, 1-9) and Tab, 20
(fiz. 11},
Habitat: A, B, D, I*, Sigee 21, ‘
The thalli ave 3-4 com hiph and are bushy In appearvance., Ana-
tomically, the thalli consist of long assimilatvory filaments with swollen
cells at the basal poriion of these filaments.

Gelidium divavicatum Haviens, 1886: 30, pl. &; Tseng, 1936: 36, figs.
18a-b, pl. 2.
Habitat: A-D, ¥, J, Sipgee 72,

Griffithsia sp.
Habitarz: ¢, Sisee 30,
The thalli are sterile and about a centimeter long.

Herposiphonia sp.

Habitat: B, D, ¥, Siget
These thalli were growing as epiphytes on Halimeda opuntia.
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Hypnea spp.
Habitat: E, Sigee 91; E, ¥, H, Sigee 23; A, B, E, ¥, Sigee 18;
B-D, Sipee 12,
Four gpecies are represented in these collections of Hypnea.
Due to the taxeopomic difficulties encountered by the senior author in
this genus, they cannot be named at preseni but are listed separately
above with their respective habitats,

Jania capillacea Harvey, 1853: 864; Boerg., 1917: 198-199, fig. 188,
Habitat: A-F, H, Sigee 11,

The thalli appear as intertangled masses, with the branches
seldom forming obtuse angles at the dichotomies. The diameter of the
branches is approximately 120 u, with the length of the segments €-3
times as long as the diameter.

*Lithothamnion fruticulesum {Kitz,) Fosl.
Habitat: below 40 fathoms, Foslie, 1903 (cited as an uncertain
determination).

Lophosiphonia villum (J. Ag.) Setchell & Gardner, 1903: 329,
dabitat: B-D, ¥, H, J. Sigee 29, 98,

Polysiphonia ferulacea ;uhringir in J. Ag., 1863 (Spec. Alg. II): 980.
Habitat: a=C, Sizee 35a.
Species dete Jmlne@ Sy Ly SN TTERG et .
Spyridea filamentosa (Wulf,) Harvey in looker, 1833: 337 Taylor, 1950:
139; Dawson, 1954: 444, fig. 541,
Habitat: %, Sipee S7,
The main axis is similar to the illustration in Dawson (1854).
The determination branchlets are tipped with 2 single spine,

Tolypiocladia glomerulata (Ag,.,) Schmitz in Schmitz and Haupcfleisch,
1896~97: 441; Dawson, 1954: 452, figs., 59b-c,
Habitat: B, C, Sigee 44,

Vidalia serrata (Suhi.) J. Ag., 1863: 1124,
Habitat: B, Sigee 19, .
The thalli are about 2 cm high with the stichidia present on
the blades, just inside of the marginal serrations,

FRESHWATER AND TERRESTRIAL ALGAE

Nostoc commune Bornet & Flahault
Habitat: Terrestrial, Gan Island, Sigee 119 :
This blue~green alga was reported to be especially evident in

wet weather,

Pithophora oedogonia (Mont.) Wittrock, 1877: 55, pl. 6 (figs., 1-6);
Collins, 190%: 363,
Habitat: Freshwater, Gan Island, Sipgee 114,
The filaments of this green alga ave branched with cells about
60 1 wide and the cell length about ten times as long as the diameter,
Both 1nLercalary and tesmlncl akinetes are present..
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Summazy of Algal Collection

Excluding the four tentative species of Hypnea, this paper lists
63 species or varieties of marine benthic algae from Addu Atoll, 58 of
them reported here for the first time from this atoll, These new rec~
ovds consist of 7 in the Hyxophyceae, 25 in the Chlorophyceae, 7 in the
Phaeophyceae, and 19 in the Rhodophyceae., One terrestrial alga and one
freshwater alga are also included in this paper.

It is of great interest to note that the species represented here

from Addu .Atoll in the Indian Ocean are very similar to the marine flora
that occurs on many of the atolls in the Pacific Gcean,
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VI. ADDU ATOLL IN 183¢

The following text is taken from an unpublished manuscript by Com-
mander R, Moresby, "Nautical directions for the laldive Islands®™, written
following the first hydrographic survey, and preserved as IS 55 in the
India Qffice Recoxds, Comm?n;ealth Relations Qffice, London, by whose per-
mission it is LeoLoJurba.m Excerpis from Moresby's work have been pre-
viously published (loresby 1835, 1844), and his officers also published
early descriptions {(Christopher 1341, 1844: Voung and Christopher 18&4),
but Movesby's full memoir has not previously been published, though Dar-
win (13842) drew on it, znd it is Driefly mentioned by Gardiner. The
original forms a volume of ¢§ manuscript pages, of which pages 35-40 deal
with Addu Atoll,

Addoo Atoll

Addoo Atoll erronesously called by former Navigaitors Phoohah iologue
Atoll, this Atoll being vich, well inhabited, and available for Ships,much
in want of supplies; I shall be particular in describing it., This Atoll
terminates the South extveme of the Haldive c¢hein of Islands, is the small-
est of 211 the Atolls; belang only 10 Hiles from fast to West. and 7 wiles
from Horth to JSouth, it is of a half lioon Shape, the concave side faci
the norith, and the convex sids the South, The N7 Point is in Latt le go3s
South. Lcmrde 7396% Eest. The NE Point in La®® 0935 South and Lonz®e
72010% E. therve gve nine larger and several smaller Islands; the two piin-
=ipal Islands lay, one on the W point; the other on thae NE? point; tha

fe

fg
"

a

on the W' part of the Atoll, is named Hit-ta-doo. 2and extends to th
5 miles, its breadih from % to % of a mile; next to the Jouth of it is / is
Me:?ﬂ-doo. about one HMile in extent; then Faidoo which is smallew, next

the gouth is Gung, which is 1% Iiile in extent, and is the most Zouih-
ern and centre Island of the Group; all these Islands four in number, lay
on the Western side of the ftoll, and are comnected by a barvier reef,
of coral, dry at low watew, with no Soundings outside of them.

[N

There are four Channels leading into this Atoll; two in the Centie,
on the North side, and two in the centre on the South side; the Southern
chemnels are the lavgest, and may be used at aight time; the Northern ones
are not so broad; yet are safe. and available for vessels coming Ffrom the
Worch® with northerly winds, or leaving the Atoll with Southerly winds.

a vessel could not work ths Od”h the Northern Channels, but with a falr
tide it could be don Ln;ou&n the SoutheLn ones: the best way 1s to adopt
thet. channel through which a vessel will have a fair wind; the Northern
Channels are not easily seen by a vessel coming from the Northward./as

the Northexn barrier at some distance appears like one unbroken Reef; on

a neaiver approacih and almost in the centre of this barvier, between the
Zast and Western Islands, lay the channels; which will be known by a2 smali
bushy Island and o high Bank of Coral Stones; both on the Same Reef; on

1/ . .
—  Unpublished Crown-copyricht material in the India Office Records

transcribed in this chapter appears by permission of the Secretary
of State for Commonwealth Relations,
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either side of them is a channel leading into the Atoll, the eastern
Channel is the largest being 4 or 500 yards broad, having not less than
¢ & 7 fms, its direction N and SER; the Western Chamnel is narvower yet
longer, and its direction Novth and South, the depths ave from 10 to 12
fms; in both these channels the tides and currents arve strong. as also in
the Southern ones; the Flood tide sets into the Northern Channels; the
Ebb sets into the Southern ones, rigse and £21l of the tice ebout & feet,
aigh water at 1 hour full and change of the moon. The Southern Channels
lay on the East side of Guns Island the Southern Island of the / the Atoll;
this I shall call Gung Chanmel and is formed between Gung Island. and two
small Islands to the ENE of Gung, called Willing-gilly Islands. Gung
hannel is half a wile broad, having no dengers in it., and the depths are
from 13 to 17 fms. it is convenient for any Ship entering the ftoll, The
other Channel T shall call the Willing-gilly Channel is on the East side
of the Willing-gilly Islands, focrmed between them and the South Point of
the dry coral reef bounding the East Side of the Atoll; this channel is
one mile broad and has from 17 to 20 fms water in it; deepening as a Ship
enters the Atoll; the direction of this Channel is about MW & SE about
one mile inside the entrance, on the NE side, there is a small Coral veef,
and as a Vessel proceeds on to the centre of the Atoll, 3 coval patches
will be observed onm which the seas breaks at times; but these are easily
avoided by a common look oui; the deepths in the centwe of the Atoll are
from 25 to 35 fms sand and clay; the most convenient anchorage for com-
munication with the Watives is near the Islands on the West side all / all
of which are inhabited; from the ¥illing-gilly channel round the HWE" Side
of the Atoll; to the Centre on the Novih side, is one continued barrier
reef, on which arve several Islands, the only large one of two miles in
extent, is on the NE! part of the Atoll this is well inhabited and an in-
teresting Islend it is called Hee-doo and Hoo-loo-doo from two villages
situaced in its Centre.

This Atoll is clear of Reefs except in the Centre, the three small
patches as formerly mentioned; znd which are casily avoided; 30 & 35 fms
is the depth of water in ihe Centve. Near the Islands on the East and
Jest sides, are 20 & 25 fms, a vessel may Anchor as lMost convenienti, ac-
cording to the Seasons; duving the WEY Honsoon on the north or Weather
side, and in the other Monsoon on the West side, The Islands afford 2
few Supplies, of Fruit - limes. Poultyy Lggs. #Water and Firewood in abun-
dance, the Watives ave very civil aznd oblizing, and will exchange theivr
articles either for Honey or Rice, Biscuits, Suzaw. Salt. Onions. Gavlic.
they awe extremely lazy / lazy and indolent and very timorous fearful of
strangers, and will not Dbe induced to assist a Ship in Wooding, and Vater-
ing, unless paid for it, and obliged to work; they are under the Govern-
ment of the Sultan at lale, or King's Island; and the Atoll-Warree or
Chief of the Atoll is the person Strangers ought to apply to, for assis-
tance in getting Supplies; Some of the Natives speak the Indostannee
language; their principal occupation is making cotton Cloths, of White,
RNed, and Black colours mixed; all of which they dye themselves. and sell
at a geod price in the other Atolls; thev are not allowed by their Govein-
ment to trade with Foreignars, not even with the English their Allies;all
this produce must be sold at the King's Island Male. They seldom visit
Saips passing, from fear of molestation; and it would be wrong any Ships
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stopping at these Islands; to allow thedir Crew to intrude into the
privacy of their houses, among their females, or wantonly and without
permission to take their fruit. coconuts. fowls &c. they ave poor, and
inoffensive, and have reason / to vegret the visits of some Merchant
Ships; in Religion thev are all Musselmen. the Atoll contains about 500
inhabitants and in appeavance they are like the Natives of India on the
Malabar coast.

There are no soundings oubside of this Atoll close to the barriex
reef., and being to the South® of the line ox Bguator. 15 almost without
the influence of the Monsoon: the Winds and Weather being very variable.
subject to Squalls, and Rain., The HE™ Monsoon is felt in Jan™” FebY &
iarch. and Westerly winds more in July August & Sept®., the currents
about this Atoll are very Stzong, for six months they set to the West
and then back again to the Rast according to the Monsoons. but are sub-
ject to checks from vairisble winds. They commence to set to the West
about January and to the nestd gbout June. their velocity from 49 to 50
Mlles per day. decreasing considerably in strengih 40 or 50 Miles Zrom
the Islands, there was in 15836 no variation of the Magnetic,

I have been thus particular as so many Ships pass this place on
their way to & from India, /

I have also recommended it as a Coal Depot for Steamers.
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