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Fig. 1. The Maldive Islands, after Farquharson (1936). 



Fig. 2. Addu Atoll, based on Admiralty Chart No. 2067; 1 kilometre location grid overlay. 



I. INTRODUCTION 

The Maldive Islands - 
The Maldive Is1and.a proper ( ~ i g .  I), between IhavandifNu and 

Haddumati Atolls, form a double chain of atolls,  r is ing from a sub- 
marine plateau or ridge, 150-210 fathoms deep, 350 nautical. miles 
long, and up t o  70 nautical. miles wide. 'Inne a tol ls  are separated by 
channels which axe deeper than the general. plateau surface, and a t  
the edge of the plateau the sea floor faJls steeply t o  between 1000 
and 1400 fathoms on the east side, and t o  1300-2000 fathoms on the 
west side. The & features of the bathymetry were f i r s t  recognized 
by Gardiner (~902, 1903-6), and subsequently confirmed by Farquharson 
(1936). 

Both to north and south of the main plateau the bottom topo- 
graphy i s  less clear. Minikoi, i n  the north, i s  linked t o  the main 
Maldive plateau by a shelf a t  700-900 fathoms. In the southern 
Maldives, the plateau may be interrupted between Haddumati and Suva- 
diva Atolls a t  about 900 fathoms. Between Swadiva and Addu Atolls 
the plateau does not seem t o  exist:  the minimum sounding midway 
between the two atolls  i s  845 fathoms, rising t o  654 fathoms 12 naut- 
i ca l  miles north of Addu, and most of the soundings range from 1000 

1200 fathoms. The existence of a deep ridge seems clear, however, 
for on either side of a l ine joining the two atolls,  a t  depths of 
about 1000 fathoms, the floor f a l l s  to  depths of 1300-1500 fathoms on 
the east side, and to  1400-2000 fathoms on the west. The relation- 
Ship of Fua VN3.aku Island, between Addu and Suvadiva, to t h i s  ridge 
i s  unknown. 

South of Addu, between the Maldives and the Chagos Archipelago, 
soundings are few. Inmediately south of Addu, depths of 1200 fathoms 
are recorded, increasing t o  more than 1800 fathoms a t  3OS. This sug- 
gests that the Mid-Ocean Ridge, extending northwards t o  the Chagos 
a t  about 6 7 O ~  longitude, and swinging northwestwards f r o m  there to- 
wards the Gulf of Aden, thus forming the Carlsberg Ndge with depths 
Of about 1000 fathoms, does not continue uninterruptedly into the 
Maldives (~eezen  1962; Heezen and Ewing 1963, 396; Heezen and Tharp 
1964). Recent workan the structure of the Indian Ocean has con- 
centrated on the Carlsberg Ridge, and does not make i t s  relation- 
ship with the Wdives  ridge clear. A t  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 l i e s  at more than 
2000 fathoms, between the Maldives and Carlsberg Ridges it averages 
2400 fathoms (reaching 2600 ), and s.w. of the Carlsberg Ridge the flmr 
averages 2700 fathoms and i n  places reaches more than 2800 fathoms. 
Farqlxhmaon (1936) uses the 1300 fathom fsobath to c l e l l m i t  the Mal- 
dives Ridge, thus includjny Minikoi and Addu; most of the Maldives 
a tol ls  are coanected at the 300 fathom level. 

Most observations on the structure of the Maldives have been 
speculative. Darwin (1842, 1 1 0 ) ~  followed by h v i s  (1928, 527-532) , 
suggested that  subsidence of an island l ike  New Caledonia, w i t h  reef 



upgrowth, could form such a double chain of atolls .  Gardiner (1902, 
1903) believed that  the main Maldives plateau.  as formed by current 
erosion, and that  the a tol ls  themselves were subsequently f o m d b y  
the growth of deep- and la te r  shoal-water organisms on this  forraa- 
tion. During the John Murray Expedition, Glennie (1936) made gravity 
readings a t  several stations, including Midu Island, Addu Atoll. 
These showed a strong negative anomaly along the whole Maldives ridge, 
which Glennie interpreted as indicating a thickness of several thou- 
sand feet  of reef limestone. Magnetic anonaly studies carried out 
by H.M.S. Owen i n  1962 demonstrat=& small f i e ld  changes in the Mal- 
dives and Laccadives, which were interpreted as indicating the 
presence of a continental basement  askel ell and others, unpublished 
data). In contrast t o  the mid-ocean riage characteristics of the 
Carlsberg Ridge (high heat flov, seismicity, vulcanicity ( H i l l  and 
others 19&)), the haldives and Laccadives area i s  notably aseismic. 

-studies i n  the Maldive Islands 

Several large expeditions have visited the Maldive Islands reefs, 
yet pasadoxically they remain one of the leas t  known groups of atolls .  
Unlike Pacific atolls,  the Maldive Islands have been known t o  the west 
since medieval times. l3n Battuta visi ted the islands in 1327 and 
gave the f i r s t  recognisable a,ccount of Maldivian l i f e  (Ibn Battuta 
1.8?9, 1854-8, 1890, 1929). In 1602 Fran~ois  Pyrard de Laval was ship- 
wrecked in the Maldives, lived there for five yews, and wrote a spjs- 
iLed account of topography, vegetation, and native l i f e  ( w a r d  1887- 
1890). A t  th is  tim Portuguese influence in  the islands was great, 
since the Maldives lay across the shipping route from Xuropc to  the Far 
East. Scientific investigation properly began in  the Wddives vi th  
Commander R. Moresby's hydrographic survey for :he East India Company 
i n  the 1830s, a survey vhich for most a tol ls  forms the basis of current 
charts. Moresby's remarkable survey of so large an area resulted in  
charts of great elegance, but his vessel carried no naturalist, 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- 
i ca l  and general data by other officers (Christopher 18k1, Horsburgh 
1832, Owen 1832, Young and Christopher lw), the only published con- 
clusions on the reefs of the Maldives from this  survey are those of 
Carwin (1842), based on communication with Moresby himself. Moresby's 
two nautical memoirs, on the islands of the Indian Ocean, and on the 
Maldives, remain in manuscript. 

The major advaxe i n  scientif ic  knowledge of the Maldive Islands 
dates from the expedition led by J. Stanley Gardiner of Cambridge Uni- 
versity t o  the Mtiives and Laccac2ives i n  1899-1W. Gardiner's work 
was mainly zoological, and his  collections, based on extended stays a t  
Minikoi and South W e  Atolls and brief excursions through the whole 
group, were published in  tvo large quarto volumes and a series of papers. 
Gardiner himself contributed studies of reef and i s l a d  physiography 
and speculated on the coral reef problem and the origin of the MaL-  
dives (cardiner lgOOa, 1900b, 1901b, 1902, 1903a, 1903b, l906d, 1930, 
19311, as w e l l  as working up some groups of scleractinian corals (Gar- 
diner 1906b, 1906c, 1909, 1929). In spite of his  reef experience in 



the  Westem Pacific,  however, Gwdiner tras no physiogapher, and many 
of h i s  ideas on tile Recent his tory and development of the reefs  and 
islands must be discounted. H i s  major contribution l i e s  i n  the sys- 
tematic lists of land and marine fauna (Gardiner 1903-6), and i n  h i s  
botanical col!.ections (land f lora:  Willis and Gardiner 1903; marine 
flora:  Foslie 1903, Earton 1903), which u n t i l  recently remained unique. 
It is d i f f i c u l t  t o  obtain from Gardiner's tmrk any precise idea of the 
structure of modern Maldivian reefs,  o r  of the dis t r ibut ion and r e l a -  
t i v e  importance of corals  and other reef organisms. A number of groups, 
incl-uding .the senus Acropora, &so remalned mo'aographed. Without - 
Gardiner's vork, ho6;er, our lmotrledge of the Maldives would be 
sparse indeed. Gardiner ~ihs follotred by .Alexander Agassiz, vho spent 
two months i n  1901-2 cruising through the .whole archipelrgo, making 
a la2@ number of shipbomd observations and dedxctions (Agassiz 
LWZa, 1903). Many of Agassiz's p la tes  are  of in te res t ,  'but i n  gener- 
a l  h i s  work is of small value compared with t h a t  of Gardiner. 

The major event of the inter-trar period was the John Ymray Ex- 
pedition 1933-31k, l e d  by R. B. Seymour S e x l l .  Sewell, who had 
already published on the  reefs  of the Indian Ocean (Sewell 1932, 19351, 
carr ied out gravity surveys and deep soundings i n  the Maldives (Glen- 
nie  1936, Farq~rharson 1936) and published physiographic descriptions 
Of Addu and Goifurfehendu Atolls (Setrell 1936aJ l936b). Like Gar- 
diner, Seriell was a zoologist, not a marine geologist, and h i s  chief 
work was on the Copepoda. H i s  physiographic rforlr, while of great 
value, contains many untenable speculations. Taken together, however, 
Gardiner's and Sewell's expeditions provide the greater  pa r t  of our 
ho~<ledge  of the a t o l l s  and the i r  reefs. Subsequently, Gardiner l ed  
the Percy Sladen Trust Expedition t o  the Indian Ocean i n  1905, which, 
vhi le  not d i rec t ly  concerned with the Maldive Islands, l e d  t o  Mat- 
tha-1's studies of the IndLan Ocean corals ( ~ a t t h a i  1914, 1924, 19281, 
including many of Gardiner's type speciuens from the Maldives. The 
reports of the Percy Sladen Expedition contain much material  re&- 
van* t o  the study of the Mdldive Islands ( Gardiner 1907-1936). 

The pre-1945 l i t e r a t u r e  i s  largely completed by reference t o  a 
se r ies  of reports by I$. C.  P. Bell  (1882, 1921, 1940) which, thou& 
largely h is tor ica l ,  include zuch topographic data and information on 
f lo ra  and native names of plants. Gray (1878) compiled a v o c a b u l ~ y .  
A few expeditions touched a t  the Maldives, including the Deutschen 
Tiefsee Expedition (chun 1905) and the S.M.S. Planet (~Ubber t  1909). 
A f u l l  bibliography i s  given by Sachet and ~ o s b e r g c l 9 5 5 ) ,  and a?-so 
i n  t h i s  paper. 

The l imitat ions of these data  becane ~ " p p r e n t  with the increas- 
ing number of Pacific reef s-Ludies &ter  1911.5. Etnphasis i n  these on 
reef dis-Lri.bntioa, ecolo(=y and sedi~entology,  ra ther  than on syste- 
matics, gave reef s tudies  new impetus. When Wens summarised post- 
w a r  work i n  1962, therefore, the reefs  of the Indian Ocean received 
v i r tua l ly  no mention, although the MaLdives include some of the 
la rges t  a t o l l s  on earth, and many have unique charac te r i s t ics  unlmo~m 
i n  Pacific and Caribbean a to l l s .  The need f o r  fur ther  studies of 
Maldivian reefs  became more apparent, but for  p o l i t i c a l  reasons few 



, sc ient is ts  vere at , le t o  v i s i t  the  area. The Xarifa carr ied out sys- 
tematic skx%ies i n  1957-8, under Ha.ns Hass, which are i n  the course 
of publication (Hass 1961, 1965; Sib1 -Xibesfelat 1964); . Hass I s  own 
contributions on marine gcol3gy  ass 1962a, 1962b, 1963) are largely 
speculative. k s b e r g  (1956) b r i e f l y  v i s i t ed  Iviale i n  1956, and puh- 
l i shed  a revised and augmented version of Trimen's (1.896) and W i l l i s  
and Gardiner's (1903) f lora .  Deraniyagda (1956) published the r e -  
sul-ts of ecologicd- collecting i n  1932, and Kohn (1964a) has published 
mollcccan and general notes f'ol1o:iing v i s i t s  t o  the southern a t o l l s  i n  
1957. Both the Te Vega and the Anton Bruun have v i s i t ed  the bZaldives -- -- -- 
i n  Comectioa with the International kdim Ocean lkpedition, but r e -  
s u l t s  have not yet  been published, and i n  general p o l i t i c a l  conditions 
made extensive ?rorB i n  the Maldives during t h i s  Etrpedition impossible. 

Present expedition 

An expedition was, therefore, first planned i n  1962, t o  v i s i t  
the  Maldive Is lar~ds and t o  carry out on a small scale reef studies 
s i m i l a r  t o  those carried out i n  the  Pacific since 1945, t o  provide 
data on topography, sedimentology, marine geology, and ecology of the 
reefs,  reef f l a t s ,  islands, and other environments. It was hoped t o  
work at e i the r  Male o r  Kolwadulu Atolls, but t h i s  proved p o l i t i c a l l y  
impossible, and f ina l ly  permission rws given fo r  a s m a l l  party t o  
Work a t  the Royal A i r  Force Staging Post a t  Gan Island9 Addu Atoll, 
southern Maldives, i n  mid-1964. For p o l i t i c a l  reasons work on is- 
lands other than Gan and pa r t  of Hitaddu was inpossible, but t r a E r S -  
ing m d  sampling the lagoon and i t s  reefs  was allowed. The expedition 
thus came t o  concentrate on reef and is land envirolments around Gasl 
Wd, t o  a lesser  extent, Hitaddu Islands. 

Tlie expedition rias l ed  by Dr. D. R. Stoddart, Department of 
Geopaplly, Cambridge, 5rho concmtratecl on topography, sedimentolom 
@ad m i n e  geology of reefs, reef flats m d  is land beaches. Dr. 1'. 
Spencer Cavies, lkpartment of Zoology, Glasgow University, collected. 
marine invertebrates and x,raras i n  charge of' aquaLung work on "the reeffi. 

n. C. Sigee, Department of Botany, Cambridge University, C 0 l -  

l ec ted  land plants  and marine algae, and Nr. A. C.  Keith of the k- 
Partment of Geography, C m b r i e e  University, ass is ted t d t h  the Survey- 
j.llg and sediment sampling progrmmes. The detailed reef  t ransects  
Wre  carr ied out joint ly  by all members under the direct ion Of Dr. 
navies. The party arrived a t  Gan on 1 July 1964, and remained l m t i l  
September 10. The collections and other data collected by the expe- 
d i t ion  w i l l  take some years t o  workout,  and t h i s  report  i s  hence of 
a prel~imjnary nature. The &ir, c&ec%ions 'were sent fo r  ident,ifica:- 
t i on  a s  fo1.l.or.r~: land plnnts, Dr. P. R. Fosberg; marine algae, Yr. I+. 
Tsuda; stony coxal n,  l k .  J. W. Wells. 

Previous work a t  Addu Atol l  

Being remote :.rom the centre of a v e r m e n t  i n  Elale, Addu Atol l  
(pig. 2 )  has been v i s i t ed  only b r i e f l y  by most of the expeditions 
working i n  the Naldives. The first detai led examination of the a t o l l  
was made by Comnander R. Moresby and Lieut. F. . Powell i n  1836, 



- 5 - 
t h e i r  small scale chart being published i n  1839. Moresby's manuscript 
Nautical directions fo r  the Maldive islands (no date, c. 1837) con- 
t a ins  an extended a c = t f A d d u c p T ) ,  reproduced here as  Chap- 
t e r  VI .  The f i r s t  s c i en t i f i c  account i s  tha t  of J. Stanley Gardiner, 
who spent 11-15 April l g O O  a t  Addu, making soundings, taking 14 dredge 
hauls i n  the lagoon, and col lect ing fauna and f lora ,  chiefly a t  Midu 
and Maradu Islands. For Gardiner's description of Addu, with a sketch 
map, see Gardiner 1903a, 10; 1 9 0 3 ,  150-151; Willis and Gardiner 1901, 
78-80; and other references c i t ed  i n  t h i s  report. Alexander Agassiz 
spent two days at Addu i n  January 1902, published brief notes on Midu, 
Wilingili  and Gan Islands, and took issue with Gardiner on lagoon 
f loor  sedimentation (Agassiz 1903, 145-148). Subsequently H.C.P. B e l l  
v i s i t e d  Addu i n  h i s  t h i r d  tour  i n  the Maldives, spending 10-15 February 
1922 at Gan and Hitaddu Islands, describing t h e i r  h i s to r i ca l  IWminS 
h ell 1940, 115-121). 

During Feb~uary-April 1923, Commaslder F. H. Daugleish, R.I.M.S. 
Investigator, carr ied out a survey of Addu Atol l  a t  a scale Of 1:18, 
136, making approximately 18,000 soundings i n  the lagoon and the reef 
channels. Until  the pos'6-1945 work i n  the Marshdl Islands t h i s  was 
the most detai led a t o l l  char t  i n  existence, but for  mil i tary reasons 
it remained c lass i f ied  u n t i l  1964. The published chart  of Addu r e -  
mined  t h a t  by Moresby, v i t h  some corrections, u n t i l  the  c ~ r r e n t  
Admiralty Chart No. 2067, based on Daugleish's but with a great ly  r e -  
duced number of soundings, was published i n  1957. Land t o p o ~ a p h y  
on Daugleish's chart xias sketchy, and i n  some cases had changed Con- 
siderably since 1923, so t h a t  the Daugleish chart  was republished 
i n  1964, with land topography and outer reef de t a i l  from a e r i a l  photo- 
maphy of 1958 and 1960. With the  establishment of the Gan Staging 
Post, a number of minor hydrographic surveys have been carr ied out t o  
Supplement Daugleish's chart. 

Addu was v i s i t ed  by the John Nuray  Expedition 1933-34. ~ 0 ~ d -  
in@ (~arquharson 1936) and gravi ty  prof i les  (Glennie 1936) were' made 
8% Addu, and Sewell (1936a) contributed a general account of the lrhole 
a t o l l .  This for  the first time described the reefs  and reef-f la ts ,  
ad4ed additional lagoon soundings t o  Moresby's and Gardiner's charts, 
and included notes on Midu, Heratera, and, more br ief ly ,  the other 
islands.  There has been l i t t l e  opportunity for  s c i en t i f i c  work a t  
Addu since SewelL1s expedition. The ornithologist  Phi l l ips  has r e -  
corded bats,  amphibians and r e p t i l e s  i n  the Maldives, i n c l u z n g  
  hilli ips 1958a, 1958b, 1958c, 1958d, 1963; Phi l l ips  and Sims 195% 
195%). The conchologist Kohn, of the Yale Seychelles Expedition, 
spent a week a t  Ad4u i n  October 1957, v i s i t i n g  Gan, Hitaddu and W i l -  
i n g i l i  Islands, r e c o ~ < ~ . i n g  mol.hsca ( ~ o h n  1964b). Hans Hass with 
the & x S . f a  Ti:qsrijtrl.on visited.  Addu i n  ear ly  1958 (~ Ias s  1961,34-63, 
00-85; Ei.b7..-RilwsP~l~lL 1.964)~ and sm,ne. systematir: r-cports a re  being 
publ.ished  h cheer 1960a, Gerlacll 1960, 1961). 
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Climate 

This section b r i e f ly  sumarises  data on c l h t e  and marins en- 
v i m m n t  of Adk  A t o l l ,  k d r t n e r  (1903, 2043,  25) c 
Wbe climate as obsemed in 1900, and st ressed the vwiabiLt ty  of 
W d s ,  Addu lying too far south f o r  the mmoon reversa& .to be Stro7-W 
1y f e l t .  Gwdrtner estiaonkd aruawd r a i n f a  at 150 inches (too &@;h, 
judgim by recent r e c o r c ~ ~ ) .  W e i z  ( 1 ~ 3 ,  3-45) and S~WYLL ( ~ 9 3 6 s ~  
65) W e  similar obsesvations. Addu difYers from the  norkbem M- 
dives ( a )  i n  its greater kt& reLinf&l, and i ts  l ees  seasonal nature; 
(b)  i n  the weakened effect  of mnsoon wind r eve r sas ;  and ( c )  Fa 
8bsence of typhoons, which originate in the  Laccadrtve area and t rave l  
northwmds, m e  contrast  with trade wind a t o l l s  i n  the Pacific and 
the Caribbean i s  m k e d .  

Instmmn.taX r e c o r b  k g m  tu  be kept i n  the &?dive fsl.mdS 
during World W a r  11. WeUs (lgk8) r ewr ted  4 yews of obsemations 
at W e ,  end N e w r b m  (1.949) cmrlpiled ,wwtime P ~ G O ~ ~ S  a t  A ~ & U  Atol l  
for  the period September 1942 t o  Bcember 1945, With the estdblish- 
w n t  of the R.A,F. Staging Post a t  Gan, recording was resumed i n  
October 1957 fo r  temperature and r a i n f d l  ,an& i n  Juue 1960 fop winds. 

data t o  1964 have been andysed by the Meteorological C~enkm a t  
Gan, and the following accomt i n  abstracted frum t h e i ~  s m s Y :  

"The weather experienced differs l i t t l e  from t h a t  of the SUP- 
rounding 'Iradlan Ocean but the heating of the land by day and its 
cooling by night causes an average dl.urnaL variation of tempra tme 
O f  amund lo°F. Only s m a l l  variations occur i n  the surface pmsswe 
and these ,we masked by the diurnal pressure var ia t ion which has a 
range of about 4 mb with presswe m ~ k x i m a  a t  about 1000 and 2200 
m3Iima a t  0400 and 1600 hours l o c d  time. Temperature and humidity 
Show also only a ~~1 annual. variation being controlled lW3ely by 
the warm water of the Indrtan Ocean, It is unusud fo r  the sky to 
be e i ther  overcast o r  m e  from cloud fo r  a day or  more a t  a'**, 
and Wch of the cloud i s  of the convectionaJ. type, ranging; from 
faimcqther cumul.us t o  msmtsive cumulonimbus. During r a in i e r  per- 
i0& there i s  often a background of faZtostratus and C ~ ~ O S % - P ~ ~ U S .  

flainf8.I.l averages a m m d  90 inches per year, the highest ' total So 
far reciorhd being ~8 inches and the lowest 74 inches. Vis ib i l i -  
t y  is Usutally very good except when ra in  i s  fa l l ing .  OCcc l s iona~  
in very heavy ra in  it i s  reduced t o  l e s s  than 1000 yards, S t r o a  
wind8 or ga1.e~ ~ u - e  r e ~ ~ : i m l y  rare, dthough Westerly d n d s  durinz 
a vet sirell blow rather  strongly for scverd day6. However, dur- 
ing wet spel.1.s squalls of up t o  70 kts  have been experienced. 
Sw face winds i n  January from between WNW and NNE become mainly 
North o r  Northeast i n  February (cf. Fig. 3, where wind data are  
plot ted as monthly wind roses). In March winds a re  evenly a s -  
t r ibu ted  between WSW and NNE, but i n  April become mainlyWesterLy, The 



Westerly winds pe r s i s t  throiJghout 'ay, then change i n  June t o  blow from 
between Southwest m d  Sov.tskeest. Throu@hout July 8,nd August  rinds are  
between South and Sou.th.east, then change t o  a more Southwesterly direc- 
t i on  i n  September; October and Noverier see the re-establishment of 
the Westerly, but  in 3ecember winds become r c r e  variable, being i i i s t r i -  
buted between WSW and NNE. 

"The weather a t  Gan i s  controlled by the migration North and 
South with the sun of the b e l t  of Equatorial Westerlies unique t o  t h i s  
Wea of the hndian Ocean, which l i e  between the Northeast Trades of 
the  %l?iivk% Ikcj2g@re ma the Southeast Trades of the Southern Hemis- 
pha-e. AJ&g the i&q&&.s -tj&,wn these wind regimes l i e  zones of 
Con77Y?a'sace & ~ L c h  give r i s e  t o  unset t led rainy weather. The boundary 
m e e n  the West,er,lies a d  the ~ o r t h e a s t  Trades is  cal led the Northern 
Shear Line, and tha t  b e t ~ ~ e e n  the Westerlies and the Southeast Trades 
" e  Southern Shew Line. A b i ~ s t  illvariably prolonged spe l l s  of Unset- 
A 
bled weather are associa'ced with osc i l l a t ions  north and south Over 

of one o r  the other of these shear l ines .  

"Roughly the Weather a t  Gan divides in to  f ive  LX&in tSPes, a s  
f ollaws : 

Northeast R-ade type v i t h  the Xorthern Sheer Line  SOU^:^ of 
G a g ,  The surface wind i s  mainly northeasterly end the 
weather f a i r  but sometimes showery. 

Distmbed Westerly Type A associated with the Northern 
Shear Line osc i l l a t i ng  north south over the area. The 
WlYface wind i s  mainly Westerly and -the 7reCLther uusett led,  
With periods of heavy rain ,  accompanied a t  times with 
Squalls of between 40 and 70 Bts. 

Disturbed Westerly Type B associated td th  the Southern 
Shear l i n e  o sc i l l a t i ng  north and south over the area. The 
Surface wind i s  westerly and the weather unse%tle& with 
Periods of heavy r a i n  accompanied at -I;imes with squal ls  
of between ~ C O  and 70 kts .  

"January and February usually have e i the r  m e  1 or  2 .  Masch 
m d  A p r i l  u s u ~ d l y  have e i the r  Type 2 o r  3. May, June and July usually 
hme 'Type 3, 11. or  5. August and September usually have !Pype 5. Octob- 
er and IVovember usually have Type 2, 4 or  5. December usuh!.ly has 
Type 2.. 



"To complete the summary mention should be made of periods of 
l i g h t  and variable winds ~ ih ich  occur from time t o  time i n  any month. 
They usually last from 2 t o  5 days, but there have been exceptional 
periods of up t o  12 Ws. The weather i s  f ine  but sometimes showery. 
Shovers when they occur may be hewy and prolonged, but severe squa.l.1~ 
of wind are usually absent." 

Figure 4 slio~rs annual temperature data a t  Gan, October 1957 - 
Septeniber 1962. The monthly f igures  vary l e s s  than 30F throughout 
the year, which i s  considerably l e s s  than the diurnal variation. 
Figure 5 p lo t s  mean 'mnthly r a i n f a l l  a t  Gan fo r  the period October 
1957 - June 19&, togetkthor with the  records fo r  each month i n  t h i s  
period and f o r  the period February 1944 - February 1945. The fi.@eS 
show a considerable range i n  each month, from a monthly minimum of 
0.60 inches t o  a monthly m i m u m  of 18.75 inches (mean 7.91 inches). 
There i s  no clear  seasonal pat tern,  except that February and March 
tend t o  be d r i e r  than the r e s t  of the year. 

Currents and t i des  

&wine currents i n  t h i s  area are  variable v i t h  the monsoon 
circulation, but under the influence of the Equatorial counter- 
current the predominant current direct ion appews t o  be eastward of 
nortineastward. "Current observations are, however, scanty i n  t h i s  
region, but i.t is probable t h a t  marked variations of c ~ ~ r e n t  direc- 
t i on  occur" (west coast of India p i lo t ,  1961, 57 ) .  

T i d d  variations a re  referred t o  the standard s ta t ion  a t  Mailras. 
Low ~ t e r  springs stend a t  0.6 f e e t  and high water springs a t  3.8 fee t ,  
an extreme range of 3.2 feet .  Low water neaps stand a t  1.7 f ee t  and 
high water neaps at 2.6 fee t  ( ~ d m i r a ; ~ t ~  Tide Tables, 2 (1.9651, Atlant ic  
and Indian oceans). A oredicted curve for  m a r t  of 1964 i s  given i n  
Figure 6. ~ c c o r d i n g  to'the West ---- Coast of G a i a  Pilot, a t  Addu Atoll 
"the flood stream se t s  strongly i n t o  the lagoon through Wilingili 
channel and out of the lagoon through Gan channel, but the ebb Stream 
s e t s  out o'f the lagoon through both these channels; thus whereas in 
Wilingili channel there i s  a reversa l  of the t i r ia l  stream with the 
change of t i d e ,  i n  Gan channels the stream sets C ~ n t i n ~ ~ ~ S l y  out of 
the lagoon. In Kudu channel, the t i d a l  streams s e t  i n to  the 
lagoon with the flood t i d e  and out of it with the' ebb, but i n  1%2 

Kanda channel, the tidal streams s e t  dontinuously out of the lagoon" 
( ~ ~ i ~ r o g r a l j b i c  Department 1961, 61). 

ContinixiL wave action on the reef edge, together with t i d a l  
variation, sends a continuow sheet of m t e r  across the reef f l a t s ,  
Par t icu lar ly  between tslands. In  the channel between Gan and Fedu 
Islands, on the Addu reef f l a t ,  current measurements with fluorescein 
and with f l o a t s  at  high water on 24 August 1964 gave values of 1-2 k t s  
off the riest end of the runway, and of 1.5 k t s  lagoonward of the 
causeway between the two i s l w d s .  



Sea temperature aid saLinitx 
,--- 

Sea temperatures me approximately 28-290C (82.4-&.~OF) through- 
out the year. H.M.S. Owen -.A- recorded 28.1-28.8% (82.6-83.8O~) i n  t h i s  
area in early 1962, and Agassiz a surface temperature of 27.8Oc (82O~) 
and bottom temperature of 2'7.80C ( 8 2 0 ~ )  a t  22 fathoms in  Addu lagoon 
in  January 1902. Temperatures measured during the Gan lagoon reef 
transect work i n  1964 varied from 27.0 t o  28.0oC. Gn  the lagoon reef 
slope temperatures were isothermal to  depths of a t  leas t  80 feet, but 
they tended to  be more variable on the reef f l a t .  The following tables 
summarise temperature and sa l in i ty  data recorded by Rr. k v i e s  on the 
lagoon reef transect I i n  1964: 

( a )  Variation i n  temperature and sal ini ty with depth in lagoon reef 
transect I. 

Depth f t  Temp. OC 

Surface 28.0 
10 28.0 
20 28.0 

(b) Variation in tempe3:ature and sal ini ty over the lagoon reef f l a t  
in transect I dwi:,y one t j da l  cycle, af ter  moclerate rain w i t h  
l ight  rrind from tht? north. Reasngs taken a t  surface and a t  
bottom a t  inshore, mid-flat and reef edge locations a t  LWST and 
IIWST on 23 A-st 1964. 

0000 hrs ,  LVST -I Tempratme Salinity 
Zone - Sample OC O/oo - 

Inner surface w t e r  27.0 
bottom (2 ft below) 

33.8 
27- 5 33.8 

Reef edge 

surface 28.0 
bottom (3  f t  below) 28.0 

surf ace 
bottom ( 6  ft below) 

27.5 
28.0 



1530 hrs, XJST 
Temperatme Sal ini ty  

Zone Sample OC O/OO 

Inner surf ace 
bottom 

surf ace 
bottom 

Reef -edge surface 28.0 34.1 
bottom 26.0 34.1 

These data show a s l i g h t  s a l i n i t y  gradient across the reef f l a t  
from land t o  sea on tne l s o o n  reef .  A higher gradient was found on 
the  seatrasd f l a t ,  pwticvLarly af%er heavy ra in fa l l ,  a s  sho7.m i n  the 
following determinations by Dr. Davies. They may be compased with 
riormal sea s a l i n i t i e s  of 33.8-34,.4 $o i n  t h i s  area, determined by 
H.M. S. - over, i n  1962. 

Sample (100 metre intervals  Sa l in i ty  O/oo 
from shore t o  seaward e Q e )  Shortly a f t e r  Polloving 

L!JS'P heavy r a i n  

1 
2 

3 

4 
5 
6 
7 
8 
9 

10 

11 (reef edge) 





MEAN MAXIMUM 

MEAN 

MEAN MINIMUM 

DATA FOR OCTOBER 1957- SEPTEMBER 1962 

I I I I I i I I I I 
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Fig. 4. Monthly temperatures at Gan, October 1957-September 1962, 

based on data supplied by the Meteorological Service, Gan. 
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Fig. 5. Range of rainfall and mean monthly rainfall at Gan, October 1957-Ju'ne 1964, 
based on data supplied by the Meteorological Service, Gan. 

Fig. 6. Predicted tides for August and September 1964, based on 
data supplied by the Marine Craft Section, Gan. 
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III. GEOMORPHOLOGY OF ADDU ATOLL 

by 

D. R. Stoddart, P. Spencer Davies nnd A. C. Keith 

A. General description 

Addu Atoll, l a t i t ude  0°38' South, longitude 73Ol0' East, i s  the 
Southhernmost a t o l l  i n  the Maldive Islands, separated f r o m  the next 
nearest  a t o l l  t o  the north, Huvadu o r  Suvadiva Atoll, by the  45 mile 
wide EquatorioL Channel. The next nearest a t o l l  t o  the south i s  
SdLomon Atoll, Chagos ArYnipelago, 320 miles dis tant .  Addu i t s e l f  
(Fig. 2) is one of the smallest of the W d i v e  a to l l s ,  measuring 28.4 km 
(17.6 miles) i n  maximum dimension (mr t o  points),  and 16.5 km (10.2 
miles) in the tzransverse direction. The a t o l l  may be termed semi-circu- 
l a r  o r  tr iangular:  the south-facing reefs  are  b r o a a y  convex, the north- 
ern reef concave. The shape may be approximated t o  t h a t  of a triangle,  
apex Souehtrmds, with a base of 28 lm between the northvest and north- 
e a s t  points, and s ides  of 25 km. Shape measurem?nts by severaJ. methods 
give v d u e s  fo r  Horton's F number of 0,604, f o r  Mil ler ' s  Circular i ty  
Ratio of 0.754., fo r  Schumm's Elongation Ratio E of 0.895, f o r  Boyce 
and Clark's  Radial Line Index o f  28.54, and f o r  the E l l i p t i c i t y  Index 
of 1 .3  (Stoddart, Ln press) .  

The tot& area of the a t o l l  i s  approximately 60 square n w t i c a i  
miles, o r  6.5 on Haggettls G s c d e  ( m g e t t  e t  d. 1965). Of t h i s ,  no 
l e s s  than 41% consists of reef f l a t  and islands. The peripheraJ. reefs  
Of the a t o l l  axe broad, ranging from 700 metres on the north side t o  
1900 metres on the south~rest; maxirmun tridths of up t o  2900 metres are 
found on the northwest projection. The ree f s  a re  continuous except for  
t t o  gaps i n  the centre of the southern reef  a an Channel, Wilingili  
Channel) and ~ I T O  i n  the centre of the  northern reef ( K U ~ U  I h d a  Chm- 
ne1, Man 1hd.a Channel). Gan Channel, which i s  buoyed, i s  950 metres 
wide with a s i l l  depth of 9-10 fathoms; Wilingili Channel, 750 metres 
wide, has a s i l l  depth of 21-31 fathoms. In the north the channels 
are  nmrover: Man Kanda, which i s  buoyed, i s  350 metres wide v i t h  
a 13-18 fathom sill; Iiudu Kanda i s  250 metres vide, with a 13-19 fatifion 
sill. All  the peripheral  reefs  are of simple l ineax form, and lack 
the ring-shaped faros so well developed i n  the  northern MaZdives. L i t -  
t l e  i s  knorrn of the detai led topography of the a t o l l  slopes. The John 
Murray Exped-ition ran a prof i le  from the northeast corner of the a to l l ,  
recording a depth of 1000 fathoms v i th in  k.5 miles i n  the eas t e r ly  
direc.l:ion (mean slope 1lP1o1) and within 5 miles t o  the northeast. 
Their Som+ings a l so  indica1:eil n. l-irlge s.~L;e~~din(; no.rLIleasfmards to~rarda 
Fua Mil-sku, shvw~i by saiu~dings of 590 and 654 fathoms (Farquharson 
1936, Plate 6). 1I.M.S. Modesta, sounc~ing out of Gan Channel i n  1956, 
recorded 1069 fathoms 1.5 nautira.1. miles s o u t h a s t  of the Wilingili  
reef edge, giving a mean slope of 350. 



The a t o l l  lagoon i s  e l l i p t i c a l ,  rrith its axis trending E3E-Wbl. 
It has a maximurn length of 11.7 km and breadth of 9 l a .  Unlike the 
northern W d i v e  a to l l s ,  such as  North Male and A r i ,  there are  few 
lrnolls o r  patch reefs  i n  Addu lagoon. The two most conspicuous patch 
reefs are  near the lagoon centre, named Neledagala and A r u h a l ,  on which 
waves break even i n  c a b  weather. ~ ~ k d a g a l a  and two smaller patches 
near the vest  side of. the lagoon are  buoyed. Small reef patches and 
knol.1~ are  more PrOf~Sely developed i n  the extreme northwest and 
northeast corners of the lagoon, but elsevhere the lagoon reef slope 
f a l l s  steeply t o  the lagoon floor.  The maximu lagoon depth is 43 
fathoms, comparable t o  tha t  of the  much la rger  Huvadu Atol l  and con- 
siderably deeper than t h a t  of the la rger  a t o l l s  i n  the northern 
Maldives . . (cf.  Biewal.d 1964, 354). 

IsLan& occupy apl;ro:cimtely 20$ of the peripheral. reef f l a t  of 
the a t o l l  by area, a d  no l e s s  than 65$ of the seaward reef edge i s  
backed by land. The only extensive reef  sector r.rithout land i s  the 
concave northern reef. There a r e  large v i l lages  on tm of the islands, 
Midu Hitaddu, and the settlement formerly located on Gm I s l a d  has 
been relocated on Fedu follotring the 1960 Agreement between Bri ta in  
and the Maldivian Government. An a i r s t r i p  was operational on Gan 1s- 
k n d  during the Second World War,. when the deep channels and lagoon of 
Addu proved of n a v d  value ( the meen E . l c l l y  - has anchored here). Follo~r- 
ing the &p?ements of 1953 and l m h e  Maldivian Goverment has made 
wz+t&i.n scheduled t e r r i t o r i e s  (Gan Island and pa r t  of Hitaddu. ~ s l m d )  
available fo r  use as  a Royal A i r  Force Staging Post. Development of 
t h i s  Staging Post has involved the construction of a new -lraY and 
f a c i l i t i e s ,  with personnel q u a t e r s  on the  no r th r .~s t  side of t!le i s -  
land. 

m e  o p a a t i o n  of thc a t o l l  was 4664 i n  1931 and 5686 i n  1946 
( ~ i d i  19497; i n  i963 it was 8235. For a f a i r l y  detai led general account, 
see the West Coast .sf Lcdia Pilo? tenth edi t ion (1961, p. 57-62), -- - .  - ' I  
together with the more sc i en t i f i c  papers c i t e d  i n  t h i s  report. 

TO a i d  i n  location an a rb i t r a ry  1000 metre gr id  was l a i d  d07.m 
cn the Adxiralty Chart (no. 2067) of Addu, re la ted  t o  the ear th  P a -  
' t i c u k  i n  t h a t  the 0 ~ l i 0 ~  S l a t i t ude  l i n e  and the 12 lm S gr id  l ine ,  and 
the 73°10' E longitude l i n e  and the 12 Im E gr id  l i n e  are  ~ 0 i n ~ i d @ l l t .  
Tnis basic 1000 metre gr id  shown i n  the f igures  i n  t h i s  report  m y  then 
be Subdivided t o  give locations t o  the nearest 10 metres, eastine; before 
northing i n  each point reference. Th.e grid,  with a 100 ~ e t r e  interval ,  
was also superimposed on an enlarged v e r t i c a l  air photograph of Gm t o  
a id  location referencing i n  the f i e l d .  A l l  reef flat and la.goon lfica- 
%ions were obtained by horizontal sextant ,m&es on fixed. islru?d points,  
an& Wen zcihni:ed t o  grid cooz.c?jnates. 

B. Peripheral reefs  -- 
m e  most detai led descriptions of the Addu reefs  are  those of 

Sewell (1936a, 69-72, 87-92), who divided the ree? area in to  reef p l a t -  
form, outer reef and inner reef.  Gardiner (1903, 317-321, kl6)  br ie f ly  



comments on the reefs,  s ta t ing  t h a t  "the coral  growth, taken as  a 
whole, i n  Addu lwoon i s  most extraordinay,  and i n  vigow quite sur- 
passes anything i n  my experience elsewhere e i t h e r  i n  the Maldives o r  
i n  the Pacific Ocean" (5903, 319). Most of h i s  remarks on reef chara- 
c te r i s t ics ,  however, m e  phrased i n  general terms. Agassiz (1903, 148) 
doubted whether the coral. growth on %he lagoon reef slopes of Gan 
was a s  vigorous a s  Gardiner implied. Kolm (1964a) gives a br ie f  des- 
cr ipt ion of the reef  f l a t  and reefs  a t  Hitaddu and Gan. Eibl-Eibesfeldt 
(1964, 38-39) gives a schematic section of the reefs  of a M d i v i a n  
a to l l ,  arid h i s  zo::ation is followed here (Fig. 7). Figure 8 gives i n  
diagramatic  form cross-sections of the peripheral  reefs  a t  Gan (B) and 
Hitad8.u (A) Islands, t o  show contrasting conditions a t  these tvo loca- 
t ions.  PeripheraL reef character is t ics  are t rea ted  under the following 
headings: ( i )  seaward ree.fs end slope, ( i i )  seaward reef edge (algal. 

l ~ t f o r m ) ,  ( i i i )  seaward reef f l a t ,  ( i v )  ncrt.hern reefs--Midu side, 
?v> lagoon reef  flat ,  reef and slope. 

( i )  seaw&d reefs  and slope 

L i t t l e  is knom of the seaward reefs  of Addu, except froin ai.r 
photographs, though Davies and Keith inspected the seaward reef slope 
by tliving a t  Gan and Bushy Island. The 1958 a e r i a l  photography shows 
spur-groove formation well-developed along the reef f ron t  along the 
whole of the convex southern reefs from EIitaddu t o  Midu, but not along 
the northern reefs, the lagoon reefs, o r  i n  the channels. Along most 
of the southwest reefs  the l ineat ions are  approximately 100 metres long, 
o r  less ;  but off Wilingili  they reach 250 metres, and off Klikadu, 
north of Wilingili  Channel, they reach a maximum length of 300 metres. 
The depth t o  which the l ineat ions extend i s  unkno~m; &vies and Keith 
report  no apparent t r a c e  of l ineat ions on the  seaward slope off Gm . ' 

i n  depths of 7-16 fathoms. They a l so  r e p o r t a  f a i r l y  gentle bottom '. 

slope, suggesting t h a t  a t  some point, perhaps 400-500. metres outside 
the breakers a t  G a n ,  the bottom slope increases rapidly and falls t o  
great  depths. Air photographs indicate t h a t  the reef f ront  outsi.de 
the breakers i s  steeper o r  the reef front terrace narrower round most 
Of the  r e s t  of the a t o l l  perimeter than a t  Gan. . There i s  no data  On 
the area immediately outside the breakers, which Wells (1957, 618) 
terms the innominate zone. 

Hass (1961, 60) and Eibl-Eibesfeldt (1964, 37) describe an 
abrupt i l l c r ease in  bottom slope t o  form a '"reef wall" at the foot of 
the more g e n t l e r e e f  slope dutside the  breakers on the seaward sides 
of Maldivian atolls. Undercu%ting at  the base of t h i s  reef w a l l  
forms "Grotte" o r  "I-Bhle" a t  depths of 25-135 metres (114-19 fathom).  
Hass ascribes t h i s  uncleerc~rL-king t o  low-l.e&l maririe erosion during a 
18k.m glacial. Iow sea. l eve l  a t  -30 metres (16.4 fathoms). Main !h 
sea levels,  however, were probably i n  excess of -100 metres (Donn, 
Farrand and Eliring 1962), and s t i l l s t a n d s  a t  the -30 %&re l eve l  may be 
connected with the Allerdd o r  similar osci l la t ions.  Whether these 
br ie f  Holocene s t i l l s t a n d s   airbr bridge 1961) were long enough t o  cut  
Hass's features  i s  debatable. Similw undercutting was unfortunately 
not observed during the 1964 expedition, 



An attempt was made by Cavies and. Keith t o  investigate the struc- 
tu re  of the seaw&rd reef sl-ope a t  Gan a t  a distance of approximately 
150 metres from the reef erlge, using SCUBA appuatus ,  but the high 
bottom surge made working conditions too dangerous fo r  more than a 
brief exanxlnatlon. Here the depth was approximetely 35-11-0 f ee t  and 
the  seaws~ld beginnings of the surge channels were discernible. Corals, 
per t icu lar ly  massive palmate Acroporas were present on the areas cor- 
re8;lmdLng t o  the base of the spurs and reached a height of no more 
tbn 4 f e e t  above the g e ~ e ~ t d l  l eve l  of the bottoms of the groove areas. 
Im the bases of the m o v e  c h m e l s  tilere was a continuou~ baxk and 
fore S ' m e  cQ&<@?fl~&f&g t o  the  p a s w e  of each $rave above, of approx- 
j-iribh.;ely 14-2~ fee t .  CJwse sand and f ine  gravel are  kep t . i n  suspension 
h these weas, often r i s ing  t o  heights of 4-5 f ee t  above the l eve l  of 
:;he f loor  of the surge chamel.  The backwards and f0rww.d notion of 
%he bottom water fioceraib1.e t o  depths of approximate-1-y 70 f ee t  on 
'the seavwd terrace.  



( i i )  Seaward reef ecjfie 

Seaxiard reef edge features  a t  Gan are  comparable t o  those de- 
scribed i n  the Iviwshall Islands ( h d d  and othem 1950). The outermost 
zone, between the reef f l a t  and the breakers, i s  formed by a platform 
of encrusting a id  nodular red and purple calcareous algae, forming a 
rough and irregulez surface. Unlike sone areas i n  the Masshall I s -  
lands, where the a lga l  zone forms a high ridge, a t  Gan it is l e s s  
d i s t inc t ive  topographically, foruclng a zone 30-50 metres wide, r i s ing  
0.5-1 f t  above the l eve l  of the reef  f l a t  inmediately t o  landvrard, 
and rlrJing a t  extreme low water but not at other low t i d e  stages. Be- 
tween islands, vhere the leve l  of the reef f l a t  i s  lover, the re la t ive  
height of the algal  platform i s  correspondingly greater. A t  1011 t ide  
stages, vaves break outside the a lga l  platform, where i ts  c re s t  be- 
gins t o  curve down towards the reef slope, and each breaker sends a 
sheet of water over the platform, the  higher par t s  of which remain 
emerged. A t  higher t ides  the platform may be covered with 3-4 ft of 
trzter, ar,d breakirg of waves takes place over a wider area on the 
platform i . tself .  

In places the seaward slope l ir ieatiocs extend through the break- 
e r  zone in to  the a lga l  p1atfo.m. A t   an, long sectors of the reef 
edge lack algal-platform channels, and often poorly and i r regular ly  
aeveloped channels can only be seen where the platform descends be- 
m a t h  the breakers a t  low t i & ,  A t  cer ta in  points, however, a s  at 
093150 and par t icular ly  115161, the channels cut back in to  the p la t -  
form for  25-35 metres, forming deep, steep-sided gul l ies ,  with 
VWtical. o r  overhanging s ides  and f loors  6 ft  o r  more belov the level 
of the intervening ridges. The channels w e  narrow, often l e s s  than 
2 metres vide, and the ridges are  wider. The sides of the channels 
and the intervening areas are  covered with encrusting nodular 
Papillose bro~mish-red algae and other non-calcareous colonial  organ- 
isms. &Small colonies of Awopora a re  found on the channel l d l s  and 
m e  exposed a t  low t i d e  during backwash, 'when water l eve l  i n  %he chan- 
riels may vary ver t ica l ly  3-5 f t  ~ i t h  each wave advance. Mi%' 
backsiash the channels ac t  as  drainage l i n e s  for  water on the reef flat, 
?rhich cascades over the channel l i p s  and attached s m a l l  corals; dsrring 
swash, water surges up the channels and s p i l l s  over the b r i m  orit0 the 
flat ,  where it joins r,rith the slower water f lov  over the platform sur- 
face t o  form a t ranslat ing wave 1-2 f t  deep. No s i w s  of channel 
roofing o r  tunnel formation \rere seen, and no observations were made 
on the channels during higher t i d a l  stages. 

The Can reef edge m y  be compared Nith tha t  i n  the Northern 
I*sh:*lls described by Emery, Tracey and Ladd (195k, 24-26), except 
t h a t  reel' 'blocks 3 0 d g c r l  hy exh-eme storm action m e  not found. A t  
Gan the  reef edge P a l l s  i n to  the Fbrthern Marshalls Class I, strongly 
grooved, Sub-type A, ridge lori and uncut by grooves. In t h i s  t y p  
the algal. zone i s  described as  formiw "a broad arch, sloping gently 
sea~rard and r i s ing  only 6 inches t o  1 foot above the main reef f l a t .  

, % . . With r a re  exceptions, the grooves, though well developed, are  l imited 
t o  the sea?rard slope beyond low-tide level"  (Briery, Tracey and Ladd 
(1954, 25). Their Type I-B, with an a lga l  ridge 2-3* f e e t  above the 



reef f l a t  and deeply cut  by surge channels, i s  apparently absent a t  
Addu. The northern reefs  a t  Addu, not investigated i n  detai l ,  appear 
t o  belong t o  t h e i r  Class 11, grooves veal5 or absent, Sub-type A, reef 
edge s t r a igh t  o r  smoothly scdloped.  

( i i i ) .  Seaward reef f l a t  -- 
Precise leve l l ing  was car r ied  out on the seaward reef f l a t ,  from 

Fedu t o  Gan Channel, a distance of 5 kms. Landward of the a u a l  p l a t -  
f o m  i s  a deeper area, o r  moat, 20-70 metres wide, and generally 9-12 
inches lower than the highest p a r t  of the a lga l  platform. It lacks 
encrusting red algae of the reef-edge type, i s  floored trith rubble 
coated with filamentous algae and occasional massive Halimeda,r,rith oc- 
casional f la t tened  coral  coloaics. This moat car r ies  a few inches of 
\rater even at lowest low t ides .  Landward it is succeeded by a rubble 
zone of smdlboulders ,  usually l e s s  than 1 f t  i n  diameter but excep- 
t iona l ly  up t o  3 ft, and s m a l e r  rubble. This zone i s  a s  high a s  the 
reef edge platform and i s  exposed a t  lowest low vater. Gravel and 
cobbles form irregular  tongues extending lagoonward from the rubble zone 
across the reef flat, with maximum lengths off  the southeast shore of 
Gar. of 250 metres. Generally these debris tongues are  about 50 m€?treS 
long and only a few. inches thick, fingering out lagoonward; there 5s 
some indication i n  vegetation pat.terns on the f l a t  of the existence of 
tongues of several  ages, suggesting t h a t  they nay be mainly famed 
periodically during storms. 

The reef f l a t  i t ~ e l f  ( ~ i g .  9 )  i s  a rock platform th in ly  veneered 
with sand and some coarser debris, par t ly  i n  transport  and par t ly  held 
by vegetation. The wiath of the  reef f l a t  var ies  widely round the  a to l l ,  
and the width of the seaward f la t  depends largely on the re la t ive  Loca- 
t ion  of islands on it. A t  Gan the t o t a l  width of the reef f l a t  is 1500- 
2000 rcetres, and of the seaward f l a t  600-750 metres. Most of the is- 
lands a re  s i tua ted  closer t o  the seaward reef,  and between Ifitaddu and 
Hankada and PIahera and W i k a d u  the sea'imd f la t  i s  50-300 metres wide; 
the man width of the whole reef f l a t  round the a t o l l  i s  approximately 
1000 metres (cf .  Section E below). The f l a t  a l so  varies i n  height. 
Off the cent ra l  pa r t  of Gan (115-120 casting), where the f lat  i s  750 
metres wide, it stands .at a r e l a t ive ly  high level ,  i s  thickly covered 
with marine grasses, and dr ies  completely from the shore t o  the a lga l  
platform at loruest low tides.  &tween Gan and Fedu, by contrast, the 
: f la t  i s  a t  a lower level,  car r ies  1-3 f t  of water even a t  lowest t ides ,  
lncks a vegetation mat, and is covered with sand i n  transport. These 
reef f 1 a . t ~ .  on the sou-thern . . side of the a t o l l  d i f f e r  considerably from 
those on the north side, and mw be distingulshcd as ~dn&mrd reef f l a t  
types. They dicfer f i - ~ m  1 , ~ u r  ,lo~..:r..rbcd elsewlllel-e i n  the Pacific and 
the CarllC~enn ch;cr].y i n  the lack of coral  growth on the seaward f l a t  
i t s e l f  (cf.  lbery and others 1954, 27; Wells 1954, 396-398). This 
appareil-tly resu1. t~ from the high l eve l  of the f l a t  and its regular dry- 
ing. Where the l eve l  is lower on the G a n  f l a t ,  growing corals w e  
found. This occurs i n  three main areas: (a) the Gan-Fedu channeL,(b) 
the lobe-shaped i n l e t  of deeper water a t  the reef e a e  a t  106158, and 



( c )  on the f l a t  near the.  Gan channel (130153). A few very s m d l  and 
scat tered corals are  also found i n  the moat and i n  deeper par ts  of the 
a lga l  platform round the reef edge. These consis t  mainly of coryrnbose 
&=qora and small nodular Pori tes  t i g h t l y  cemented t o  the f l a t ,  to -  . . - ,  
gether with small patches af Heliooora. Ia the three deeper areas, 

---i- 

carrying a t  l e a s t  1 foot  of water a t  lowest t ides ,  the dominan% corals 
are widely scat tered colonies of Heliopora and Porites, the l a t t e r  
forming "micro-atolls" the top surface of which often supports a grov- 
ing mass Of Turblnaria. --+-- In the Gan-Fedu channel, where coral  g o ~ t h  
is scat tered i n  sp i t e  of adequate water depth, coral  gotrth i s  probably 
r e s t r i c t ed  by the amount of sediment i n  t r empor t  across the f l a t  i n to  
the lagoon: i n  the case of many Porites colonies t h i s  i s  indicated by --- 
scotiring on the upstrean, face and construction of a sand t a i l  on the 
l ee  side, which creeps up the face of the  colony k i l l i ng  the polyps 
??hich it buries. 

At Hitaddu where the seam,rd f l a t  i s  narrower and thus more char- 
~c t e i . iS t i c ,  the sea~.rard edge i s  &so formed by an a lga l  platform, but 
the s e a ~ i a d  f l a t  i t s e l f  i s  rocky, 100-200 metres vide, and 18-24 inches 
deeper than a t  Gan (precise comparison i s  d i f f i c u l t  i n  the absence of 
a c9mOn datum). No pa r t  of the seatrwd fiat dr ies  n t  any time. From 
the a lga l  platform t o  within a few metres of the shore the f la t  i s  
covered with c o r d  rubble and blocks, with scat tered small colonies @f 

i@liopora, Pori tes  and Acropora.. H&opora nowhere reaches the impor- 
tance described a t  Emafut i  and Onotoa Atolls (Cloud 1952), but it i s  
cer ta inly one of the more successful colonisers wn shallow seavmd 
f l a t 8  a t  Addu. 

( i v )  Northern reefs  - - Midu side 

The northern reef f l a t  at Addu is qui te  different  from those 
described above. It i s  l i k e l y  t h a t  it c u r i e s  1-2 f e e t  of riater Over 
almost i ts  whole extent a t  lowest t ides ,  and circulat ion of ?rater is  
not inhibi ted by the presence of islands. Considerable coral  gropAh 
i s  found both along the seaward e&e of tho flat, and on the lagoon 
Side, and the sand-floored area between i s  patterned by gro?<ing Corals. 
S h i l ~  conditions a re  found on the f l a t s  at the northwest and north- 
eas t  corners of the a t o l l  lagoon. The pat terns  of coral  g r o ~ ~ t h  on 
these flats resemble a t  a small s c d e  those described by Ilorniclrer and 
Boyd (1962, 643) a t  Arrecife Alacran, G u l f  of Mexico. This reef f la t  
type may be termed the leeward type. 

Lagoon reefs  (approximate grid r e f .  045130) 

r > llle noi-t:herr~ reefs w e  cmisi<1erabl.y narrower than those a t  the 
south end of the cctol?. a d  differ  i n  morp.hnl.o,&? and species composi- 
t ion  of the corals. The lagoon reef slope is l e s s  steep and has an 
estimated angle Of appx'ox3metely 4-oO, merging with the lagoon f loor  ~t 
a aepth of appzoxjmate1.y 00 f ee t .  The cessation of coral  growth is  
not so d i s t inc t  and patches of coral  growth are  found t o  depths of 1CO 
f ee t  on the gradual slope of the lagoon floor.  Chute formations were 



not observed. The reef edge does not form a d i s t inc t  zone and the. 
outermost area of the reef top merges with the upper area of the 
lagoon slope, being dominated by palmate Acroporas, dthough some 
P m  Galaxea and Pori tes  are  a l so  present. 

l%e reef f l a t  o r  reef top i s  characterized by the very low 
Q'3Wths Of coral  t~hich r i s e  no more than 1-1.5 f e e t  above the leve l  
Of the surroruiding sand. The area between c o r d s  i s  typical ly  com- 
posed of a cosarse sand rather  than cf coral  f r w e n t s .  The area 
occupied by l iv ing  coral  decreases towar& the centre of the reef top 
and i n  s o ~ e  ereas 90% of the surface of the reef i s  covered by the 
3and. CoraLr; of the ger&s hcmwfa are dominant and comprise an e s t i -  

-I 

m t e d  95% of the to t& cosa. There a re  probably f ive o r  
Rix 6 p ~ i e ~  of t h i s  genus present, dl tending towards a rather  heavy, 
RasGive gmwth form. Other cora ls  observed included Millepora, B- 

but Echjaopora and Gonj.mGrea did not appear t o  be present and 
mamive cer ioid and megxidr%d cora-ls were not found. 

~ B V W ~  reefs  (approximate grid re f .  037133) 

Yhe centre of the reef top was not observed d i t ec t ly  but a e r i a l  
~ho%ographs indicate t h a t  there  i s  l i t t l e  or no c o r d .  g ~ o ~ r t h  a d  t h a t  
tkk area is carpeted with a layer  of sand. Towmds the reef edge, 
cora l  growth increases i n  abundance. Acropora s p p . w e  again the dm- 
inant  corals, par t icu lar ly  &. p d i f e r a  and a branching species resembling 

fO~.~oso.. Altogether there appears t o  be about s i x  o r  seven species 
Of Acropora composing t h i s  community but occasiond colonies of M i x  

a d  POcillopora eyjauxi a re  d s o  present. The only uomon alga 
1s 8 GpeCies of Halime&. There are  very few massive or cer ioid c o r d s -  
The area between corals i s  again f i l l e d  by sand trhich here shows ev i -  
aence of sorting and i s  t y p i c d l y  of large flake-like form, from 1 t o  
several  millimeters i n  diameter and probably derived from the breakdown 
Of Halime&. TOW&T& the e&e of the reef th c o r d s  for!! a very close 
c o m U i t y  with very l i t t l e  non-living areas between the colonies. Where 
these are present they m e  f i l l e d  by swl Acropera fragments cerrented 
together with encrusting cdcareous algae. The dominant c o r d s  here 
we 6. Pal i fe ra  and a massive bracket type of Acropora. These co.~.ah 

sct ively growing and probably do not break surface a t  low W&er 
s w i n g  tf.de. 

The reef edge is not d i s t i nc t ,  but at a depth of approximately 
10 f e e t  the zone of 1~--ant growth gives way t o  i!. barren zone which 
i s  cha.ractwized by the lack of vigorous coral  growth. Here, instead 
i s  an area of brolren coral  fi-agments cemented in to  a s tab le  Str~CtLIre 
by .the growth of encrus.&j.w ved calcareous 'algae. Very srrall colonies 
of Acror,ogii n ~ l  -. p,~;.l.l o ~ o r a  of 6-9 inches diameter meke up 10-15% of 
the bo.Ltom cooel-. Illis zone slopes gradually s e a ~ ~ a r d s  t o  a depth of 
ap~roxi3nexLely 20 f ee t  and then gives way t o  a steeper sloping zone 
(slope e . p p r o x ~ ~ e l y  30°) of very luxuriant coral  growth. Acropora 
species are  again dpminant but Favia spp., Seriatopora, Millepora and - 
occasional fungiids :are a lso found. Occasion& massive upgrordhs, 



r i s i n g  up t o  20 f e e t  above the general surface of coral  g r o h h  were 
observed m d  these pi.ovi6ed ec3logical  niches f o r  the establisim!ent 
of several  encrusting and nodular form corals which were ~iot. other- 
v i se  i n  evidence. 

A t  a depth of approximately 00 f e e t  a break occurs i n  the  slope, 
forming a fB,irQ d i s t i n c t  edge and from here the reef f a U s  away a t  
a slope of about 50-60O t o  the depths of the Equatorial Channel. I%- 
ginning ah dq3t4.1~ of 40 f e e t  i n  t he  zone above, the area  between corals 
is f;Llled by a c 3 ~ 2 e  sand simila;r t o  t ha t  on the seaward regiosl oP the 
reef f l a t  above. yhe r e l a t i ve  a rea  occupied by the sand increases with 
W L i n g  &pth as the number of corals and coral  species decreases. 
A t  a Ptepth of 150 f e e t  there  && .very few corals s t i l l  present bu t  s m d l  
~ 0 r i t e s - c o l o n i e s  - are of spoe'adic occ&rence. The hermatypic corals  are  
Podual ly  replaced by lssge branching colonies of &'e-ophyllia and by -- 
large gorgonian sea fans and sea  whips. Algae are  s t i l l  present a t  
depths of 150 feet ,  attached t o  the  la rger  coral  fragnents. 

The northern reefs  were v i s i t e d  at a time of yeas :?hen tihe pre- 
dcainznt wind i s  from the southeast so t h a t  the seaward reefs  Irere 
therefore i n  the l e e  of the & t o l l .  A t  midday, depths i n  excess of 150 
f e e t  were v i s ib l e  from the surface snd  rater c l a r i t y  r?as greater  than 
t h a t  experienced i n  any pa r t  of the  lagoon o r  on the seaward reef a t  

'@GI. Morphologically the seawasd reef of the northern reef system &if- 
f e r s  from t h a t  of the southern reef  i n :  

a )  the absence of a d i s t i n c t  reef edge breaking surface a t  
low t ides  

b )  absence of a groove and spur system 

c )  the absence of a 10-fathom terrace although it; is possible 
t h a t  the barren calcareous algae zone i s  the morpho1oe;icaL 
equivalent of t h i s  

e )  the  alrrocl. t o t a l  dominn1;ion o r  the surface reef  by species 
Of Acro~ora,  including species which were not observed at 
the south of the  a to l l .  

The vindwwd reef fl&s at ~ d d u  a re  further distinguis!le~ by 
the presence of arean of r e l i c t  "reefrock" standing ( a t  ~c.n) UP I: 
f e e t  above the general l e v e l  of t he  reef f l a t .  In the Gan-Fedu channel 
the  l a rges t  of these pa-khes are Sound 300 and 4CO n!etres respCtiVelSr 
frcrn the ree:P eilge, measure 140 x 30 and 140 x 60 metres. Smd.1er 
D G L C ~ ~ S  are found up t o  Ti000 idires from the r e e l  edge n e C  the FedU 
shore. A t  Ei.taddu si~nril.ar rock platforms outcrop at the foot of the 
seaward beach, apt a distance of 100-200 metres from the reef  edge. The 
d is t r ibu t ion  of t h i s  rock and its or igin are  discussed uncier SecOion G 
below. 



A t  Gan there has been considerable human interference with the 
condition of the seaward f l a t .  Several of the areas of exposed reef - 
rock have been dmaged by m i l i t a r y  vehicles and by excavation, and areas 
of the reef f l a t  near the Gan shore have been used as a source of reef-  
rock f o r  construction purposes, par t icu lar ly  i n  the construction of the 
runmy, leaving a pat tern of excavation hollotrs; the approximate extent 
of these i s  given .:n iXgwe 9. 

( v )  Lmoor~ reef f lat  m d  sl.ope 

Like the seaward f l a t ,  the  lagoon reef  f lat  varies widely i n  char- 
acter  i n  different  pa r t s  of Addu. A t  G e  it is narrow (100-11~0 metres 
wide) and slopes from. the shore t o  the lagoon reef  edge. Most of the 
f l a t  car r ies  more than 1 f t  of %rater at lor? t ide,  and except fo r  the 
t i p s  of some corals none of it dries .  It is d iv is ib le  in to  an inshore 
sandy zone with b~eak ing  vaws, a zone of rubble and dead coral  from 
25-60 metres from the shore, and a zone of l i v ing  reef from 60 metres 
t o  the edge e d  down the  lagoon slope. The break of slope marking the 
edge of the flat has depths, between coral  heads, of 10-15 f t  a t  Gan. 
A t  Hitaddu the lee~.iard flat is much videp (reaching 1000 metres), has 
a depth of 1-2 fathoms, and f o r  most of i t s  vidth i s  sandy, covered 
with marine grasses, and lacking i n  grotring corals. 9le  reef i t s e l f  
appears t o  be similar t o  tha t  a t  Gan. It i s  possible, especially a t  
Gan, t h a t  mi l i ta ry  ac t iv i ty  has  led  t o  increased sediment disturbance 
on the lagoon reef flat, with the death of nearshore corals; cWtainly 
the extent of coral  growth, while comparable t o  thzt on Caribbean reefs,  
falls short  of Gardiner's description. &ta i l ed  t ransects  were made 
011 the lagoon reef a t  Can, and some geo].ogical aspects of these a re  d is -  
cussed i n  Section D below. 

!Pile 1.agoon slope a t  Gan has a gradient of 60° from the reef ease 
'to a depth of 14 fathoms, and is coated with growing c o r d s .  A t  14 
fathoms the slo2e angle decreases t o  l e s s  than loo, and begins t o  merge 
with the lagoon f l . ~ o r .  Coral growth i n  t h i s  zone i s  r e s t r i c t ed  t o  
patches of Leptoseris, together with scat tered Alcyonarians. 

The nature of the lagoonward reefs  i s  subject t o  modification be- 
*,meen islands, where water flowing across the reef f l a t  ~ X f r i e s  a con- 
siderable load of debris. Thus between Gain and Fedu, Fedu a ~ d  Maradu, 
Maradu and Hankah, and elserrhere, through-fl.o?ring currents have incised 
seep channels in to  the upper pa r t  of the lagoon reef edge and slope,con- 
centrating f l o ~ r  across .the reef f l a t  i n t o  na row streams with speeds of 
2-3 knots, and. ~ ~ ? r ; i > . l i i n g  i n  Ule  gr-orith of sand del tas  a t  the foot  of the 
lagoon sl.ope . 

C. Addu Lagoon 

Lagoon --- topographx 

Information on lagoon topography i s  derived aJmost en t i r e ly  from 
Daugleish's 1923 survey, i n  which the density of soundings exceeds even 
tha t  a t  Eni?retolr (Table 1). Since location-finding methods were l e s s  



refined i n  1923,. however, and since the soundings were all lead-line 
soundings corrected for  t i d e  and not reduced from echosoundings, the 
accuracy a t  Addu may be l e s s  than i n  the i'i'asshdl Islands. 

Table 1. Sounding density i n  selected a t o l l s  

Lagoon area 
1 

Number of soundings Soundings 
AtoU -..- sq.miles psi? sq.mile 

Addu 30 

Enii,eto:s 360 

Bikini 259 38,000 146.7 

Rongelap 396 14,550 36.7 

Rongeri lr 57 1,640 28.8 

1. WFJ, Tracey and Ladd 1954. 
2 .  Estimated from scurrple counts. 

The Daugleish chart  has been supplemented by t en  echo-sounding pro- 
f i l e s  made with a Marconi Rrro@aph Offshore 500 echosounder i n  1964; 
these have been replot ted on rectangular coordinates i n  Figures 12-15 
and the location of the echo-sounding tracks i s  shotm i n  Pigwe 11. 
The Daugleish chart  has been contoured and redrawn t o  include land top- 
ography derived from a e r i a l  photography and included on Admiralty C k t  
2067 of 1964; it is included here a s  F i g x e  10. 

Addu lagoon is deepest i n  the eas t  and northeast, and sh0d.s to -  
r w d s  the north and southwest. The 30 fathom isobath delimits a basin 
of i r regular  outl ine,  which includes a number of i so la ted  deeper basins 
a.nd a few upstanding knolls. The lagoon reef slopes are  Steep ( ~ m -  
f i l e s  1-4, 6-7, 9-10) and extend from the lagoon reef e%e at 5-15 f t  
t o  the lagoon f loor  a t  depths of 85-100 f t ,  where the  slope angle de- 
creases and the slope becomes a f l a t t e r  apron. Chart inspection 
suggests t h a t  much of the lagoon f loor  i s  f a i r l y  f l a t  at depths of 
25-29 fathoms, par t icu lar ly  i n  the south and northwest par t s  Of the 
lagoon, and t h i s  i s  a l so  suggested by several  of the prof i les .  Pro- 
f i l e  1, between G a n  and Man Kanda Ghamel, shotrs a d i s t inc t  l eve l  a t  
20-25 fathoms, with deeper cent ra l  areas dotm t o  33 fathoms below 'this 
level .  Similar features are  shown i n  Profile 9.  The deepest p&s of 
the lagoon (more than 40 fathoms) l i e  i n  the south-centrd sector, where 
nine small areas f a l l  below t h i s  level .  Most of these are  narrow and 
al.igned east-vest on k u g l e i s h ' s  chart, i n  the direct ion of sounding, 
suggesting systematic var ia t ion in. sounding accuracy betreen successive 
l i n e s  of soundings. Hence the absolute depths of these basins may be 
unreliable. The maximxu charted depth i s  43 fathoms (258 f t ) .  



To deternine the r e a l i t y  of the apparent f loor  f la t ten ing  between 
20 a d  30 fathoms, Daugleish's c h a t  a t  1:18,360 vas contoured, and the 
areas between successive contoms were measured using a Stanley Precision 
Disc PI-animeter. !?he a e a s  of reef  f l a t s  am3 islands were obtained i n  
the same way from the published Admiralty cllart a t  1:25,000, i n  which 
these features  are  plot ted from a e r i a l  photography. The r e su l t s  of these 
measurements are given i n  Table 2. 

Table 2 

Depth Area Cumulative Per cent Cwaulative Per cent 
f athoms s ~ .  yds a rea  shallower area deeper 

shdlo?rer deeper 

Rcef f l a t ,  
0-1 fathom, 65,987, 766 
inc  . islands 

Reef flat, 
0-1 fatborn, 52,568,569 
exc.isl;wds 

Total lagoon 
area, inc. 
gaps 91,750,231 

Tot& a t o l l  
area 157,7372397 

Tlie data  in  Table 2 a re  p lo t ted  as  a h i s togrm in  Figure 16, ?rhich 
show the large area of reef f l a t  and also the dominant &oon f loor  area 
a t  25-30 fathoms. The hypsometric curve f o r  the whole atokl  (bounded by 
the outer reef edge) in  Figure 17 gives a graphic ' idea of the wide shal-  
lo.i,r reef f l a t s ,  the stee:, lagoon f loo r  slopes between 1 and 15 fathom,the 



slope foot  apron a t  15-21 fathoms, the  vide f l a t t e r  area between 21 and 
30 fathoms, and the smaller extent of deeper holes i n  the main lagoon 
f loor  level .  A percentage hypsometric curve may be constructed f o r  the 
lagoon data  only, and d i rec t ly  compared rrith percentage hypsometric 
curves constructed fo r  the be t t e r  sounded lagoons of the IW~rthern Marsh- 
all. Islands ( ~ i g .  18)) where the curves were obtained by cut t ing out and 
%rei&ing depth zones on contour naps. The s imilar i ty  between the curves 
fo r  Eniwetok, Ronge1.a~ and Bikini Atol ls  ad Addu Atol l  is s t r iking,  a t  
cleptns shdiorier t h a i  28 fathoms, though Addu lagoon f loor  reaches great-  
e r  depths than those i n  the Marshalls. The curve for  Rongerik i s  of 
different  form, and a curve fo r  Johnston Island p ~ b l i s h e d  by Fmery i s  
not realky ccmparable became of the  absence there of an enclosed lagoon 
(see &my, ?l.acey a id  1,a.d.d 1954,55; &ery 1956). 

The i n f i l l i n g  controversy -- 
Using Daugleish's chart it is a l so  possible t o  resolve the contro- 

versy between Agassiz, Gardiner =d Sew11 over p s s i b l e  aggradation o r  
degradation of the lagoon floor.  Gardiner (1903, 317-321)) comparing 
Noresbyrs 1836 chart  v i th  the soundings made by h i s  colleague Forster 
Cooper, argued f o r  "a decrease i n  depth of from 1 t o  6 fathoms, the gen- 
e r a l  reduction being 2 o r  3 fathoms" on the lagoon f loor  proper, a t  the  
same time as  the encircling reefs  were growing rapiclly in to  the Lagoon. 
Re concl.uded tha t  " in  the 65 years betveen Moresby's v i s i t  and my o m  
there  has been at the l e a s t  a decrease i n  ciepth of 2 fathorns over the  - -- 
:~?!.ole area of the lagoon proper, i . e .  about 15 squaxe miles.. . .TO suppose, 
therefore, for  the 60 odd years since the survey, a deposit or f i l l i n g  
i n  by c o r d  growbh of 2$ inches a year over an area of 22 square miles 
does not seem t o  me t o  be excessive" (Gardiner 1903, 320). Lagoon i n f i l l -  
ing was the reverse of the process which Gardiner %ho~@ht vas general i n  
the Maldive Islands lagoons: i n  the  case of Addu he a t t r ibu ted  lack 
of Solu t iond  deepening t o  the landlocked nature of the lagoon, i-ts SmalL 
size,  supposed lessened r a t e  of riater c i rculat ion through the reef gaps, 
and high r a t e s  of c o r d  growth. Agassiz (1903, 146) questioned r,rhe"cer 
Forster Cooper's soundings were close enough t o  Moresby's t o  allo~.r Gar- 
diner t o  draw any conclusions, and emphasized the d i f f i cu l ty  of accurate 
location within the lagoon. Subsequently Sewell made several  lnore sound- 
h g s  (sewell 1936a, 64), and calculated t h a t  while the "average depth" 
of the lagoon, excluding shoal areas, was on Moresby's char t  24.k fathorns 
:ad on Cooper's 21.5 fatllorns, Cooper's and Sewell's soundings together 
made it 2h.5 fathoms. He hence concluded t h a t  no change had taken place. 
8eve.i.l '~ contoured chart  bears a to le rab le  resemblance t o  Zaugleisll's, 
.from which the median depth read from the hypsornetric curve (including 
shoal patches) is found t o  be 25.5 fathom. The mnaxirm deptns i n  the 
Lagoon were chm-tea by Moresby as  36 fatl~orns, by Cooper as  32 fathoms, 
and by DaugXeish as  43 fathoms. Subsequently Gardiner (1931, 14l)ceased 
t o  s t r e s s  the supposed infi3.l.ing of Addu lagoon. A s  Serrell observed and 
Daugleish demonstrated, the bottom topography of the lagoon i s  suf f ic ien t -  
l y  complex t o  require precise sounding location before conclusions on 
depth clzanges can be made. . 



Lagoon reef patches and knolls 

By comparison r.rij.tn other a t o l l  groups, and with the northern M a l -  
dive a to l l s ,  there are few reef structures within the Addu lagoon. 
Arbi t rar i ly  defining a patch reef a s  a s t ructure  r i s ing  more than 10 
fathoms above i t s  base and capped with wave-breaking c o r d s ,  Addu lagoon 
patch reefs  t o t a l  3. Ceefining knolls as  s t ructures  r i s ing  10 fathoms 
o r  more above the floor,  dezoted by t ~ r o  or more closed contours on the 
bathpnetric chart, but f a i l i ng  t o  reach the surface, Adclu lagoon kno!.ls 
tota.2. 22. The t o t a l  of 25 lazoon reef s t ructures  may be compared with 
nearly 2300 a t  k i ~ r e t o k ,  over 900 a t  Bikini, and 700 a t  Glover's Reef, 
Bri t ish Honduras. &ugl%ish's density of sounding was such t h a t  it i s  
unlikely t h a t  any m j o r  structures  rere re unrecorisd. 

m e  h o U s  and patch reefs  a r e  located and given index nwnbers i n  
Figure 19. 'No i n  the ccntre of the  lagoon, Arubal (13, a t  137084) and 
F!edap;da (ll!., a t  136094)) 'nave l i v ing  reef caps, and are  normally marlred 
by breakers, peak.ng up t o  6 ft  i n  height even i n  ca.3.m water. Of the 
r e s t ,  numbers 3, 23 and 24, on the west side of t!?.: l a p o n ,  have grorring 
c o r d  on tkir  surmLts and r e x h  t o  within 2:? f'atllans oi' the surface; num- 
ber 4, reaching IC 3/4 fathoms, a l so  has graving ci:?al, but Davies an6 
Keith report  much dead coral  also. Whether any other lmolls support grow- 
ing coral  i s  not 1ino-c.m. 

Chart inspection suggests t h a t  of the lrnolls vhich f a i l  t o  reach 
the smface tinere i s  a dorainant s m i t  l eve l  a.t 15-25 fathoms. The Stan- 
l e y  Precision Disc Planixeter was used t o  measure the basal area ( l o w s t  
closed conJ;our) arid s m n i t  area (highest cl.osed c o n t m )  of all. 25 linolls 
and pdches: t h e i r  depth-area dis t r ibut ion i s  sh01.m i n  Figure 21. Apart 
from Rruhal (13) E.Ie&agaJ.a (14) all of the patches which reach v i th in  
10 fathoms o.f the  surface are  small and steep sided: the mean r a t i o  of 
basal  area and s m i t  area is 7.6 and the median 4.6. None of the other 
lmolls r i s e s  above 12.5 fathoms; s i x  reach t o  bet~.rcen 12.5 and 17.5 
fathoms; and f ive  t o  betr.reen 20 am?, 25 fathoms. With one exception (21) 
the linolls r i s ing  t o  12.5-1-7.5 fathoms a l l  l i e  i n  the northeast par t  of 
t l ~ e  lagoon (numbers 7, 9-12). Those r i s ing  t o  20-25 fathoms a l l  l i e  Fn 
t'ne centre of the lagoon, 'JPie mean r a t i o  of basal  t o  surmit area of 
Isnolls r i s ing  t o  12.5-25 fathoms is  24.4 a rd  the  median 9.1; the nc:m 
r a t i o  for Aruhal and Hedagala is 14.6. Of t h e  linolls r i s ing  above 20 
fathoms some shov apparent terracing a t  the  20-25 o r  25-30 fathom levels,  
a s  i n  numbers 12  and 21. 

Comparison Day again be rmde witla the ?!iarshalls. A t  IhiruetoB the 
greatest  frequency of kno~.~. surmnits i s  at 16-20 fathoms, with few r i s ing  
t o  0-8 fathoms. A t  Bikini the greatest  frequency of s u m i t s  is a t  4-12 
and 20-2& fathoms ( E m - q ,  Teacey and Ladd 1954, 36). The concentration 
of the larger  Addu knolls a t  similar depths, and the contrast  betwen 
these m d  the smaller, steeper surface patches, suggests t h a t  the deep 
lmolls have not been formed by reef growth i n  .the Holocene. Tne echo- 
Sounding prof i les  of trro d i f fe ren t  types of lmoll may be compared i n  
Figure 15 (number 24) and Figure 1 2  (number 20). The appment bevelling 
Of the lo-crer knoll  s u m i t s  may possibly be correlated \n th  the apparent 



1a.goon f loor  f la t ten ing  shown by the depth-area histogram, and with 
the reported erosional undercutting of the seavard reef w a l l  described 
by Hass and Eibl-Eibesfeldt, both a t  25-30 fathoms. It i s  possible, 
as shown by the d is t r ibu t ion  diagram, F i p e  20, t h a t  the kno1.l~ f d l  
i n to  tvo groups, one r i s ing  t o  about 12.5 and the other t o  about 20 
fathoms. If these knolls are  indeed older features, then they may 
have l o s t  both height and steepness during kars t  erosion a t  the time 
of g l ac i a l  low sea levels :  it would be extremely valuable t o  have 
data on the nature of the knoll surfaces, and vhether coral  grovth 
occurs on them. The small. s ize  of the sea-level patches (numbers 1-4, 
6, 22-24) may indicate t h a t  they are  wholly Holocene reef construc- 
t ions.  Of the la rger  knolls only Aruhal. and Medagala reach the sur- 
face, and it i s  possible t h a t  they have been the only older knolls on 
which Holocene reef growth was established, and t h a t  the f a i r l y  small 
area of surface reef growing o-n much la rger  foundations represents an 
axount of Holocene reef growth comparable t o  t h a t  of the other near- 
surface patches. Such interpretat ions must be speculative u n t i l  more 
data  are available on the knolls themselves. 

Notes on the s t ructure  of "Five Fathom Shoal1'(095095) 

Underwater observations were made on the leeward, nortnwestern 
s lde of t h i s  s.tructure (no. 4, f ig .  19) t o  a depth of 140 feet .  The 
surface of the knoll l i e s  a t  a depth of approximately 30 feet ,  i s  f l a t  
topped and i s  char;lcterised by almost complete lack of coral  growth. 
There are  occasional small colonies of Pocillopora, Porites,  Galaxea 
and Acropora but most of the surface comrrises loose, uncemented skel- -- 
etons of a branched Acropora with individual pieces bf up t o  2 f e e t  
i n  length and of plate- l ike fragaents probably derived from Echinopora. 
The whole i s  carpeted with a f ine  leafy alga. 

Below approximately 45-50 f e e t  on the northwest side, the  dead 
coraL i s  replaced by f ine  sand and the slope i s  very s teep t o  a depth 
of 80 fee t .  The sand i s  very t i gh t ly  packed, cannot be scooped in to  
with the hands and superf ic ia l ly  resembles a s o f t  sundslione. Occa- 
sional coral  colonies are  found i n  t h i s  area, with a density which 
ra re ly  exceeds one per 10 sauare metres. A l o o s e i ~  branching bracket 
form bf Acropora is- the most comon of these but ?avia - and 1;orites 
were &so observed, 

Below a depth of approximately &0 f e e t  the slope begins t o  l eve l  
off and at a depth of 140 feet the bottom is almost f l a t .  Between these 
two depths reef building corals a re  very infrequent although one large 
colony of Porites was present. Small colonies bf Iknclrophyllia and oc- -- ----- 
cas ioml  gorgoniaa sea whips were observed* 



D. General Reef Characterist ics - - 
The main reef  work of the  expedition was concentrated on two 

lagoon reef t ransects  a t  Gan (locations:  103140, between the j e t -  
t i e s ,  and 113143, ea s t  of the o i l  j e t t y ) .  Recording and col lect ion 
of corals  and algae i n  10 f ee t  quadrats from the shore t o  the  foo t  
of the lagoon slope ~ r a s  car r ied  out continuously along a s t e e l  chain 
l a i d  on the sea floor.  Within each quadrat an e f f o r t  was made t o  
co l l ec t  a specimen of every species of c o r d s  and marine algae pre- 
sen-t, and estimates were made of t o t a l  percentage cover and of r e l a -  
t i v e  importance of par t icu la r  species. Oetails  of these t ransects  
w i l l  be published vhen dl the determinations are  available, but 
cer ta in  features  are  of geological i n t e r e s t  and are  discussed here. 
Figure 21 shows rela-tive abundance of corals across each t ransect  
i n  terms of t o t a l  number of species per quadrat; the species them- 
selves vere separated i n  the f i e l d  ancl their  iden t i ty  w i l l  be cub- 
j ec t  t o  revision. Figure 22 show the distri'oution of these species 
roughly c lass i f ied  by growth form. I n  both t ransects  c o r d  growth 
begins at about 30 metres from the shore, though scat tered small 
coionies may be found closer, and rapitiLy increases t o  form a r i ch  
reef association at about 70 metres from the shore. From here t o  
the  reef edge a t  112 metres, the  abundance of species increases 
( ~ i g u r e  21), from about 10 species per i O O  sq. f t .  t o  about 20 spe- 
c ies  per 100 sq. ft. Born the reef edge t o  the foot of the lagoon 
slope the number of species remains appr0x~ate1.y constant (10-17 
per 100 sq. f t .  i n  Transect I, 12-29 per  ,100 sq. f t ,  i n  Transect 11). 
Abundance of species i t s e l f  i s  not necessa-i ly of geologicd impor- 
tance, however, for  many are  small and often insignif icant  reef  
bui lders ,  A rough division was therefore mde in to  species of the  
genus Acropora those of the family Fungiidae, and the cer ioid  
cora.ls7%&drj.th adjoinirng polygonal cal ices  such as  ~ a v i t e s ) .  -.- 

Both t ransects  show regular i ty  i n  the d i s t r ibu t ion  of these adnit- 
te6ly ra ther  diffuse groups. The cer io id  c o r d s  are important on the 
reef flat, forming 25-35% of the species present, but are  l e s s  so on 
the reef slope, par'cicularly w ~ t h  increasing depth. The fungiid corals 



a re  not important on the f l a t ,  but  form a minor consti tuent on the slope. 
The Acropora spp. form one nf the  most important and cosmopolitan groups, 
generally accounting for  25-50% of the species present on the f l a t ,  and 
continuing t o  the  base of the reef  slope. 

A rough c lass i f ica t ion  of species was a lso made in to  growth form 
(Pig. 22)) distinguishing foliaceous corals  (e.g. Pachyseris and -- 
pora), meandroid corals, branching corals  ( e . ~ .  Acropora, Pocill.opora, 

a and the superf ic ia l ly  meandroid ~ o b o ~ h ~ I l i a ) , a n d  the non- 
meandroid massive corals, many of cer io id  Yorm (e.g. Astreopora, Favites, 
Hydnophora, Porites,  and many others).  The contribution of the  massive 
corals appears exaggerated, for  many of the species represented form 
only small colonies. Attention may be drawn ( a )  t o  the importance of 
branching corals  over the whole t i ansec t ,  and (b )  t o  the importance of 
foliaceous corals  on the outermost f l a t  and par t icu la r ly  on the reef 
slope. Estimates of cover of dif ferent  corals  give a similar picture,  
par'ticularly reinforcing the importance of reef f l a t  Acroporas: on the 
outer p a r t  of the  f l a t  many qua.&ats shotr 50$ of the area of l iv ing  
coral  t o  be Acropora, and one show 85$, 

By comparison with Caribbean reefs  there  are  cer ta in  major d i f -  
ferences, 16th geological implications, i n  these reef assemblages. These 
may be summarized as :  

( a )  the v i r t u a l  absence i n  the Maldives of the  massive meandroid frame- 
building corals,  such as  the  Diploria spp., and the great ly  reduced s ig -  
nificance of ofher massive frame-builders corresponding t o  Caribbean 
Montastree and Siderastrea species. --- - 

( b )  the greater  divers i ty  i n  species and Vne greater  area covered by 
Acropora. Branching and plate- l ike  Acropora spp. are the most important 
corals on the Addu lagoon reefs,  and most of the  species present are  of 
l i g h t  and open gro~,rth form, ra ther  than heavy and massive. On lagoon 
p a k h  reef 24 the  divers i ty  and luxuriance of the Acropora, especially 
the f l a t ,  p la te- l ike  species, i s  remarkable, comp~red t o  the abundance 
of other species and t o  the Atlantic Acropora. Massive Acropora, com- 
parable t o  the Atlantic A. palmata, a r c  l e s s  common. - -- 
( c )  the importance of roiiaceous corals,  par t icu la r ly  Echinopora on the 
slope, and of other open-branched, weak-franed, ma often unattached 
corals (such as  Fungia, Herpolitha and ~ i a l o ~ ~ i t r a )  i n  similar situatcons. 

It i s  probably reasonable t o  conclude from t h i s  t ha t  the  Maldivian 
lagoon reefs  a r e  formed of much f a s t e r  growing species than the Caxib- 
bean reefs,  bv.t t h a t  the reef framevork formed i s  l e s s  r i g i d  and more 
unstable than t h a t  i n  the Caribbean. There i s ,  as  a resu l t ,  evidence 
of reef i o s t a b i l i t y  a t  Gan. The lagoon slope is exceptionally steep, 
and must approach the l imi t s  of cohesion of weak-structured corals. On 
the Gan lsgoon slope coral  gro1,rth i s  frequently interrupted by dead areas 
of broken cora l  and rubble, often extending from the top of the slope t o  
the  bottom, which are  c lear ly  s l i de  scars.  A t  times small scale s l id ing  
was seen taking place down the slope, r a i s i cg  turbid clouds of f i n e r  
mateerial. The reef  structure,  as  Hass (1962) observed, i s  cer ta in ly  a 



f rag i le  and del icate  one, a t  l e a s t  near the surface, but the conclu- 
sions which IIass drew. from t h i s  on the question of a t o l l  origins 
misconceive the space m ~ d  time scales involved. It i s  also possible 
t h a t  some a t  l e a s t  of the larger  s l ides  have been triggered by mil i tary 
ac t iv i t i e s  a t  the Gan Staging Post, fiTevertheless, the evidence indi-  
cates major differences in the nature of reef growth between the Mal- 
dives and the Caribbean, and the implications of t h i s  m i g h t  !?el1 be 
explored fur ther .  

. Islands 

Wenty per cent of the reef flat area a t  Addu i s  covered by is- 
lands, and the proportion t,rould be higher i f  it were not fo r  the alvlost 
island-less northern reef .  The three largest islands are  Hitatidu, Gan 
a i d  Midu: s i x  other islands have areas i n  excess of 100,000 sq. yds. 
The planimetric area of the islands i s  given i n  the follo~.ring table:  

Table 3. Areas of Addu Islands 

Island - 

iIitaddu 
Gan 
Midu 
Maradu 
IIeratera 
Wilingili  
Fedu 
Abuhera 
IIahira 
15 small islands 

Total 

- Area, sq. n i l e s  

Many of the islands have only been sketchily stu.died, but f a i r l y  full  
accounts ex i s t  f o r  Miclu, Iiikddu, and par t icu lar ly  Heratera (l'utali), 
and Gax and Hitaddm k r e  v i s i t ed  during the 1964 expedition. The c h a -  
ac t e r i s t i c s  of the isla~lCis vary with s ize  and with posit ion on the reef 
f l a t .  There are tvo extreme cases of is land types: those formed close 
t o  the sear?ard reef edge, and those formed close t o  the lagoon reef 
edge (pig. 8). 

(a )  Seawrcl-edge islands. 
The seaward beach of these islands charac te r i s t ica l ly  l i e s  45- 

180 metres f ron  the EiigaJ. platform, and pay ailjoin the rubble zone. 
lPhe seaward beach i s  steep an& high, and generally b u i l t  of coral  de- 
b r i s  coarser Lnan gravel, though i n  more protected areas it may be 
largely or 17h.olly sand.. According t o  Gardiner (1903, 146) ra ised reef - 
rock outcrops on the seas,:ard 'beach, underlying beach sediiients, r.rl~ere- 
ever the shore l i e s  within 230 metres of the reef edge, Lnough t h i s  is 



by no means a general ru le  (Section G below). A t  i I i l ing i l i  the sea- 
ward beach l i e s  only 90 metres from the reef edge, i s  b u i l t  of shingle, 
and was reported by Agassiz (1303, 146) Lo be "the highest i n  the b!al- 
dives". A t  Hitaddu the seaward beach i s  siindy  with patches of shingle 
a t  a distance of 180 metres from the reef e&e, and r i s e s  10-12 f t  
above the f l a t ;  but a t  Abuhera, 45 metres froin the edge, the beach i s  
b u i l t  of shingle and i s  steeper. The lagoonmrd beach on these islaads 
may be 450-1000 metres from the lagoon reef edge, and i s  usually low 
and sandy, with vege-La-Lion reaching close t o  h i& t i d e  level.  

( b )  Lagoon-edge islands. 
In t h i s  c lass  the is land l i e s  close t o  the lagoon reef edge, and 

correspondingly fa r ther  from the sea5,rard reef .  The distance between 
the lagoon reef edge and the lagoon beach ranges from 45-180 metres, 
and between the seaward reef edge and seaward beach from 1.80-1000 metres. 
Eecches facing the wide and often high-standing seaward reef f l a t  are 
thus re la t ive ly  more protected than those facing the narrow lagoon reef 
flat. A t  Gan, which f a l l s  i n  t h i s  class, the seaward beach i s  f l a t  and 
narrow, and the lagoor! beach high, steep and vide. Gravel and coarser 
debris i s  rare  on both seaward and lagoon beaches, which are mostly 
sandy. 

The c l i ~ a c t e r i s t i c s  of the larger  islands thus depend t o  a con- 
siderable extent on re la t ive  location on the reef f l a t ,  and t h i s  varies 
i n  a f a i r l y  systematic fashion round the a t o l l  r im. Smaller islands 
such as  Bushy and Muliltaiiu are  simple ridges of coral  shingle and sand 
lodged on the reef f l a t  by waves, and they do not show the more complex 
fea tmes  of the la rger  islw-ds. The following tab le  c l a s s i f i e s  the 
Addu islands in to  three types: A, seaward-edge islands, B, lagoon-edge 
islands, and C, intermediate islands, and gives distances measured from 
air photographs between t'ne seaward and lagoon reef edges and beaches. 

Table 4 

Hitaddu 
Abuhera 
Maradu 
Fe du 
Gan 
l? i l ingi l i  
Midu 
Heratera 
Firhidu Rera 
Kalu Hera 
Nulikadu 

t c t a l  width of reef width seaward 
f l a t ,  metres f l a t ,  metres - 

width lagoon Island 
f l a t ,  metres type 

900 + A 
640-900 A 
180-320 c 
160-180 B 

70-90 B 
460-550 A - A 
550-900 A 
730-820 A 
1000 A 
90-180 C 



Island beaches -- 
151. beach prof i les  trere surveyed at  Gan Island and 30 a t  Hitaddu, 

using a t r ipod  quickset l e v e l  and s t a f f ,  Profi1.e~ vere car r ied  from the 
beach c re s t  (or where vegetated the outer edge of .the vegetation h e ~ e )  
t o  a point 15-30 metres seaward of the foot of the beach. Yhe foot  of 
the  beach is defined on most p rof i les  by a s h a q  concave break of slope 
where the beach face meets t he  horizontal  reef f l a t .  In the  f i e l d  it 
i s  delimited by a more or  l e s s  abrupt t rans i t ion  between white beach 
sands and the rocky, vegetated f l a t .  Eeach prof i les  may be s l i g h t l y  
convex o r  concave, but most are  straighk rrith a summit convexi-by, ex- 
cept where erosion has l e d  t o  scarp formation a t  the beach crest .  A 
d i s t inc t ion  may be maae between ( a )  rough riater beaches, where the foot 
of the beach forms a s tep up t o  1 Ft i n  height i m d i a t e l y  below lo?.r 
t i d e  level,  ofter? with an area of strongly rippled sand t o  seavard, and 
( b )  calmer 'crater beachel;, where t h i s  s tep  i s  absent. Beach prof i les  
vere measured over a. period of ?reeks, but alvays a t  s i m i l a r  t i d a l  stages, 
i . e .  during the 4-5 days of exceptionally 107.1 low t i des  o c c ~ r r i n g  a t  
fo r tn igh t ly  intervals. Gan prof i les  1-5 were also repeated a t  a medium 
high t i d e  ( p o f  i l e s  6-1.0). 

Consider&l.e differences vere found i n  beach angle i n  areas wit11 
d i f fe ren t  e~qosu re  t o  tmve ac t iv i ty .  A t  Gan the prof i les  were grouped 
in to  beach sectors ( K g .  2 separated by areas unsurveyed because of 
human interference or  other reasons. Tithin each sector, beach angles 
tend t o  be t i g h t l y  c lustered about n mean value (except on the ea s t  
shore, w k r e  values are  more widely scattered),  but  there  are  considerable 
Zifferences between beach sectors .  Mean beach angles for  Gan beach sec- 
t o r s  are as follows: 

Beach sector Number of p rof i les  Mean angle 

Eas-t shore 10 
North shore ( ea s t )  10 
North shore (centre)  56 
North shore (ves t  ) 15 
West shore 1.4 
Southwesi; shore 36 
Total and Mean 151  

These beach angles correlate d i r ec t ly  v i t h  exposure. Wave ac.tiv- 
i t y  is  most intense on the lagoon shore between the two j e t t i e s ;  it i s  
high along the whole lagoon shore, and much l e s s  on the ea s t  and vest  
shores where the reef f l a t  i s  wider and shal loi~er .  On the south~.rest 
shore the beach i s  ra-ther more exposed t o  .waves i n  the vide and deeper 
Gas-Fedu channel, m d  beach angles a r e  correspondingly higher, The 
s t e e p ~ s t  beach angle recorded a t  Gan i s  1 1 . 5 O  i n  prof i le  58. The south 
shore of Gan, facing the exceptionally i?ide searasd f l a t ,  i s  mos-t pro- 
kc-bed from riave action: the  beachea are  low and f l a t ,  and vegetated 



almost t o  high t i d e  level; th i s ,  together with the f a c t  t ha t  t h i s  shore 
has been used since World War I1 as a rubbish dump for  mil i tary debris, 
made prof i l ing  i q o s s i b l e .  

A t  Hitaddu s i m i l a r  contrasts are  found i n  beach angles, again co- 
re la t ing  with wave energy, but vhereas a t  Gan the steepest  beaches 
are on the northern lagoon shore, at  Bitaddu t h y  face the narrow sea- 
3rard reef flat, and the more protected lagoon beaches are  lover and 
f l a t t e r .  

Table 6 

3each sector - Nmber of prof i les  Mean angle 

Searrmd shore 19 9 . 5 O  
Lagoon shore 11 5.2 

The steepest  beach angle measured at IIitaddu was 13' on seaward shore 
p ro f i l e  B9. 

Inspection of tne G a n  p ror i les  shomi t h a t  the vidth of the beach 
tends t o  be f a i r l y  constant betmen the sectors measured (not includ- 
ing the south shore): width averages 14-16 metres, and var ies  extreme- 
l y  from 7 t o  23 metres. T%e height of the bzach above the h e d i a t e  
offshore f l a t  ( i . e .  above the concave break of slope a t  the beach foot )  
i s  more variable,  an6 i s  d i rec t ly  r e l a t ed  t o  beach angle. On beaches 
v i t h  a mean angle of 5' or less ,  the height of the beach i s  5 f t  o r  
less .  On steeper beaches (angle greater  than 8O) beach heights a re  
greater than 5 f t  and range up t o  10.5 i t .  Steep, high beaches a re  
b u i l t  i n  exposed areas vhere rapid swash builds the beach face above 
s t i l l  high-rrater level .  The most shel tered beaches have heights ap- 
proximately equal t o  the t i d a l  range. Median beach heights for  d i f -  
fe ren t  beach angles at  Gan are  as  follows: 

Table 7 - 
Beach angle, deg. 3 4 5 6 7 8 9 10 

bqedian height, f t .  3 4. 5 li 5 6 7 8 

Similarly a t  Iiitaddu, the width of the sea~raxd beach averages 15 
metres, varying from 13 t o  20 metres, and t h a t  of the lagoon beaches 
averages 13-14 metres, varying from 10-15 metres. Main va r i ab i l i t y  i s  
i n  beach height, vhich w a i n  d i r ec t ly  c ~ r r e l a t e s  with angle: 

Table 8 

Beach angle, deg. 5 5.5 8 9 10 U. 13 
Meatin height, f t .  4 4 7* 7 7 8.x l@:+ 

(* single cases only) 

Plot t ing median height and height range against beach angle i n  
Figure 24 indicates the range and va r i ab i l i t y  of these beach character- 
i s t i c s ;  the regression l i ne  is  f i t t e d  by eye. 



In te r ior  topography 

Most of the Addu is lands consist  of seaxuard and lagoontuard 
ridges, separated by a lover area, i n  places occupied by water. The 
eastern islands consis t  of a rocky sea~rard ric&e and sandy lagoon 
ridge, separated by freshwater lakes o r  -- k u l l  (Wil l is  and Gardiner 1901, 
78). A i r  photographs show a large in t e r io r  lagoon a t  Hitaddu, but 
t h i s  could not be v i s i ted .  Much of the cen t ra l  p a r t  of southern Hita- 
cidu ?as covered with standing ?rater 6-24 inches deep i n  August lg&, 
under a vegetation of sedges an& Pandanus th icke t .  A t  Gan the i n t e r i -  --- 
or  topography has been considerably a l te red  by construction work, but  
i n  the centre of the  i s land  the s o i l  i s  black and mucky, with the water 
table  a t  o r  within an inch or  two of the smface.  Excavation a t  sev- 
e r a l  places showed a c lear  d i s t inc t ion  between s o i l s  derived from per- 
ipheral  sand ridge sediments, and those formed under high water t ab le  
conditions i n  the centre of the isl.and. Unlike many Pacific and Carib- 
bean islands, mantles of coarse sediments ('!rampart wash") i n  the in -  
t e r i o r s  of islands,  resu l t ing  from exceptional storm activity, ,  seem t o  
be absent a t  Addu. 

The height of the water table  i s  such tha t  a f t e r  heavy ra in  
f resh  water may stand on the i s land  surfaces for  several  days, and i n  
places permanently. 'This i s  the case a t  Gan, vhere level l ing of the 
surface has added t o  drainage d i f f i cu l t i e s ,  bu-t a l so  a t  Hitaddu. Gar- 
diner described similar conditions a t  Mayadv. (willis and Gardiner 1901, 
80). Rainwater replenishment of the Gan freshwker  lens i s  suf f ic ien t  
t o  supply a l l  freshwater requirements f o r  the R.A.P. Staging Post es -  
tablished there.  

MLnor changes i n  Addu is land topography 

The records of 1836, 1900, 1934 and 1964- show tha t  some features 
of the Addu islands are  subject  t o  minor a l te ra t ion ,  par t icu la r ly  where 
gaps between islands are  narrow and shallow. Islands charted as  sepa- 
ra'te by Moresby and even by Gardiner may now be joined; and some s.maJ.1 
islands may have disa~peared.  SevreLl has chronicled the changing nun- 
bers of small is lands off northwest Midu: 6 i n  1836, 7 i n  1900, 5 i n  
1934 (Sewell 1936a, 73-74); i n  1964 there were three, tvo small, and 
oie  ( ~ a h i r a )  long and narrow. Heratera and Firhidu Iiera were separate 
i n  1836, joined i n  1900 ( ~ a r d i n e r  1903, 318)) separate i n  19311. (Eergell 
1936, 74)) and joined i n  1964. Wilingili,  charted as  two islands i n  
1836, had become one by 1900 (Gardiner 1903, 418)) and remains so. In 
1836 Abuhera was continuous with Hitaddu, and remained so i n  1900 ( G a r -  
diner 1903, 415). By 1931~ the two were separated (Sewell 1936a, 84)) 
but  .%rere again joined i n  1964, by a sandy area with continuous vegeta- 
t ion  cover, standing 3.5-4. f t  above the l eve l  of the reef f l a t  immed- 
i a t e l y  t o  seaward, with a se.avard sand and shingle ridge 2.5 f t  higher 
(Prof i le  ~ 1 9 ) .  The ser ies  of small islands on the sea~rard s ide of Fedu 
azd Maradu, uncharted i n  1836 but  recorded by Gardiner, were probably 
omitted i n  e r ro r  by Moresby; they are discussed by Gardiner (1903, 419) 
and Eewe3.l (1936a, 80-81). The scrub vegetation described by Serrell 
has nov been replaced by coconut thicket  with t r e e s  45-50 f t  t a l l .  



According t o  Agassiz (1903, 147-8) and Kohn (1964%) the lagoon 
and southwest shores of Gan are  being eroded, vliile Setrell (1936a, 
80) inferred aggradation. Evidence for  beach r e t r e a t  i s  given by the 
beachrock a t  the northwest point, vhich i s  now being act ively under- 
cut  by throughflowing water i n  the Gan-Fedu channel; by the exposure 
of cay sandstone on the beach face on the southwest, west, and t o  a 
l e s se r  extent the northern shore; and occasional undermining of t rees  
at the eastern end of the north shore. Retaining walls have been 
b u i l t  t o  s t ab i l i s e  the shore on par t s  of the west and north shores. 
For de t a i l s  of the beachrock and cay sandstone exposures, see Section 
G ( i i i )  and ( iv ) .  Local aggradation i s  tahing place a t  the northeast 
point  3f Gan, where a f resh  sand s p i t  extends 60 metres from the main 
beach cres t .  

F. Sedimentary environments 

The main aim of the geomorphic work was the sampling of sedi-  
ments i n  a var ie ty  of a t o l l  environments, t o  demonstrate ( a )  hov 
sediment character is t ics  varied between environraents within the depo- 
s i t i o n a l  framework of the a to l l ,  and (b)  how sediment character is t ics  
(mechanical and organic composition) vary on the beach face and the 
imed ia t e  nearshore area i n  a number of beach sectors subject t o  d i f -  
fe r ing  wave in t ens i t i e s  a t  Gan and Hitaddu Islands. The main sedi-  
mentaryenvironmen.ts sampled were ( 1 )  island beaches, ( 2 )  reef f l a t ,  
( 3 )  lagoon reef slope, and ( 4 )  lagoon floor.  On beaches sampling rias 
carr ied out a t  the same time as  beach profil ing,  on a t o t a l  of 250 
beech prof i les .  Samples were collected a t  5 metre interva3_s on each 
prof i le ,  measured from the beach cres t ,  and %he prof i les  were general- 
l y  spaced a t  25 metre intervals  along the beach. Generally 5-6 samples 
a re  mai lab le  per prof i le :  the prof i les  are  locates i n  Figure 23. 'The 
t o t a l  number of beach face and immediate nearshore samples collected 
at Gan numbered 950, and a t  Hitaddu 99. sampling of reef f l a t  environ- 
ments was carried out on the seaward f l a t  a t  Gan, and i n  the Gal-Fedu 
channel, concurrently with levell ing.  Location of the reef flat s m -  
ples, t o t a l l i ng  127, i s  shown i n  Figure 25. On both beaches and reef 
flat sampling was carr ied out with a simple scoop sampler holding ap- 
proximately 300 grams. On the lagoon reef slope 5 samples were col- 
l ec ted  by Keith using SCUBA. apparatus. On the lagoon f loor  sampling 
was cari-ied out using a bronze grab sampler which closed automatically 
on stri lr ing the bottom. Recovery of samples m s  poor because of f r e -  
quent malfunction of the release, and %he t o t a l  llumber o-f samples 
collected was 42; t h e i r  location i s  given in  Figure 26. Processing of 
these samples for  machine computation of mechanical character is t ics  i s  
continuing, and t h i s  section simply records some gross character is t ics  
of reef flat, beach and lagoon f loor  sediments, on the basis  of pre- 
liminary data for  350 samples. A s  measures of sediment character is t ics ,  
cumulative percentage curves !?ere d ram from sieve data and used t o  de- 
r ive  phi median diameter ($M ) and sigma phi (o$), the l a t t e r  giving a 
simple measure of sorting ( $ l-$84 - $161' / 2 ). 

Using these pwameters c lear  dis t inct ions may be made between 
reef f l a t ,  beaches and lagoon floor environments (Fig. 27). In the 
reef f l a t  nediments as  a whole the mean # M ~  i s  about 0.5, a coarse sand, 



with a range from -1.3 t o  +1.7 fi (very f ine gravel t o  medium sand), Tals- 
ing the Gan beach sediments as  a whole, reem j6hd s i ze  i s  about 0.85, a 
l e s s  coarse sand, with a. range from -0.2 t o  12.1 # (very coarse sand t o  
f i ne  sand). The lagoon f loor  sediments are  highly variable i n  s i ze  com- 
position, ranging from l e s s  than 1.0 t o  more than 4.0 & (coarse sand 
t o  coarse s i l t ) .  There i s  therefore some dist inctiveness i n  s i ze  range 
between the three envLronments (note t h a t  no attempt was made t o  sample 
beach sediments coarser than f i n e  gravel, such as the shingle o r  rubble 
sediments on the seaward beach of ~ i t a d d u ) .  Taking median s ize  chnrac- 
t e r i s t i c s  alone, however, there  i s  considerable overlap, pa r t i cu l a r ly  
be&r.reen reef f l a t  and beach sediments. Sorting i s  more discriminatory. 
 though the sor t ing measure used here is ra ther  inef f ic ien t  and was 
chosen for  ease i n  caJci.itating, it i s  c l ea r  t ha t  considerable differences 
i n  sor t ing e x i s t  between environments. &ach sorting values axe almost 
a l l  l e s s  than 1.0, except !?here the sediment sampled i s  o b ~ i o u s l y  b i -  
modaJ; the peak frequency of beach sor t ing values is 0.5-0.6, i . e .  beach 
sediments axe very well sorted. By contrast, reef f l a t  sediment sor t ing 
values range from 0.7 t o  2.1, with a meal  due of about 1.5, i .e .  so r t -  
ing i s  much poorer. Lagoon f loo r  samples have similas o r  higher sor t ing 
values than those on the reef f l a t .  P lo t t ing  of median s i ze  against  
signs phi i n  Figure 28 shoris t h a t  reef f l a t  and beach sediments a r e  
c lear ly  distinguishable i n  terms of s i ze  and sorting; data are too few 
t o  accurately define the range of lagoon f loor  character is t ics .  In sm- 
mary: 

(1)  beach sediments are  moderately f ine  sands and very 
well sorted; 

( 2 j  reef f l a t  sediments are  coarser and poorly sorted; 
( 3  lagoon floor sediments are  coarse t o  very f ine,  and 

poorly sorted. 

There i s  i n  addition considerable var ia t ion ?rithin the mnjor en- 
vironments. The beach sampling programme was designed t o  assess chang- 
ing sediment character is t ics  normal t o  the  shore, par t icu la r ly  i n  the  
l i g h t  of Miller and Zeigler ' s  (1958) model of beach sediment character-  
i s t i c s .  Preliminary r e su l t s  indicate  t h a t  seaiments are  coarsest  a t  
the foot  of the  beach, at the "step" on rough-water beaches, and become 
f ine r  i n  median diaaeter both t o  seatrard of .the beach foot  and v.p the 
beach face. Sorting is &so bes t  i n  the Lower past  of the beach, m.d 
decreases t o  seamccl of the beach foot  and up the beach face. Much work 
needs t o  be done on the data, hovever, before conclusions can be cirah-n. 
Similarly on the reef f la-t ,  a d i s t inc t ion  can be made between flats 
biclred by islands and chaailels, since considerable sediment t ransport  
and sor t ing occurs thromh the Gan-Fedu channel, by comparison with more 
s table  coliditions on the vegetated f l a t  south of Gan. 

G. L i th i f i ed  sediments 

Li th i f ied  sediments of various types have been described from the 
MaltLive Islands by Moresby, Gardiner, ilgassiz and Sewell, and Gardiner 
i n  par t icu la r  has used the present d i s t r ibu t ion  and height of l i t h i f i e d  
sediments on the a t o l l s  as  evidence fo r  considerable s h i f t s  of sea l eve l  
i n  Recent times. In  m y  discussions of l i t h i f i e d  sediments, genesis 



has been deduced only from the gross topographic character is t ics  of the 
outcrop, and it has then been assumed t h a t  similar outcrops have a s i m -  
ilar composition. Few discussions of a t o l l  rocks consider l i thology 
and m i n e r d o a  as  well  as  topography and distribution, and many of the 
e a r l i e r  deductions on rock or igin and i t s  implications i n  terms of geo- 
morphic his tory are  purely speculative. 

Gardiner (1903) and Sewell (1935a, 500-712) distinguished three 
main types of rock on a to l l s :  reef rock, beach sandstone o r  beach- 
roclr, and cay sandstone. A 1 1  these types are  found a t  Addu Atoll, bu t  
a fur ther  dis t inct ion must be made between reef rock underlying the 
modern reef f l a t ,  and raised o r  r e l i c t  presumed "reefrock" of uncertain 
s ta tus .  This account i s  purely descriptive, and no attempt is made t o  
describe the mineralogy o r  origin of the rocks, o r  t he i r  bearing on a t -  
o l l  his tory at t h i s  stage. 

(i) 2eef rock - 
Wherever investigated the reef f l a t s  of Addu a t o l l  consist  of a 

more o r  l e s s  regular roclr platform, veneered with loose sediment. This 
i s  par t icu lar ly  so south of Gan, on ' the wide seaward reef f l a t ,  which 
i s  wholly a rocky feature, lacking any considerable r e l i e f ,  and giving 
no indication of subsurface s t r u c t w e  i n  the form of e i ther  curvil inear 
fracturing o r  of truncated and r e l i c t  coral  heads described from such 
f l a t s  elsewhere. Samples of reef rock ;;ere obtained by b las t ing  on the  
s e a ~ a r d  reef a t  Gan, location 1153.59, through the courtesy of M r .  J. 
Woodward. The rock i s  a toughly cemented rock of coral  fragments i n  a 
limestone matrix, with abundant Heliopora fragments which have l o s t  
t h e i r  blue colour and turned brown. The consti tuents indicate a reef 
c o m i t y  similar t o  t h a t  now found on deeper f l a t s  than the present Gan 
f l a t .  It i s  d i f f i c u l t  t o  see how such rock could form a t  the present 
l eve l  of the f l a t  off  central  Gan. 

l i i )  Relict  "reef rock" 

Several of the seaward-edge islands have 1017 rock platforms a t  the 
foot of t h e i r  seavard shores. Gardiner (1903, 416) described t h i s  a s  
occurring wherever p m t  of the is land l i e s  v i th in  230 metres of the sea- 
ward reef edge; a t  Hera, north of Midu, he described emerged r ee f - f l a t  
rock masses standing up t o  6 f t  above high water and 10 f t  above the 
f i a t .  A t  Midu, rock i s  described along the e a s t  shore, reaching 5 f t  
above high water (Gardiner 1903, 417; Sewell 1936a, 73, Plate  l i i ) .  Sea- 
ward-beach rock masses a re  a lso described at  Heratera (Sewell 1936a, 75, 
Plate 3 i i ) ,  Firhidu Hera and Kalu Hera (Sewell 1936a, 79), Mulikadu ( ~ e -  
well 1936a, 79)) and M3sadu (Sewell 1936a, 82). Sewell a lso describes 
it between the seaward shore and the reef edge a t  Maradu, forming " c o r d  
horses" (Sewell 1936at 83, Plate 31)) and in the small islands between 
Fedu and Maradv. (Sewell 1936a, 81). 

"Reef rock" of similar type is present on the seaward shore of 
Hitaddu, where it was surveyed i n  beach prof i les  BL, B12, B l h  an6 B15. 



In prof i le  B l  the highest point  of the reef rock outcrop, vhich i s  4 
metres wide, reaches 4.3 f t  above the general l eve l  of the reef f l a t ,  
but o n l y 3 f t  above the leve l  of the f l a t  immed.iately seavard of the 
rock. It outcrops a t  the foot of the beach, which here r i s e s  6 f t  
above lowest l ox  water, and the roclr i t s e l f  d r ies  a t  l e a s t  1.5 F L  a t  
t h i s  stage. Other p ro f i l e s  shov similar character is t ics ,  except t h a t  
the  beach face above the rock i s  only 3-4 ft high. In  places the up- 
per surface of the  rock show a d i s t i n c t  sea~~r~ard gradient (4.5' i n  D l ,  
3' i n  1312), but t h i s  is c lear ly  erosional: elsewhere the surface is  
rough but horizontal .  The structui-e of t h i s  r e l i c t  rock i s  not ea s i ly  
discernible, but  a t  places on the southernmost p a r t  of the Bitaddu sea- 
r,rard shore and the northernmost pa r t  of Abuhera the cora l  slabs forming 
the roclr are  c lear ly  imbricated, dipping seawards, which might indicate 
a subt idal  reef f l a t  ra ther  than a beach environment. 

Several patches of rock, mentioned by Gardiner and Sewl l ,  are  
found i n  the reef f l a t  embaper~t between Gar1 and Fedu Islandc, and on 
the wide reef f l a t  t o  the south of Gan, The patches are as  follows: 
(1) A rock pl.atform marked on chasts as  Addu island, south of Gan,lo- 
cation 1048/1$36-1550, aeasuring 140 x 30 metres, the highest p a r t  r i s -  
ing 5.1 f t  above the deepest p a r t  of the s eward  f l a t  betwen it and 
the reef edge, and 3.45 Pt above the leve l  of the  reef edge a lga l  pl&- 
form. (2 )  A large patch 800 metres t o  the northwest, 220 metres .from 
the seaward reef  edge, location 0958-0966/1406-l50~ r i s ing  a t  i t s  high- 
e s t  4.3 f t  above the surrounding reef flat. (3 )  Trro small patches of 
rock, the l a rges t  35 x 23 ae t res ,  approximtitely the same distance from 
the reef edge, ~ . r i th  a similar height, location 031143. 0 4 )  A small 
patch of rock standing 3 f t  above the reef f l a t  approximately 30 metres 
t o  the nor thwst .  ( 5 )  A much la rger  patch, Vne first: of a ser ies ,  l o -  
cation 089142, which continue t0ward.s the northwest and form the bas i s  
of several  of the  small is lands on the seaward s ide of Fedu, as  described 
by Sewell. (6) Tvo smnll patches, location 095133, close t o  t he  south- 
e a s t  shore of Fedu, drying up t o  2 f t  a t  low rra.l;er, marked on the A d m i r -  
a l t y  chart  as "drying 11. Pt." Iin a l l  these cases the rock surface is 
deeply p i t t e d  and eroded, and i n  cases 1 and 2 it has a l so  been dramaged 
3y mil i tary ac t iv i ty .  The rock i s  formed of coral  fragments i n  a cora l  
sand matrix, and i n  places i s  dominantly sandy. 

( i i i )  Cay sandstone 

?'he Maldive Islands form a c lass ic  are6 f o r  the description of cay 
sandstone. Moresby (1835, 398) described subsurface indura-Lion of sands 
at a depth of 3-4 f t ,  forming a layer  2 ft  th ick  overlying unconsoli- 
dated sands, at the freshwater t a b k ,  a t  Miladumadul~~ Atoll.  Setrell 
(1935a, 502-3) described a s imilar  occurrence a t  I k a d u  Island, Addu A t -  
o l l ,  and also 'figured a section at Fehendu I s l w d ,  Goifurfehendu Atol l  
( c f .  Setrell 1936b)) where a 3.ayer of sandstone l& f t  tiiick underlies 2-3 
f t  of surf'a,ce sands and so i l ,  well above high vater  level .  

Cay sandstone i s  ~rell.  exposed on the vest  arid sou-thwest shores of 
Gan, where it forms a nearly horizontal  ledge o r  pls.tform several  f e e t  
wide on the upper gar% of the beach. I'he rock i s  generally 1-2 f t  thick: 



i t s  base i s  dry at low water, but  i t s  upper surface i s  covered by svash 
a t  high t ide .  Its seaward edge forms a v e r t i c a l  o r  overhanging scarp- 
l e t ,  which is being eroded by transverse gullying, by local. undermining 
andtmve action, and by the dislodgment of sections several  metres long 
because of longitudinal. fracturing.  Inland the rock passes under the 
beach, and a t  one point outcrops i n  the eroded beach face t o  a height 2 
inches higher than the platform, suggesting t h a t  the  upper surface c? 
the rock may i t s e l f  be erosional. The rock i s  poorly bonded and may 
generd ly  be cnunbled i n  the f ingers  a t  f resh  sections; at the outc;~' 
it i s  casehardened and tougher. It lacks in te rna l  s t ructures  i n  bedG:ir~z 
o r  grain s i ze  sorting,  and i s  essen t ia l ly  horizontal. 

Cay sandstone outcrops on the west shore, a s  recorded i n  beach pro- 
f i l e s  76, 77, 78 and 79. These are  611 low-angle beaches (gradients 1 
i n  10 t o  1 i n  15), the  beach c re s t  r i s ing  5 f t  above the immediate off-  
shore f l a t .  Cay sandstone outcrops 1.3-2.5 f t  below the beach c r e s t ,  
forming a platform 2.3-5.6 metres d d e ,  and 1-1.5 ft thick.  On the ~cr:+,h- 
west shore, cay sandstone outcrops a r e  shown i n  beach prof i les  92, :;j,?.', 
98, 99 and 100. Eeach gradients here range from 1 i n  5 (where there rxs 
been considerable steepening as  a r e s u l t  of erosion) t o  1 i n  16. The 
height of beach c re s t s  above the flat ranges from 5 t o  9 f t .  The sand-. 
stone outcrop i s  1-6.4 metres vide; it passes l a n d ~ i a ~ d  beneath unconsoi- 
idated beach sands which form a v e r t i c a l  scasplet  up t o  2.5 f t  high. m e  
outer ed.ge of the  rock platform forms a scarplet  0.5-2 f t  high. The 
height difference be twen the sandstone platform and the beach c re s t  d~? -  
pends on the amount of h w m  interference with the l a t t e r :  at i ts  grea5.- 
es t ,  where the erosional sand scarp i s  highest, the platform is 3.3-11. ;'.G 

below the beach c re s t .  Elsewhere it may be only 1-2 ft. Prof i le  99 Sli3Ti3 
the rock with a maximum tllickness of 3.4 f t ;  generally it i s  0.5-2 ft, 
The surface of the platform i s  of ten t i l t e d  s l i g h t l y  seawards, but a t  
very much smaller angle than i n t e r t i d a l  beachrock, 

No outcrops of cay sandstone were seen at Hitaddu, but  Sewell ds- 
scr ibes  outcrops of similar rock on the lagoon beach a t  Heratem (Ser~n?:~l 
1936a, 76, Piate  4 i i i ) .  

( i v )  Beachrock 

In t e r t i da l  beachrock has been c lass ica l ly  described from the M a l -  
dive Islands by Gardiner (1903, 341-346, P la te  1 6 ) ,  and i t s  character- 
i s t i c s  are now well known. Gardiner ins i s ted  on i ts  i n t e r t i d a l  char- 
ac t e r  (1903~ 343), and t h i s  appc;ars t o  be a useful f i e l d  c r i te r ion  f o r  
beachrock identifica'cion. kachrock is uncommon on Addu beaches, where 
it must not be confused with outcrop-ping beach sandskne on the upper 
beach face, exposed by beach r e t r ea t .  Outcrops of beachrock are  found 
i n  t?ro places on the Gan beaches, the  l a rges t  being a t  the  northwest 
point  (10111./1367). Three l i nes  of beachrock continue the t rend of the 
north shore towasds the  deeply scourea Gan Channel. The rock i s  eroded 
and discol.oured by algae, the  outer l i n e  blackened, the inner l i n e s  g q j  
and brcm, but by contras t  with the Caribbean, l w g e r  a3.gae such as  E- 
binar ia  are  absent, doubtless because of the  high t i d a l  rmge.  The 
beachrock is shom beach prof i les  72 and 73. The lowest seaward pil .~. 



of the beachrock stands 1.5 f t  above the leve l  of the lagoon reef f l a t ,  
a t  t h i s  point a hard planed rock floor;  the highest landward par t  of 
the beachrock stands 4 f t  above the f l a t  and 3.5 f t  below the beach 
cres t .  Low t ide  leve l  approximates t o  i t s  lowest extent, and tne rock 
i s  submerged at high t ide .  The three l ines  of beachrock a l l  dip sea- 
wards: the innermost a t  3Oic0 ', the second a t  503Gt, and the outermost 
a t  G030'. They are separated by scarps 1-1.4 f t  high. A t  i t s  westem- 
most extent the beachrock is being undermined by current scouring i n  the 
Gan channel, and several  s labs  have been broken transversely and have 
f a l l e n  in to  scour holes. A t  the  end of the beachrock the channel f loor  
l i e s  4 f t  below the beachrock surface, and as  a r e s u l t  of t h i s  scouring 
there i s  a secondary longitudinal tilt in  the exposure. 

Possible massive beachrock outcrops on the north shore of Gnn, 
( a )  inmediately west of the marine j e t t y  (1060/1394), where it has been 
much a l te red  by man, and ( b )  i n  four s m d l  patches a t  the eastern end 
of the north shore (124144), where it is d i f f icu l t ,  however, t o  d i s t in -  
guish it from possible cay sandstone on morphologic grounds. Similar 
d i f f icu l ty  i s  also experienced with some of the outcropping rocks f ig -  
ured by Sewell a t  Goifurfehendu Atol l  (Sevell 1.93613). Unmistakable 
beachrock was not seen a t  IIitaddu, though a lagoon beach exposure south 
of the j e t t y  may be so classed. Gardiner a lso reports beachrock on the 
seaward beach a t  Midu (Gardiner 1903, 417). 

The Ga beachrock consists of sedimentary pa r t i c l e s  similar t o  
those of the adjacent beach, showing ve r t i ca l  sor t ing in to  d is t inc t ive  
l a p r s  dipping seawrds,  which helps t o  d i f fe ren t ia te  it from cay sand- 
stone. The constituen-t pa r t i c l e s  show evidence of solution, and the 
rock has been secondarily cemented t o  an exbremely tough and hard char- 
acter .  

Problems --- 
The problems posed by the  Add~  l i t h i f l e d  sediments may be b r i e f l y  

stated.  The nature of the re l i . c t  "reef rock" is of cri t ical .  importance 
i n  the geomorphic his tory of the  a t o l l .  Gardiner and Sewell supposed it 
t o  be a t rue  submarine reef rock exposed by re la t ive  elevation, but it 
is also possible tha t  it has been formed by l i t h i f i ea t ion  of coarse is- 
land e l a s t i c  sedixents a t  its present elevation and exposed by beach 
r e t r ea t ,  as  Newell suggests i n  the Tuamotus (Newell 1961). Ecaring on 
t h i s  problem i s  the generally ~msor ted  nature of the consti tuents and 
the imbrication of c o r d  slabs at Hi-taddu. Even though there i s  no evi-  
dence of corals being found i n  the rock " i n  the posit ion of grovth", as  
Gardiner observed a t  Minikoi and elsewhere, t h i s  seems t o  indicate a 
subt idal  origin, implying a r e l a t ive  s h i f t  of sea level .  The widespread 
nature of s imilar  exposures else.whexe i n  the Maldives and in  the Indian 
Ccean generally ( S e w e ~  1935a, 474-479; 1932, 1928) wcsjLd also lend sup- 
port  t o  a negative ellstatic s h i f t  i n  explaimkion of these raised featitres. 
It i s  i n t e r e s t h g  i n  t h i s  connection tha t  Shepard (1963, 5 )  has obtained 
a radbcarbon date of 2990 f 220 yrs B.P. from a raised reef 2-3 f t  
above lov  t i de  leve l  i n  Ceylon, d.though compmahle Pacif ic  and Austra- 
l i a n  features have yielded considerably older da';esi A t  Gan the  rock has 



been subject t o  considerable a l te ra t ion  by erosion, and i s  probably un- 
datable. Ilor?ever, samples of reefrock underlying the present f l a t  should 
give s ignif icant  resu l t s :  if near-surface sanples are  very old, they may 
indicate antiquity and subsequent planation of the f l a t ,  from which the 
higher fragments of reefrock r i s e  a s  erosional remnants; but if young, it 
w i l l  be d i f f i c u l t  t o  a t t r i bu te  the r e l i c t  rock t o  any major eus ta t ic  
s h i f t  of sea level .  

The nature of the cement i n  the cay sandstone and the i n t e r t i d a l  
beachrock i s  of in te res t .  If, a s  seems l ikely,  the cay sandstone i s  a 
freshwater rock and the beachrock marine, the primary cements should be 
ca l c i t e  and aragonite respectively (Stoddart and Cann 1965). In the case 
of the Gan beachrock, hor.revey, solution may have gone too f a r  fo r  the 
primary cement t o  be determined. Alternatively, if  the beachrock cement 
is ca lc i te ,  t h i s  : , r i l l  add fur ther  evidence t o  Russell 's  theory of beach- 
rock or igin a t  the freshrmter tab le  under beaches (Xv.ssel1 1962). A 
major problem is vhy rock of one s o r t  i s  developed on a par t icu lar  i s -  
land, ra ther  than another. A t  Gan, cay sandstone i s  the dominant l i t h i -  
f i e d  m t e r i a l ,  whereas at Cocos-Keeling Russell and McIhtire (1965) 
report  massive beachrock. 













I Fig, 14. Addu Atoll lagoon echosounding profiles 9-10; far location, see Figure 11, 9: J1-J; 
lo, K1-K. Horizontal scale approximately 1:27,000 
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Fig. 15. Echosounding profiles of lagoon patch reef 24: (A) from profile 7, ( 8 )  from 
profile 8. For location, see Figure 11, A: GI-G; B: H-HI. The diameter 
of the summit is approximately 220 metres. 
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Fig. 17. Hypsomefric curve far Addu Atoll lagoon and peripheral reefs. 
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Fig. 16. Histogram showing area-depth distributions in Addu Atoll lagoon and peripheral reefs. 
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Fig. 18. Percentage hypsometric curves for Addu, Rongelap, Eniruetok, Bikini and 
Rongerik Atolls. Data for the Marshall Islands from Emery, Tracey and 
Ladd (1954). 



Fig.  19. Loca t ion  and index numbers of Addu A t o l l  lagoon pa tch  r e e f s  and k n o l l s ,  de f ined  by t h e i r  
lowest c losed  contour ,  The smal l  f i g u r e  i n  b r acke t s  i s  t he  minimum recorded summit 
sounding, Based on  t h e  c h a r t  by Daugleish (1923). 



Fig, 20. Depth-area distribution of Addu lagoon patch reefs and knolls. 
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Fig. 21. Distribution of number of coral species across Can lagoon reef transects I 
and 11, based on field determinations of species collected in 10 ft quadrats. 
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Fig. 22, Distribution of growth form of corals across Gan lagoon reef transects I and 11. 
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I Fig. 24. Relationship between beach heighc and beach angle at Gan and Hirzddv Islands, 
from profiles on searrard and lagoon beaches. I 

1 I 
2 3 4 5 6 7 8 9 10 I I 12 13 14 

MEAN BEACH ANGLE 



Fig. 25. Sediment sampling stations, seaward reef flat, Gan Island, 



Fig. 26. Sediment sampling stations, liigoon floor, Addu Atoll. 



Fig. 27. Sample cumulative frequency curves for (A) Gan beach, (B) Gan seaward reef flat, and (C) 

Addu lagoon floor sediment samples. 

Fig. 28. Relationship betwen median size and sorting in sediment samples from Gan beaches (dots), 
Gan seaward reef flat (crosses), and Addu lagoon floor (triangles). 



IV. PRELIMINARY LIST OF STONY CORALS FROM ADDU ATOLL 

by 

J. W. Wells and P. Spencer &vies 

During the course of the quadrat t ransect  surveys on the lagoon 
reef at Gan (see p. 28) a col lect ion of corals was assembled. The 
method adopted >ras a s  follows: Each coral  specimen removed and re-  
corded from each quadrat was given a number t o  form the nucleus of a 
type collection. Subsequent corals were then compared with the types 
and assigned the relevant number. Any showing morphological d i f -  
ferences from the type were given a new number and incorporated i n  the 
collection; t h i s  involved some duplication and the assemblage of a num- 
be r  of what l a t e r  turned out t o  be growth forms and va r i e t i e s  of the 
same species. In t h i s  way it was possible t o  pinpoint the dis t r ibu-  
t i on  of a l l  corals collected along t ransects  from the shore t o  the base 
of the lagoon slope. Collections were also made i n  a non-systematic man- 
ner whenever any corals  were recognized a s  being not represented i n  the 
type collection. The col lect ion therefore includes a few species 
which were collected on a shoal. i n  Addu lagoon (no. 4, f ig .  19) and on 
the  seaward reef slope of the reefs  t o  the north of the a t o l l .  

Distribution has been re la ted  i n  the l i s t  t o  the reef terminology 
adopted by Tracey e t  al. (1955). On the lagoon reef f l a t ,  the area of - - 
l i v ing  coral  (which commences approximately one-third of the distance 
t o  the  reef margin from the shore) has been divided in to  three a rb i t ra ry  
zones, G.: inner, mid - and outer. These have no ecological significance 
and are  used solely t o  give greater  precision i n  describing dis t r ibu-  
t ion.  

Subclass ZOAkTlnPIIARLCI 
Order SCLERACTINIA 
Suborder ASTROCOENILNA 
F d l y  ASTRCCOENIIm 
Subfamily Astrocoeniinae 

Genus STYLOCOEPKELLA 
1 )  Stylocoeniella guentheri (Bassett -Smith) 

Lagoon slope, Gan. 20 t o  80 ft.depth 

Genus PSAMMOCORA 
1 )  Psanrmocora n ie rs t rasz i  v.d. Horst 

. j Outer zone of lagoon reef flat, Gan. 

2) P. (~tephhanaxia) -- folium Umbgove 
&ter zone of lagoon reef flat, Gan. 



3 )  - P. (Stephanaria) togianensis Umbgove 
Lagoon slope, Gan. 20-70 f t .  depth 

4 )  - P. (~ t ephana r i a )  sp. cf .  P.(s). d ig i t a t a  M.E, & H. 
A - -  

Lagoon reef f l a t ,  Gan. 

5 )  P. - ( ~ l e s i o s e r i s )  haimeana M.E. & H. 
Outer zone, lagoon r ee f  f l a t ,  Gan. Common. 

Genus STYLOPfIORA 
1 )  Stylophora p i s t i l l a t a  (%per) 

Mid t o  outer zone, lagoon reef  f l a t ,  Gan. 

2 )  Stylophora rnordax (Eana) 
Seaward reef  slope, o f f  Bushy Island, N. Addu. Depth 20 ft. 

3)  Stylophora subseriata ( m e n b e r g )  
Lagoon slope, Gan. Depth 70-80 ft. 

Genus SERIATOFORA. 
1 )  Seriatopora angulata KLunzinger 

Seaward reef slope of f  Bushy Island, No Addu. Depth 20 ft. 
Not recorded from r e e f s  at Gan. 

Genus POCILLOPORA 
1 )  Pocillopora eydouxi M.E. & H. - 

Lagoon reef margin, Gan. Common. 

2 )  P o c i l l o p o ~  rr*&ina Dana var. ncb i l i s  Ver r i l l  
Outer zone of lagoon reef flat and lagoon slope t o  60 f t . ,  
Gm. Very comon. 

3) Pocillopora damicornis  i inn. ) 
Very comon over whole of lagoon reef f l a t ,  Gan. One of 
the  first corals found on the land~iard margin of growing 
cora l  on the reef flat. 
P. sp. cf. P. damicornis ( I n )  - Stunted growth form. - 
Inner zone Gf lagoon reef f l a t ,  Gan. 

4) E i l l o p o r a  l i gu l a t a  h a  
Lagoon slope, Gan. Dcpth 10-90 ft. 

5 )  Pocillopora - -- acuta Lwttrck 
Lagoon slope, Gm. Depth 40-90 ft. 



Family ACROPORIDAE 

&nus ACROPORA 
1 )  Acropora convexa ( h a )  

Found over whole surface of lag0011 reef flat, Gan. 
Par t icular ly  abundant a t  lagoon reef margin. 
A. sp. cf .  A. convexa ( h a )  
&d zone of-lagoon reef  flat,  Gan. 

2)  Acropora intermedia i rook) 
Mid zone lagoon reef flat, Gan.  

3) Acropora hwnilis ( ~ a n a )  
Very comon on whole of lwoon reef flat and t o  1 5  f t .  
on iagoon slope, Gan. ~ l s o  found i n  shalLow pools 
behind a lga l  pavement seaward reef flat, Gan and Hitaddu. 

4)  Acmpora hemprichi ( m e n b e r g )  
Lagoon reef margin and t o  depth of 20 f t  on lagoon slope, 
Gan. Common at depths of 20 f t  on seaward reef slope of 
Northern reefs,  Addu. 

ha) Acropora abrotmoides (~amarck) 
Outer zone of lagoon reef f l a t ,  Gan. 

5)  Acropora formosa ( B a a )  
Very common. F o w  a d i s t i n c t  zone between mid and outer 
zone of lagoon reef f l a t .  A similar species, t en ta t ive ly  
ident i f ied  as  Acropora sp. cf. A. formosa is dominant over 
large areas of the lagoon slope, between 20 and 70 f t .  Gan. 

6 )  Acropora hyacinthus (Dana) "cytherea" form 
Lagoon reef margin, Gan. 

7) Acropora forslwili (Ehrenberg) 
Lagoon reef margin, Gan. 

8 )  Acropora pa l i fe ra  (~amarck)  
Not recorded on Gan reefs  bu t  abundant, i n  places dominant, 
on reef top and seaward margins of Northern reefs,  Addu. 

9 )  Acropora eurystoma ( ~ ~ u n z i n g e r )  
Mid zone, lagoon reef f l a t ,  Gan. 

10) Acropora va r i ab i l i s  (-zinger) 
Lagoon slope, Gan. Depth 50-80 ft. 

11) Acropora corymbosa (~amarck) 
Lagoon reef margin and lagoon slope t o  50 f t .  Gas. 

12) Acropora spyringodes sp rook) 
Lagoon reef margin and lagoon slope t o  80 f t .  Gan. 



13) Acropora sp. cf .  A. conigera ( ~ a n a )  
Outer zone, lagoon reef  flat, Gan. 

14)  Acropora rotumana ( ~ a r d i n e r )  
Outer zone, lagoon reef  f l a t ,  Gan. 

15)  Acropora hystr ix  (Dana) 
Lagoon slope, Gan. Depth 80 ft. 

16) Acropora squarrosa (~h renbe rg )  
Lagoon slope, Gan. Depth 30 f t .  

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

Genus ASTREOPORA 
1 )  Astreopora myriophthaha (Lamarck) 

Lagoon reef f lat  and lagoon slope t o  35 ft, Gan. Also 
recorded from "Five Fathom Shoal", Addu Lagoon. Depth 50 f.t. 

2 )  As t r eopor~  oce l la ta  Bernard 
Lagoon reef  f l a t ,  mid zone t o  reef  margin and t o  depth of 
20 f t  on lagoon slope. Gan. 

3) Astreopora listeri Bernard 
Lagoon slope, Gan. Depth 15 ft, 

4)  Astreopora sp. c f .  A. g r a c i l i s  Bernard 
Lagoon slope, GG. T 3 X 5  ft. 

5) Astreopora sp. cf .  A. i n c r u s t a s  Bernard 
Lagoon slope, GG. Depth 40 f t .  

Genus MONTIPORA 
1 )  Nontipora s inensis  Eernard 

Lagoon reef  margin, Gan. 
.. . 

2 )  h n t i p o r a  - d&ae M.E. & H. 
Lagoon slope, Gan. Depth 90 f t .  

3) Montipora pulcherrima Bernard 
Lagoon slope, Gan. Depth 90 f t .  

4)  Montipora sp. c f .  8. fo l iosa  (pa l las )  
Lagoon slope, Gan. Depth 50 f t .  

Suborder FUNGDA 
Superfamily AGARICIICAE 
Family A M I C I I D A E  
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Genus PAVONA 

Pavond gardineri  v.d. Horst 
Lagoon slope, Gan. Depth 15 ft. 

Pavona c l a w s  (Dana) 
Lagoon slope, Gan. Depth 20-60 f t .  

Pavona varians Verr i l l  
Widely distributed. Mid t o  outer lagoon reef f l a t  and 
lagoon slope t o  depth of 80 ft. Gan. 
var. "repens" 
Lagoon slope, Gan. Depth 60-80 ft. 

Pavona ( ~ o l y a s t r a ?  ) acuticarinata (~mbgrove ) 
Lagoon slope, Gan. Depth 50 f t .  

Pavona (Polyastra) sp. cf. P. (P. ) planulata ( ~ a n a )  
Lagoon reef margin t o  80-ft on lagoon slope,  an. 

Pavona ( ~ o l y a s t r a ? )  ponderosa ( ~ a r d i n e r )  
Seaward reef slope, Bushy Island. Depth 30 ft. 

Pavona (Polyastra? ) n. sp. 
Lagoon slope, Gan. ikpth 50 ft. 

Pavona ( ~ o l y a s t r a )  sp. 
Lagoon slope, Gan. Depth 60 f t .  

Pavona (~seudocolumnastraea) sp. cf. 2. maldivensis Gardiner 
Lagoon slope, Gan. Depth 60 f t .  

Genus LEFTOSERIS 
1 )  Leptoseris gardineri  v.d. Hors'c 

Forms large colonies i n  sand at base of lagoon slope, Gan.  
Cepth 90-100 f t .  

2 )  Leptoseris incrustans (Quelch) 
Lagoon slope, Gan. Depth 60 f t .  

Genus PACHYSEXLS 
1 )  Pac yser i s  speciosa ( ~ a n a )  

Lagoon reef margin and lagoon slope t o  60 ft.  an. 

2 )  Pachyseris l e v i c o l l i s  ( ~ a n a )  
Lagoon slope G a n .  Depth 40-70 f t .  

3) Pachyseris valenciennesi M.E. & H. 
Lagom reef margin and lagoon slope t o  30 f t .  Gan. 



Family SIDERA.SrnIW 

Genus COSCTXARAEA 
1 )  Coscinaraea -- monile ( ~ o r s k a a l )  

"Five Fathom Shod", Addu Lagoon. W t h  50 f t .  
Mid zone, lagoon reef flat, Gan. 

Superfamily 
Family 

Genus FUITGU 
1 )  Funaia scutar ia  Lamarck 

Lagoon reef margin t o  50 ft on lagoon slope, Gan. 

Fungia repanda Dana 
Lagoon reef margin t o  90 f t  on lagoon slope. 

3) Funnia echinata (Pa l las )  
Lagoon slope, Gan. @pth 70-90 ft. 

4) Punaia funaites (Linnaeus) 
Very comnon on whole of lagoon reef f l a t ,  Gan, attached 
stage comonly on Acropora fomosa. Not recorded from 
lagoon slope. 

Gems HERPCLITNA 
1) Herpolitha l i m x  (Esper ) -. 

Lagoon reef margin t o  60 f t  on lagoon slope, Gan. Common. 

Genus POLYPENLLIA 
1 )  Polrphyllia t d p i n a  (~amsrck )  

~ a g o o n f  loor a t  base of lagoon slope, depth 80-100 f t .  
Gan and Northern reefs, Addu. Tentacles extended during day. 

Genus HALOMITRA 
1 )  Halomitra philippinensis Studer 

Lagoon slope, Gan. G p t h  50-90 f.t. Comnon. 

Superfamily PORITEAE 
Family POEI'PIME 

Genus GONIOPORA. 
1) Goniopora minor Crossland - 

Lagoon reef margin t o  80 f t  on lagoon sl-ope, &n. 



2 )  Gonio~ora ---- sp. aff. G_. ~L_anul.ata (~hrenberg)  c f .  Klunzinger 
Seaward reef slope, Bushy Cepth 3C f t .  

Genus FCRITES 
1) l o r i t e s  -- -.-- sol ida ( ~ o r s k a a l )  

No d i s t r i b u t i o i  data available,  

2)  Porites lu'cea M.E. & H. "-- -- 
I.:tgoon slope, G m .  Depth 10-100 f t .  

3) P w i t e s  l ichen Cana -- 
Lagoon slope, Gan. k p t h  90 f t .  

4.) Pox'ites sp. cf .  P. alveolata .-- --.- 
Outei. zone, lzgoon reef flat, Gan. 

5) Pori tes  ( ~ y l a m e a )  ;nonticulosa ( ~ a ~ a )  . -- -- 
Lagoon slope, Can. B p t h  15-90 ft. 

6 )  Pori tes  (~ynarraea) n. sp.? aff. P.(s.) - hodzonta la ta  Hoffaeister 
Lagoon slope, Gan. B p t h  70 

7 )  Pori tes  -- sp. (cf.IIP. mamitius 5" ~ e r n a r d )  -- 
Seawwd reef e&e, Can. 

Genus ALVXOPOW 
1) h l v e c ~ o r a  sp. cf .  A. v i r i d i s  (Quoy 8:  airn nard) 

Lagoon slope, G&. ?epth 70 i't. 

Suborder FAVIlNh 
SuperCmily FAVTICAE 
Family F A V I E W  
Subfamily Faviinae 

1) Cwlas t rea  furcata  Dana 
Mid zone of lagoon reef  f l a t ,  Gan. 

2) Caulastrea tumida ( ~ ~ t t h a i ) ?  
"Five h t h m  Shoal", A;l.Jli Lagoon. Depth $0 f t .  

Genus PI,ZY LAE'l'iW? 
1) Plesinstrea  versiporn ( l ama .~k)  

Lagoon slope, Gan. l'epth GO f t .  "Five Fathoru Shoal", 



Genus FAVU 
1) valenciennesi (M.E.  & >I. ) 

Lagoon reef flat, Gan. 

2 )  Eavin rotumana ( ~ a r d i n e r  ) 
Lagoon reef f l a t ,  Gan. 

3) s t e l l i g e r ~  ( ~ a n a )  
Lagoon reef margin, G m .  

4) Favia -- favus - ( ~ o r s k a a l )  
Inner zone of lagoon reef f l a t  t o  40 f t  on lagoon s l o p ,  
Gan. Also mid zone, lagoon reef :Flat, Gan. 

5 )  Favia - pa l l i da  (Dana) 
Mid zone of lagoon reef f l a t  t o  30 -Ct on lag003 slope, Gan. 

6 )  FavIa hululensis Gardiner 
Mid zone, lagoon reef f l a t ,  Gan. 

7)  +,yez 3 e c i o s a  (DEUI~)  
Legoon reef f l a t ,  mid zone, t o  e0 f t  on lagoon slope, Gan. 
Aha a t  depth of 60 f t  on "Five Fathom Shoal", Aadu Lagoon. 
P. speciosa lhna "clouei" form -. -- 
Lzgoon slope 80 f t, Gan. 
3'. - sp. cf .  F. z c i o s a  Eana - 
"Five ~a tho ;  Shoz.ll', Addu Lagoon. Depth 60 f t .  

Genus FAVITES 
1 )  Favites melicerum (Ehxnlxx-g) --. - 

Mid zone of lagoon ~ e f  f l a t ,  Gan. 

2)  Favites --.- hal icora  ( ~ r e n b e r g )  
Lagoon slope, Gan. Depth 50-80 f t ,  
F. sp. cf .  F. h d i c o r a  (Wrenberg) 
Kagoon reefam&gin and t o  80 f-1; on lagoon slope, Gan. 

3 )  Favites ehrenbergi (Xlunzinger) 
Lagoon slope,  an. k p t h  50-60 T-t. 

li) Favites hemprichi - (~hrenberg)  
Mid zone of lagoon reef flat, Can. 

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

6) Favites pentagona ( ~ s p e r  ) ---- --.- - 
Lagom slope, Gar,. Oepth 80 f t .  

7) Favites ahdi ta  ( ~ l l i s  & solander) 
Mid and outer zone of lagoon reef  f l a t  and t o  70 f t  on 
lagoon slope, Gan. 



8) Favites flexuosa ( ~ a n a )  
~ a ~ o o n  slope, Gan. Depth 15-90 f - to  

Genus OULOPXYLLLk 
1) z o p h y l l i a  c r i spa  (~amarck)  

Lagoon reef margin, Gan, 

1) C g n i ~ s t r e a  re t i formis  (Lamarck) 
A--- -- 

Mi tirile t c  outer zone, and reef  margin of lagoon reef f l a t ,  Gan. 
One of the commnestmassive corals on th i s - reef .  
g. r e t i fo rmk  (Lmzrck) var. pa rv i s t e l l a  ( ~ a n a )  
Mid t o  outer lagoon reef f l a t  and t o  20 f t  on lagoon slope, Gan. 

2 )  Goni&strea - pect inata  (~hrenbesg)  
Lagoon slope, GZ. Eepth 15-80 f t .  Also recorded from 
"Five Fathom Shoal", Addu Lagoon. B p t h  50 f t .  

Genus PLATYGYRA 
I ) 21a'cygyra lamellina Ehrenberg 

Cuter zone, lagoon reef f l a t ,  Gan. 
P. l m e l l i n a  *enberg - forma s inensis  (M.E. & H . )  
Outer zone Tf lagoon reef f l a t ,  Gan. 
g. lamellina Wenberg  - forma ---- m s t i c a   ma) 
Mid t o  outer zone of lagoon reef Yla'L, Can. 
P. l m e l l i n a  Zhrenberg forma ast re i fonnis  (M.E. & 8") 
Outer zone of lagaon reef f l a t ,  Gan. 

3 ; Leptoria phrygia ( ~ l l i s  & ~ o l a n d e r  ) 
Mid zone Lc reef margin of lagoon reef  r la t ,  Gan. Very comon. 

Gcnus H!~DNOPI~OFA 
1) Hydnophora exesa (Pa l las )  -- 

Mid zone, lagoon reef  f l a t t ,  Can. 

2) !&rlnophora microconos (Lmarcii) 
Ov;ter zone, laeoon reef flat, Gan. 

Subfamily Montastreinae 

Genus DIPLC?3sTRml 
1) -. Diploastrea helipora (~amar-ck) - -- 

Lagoon slope -0 100 ft, Gnn and Fedu. Forms masstve sheets 
a t  base of lagoon slcpe. Cjnc suzh =ass measwed ~~pproximateiy 
15 x 20 f t .  



1 )  Leptastrea transversa Iaunzinger 
Mid zone, lagoon reef f l a t ,  Gan. 

2 Leptastrea purpurea (3ana) 
Mid zone, lagoon reer  f l a t  t o  30 f t  on lagoon slope, Gw. 

1 ) Cyldl~.strea -.-.- microp'nthalma ( h n a r c k )  
Mid. zone, lagoon reef f l a t  t o  reef margin and t o  depth of 
90 f t  on lagoon slope, Gan. 

Genus ECEIINOPOM 
3- ) Echinopora l m e l l o s a  ( ~ s ~ e r )  -- 

3uter zone of lagoon reef f l a t  t o  40 f t  on lagoon slope. 
Dominant coral  i n  places at lagoon reef margin a t  Gan; 
l e s s  frequent a t  Fedu. 

Family OCU1;II\JIDAE 
Subfamily Galaxeinae 

Genus C1U;P.XER 
1 ) Galaxea fasc icu ia r i s  (~amarck)  

Mid t o  outer zone, lagoon reef  f l a t ,  Gan. "Five Fathom Shoal", 
Addu Lagoon, depth 40 f t .  

2 )  Galaxes clavus ( ~ a n a )  
Mid zone of lagoon reef f l a t ,  reef  margin and lagoon slope t o  
80 f t ,  Gan. Very couonon. 

Genus kqBP.ULI%A 
1 )  Merulina anpl ia ta  (E. & S.) 

3uter zone of lagoon reef f l a b  and t o  90 f t  on lagoon Slope, Gan. 
M. - sp. cf.  M. m ~ p l i a t a  (E. gb S. )  ( r ega l i s  ~ a n a ? )  
Lagoon reef-margin t o  40 f t  on lagoon slope, Gan. 

Family WSSIIIRE 

Genus RCANTIIASTRFA 
1) + m t h a s t r e a  echinata (Dana) 

Lagoon slope, Gan. Depth 60 f t .  

Genus C Y I W I N A  
1 )  Cynsrina lacqmaLis (M.E. & H. ) 

Lagoon slope 80-100 f t ,  Gan. 



Genils LOBOPHYLLL! 
1 ) Loboph~ll.ia p y n 5 0 s a  (Forskaal) 

Outer zone of lagoon reef f l a t  t o  20 f t  on lagoon slope, Gan. 

2 )  Lobopll>-llia costata. (Dana) --- 
Lagoon reef f a t  and t o  30 f t  on lagoon slope, Gan. 

3 ) -- Lobcphy!.l.ia -- sp, c f .  L, hemprichi (Fhrenberg) 
Lagoon slope, ~an: Cepth 100 f t .  

4) Lobophyliia sp. c-i', L. f i s tu losa  (M.E. & H. ) - ---- 

I )  Qwhy lL ia  r ad ims  M.E. & 11. 
Mid t o  outer zones of lagoon reef f l a t  and t o  80 2i; on lagoon . 
slope, Gan. 

2) o f 3 h y l l i a  sp. c f .  S ,  nobi l i s  (Dana) 
Mid zone of ].ago& reef f l a t  and t o  40 f t  on lagoo3 slope, Gen; ' 

3) &uphyllia valenciennesi b1.E. & 1-1. 
Lagoon slope, Gan. Cepth 90 ft. 

Family PECTINIW 

Genus ECHIPIOPIIYLLU 
1) Echinophyllia aspera (E. & S. ) 

Lagoon slope, Gan. b p t h  20-90 f t .  

Genus PI%CTINIA 
1 )  P x t i n i a  a lc icornis  (Savi l le  ~ e n t )  

Lagoon slope, Gan. B p t h  60-80 f t .  

1 )  Oxypora lacera  ( ~ e r r i u )  
Lagoon slope, Gan. Cepth 15-80 f t .  

Genus M Y C E D U  
1 )  Mvcedium - tubifex (Dana) 

Lagoon slope, Gan. &pth 50-80 f t .  

Suborder CmYOPIIYLLIINA 
Superfamily CmY0PIIY18LIICAE 
Family CAfiYOPHYLLIIDAE 
Subfamily Eusmiliinae 

Genus EUPINLLB 
1 )  g p h y l l i a  tla&-escens ( C h d s s o  &'Eysenhardt) 

Mid -Lo outer zone, lagoon reef  f la. t ,  Gan. 



2 R ~ p h y l l i a  - fimbriata ( ~ p e n g l e r )  
Lagoon slope, Can. Depth 60 f t .  

Genus PLEROGYIIR 
1) Pleroi?;yra sinuosa (DW.~)  --- - 

Lagoon slope, G m .  Depth 30-90 ft. 

Suborder DENDXOPI~IYLLIINA 
Family DEKDiiiOPhYLLIIDAE 

Genus EE~~DROP.HYLLIA 
1 ) kndrophyl l ia  micrantha (~hrenberg  ) -- 

In sand at base of lagoon slope, Gan. Depth 100-110 it. 

Genus TUIIASTRAFA 
1) Tubastraea - aurea (QUOY & ~ ~ i m a r d )  

Beneath overhangs, i n  shade on dead boulders, lagoon 
reef margin, Gan. 

2)  Tubastraea diaphana (Dana) 
Similar dis t r ibut ion t o  T. awe& - -- 

Genus T U R B I m U  - 
1) Turbinaria pe l t a t a  (Esper ) 

From wrecked ship, Addu Laf:oon. Depth 110 ft. 
"Five Fethom ~ h o a i " ,  Addu Lagoon. k p t h  90 f t .  

2 )  'hrbinasia  n. sp. ? 
Lagoon slope, Gan. Oepth 50 f t .  

Subclass ALCYOK4RIA 
Order COEiYGTHECALIA 
Family 13ELIOPOII1DAE 

1 )  Heliopora coerulea (pa l las )  var. memdrina b n a  
Inner reef zone, lagoon reef flat, Gan. 

Class HYD17OZOA 
Order MILLEPORIN 
Family MII,LEPORIDAZ 

Genus MILLEFOlill 
1) Millepora l a t i f o l i a  Roschma 

Outer zone of i&oon reef flat, md t o  20 ft  on Lagoon slope, Gan. 



2 )  Millepora tenera Boschna --- 
Lagoon reef  margin and t o  00 ft on Lagoon slope, Gan,  

Order S T Y L ~ E R I N ~  
Family STYiASTER1Df.E 
Subfamily Disi;ichopori.nae 

Gems DISTICHOPCFA 
1) i&Sticlicpor.a - ---.- Eisheri  B?och 

In shaded areas on dead co ra l  boulders, lagoon reef ~ a r g i n ,  Gan. 



V. VEGETATION Aiui) FL0Rt'- 

A. A - .-- br ie f  h i s t o g  -. of botnnical. - - observations . - and  collection^ made i n  

the t.laldive islands, Indian ? L C ~  

by E. W. Groves ?Y 

Although the e a r l i e s t  ho lm account of the Md.@ves i s  t h a t  given 
by .%he Moorish t rave l le r ,  Ibn B:~h~t;h (1.829, 1853-59: vko was in  .:;he 
islands i n  1343-44 and b r i e f ly  mnt4oned porn$@-an&%: ("mica \:.. ..- e;.:wdt~a 1;. 
i n  cul t ivat ion there, it was not u n t i l  nearly 300 years :I.zrsr "chat the 
first description of any of ..the vegetation Was made. '&is was recor&d. 
by a Frenchman, Pyrard de Lavd., who whilst t rave l l ing  t o  the E a s t  In- 
dies  i n  the barque "Cor%in", was slxipweckec:. on one of the northern 
islands of the group during July 1602. He stayed on i n  the  Yddtives 
from 1602 t o  1607 and it ~ias during t h i s  period t h a t  he mde deotes for  
an account of the islands which he subsequently publishsd on his  return 
t o  l?rzxe (ward, 1679). Ilis references t o  .?o.e v z g + t a t i o ~  wwe,, how- 
ever, confined t o  describing plants  t h a t  he had. noficed e i ther  i n  cL- 
t:xiztion o r  being put t o  some domestic use. 

The f i r s t c o l l e c t i o n  of plants,  a l b e i t  somewhoot fragmnt,wy mi: 
few i n  nu.1~5er, w s  made by H.C.P. Bell, a Ceylon Civi l  h r v z n t ,  &wing 
t'ne f3.rst of h i s  v i s i t s  t o  Mal6 ( the  capital. of the Maldives) i n  1879. 
%e few specimens lie brou.ght back from t h i s  t r i p  $:ere examined. 3j W. 
Ferguson of Colombo. Cel l  incorporated Ferguson's determina'cions al.ong 
with other of h i s  observations on plants seen i n  cul t ivat ion (m0'23t- 
ing t o  39 species i n  a l l )  i n  h i s  excellent account of the  Mdciive 
I s k n d s  and i t 8  people whlch was published.by the Ceylon W,w?nment a. 
few yeaso l a t e r  (%L!., 1.883). 

Capt. A. C.  Christopher, serving i n  E: Bri.tish ]\ra,va..l 1.r~- ship, 
~ i s i t e d  Ma1.Q i n  1888 making a col lect ion of ?lowring 32.mLmi;s (both xi.16 
ad wl:itL-&ed) amo~lti?.!ii -kc 7j .;yc??.-s 9: vhich 44 were TAW -to :?211':; 

:;.."r!vious list. A few more aclditiox were cliscovered l a t e r  by a i.k.i;::l?,r, 
a t  tht time Director of the Colombo l~seum,  v i s i t i n g  the sarce :i:s.:anr? 

sn/ 1 i n  1893. 3oth collections were re3orted upon by l i m q  Trirrm ( l b j o , .  
In  1396, Eohamtrecl I b r h i x  D i d i ,  then Prime Minister f.2 t:~e Su.ltm of 
the :lnlr?lves, despatche6 t o  the Pemdeniya Gwdens her'omim a co!lec- 
t l o n  he had made of sow 174 31br.15ers including mmy cul t ivsted species, 
These he had collected prob&ly nL1 from Md.6 o r  Funadu i s l e t s ,  both 
on Malk a t o l l  and inc.l.u&d 100 specj-es new t o  the M N v e  list.. Three 
fUP.t;h:31- brief v i s i t s  t o  the sane a t o l l  vere lna& during the  next fe1,r 

9 
De.pt. of Eota~y,  E r i t i sh  Museum (Natural History), London 



Yews: the f i r s t  by J. J. Thorburn i n  Aug. 1901 trhen he made notes of 
sorre of the economic plants  under cul t ivat ion there; the  secondby 
Capt. Simons of the Br i t i sh  ~ ~ a r s h i p  "Pomone" who recorded another three 
new species; and the t h i r d  by F. Lewis of the Ceylon Forestry Dzpt. ?rho 
v i s i t ed  Ma& and two adjacent is lands i n  Oct. 1901 and was able t o  add 
ye t  a fur ther  seven records. A l l  these additions were taken i n t o  account 
i n  the W i l l i s  and Gardiner paper mentioned below. 

The first widely gathered botanical collection xms not e i n  the v Maldives u n t i l  the v i s i t  o f t h e  J. Stanley Gardiner expedition t o  Min- 
ilroi and the Maldives during 1899-1900. In the course of this-expedi- 
t ion,  the primary purpose of which was t o  study the reef fornations and 
t h e i r  associated fauna and f lora ,  collections were made on 19 a t o l l s  
from IhavandifuLu i n  the north t o  Addu in  the south. Abouk 212 d i f fe ren t  
species including flocrering plants  and fe rns  'ifere collected and presented 
t o  the herbarium a t  Peraiieniya Gardens, Ceylon. The marine algae t h a t  
were collected were brou@t back t o  England and presented t o  the herba- 
rium at Cambridge University. They were determined and published upon 
as follovs: the cakareous algae 9 species belonging t o  4 genera were 
&alt with by M. Foslie (1903) and the remainder which included 4 species 
from Suvadivan waters and 2 species from Addu Atol l  were writ ten up by 
Miss E. Barton (1903). The vascular plants  were determined i n  Ceylon by 
W. de Alvis &d J. C. \ ? i l l i s  and were m i t t e n  up, along with those smdLler 
col lect ions mentioned above, i n  an excellent account by the l a t t e r  i n  con- 
junction with S. Stanley Gardlner (Willis  & Gardiner, 1901). Thus by the 
end of 1909 the vascular f l o r a  list fo r  the islands had r i s en  t o  284 
species. 

Although a few v i s i t s  were made t o  the islands between the two 
bJorld w~ws the only lmom reference t o  any plants  i s  tha t  given by T.W. 
Hockley i n  h i s  book (1935) vhich gives an account of h i s  t r i p ,  t o  Male 
i n  par t icular ,  i n  1926. He mentions some of the species grown o r  used 
economically but  all of these had already been mentioned by e a r l i e r  au- 
thors. k r i n g  World W a r  I1 the present author (E. W. ~ r o v e s )  was s t a -  
tioned at Addu Atoll  from 1943 t o  1945 during which time he made a s m a l l  
col lect ion of flowering plants  and some notes of some of the species seen 
growing on Gan and a few on Fedu and Hittadu. Owing t o  insect  ravage 
two specimens only survived t o  be aetermined but  these together v i t h  
those ident i f iable  fro= h i s  notes amounted t o  18 species of w h i c h  spe- 
c i e s  were new Maldive records. These were Canavalia cathartica,  _? 
Cowelina suffruticosa and Cyanotis ax i l l a r i s ,  a l l  from Gan island. 

.x 
J. S. Gardiner was a Fello~g of Cambridge University and h i s  expedi- 

t ion,  consisting of himself as  leader, with L. A. Borradaile from June- 
July 1899 and C,  Forster Cooper from Oct. 1899-April 1900, rms under 
patronage from the Royal Society and the Br i t i sh  Association. 
** 
-/seeds of Canavdlia cathar t ica  were brought back t o  England i n  1945 
and taken t o  the  Che3.~ea Physic Garden, London. These were geminated 
i n  1 46 under t ropic  heat and by t h a t  midsummer tvo vines at l e a s t  > e r e  4 t r a i  ing along beams of the g lass  house f o r  about 15 f t .  Unfortunately 
a countsycride fue l  shortage the  following winter prevented the stoves 
being maintained a t  the necessary temperature and the Canavalia, along 
with many other plants  t h a t  were i n  the t ropic  house at; the  time,perished. 



- 59 - 
In Apri l  1956 B. R. Fosberg paid a shor.6 vis i . t  t o  Ma1.6 a;toLL and 

r'ni1s.l; there  made a zood co!.lection of f iow-ing plants  both on 
i s land  i-bsel._P and on tvo a6jacen.i islands (Kudos Badcs a d  Furannafuri). 
In adf i t ion notes vere made of species iaen t i f ied  i n  the f i e l d  but  not. 
actual ly  collected, especially of plants  i n  cul t ivat ion i n  gasdens on 
Mal-6- A l a t e r  sness:flen.t of sgecj.mens both col lected and ident i f ied  on 
sight indicated e f i ~ t h e r  44 specics not j iready Imom from the Maldives. 
Tnese vere l i s t e 6  together wit11 a de ta i led  ecological account of the 
is!.mds v i s i t e d  i n  a paper pubLished by Posberg (1957). W. W. A. Phil-  
l i p s  who tms i n  the  Maldives f i r s t  a t  Ma&, Nova 1956-~e'b. 1957r and 
A7 . bnen on Gan. island, Addu Atoll,  Kay 1958-April 1959, mde a snail col-  
l ec t ion  d-oring h i s  first s tay  which he sen t  for  iden t i f ica t ion  t o  
A,S+A. Paclrter (Asst. Wardenp B p t .  of Wild Li fe )  i n  Colombo. The :.ifit 
of 12  species was included i n  Fosberg's paper jus t  mentioned. 

Clrring Sept. and Oct. 1957 the Y d e  University Seychelles expedi- 
t ion  en route there  from Colombo vj.sited North fibJ.6, FatFi.ffolu, S O L L ~ ~  
Meh1osrmdul.u and Addu a t o l l s .  A t  a pr ior  request W. D. Hartmn, one of 
the zoologists on the expedttion, c o l l e c k d  a s  many different  randmrr.r 
G2p. as he encountered and as  a r e s u l t  a s m a l l  but  excellen"c01lectio:: 
was brought -back t o  the 2rnold Arboretum herbarium f o r  Dr. H. St. J-ohL 
t o  study. After evduat ion  4 species nev t o  science and t o  the Maldive 
l l s t  tiere described (St.  John, 1961). 

11s f a r  as  lmo~m, tne next and most recent col lect locs  rmde i n  the 
.&.l.dl~es are those of the 1964 expedition, repol?;ed rpon be:.nw <n pasi:s 
C anC? D. 



B. Prelimin ary account of t h e  land and -e vege ta t ion  of Addu A t 0 1 2  

by D. C. Sigee 

There a re  few s t u d i e s  of t h e  vege ta t ion  of the  Maldives, and even 
l e s s  a t t e n t i o n  hac been paid t o  t h a t  of Addu Ato l l .  E a r l i e r  papers rrere 
mostly systematic  l i s t s  of p l a n t s .  I n  add i t ion  t o  such a l i s t ,  Willis 
and Gardiner (1901) inc lude  much information on p l an t  d inr ; r ibut ion ,  econL 
omit uses and vegetati.on of t h e  Maldive Is lands.  Gardiner (1903, p. 25) 
cored chat the  luxuriance of t h e  vege ta t ioa  of t h e  P4aldives tended t o  
i ~ c r e a s e  with r a i n f a l l  from North t o  South. Both Agassiz (1903, p. 146) 
and Sewell (1936a) comraent on Addu vegeta t ion .  

During the  1964 expedi t ion ,  c o l l e c t i o n s  of land and marine f l o r a  
and notes  on t h e  vege ta t ion  were made a t  Gan and Hitaddu Is lands .  The 
o the r  i s l ands  could not be v i s i t e d ,  but  Nidu and 24aradu a r e  described i n  
some d e t a i l  by Willis and Gardiner (1901, p. 78-80). Gan was described 
asq':~rell-wooded" by Seve l l  (1936a, p .  80),  and remained s o  a t  l e a s t  u n t i l  
1940 (idest coas t  of Ind ia  P i l o t ,  1961, p. 58). During World War 11, much 
of t h e  vege ta t ion  ms removed when an a i r s t r i p  and i n s t a l l a t i o n s  r e r e  
b u i l t ,  and a  second major phase of c l ea r ing  took p lace  i n  2057, ;.?lien the  
present  s tag ing  post  was e s t ab l i shed ,  There i s  l i t t l e  undisturbed veget- 
a t i o n  l e f t  a t  Gan the re fo re ,  bu t  i n  recent  years  t h e r e  has been conside- 
r a b l e  opportuni ty f o r  add i t ions  t o  t h e  f l o r a  of imported Species ,  both 
l ~ e e d s  and c u l t i v a t e d  p lants .  S imi l a r ,  though l e s s  ex tens ive ,  c l ea r ing  
has taken p lace  on the  southern p a r t  of Hittadu. Conditions a r e  there-  
f o r e  comparable v:th those  of o t h e r  a i r s t r i p  a t o l l s  i n  the  P a c i f i c ,  such 
as  Midvay and Wake. About 142 spec ie s  of land p l a n t s  +%re co l l ec t ed  a t  
Addu Atoll. i n  1964, and these  a r e  reporred i n  Chapter V, p a r t  C. About 
100 spec ies  of a lgae  were co].lected and were i d e n t i f i e d  by R. Tsuda and 
J. Newhouse (Chapter V, p;rt D). 

Land vege ta t ion  of Gan Lsland -- 
Much of t h e  origi.na1 woodland vegeta t ion  of Gan has ~~~~~~~~~~~ed 

i.'i.th r ecen t  c l ea r ing ,  most of the  i s l a n d  i s  now covered wi th  open 
0-.. "-1 ,id-* and, with a  l i t t l e  open woodland i n  the  cen t r e  of the  i s l and ,  and 
Some c o a s t a l  shrubs and t r e e s .  The water t a b l e  i s  high over the  whole 
i s l and  su r face ,  r e s u l t i n g  i n  t h e  formation of a  zone of mershland a t  the 
soul:lieas t end (Figure 29).  

The open grass land  i s  con t inua l ly  c leared  of bushes and t a l l  hcrbs 
by band ~ n d  muchnoical a c t i v i t y ,  and i s  con t inua l ly  sprayed with t a r  
sprays  t o  reduce t h e  b l - c c d i n ~  of lwsquit-oes. Where t h e  water t a b l e  is 
h ighes t ,  sedges form t h e  sward completely, Cyperus rotundus, C. polys ta-  
chyos and F&~bristylis cymosa being very common. Grasses a r e  commoxr i i l  - 
the  d r i e r  regions,  comprising l a r g e l y  Pani.cuin repens, Dig i ta rs i .  t imorensi?  
and D a c t y l o c t e n i s  aegyptium. I n  some p a r t s ,  where t h e  ground i s  very 
dry ,  v i t h  bare patches of e a r t h ,  :jida humil is ,  --I Tridax --._- procurohens L..i -- COT:-ho- 
rus  aestuans and Thuarea invo lu ta  a r e  typ ica l .  



A v a r i e t y  of weeds occur i n  t h i s  open grassland.  Celos ia  a r p e l t e a  --.- ---=---a 
Cassia  occ. idental is ,  Cyperus melanosperma, Physal is  angulata  and Cleome 
v i s c o s i  seem p a r t i c u l a r l y  c h a r a c t e r i s t i c  of t h i s  h a b i t a t .  

Areas near  roads and bui ld ings  a r e  a l s o  kept  c l e a r  of t a l l  herbs 
and shrubs. A few t r e e s  have been l e f t  s tanding near the  s t ag ing  Post 
bui ld ings  a t  the  northwest poin t :  these  inc lude  var ious  coconut palms 
30-67 f t .  t a l l ,  Terminalia catappa 50 f t  t a l l ,  Arrocarpus a l ~ i l i s  35 f t  
t a l l ,  and Delonix r e ~ i . .  I n  t h e  nor thern  p a r t  of the  i s l a n d ,  a t  t h e  s i t e  
of the  former Maldivian v i l l a g e ,  i s  a.n o l d  graveyard. This conta ins  a 
a  s i n g l e  specimen of gor inga  o l e i f e r a  and adjacent  t o  a  nearby Mosque 

---? 

a s i n g l e  l a r g e  t r e e  of Erythr ina  va r i ega ta .  

I n  t h e  cen t r e  of t h e  i s l a n d  is  a zone of woodland. Pa r t  of t h i s  i s  
f a i r l y  dense and i s  probably regenera t ing  a f t e r  clearance.  The woodland 
has wel l  developed t r e e ,  bush, and herb l a y e r s .  The t a l l e s t  t r e e  was 
Eugenia cumini averaging 44 f t  i n  he ight  bu t  reaching 50 i t .  Hibiscus 
t i l i a c e u s  i s  very cmnmon, t h e  mature t r e e s  reaching 14-16 f t .  Other t r e e s  
include Morinda c i t r i f o l i a  up t o  9 f t  t a l l  and Pandanus up t o  26 f t .  The 
shrub l a y e r  c o n s i s t s  mainly of j uven i l e  Hibiscus t i l i a c e u s ,  Morinda 
c i . t r i f o l i a  and Pandanus. There is l i t t l e  l i g h t  pene t r a t ion  t o  t h e  herb - 
l aye r ,  where t h e  f e rns  Thelypter i s  g o g g i 1 0 d ~ ~  and N e ~ h r o l e p i s  h i r s u t u l a  
cover the  ground i n  a  dense Layer. Cyanotis a x i l l a r i s  i s  found a t  the  
edge of t h e  woodland, and i n  sunny c l ea r ings .  South of the  main woodland 
i s  an a rea  of younger woodland l a r g e l y  cons i s t ing  of juveni les  reaching 
a  height  of 9 f t .  Hibiscus t i l i a c e u s  is  widespread, wi th  Morinda e- 
f o l i a  and Eugenia a l so  occurring. Ixora coccinea i s  common. The f e r n  - 
l aye r  i s  wel l  developed, with t h e  grass  P.pluda mutica occurr ing i n  t h e  
more open condi t ions  of regenerat ing woodland. 

I n  t h e  southern p a r t  of the  i s l a n d ,  i n  the  marshland and open scrub,  
c l e a r i n g  is not  as  r igorous as i n  the nor thern  end. The g ras s  Apludn 
mutica occurs ex tens ive ly  over t h e  whole a rea ,  with many bushes. Many 
p l a n t s  a re  found here t h a t  do not  occur i n  t h e  open grass land ,  inc luding  
Ricinus communis, Hedyotis b r a c h i a h ,  Anmania bacc i f e ra ,  P a s s i f l o r a  foe- 
%, Iponioea tuba Gloriosa superba. 

-9 

Nuch of the  marshland c o n s i s t s  of sedges, Cladiurn iamaicense, 9- 
Perus l i g u l a r i s ,  and 6.  javanicus,  t o  a  he igh t  of 2-3 f t .  Other sedges - 
Present  a re  Cyperus rotundus and C. polystachyos and the  two spec ie s  of 
F imbr i s ty l i s .  I n  the  wet te r  a reas ,  Lippia  nod i f lo ra ,  E c l i p t a  *a and 
Bacopa monnieri a r e  p l e n t i f u l ,  t h e  l a t t e r  two spec ies  being found only - 
I n  t h i s  region. Apluda mutica occurred over t h e  whole marshland, and 
patches of Thelypter i s  goggilodus i n  t h e  d r i e r  areas.  

Around t h e  edge of t h e  marshland, and s c a t t e r e d  spa r se ly  throughout,  
a re  small shrubs of Scaevola . _  _ taccada .. H i b i . 5 9  t i l i a c e u s ,  Pandanus and 
a few specimens of -- Morinda c i t r i f o l i a  - -- and X~ffe argentea.  The 
f i r s t  t h r e e  a r e  c b n r a c t e r i s t i c a l l y  found under f a i r l y  open condi t ions  i n  - .  
a success ional  s t a g e  t o  f o r e s t .  

It  i s  convenient t o  cons ider  t h e  vege ta t ion  a t  the  periphery of t h e  
i.sland as comprising a  sho re l ine  community, reached by the  t i d e  and d i r e c t -  
l y  exposed t o  s e a  winds, and a  c o a s t a l  scrub cornunity immediatelybehind 
t h i s .  



The most cornmon shore l ine  shrubs a t  Gm a r e  Scaevola taccada and - . 
--> 

Tourilefortiz. -.!'*entea. On the lagoon s i d e ,  these  a re  f requent ly  covered ----- .f;L 
with the  v ines  of Ca.n.aviilia. catilarti .ca an<\ S n a  marina. Where t h e  shore-  
l i n e  has been c leared ,  Launaea p i n n a t i f i d a  and Jeomoea pes-csprae cover --- ---.- 
t h e  ground around the  Light ide Line. Cocos nuc i f e ra  occurs nt t h e  share-  - 
l i n e  near  t h e  s t ag ing  pos t ,  a:d s i n g l e  specimens of subcordatu and 
tiernandis sonora on the lagoon shore.  Behind the  shore l ine ,  Bibiscus t i -  ---.- -- - 
l i a c e u s  Pandanus and 'GJedelia b i f l o r a  c h a r a c t e r i s t i c a l l y  forin a dense --------> 
cc2s tn l  scrub. This a l s o  includes bushes of &?nda c i t r i . fo i . i& ,  Caricn 
Wa-ya, Scaevola t a c c a d ~  arid Tou i .ne?o~ t i a  a rgen tea ,  and a v a r i e t y  of 
neros, inc luding  m e f ? :  9esSca?rae> A d a  I ,  Boerhavis d i f f u s a .  
A few specimens of ,!?em?h.i.s- ~ih~%s 2nd a s i n g l e  specimen of Sur i ana  maxi- 
tima were found on the  south shore. -- 

Land vegeta t ion  of Hitaddu I s l and  -.--- -- 
The a rea  occupied by the  s t a g i n g  post  a t  Xitaddu i s  ex tens ive ly  

c leared  of vegeta t ion .  tiany of t h e  herbs Gefn a t  Gan a r e  a l s o  found here ,  
with a  few add i t ions ,  such as S t a c h y t a ~ p h e t a  indica .  -- 

Iimiiediately surrounding the  bu i ld ings  i s  an area  of open grassland 
which i s  completely f r e e  of shrubs. Tridax procuinbens covers t h e  ground 
extens ive ly ,  wi th  much Cassytha f i l i f o r m i s  and patches of Launaea &a- - 
t i f i d a  and Apluda mutica. -. . -. -, - - 

North of  t h i s  area,  c learance i s  n o t  s o  vigorously maintained, and 
,, c w r e  i s  open scrubland.  Apluda mutica i s  very common, and a v a r i e t y  of 
bushes occur; Scaevola taccada, Dodonaea v i scosa  occur i n  the  d r i e r  a reas .  

p- 

The scrub i s  denses t  011 {:he seavarc.3 s i d e  r r i l l h ~ r n e f o r t i a  a rgentea ,  Paw- 
danus juveni le  shrubs and t a l l  s t ands  of Wedelia b i f l o r a .  I n  the  c e n t r e  - 
of the  oDen scrub. much of t h e  z r o ~ n d  i s  onen and covered v i t h  t r a i l i n g  

Yhe edge of t h e  v ~ a t e r ,  Scaevola taccada ,  Morinda c i t r i fo1 i . a  and M m t i n ~ i a  -- -.- - 
cal-' -- 

u ~ U ~ ~  a r e  t y p i c a l .  Where t h e  water  t a b l e  is a t  ground l e v e l  at? ex t fns-  
ive  Carpet of Lippia  nodiflo- occurs .  Large tiussocks of CyperUS .ji:vanicu. 
form i s l ands ,  wich Cyperus -- p o l . y s t a c 1 ~ .  Blunea s i n u a t a  occurs here  i n  
shallow water and was not  found elsewhere. 

Woodland i s  found t o  the  no r th  and south  of t h e  c leared  area.  TO 
the  south ,  t h c  undexcgrosrth had been c l e a ~ e d  Lsneath t h e  coconuts on t h e  
lagoon s i d e ,  and Apludc,. mi.tica ~ u d  Wcdelia Ij iflora: .?ere especia1i.y comon. 
To the  nor th ,  pathways have i ~ e e n  c u t  through zhe coconuts,  and p lnn t s  
such e.s Apluda mutica and Vernoncg c ine rea  introc?uced. 

I n  t h e  riiiclst of the  nor thern  f o r e s t ,  p a r t s  have been c leared  f o r  
banana p l z n t a t i o n ,  c.7ith a  nuriiie;: of o r i g i n a l  t r e e s  such as  A-ctocarpu~ 
a l t i l i s ,  Tern!inali?. catzjlpa and small  groves of Panclanus l e f t  standing. 
!-rich thr? openin:: up of t h e  f o r e s t ,  Apluda inutica, Vei-nonia c ine rea  and 
Zuphorbir -.-.-. cyathophora occur as com~non ~ reeds ,  Kalenchoe p innata  and =ner_a 



ulmifo l ia  were common i n  t h i s  a rea  of c u l t i v a t i o n ,  bu t  not  seen anywhere -- 
e l s e  a t  Gan o r  Southern Ritaddu. 

A t r a n s e c t  17as talcen throu$l the woodland. a t  t h e  no i the rn  boundary 
of the  s tag ing  post area. Seven zones may be d is t inguished:  (I)' on the  
e a s t e r n  lagoon s i d e ,  the. s o i l  i s  dry and under woodland. The main path- 
rmy d o n g  the  i s l and  runs along t h i s  shore,  and the re  i s  probably perio-  
d i c  c1ea:iing of shrubs. The main t r e e s  a re  -, with  Hibiscus t i l i a c e u s  
and Guettarda speciosa as  both t r e e s  and shrubs. The herb l aye r  includes 
Apluda mutica, Lamaea p i n n a t i f i d a ,  S t r i g a  a s i a t i c a ,  and Tacca leontope- 
t a l o i d e s .  Scaevola taccada i s  occas ional ly  founc! on bare  ground i n  c l ea r -  
ings. 

(?) About 2&5 metres from t h e  shore,  the  bush l aye r  becomes niuch denser ,  
k i t h  Guettarda spec iosa  and Norincla c i t r i f o l i a  more frequent .  

. . 

(3) About 260 metres from the  shore,  t h e  ground su r face  i s  lover  and 
cove:red v i t h  a mosaic of pools.  These are  surrounded r i i th  bushes of g- 
b i scus  t i l i a c e u s  and Guettarda. spec iosa ,  and ~ r i t h  palrt t r e e s  separa ted  -- 
from each o ther  by d i s t ances  of 5-12 metres. The ground su r face  l i e s  2.4- 
3 f belori the c r e s t  of the  legoon beach r idge.  On the  bases of the  
paln! t runks,  which a r e  usua l ly  surrounded by v a t e r ,  Asplenium pellucid.un 
and Psiloturil e n  z r e  found. Pioss is a l s o  found on t h e  bases of the  
trunks and i n  the  pools. The pools conta in  seve ra l  inches of water,  rrirh 
decaying palm leaves  and o t h e r  deb r i s  forriiing a s o f t  layer  a foot  o r  iuore 
th ick .  Two spec ie s  of sedge grow i n  t h e  cen t r e  of the  pools ,  F i rnbr is ty l i s  
sp. p ro jec t ing  6 inches or more above the  su r face ,  and Eleocharis  ~ e n i c u -  
l a t a  2-3 inches. No c l e a r i n g  of vege ta t ion  takes  p lace  i n  t h i s  marshland, - 
ilnd the re  i s  no obvious s i g n  of human in t e r f e rence .  

( 4 )  Betrleen 280 and M 5  metres froiii t h e  shore of t h e  lagoon, t h i s  
marshland vege ta t ion  changes i n t o  one with Pandanus as  the  dominant t r e e ,  
and Cladium janiaicense forrsiin:, a t a l l  s tand b e l o ~ i  it. The f o r e s t  is s t i l l  --- 
f a i r l y  open. The Panclanus a t  I.Iitaddu i s  of d i f f e r e n t  gro.i:th-form from 
t h a t  a t  Gan. A t  Gan;inature Pandanus has an e r e c t  main stern, wi th  s t i l t  
r o o t s  leading from the  lover  p a r t  and branches from the  upper,  t o  form a 
f a i r l y  compact dense canopy. The Pandanus a t  IIitac'.ilu i n  t h e  mature s t a t e  
has th inner ,  decurcbent stems wi th  f o l i a g e  not  i n  a dense canopy but  pro- 
duced a t a l l  l e v e l s .  A t  Hitadtdu, t h e  Pandanus f o l i a g e  seems l i g h t e r  i n  
co lo r  and inore yellow. Where Cladium jamaicense occurs il a dense s tand ,  
no o t h e r  herbsare seen, and open water  is r e s t r i c t e d  t o  narrow channels.  

( 5 )  A t  /+50 metres from t h e  lagoon shore,  t h e  marsh disappears  and the  
ground i s  covered with ciense anc lanus  woodlancl. This vras t h e  densest  and 
most impenetrable woodland encountered. It i s  elmost e n t i r e l y  Panclanus, 
w i th  a l i t t l e  Il ibiscus ~ i l i a . c e ~ ~ s  included. The Pandanus t r e e s  grow r i i th  
stems spreading out  i n  groves, and when a c e r t a i n  age i s  reached a c l ea r -  
ing  forms i n  t h e  c e n t r e ,  and Scaevola taccada invades as  temporary colon- 
i s e r .  The Pandanus regenerates  from t h e  f r u i t  and seve re l  seedl ings  were 
seen r.>here f r u i t  had f a l l s n  t o  t h e  ground. The ground i s  covered with a 
dense mat of dead Fandanus lea.ves, and there  i s  no herb o r  shrub layer .  
There i s  no evidence of human in t e r f e rence .  The small  nunrer of spec ie s  
i n  t h e  mature und i s tu rbe i  woodland i s  of i n t e r e s t .  



( 3 )  Tomrcl the  shore on t h e  seawarcl s i d e .  a  dcnse c o a s t a l  scrub of 
Eibiscus t i l i a c e a s  , ~~~c~a taccada, Dlorinda L t r i f o l i a ,  and Pandanus - 
i s  found. .-.--- Scacvola --- taccada occurs i n  woodland c l ea r ings  and margins, 
togethex % i t h  Wedelia b i f l o r a  and Pemphis ac idula .  Terminal ia  catappa 

-.-- -- -. 
i s  a l s o  found i n  t h i s  zor~z,,  

( 7 :  On the  sea>?arcl shore i t s e l f ,  Pempbis a c i d u l s  i s  common a l l  d o n 2  
t h e  c r e s t  of the  sh ingle  r ldge ,  with Scaevola taccada and Tournefor t ia  
a rzentea  immediately behind. Scaevola f requent ly  shot.7~ l e a f  s t r i p p i n g  ---- 
don:, the  shore,  and many nea res t  t h e  sea  a r e  dead. Suyian?. maritima i s  
a l s o  frequent ,  p a r t i c u l a r l y  i n  exposed condit ions.  Ipomoea pes-capraz  a-nd 
Launaea &nnatifida a r c  not  seen on the  beach i t s e l f ,  growing only vel.1 
back from the shore l ine ,  but  t h e  g ras s  Lepturus repens does occur i n  these  -- -. 
exposed s i t u a t i o n s  and t7as not  seen elsevrhere. 

I n  the c e n t r a l  p a r t  of North Hitaddu the re  i s  a  l a r g e  area  of open 
marshland. This appeared _From t!le edge t o  be l a r g e l y  Cladium lamaicense, 
t raversed  by f requent  channels.  

On the  lagoon shore  a t  Eitaddu, the  vege ta t ion  i s  simila-r t o  t h s t  
a t  Gan. kaevo l s .  taccada i s  t h e  commonest sho re l ine  shi-ub together  with 
some Toir inefort ia  aTgenten and Xibiscus t i l i a c e u s .  To t h e  south ,  dhere 
e  isLen$. narrovrs towa;ds Abuhera, both Pemphis ac idula  and Suriana 
maritima are  comr,lon on t h e  lagoon shore.  Behind t h e  shore occurs an Open - 
scrubland of Wedelia b i f l o r a ,  Apluda mntica, Scaevola, Guettarda spec iosa ,  
Toumefor t i a  ~- - ergentea and o thers .  

Coastal scrub on the  lagoon s i d e  i s  much l e s s  dense than on the  
sea:.~ord--presumably clue t o  t h e  establ ishment  of a  major pathway, a  fev7 
houses and general  c learance of vege ta t ion  on t h i s  s ide .  

Comment: Numan e c t i v i t y  has thus considerable e f f e c t s  on the  vegeta t ion  -- 
of Gan and Hitaddu. The z e c u l t  of c l e a r i n g ,  i f  only par t ia l l .y ,  of the  

mature voodland, is t o  al1.ol.r the  in t roduc t ion  of many ner7 s p c i e s ,  includ-  
ing  p m t r o p i c  weeds, and 0 inc rease  the number of spec ies  per u n i t  a rea ,  
Which p o b a b l y  accounts f o r  t h e  l s r g e  number of spec ie s  co l l ec t ed  a t  Gan 
and Hitoddu. I n  t h i s  connection, comparison oit?. tile vege ta t ion  of an 
~ncl.eai-ed Iialdivian i s l a n d  would be valuable.  

A t  both Gan and Hitaddu many of the  p l an t s  c r c  d iscased  or  damaged. 
This i s  p a r t i c u l a r l y  the  case along t h e  shore.  Chlorosis  v7as o f t e n  seer, 
i n  Iponioea p ~ s - c a p r a z  and o the r  herbs .  The most s e r ious  daola~e,  bot~ever ,  
vas i n f l i c t e d  on f o l i a g e  by i n s e c t s .  This is seen i n  nea r ly  a l l  the  shrub 
and ground-level f o l i a g e  d o n 3  t h e  shore ,  but  i s  e s p e c i a l l y  severe  on 
Scaevola taccada and Ipo~noca-pcs-ccl2rae. Grasshoppers p a r t i c u l a r l y  Occur 
i n  v a s t  numbers i n  t i  Ipomoca. i,iany t r e e s ,  shrubs nnd herbs a r e  a l s o  
over:,rowl by creepers ,  p a r t i c u l a r l y  by Cassytha fi1iforimj.s. Several  spec- 
imens of Scaevola a re  completely smothered by Cassytha, wi th  much 
dead f o l i a g e  > h e r e  t h e  Cassytha is most abundant. 



Narine al::ae of Gan ancl llitaddu Is lands  

Co l l ec t ion  of mx:ine a lgae  a t  Gan and Ritaddu vas  c a r r i e d  out  e i t h e r  
along l i n e  o r  quadrat t r a u s e c t s ,  o r  by travei-si.n:, on the  reef  f l e t s ,  f i x i n g  
locctiion c k t h  hoi-izontal s ex tan t  m ~ l e s .  The I n t t e r  mer:hod vms ~ ~ s e i ' u l  i n  
covering 1;rge areas  rap id ly ;  t h e  t r a n s e c t  i?!eth06 gave deca i led  observa- 
t i o n s  i n  srnaller a reas ,  and was u s e f u l  i n  studyin: zonation. Under d i f -  
f i c u l t  conc!itions no record oi' p r e c i s e  loca t ion  ria5 made. The a lgae  were 
c o l l e c t e d  i n  po?ythene bags, examined f r e sh ,  and then t ransferrec!  t o  a l -  
cohol-formaldehyde preserva t ive ,  t:o trhich metaldehyde had been adried as  a 
n e u t r a l i s i u g  cgent.  Srec ies  d i ~ t r i b u t i o n  along t r a n s e c t s ,  P igs ,  33-32.  

Out of :;l ~wiiiine spec ies  and v a r i e t i e s ,  13  ve re  most cormon i n  o r  
-rer,tr:ictecl t o  the  ser!ward r e e f ,  3 1  t o  t h e  lagoon r e e f ,  and 15 occurred 
eqiially GI-, b t h .  T h e e  spec ies  rrere found only on 1IitacI.d~~ 

Lnpoon r e e f ,  Gan -- 
Char(1s of a l g a l  d i s t r c o u t i o n  show t h a t  f o r  most a l s a e ,  t h e r e  was no 

strict :..oilation across  t ; ~ e  r e e f ,  bu t  considerable v a r i a t i o n  alo:lg the  
so  - 7 .  ~m.t  dis t : r ibut ion oTver most of the  reef  f l a t  wes raosaic, 

On the  bas i s  of a l p 1  d i s t r i b u t i o n ,  i t  rras poss ib le  t o  <?.ivic;e i:he 
l a g o m  r:ef from t h e  shore t o  t h e  base or' the  reef  s lope ,  i n t o  tlli.;2 cnajor 
zones. Distance on the lagoon zeef  ve re  nieasurecl from a. send r i d c e  vi?:!lcil 
was pxes~mably high t i d e  l i n e .  

(1) kn insliore zone (20-60 f t ) .  Alzae found ::ere were s o e c i f i c  t o  t h i s  . . 
zone, c h a r a c t e ~ i s e d  by a loose sancl substreturn, continuous na.:er motion, 
and high t u r b i d i t y .  Chaetomorpha brachy-ona, C. crassaani' Eate:iomorpha -.-- 
s .  occurred very c lose  inshore,  a t tached  t o  s tones a d  pieces o? c o r a l  
b in : ,  i n  t h e  sand. Jus t  beyond t h i s ,  Pad.ina cornmersoniF fo~mecl a very 
c h a r a c t e r i s t i c  zone. 

(2) An inshore  zone (60-150 f t )  betrreen She zone of i:uZ:;il:enc~ a:?.' 
t h e  beginnin: of the  l a r g e  dead c o r a l  niesses. The subs t r ace  vies n a i n l y  
sancl patches v i t h  I I I I J C ~  dead co ra l  l i t t e r .  

Beyond the  Paclina zone, Dic tyota  sp. and capillac&g covere6 
7. lie ground. i n  la:_-;?e patches. In t e rg rad ing  x i t h ,  ancl beyon6 Chis, Halirnecla 

inczassa re  v7ss cormoa on sand m d  coral  fragments. ' lalin~eda d iscoideg  a d  
iioercpnesia r 'o rsk i i  v7ei.e a l s o  cormion i n  t h i s  zone alonz p a r t s  of i:he r e e f .  - 
CauLerpa l e n t i l l i f s r r j  and C. xecernose va r ,  rnz.cro?~hysa were especia1l.y ---- - 
~ ~ : : ~ ~ i ~ ~ . c  1. LC ,-- .A. e . 

(3) From nbout 150 f t  t o  bottom of t h e  reef  slope. The whole of t h i s  
zone i s  c h a r a c t e r i s e ~ .  by an abundance of dead and l i v i n g  co ra l s .  90th t h e  
Coopletely dead c o r a l s ,  and t h e  dend p a r t s  of l i v i n g  ones rrere covered 
by ep iphy t i c  a l p e .  The epiphyt ic  h a b i t  was thus the  predominating one i n  
t h i s  y)xt of the  r e e f .  



reef  s lope ,  e .  Dictyota sp.,  Caulerpa l e n t i l l i f e r a ,  Gelidium d iva r i ca -  
PJm. Exceptions t o  t h i s  ~ 7 e r c  5 3 7 ,  and included Lyngbya - 
Polysiphonia f e r ru l acea  which t7e:re r a r e  on t h e  reef  s lope ,  and Symploca 
hydnoides and ?ocockiella. v a r i e g a t a  57hich w r e  common on t h e  reef  s lope  
but  not  on the  f l a t .  P o c o c k i e l l ~  was a very common epiphyte on dead c o r a l  
on t h e  r ee f  s lope  and represented t h e  most s i z n i f i c a n t  d i f f e rence  between 
i t  and the  reef  f l a t .  

Seaward r e e f ,  Gan 
The seawa:zd reef  p r o f i l e  was divided i n t o  trio major a reas ,  separa ted  

by t h e  rubble o r  boulder zone. 
(1) Shore-boulder zone, a  shal low zone of l i t t l e  water movement and 

exposed t o  sun and ra in .  Algae were not p l e n t i f u l  i n  t h i s  zone. Much of 
the  r ee f  was covered by Thalass ia  and Cymodocez, with patches of sand 
and marine g r a s s  forming a mosaic. CIlClog& sp. was common over t h e  
whole of t h e  reef  a s  f r e e  f loa t ine .  o r  l o o s e l r  a t tached  t o  t h e  marine - 
grass .  Jania c a p i l l a c e a  and Boergenesia f o ~ s l c i i  were common i n  the  sand 
between and wi th in  patches 02 marine grass .  

( 2 )  Boulde-r zone t o  su-rge channels. Betvreen t h e  boulder zone and t h e  
surge channels t he re  i,rere 3 main zones: 
a. In  t h e  reg ion  of t h e  su rze  channels,  towards t h e  edge of the  r e e f ,  t h e  
c o r a l  rock t7as almost enti::ely covered by encrus t ing  red algae.  
b. A t  t h e  ends of t h e  s u r p  channels,  and foj: a  d i s t ance  up t o  30 f t ,  
the  growth of a lgae  vras luxur ian t .  A few a lgae  were r e s t r i c t e d  t o  t h i s  
zone, Caulerpa racemosa var .  p e l t a t a ,  Codium arabicum and Valonia u- 
c u l a r i s .  Algae which were p a r t i c u l a r l y  common included Codium w, 
I-lalimeda opuntia  and Jania c a p i l l a c e a  which formed compact bunches, wi th  
s t rong attachment t o  the  c o ~ p o c o c l c i e l l a  va r i ega ta  ~7as  luxur i an t  - 
on rock su r faces  between a l g a l  clumps. 
c. aet%reen zone b and the bouldez zone, a l g a l  growth v7as not  s o  luxur i an t .  
This  v7as a  zone of a l g a l  pavement .with clumps of ~ a l i r n e d a  opuntia ,  g. 
discoidea  and Jania c a p i l l a c e a  d i s t r i b u t e d  over i t .  Turbinar ia  orna ta  
occurred towards the  sea  end, as  small  r o s e t t e s  covering much of the  
p o u n d .  Tococ1:iella vai-j.ep,ata, S c h i z o t l ~ c i : ~  c a l c i c o l a  and Cladopiloropsis 
Sp, occurred on rock sur faces .  

Seaward r e e f ,  Eitaddu 
The seaward reef  a t  ;<itaclrl-u was narrotr compared rrith Gan, a  width 

of about 250 yards a s  a ~ a i n s t  $00, d i s t ances  measured t o  beginning of 
surge  channels.  The phys ica l  appearance of t h e  reef is very l i k e  the  
o u t e r  p a r t  of t h e  seawaj:d reef  ,at Gan, c o n s i s t i n 2  over nea r ly  t h e  rvhole 
su r face  of hard c o r a l  pavement, w i th  a  bouldej: r idge  on t h e  shore i n  
pl.aces. The t r a n s e c t  talcen across  t h e  reef  a t  Hitaddu was d i v i s i b l e  i n t o  
2 d i s t i n c t  a l g a l  regions:  

(1) An o u t e r  zone, about 60 f t  o f fshore  t o  t h e  surge channels. The 
number of a lgae  was  l a r g e  over  the .yhole  of t h i s  zone comparable wi th  
the  ou te r  r ee f  zone a t  Gan. The f o r c e  of uave a c t i o n  seemed l e s s  a t  the  
edge of t h e  r ee f  a t  IIitac1:lu than a t  Gan, and t h e r e  v7as no zone of marked 
a l g a l  abundance as  a t  Gan c lose  t o  t h e  surge  channels. 

The a lgae  over t h e  r h o l e  zone r.;ere comparable t o  those seen a t  Gan, 
Caulerpa racemosa var .  p e l t a t a  and Valonia u t r i c u l a r i s  occurred i n  t h e  
o u t e r  zone. Halimeda m, g. discoiden ,  Jania cap i l l acea ,  Pococlciella --. 



v a r i e j p z , ,  l 'urbinaria  orna ta ,  Bood.lea composita Cladophoro!j+is sp . ,  and --- -.--.A -- ---> --- 
Dict-yosphaeria intermedia var .  intermedia ?!ere recorded as  occurr ing gver - 
most of the  r e e f ,  Neomeris mucosa occurred mid-reef a t  i-Ij.;addu, and .r.ias - -- 
only seen e l s e ~ ~ r h e r e  i n  s t rong  cu r ren t  on the  f a r  seaward s i c k  of the  Gan- 
P idu  gep. 

(2) An inshore  zone wi th in  about 60 E t  from the  shore. Tills v7as a zone 
of cont inual  water motion, and was c lose ly  s i m i l a r  t o  the  inshoi:e zone a t  
Gan lagoon r ee f .  Two a lgae  were recoi-ded, g & ~  commersonii fonoing a - 
d i s t inc r ,  zone, and Lns!iore t o  t h i s ,  ~ $ ~ e $ ~ ~ ~ ! ~ a  g r a c i l i ?  growing on s tones  
and loose co ra l  roc!<. 

;':I 
Notes on occurrence of a lgae  collectecl- ------- 

Anacys t i s  --- montana 
Gan, seaward r e c f .  Covered t h e  su r face  of low lyinr ,  beachrock i n  thc  - - 

Gan-Fedu gap. Perioc!:.cally submei?gcd and exposed by t h e  t i de .  

Cs.1othr.i;: n i  Loss -- C--L 

Gan, seaward r e e f ,  Fount! i n  a s soc ia t ion  wi th  A. man* on beach rock. --- 
Hoixoi:hacnion entcromornhoides ----- -.--- - - L _ , . -  

Gan, lagoon r e e f :  found i n  i;lshore zone, w i th in  130 f t  from shore. 
Seni~ard r ee f :  fair1.j. commou over most of the  reef  f l a t  between the  s h o w  
an,; t h e  boulSr_r r idge ,  spgcaring a:: a brown-zolden covering on s tones  and 
638d cora l ,  

Lynoby~ a c s t u a r i i  
--.-ALL --- 

Appeared a s  a greenish  f e l t  of p ro jec t ing  f i laments  on dead co ra l ,  
Gan, lagoon w e f :  f a i r l y  r a r e  on dead co ra l  from abo!~!: 100 .'t t o  t ! l  reef  
ecige. 

k y n ~ ! ~ y a  lnajuscula 
Gan, lagoon reef :  common, e s p e c i a l l y  from abcilt 100 f t  t o  reef  e d p ,  

Uncommon i n  the inslioi.-e zone, and a few speci!nens were found on t h e  reef 
slope.  Scawa;rd r e e f :  q u i t e  r a r e  betnceu the shore snc! boulder  ri33? becom- 
ing  sLight ly  moi-e f;:cquenz betyeen cbe e : t h e  surge c l i z n u ~ l ~ .  

SchFzothr:i.x c a l c i c o l a  --- -- 
Can, sea.ra;d r e e f :  very common a s  a covering on s tones  and. rocks, 

betveen the  shore and boulder zonc. 

S:.mploca hycInoj.des 
P!ide v a r i a t i o n  i n  e x t e r n a l  appearance, co l l ec t ed  as  7 d i f f e r e n t  f o m s .  

Gan, lagoon reef :  uncmmon over t h e  &ole of t h e  reef  f l a t ,  but  becoming 
fa.rIy cm!aon near  tkic r ee f  edge, and coiiiinon on the r ee f  slope. Seaward 
Tee A .  c. uncoi~unun, ocruri.in:; i n  i-hs st~nrewal'cl ha l f  of the  r ee f  f l a t ,  between 
shore and houlr1c;r zone. 
7--- - The d a t a  on occurrence m r e  rece ived  too  l a t e  t o  be of use t o  the  a l p .  
l o g i s t s  who i d e n t i f i e d  t h e  c o l l e c t i o n ,  and even t o  be  incorpor$.ted i n  t h e i r  
s:rstematic l i s t  bel.017 (Tsuda and i'iewl~ouse, Chapter I V ,  Pa r t  D). Their  
i S e n t i f i c a t i o n s ,  hovrever, a r e  utilize:! i n  the  p resen t  enumeratioa, bur  :see 
1. J:-,L - .  p a r a g r q k  on p. 93 [A113 Eds. ] 



Chlorophyceae 
Boergesenia f o r b e s i i  

Gau, lagoon r ee f :  occurr ing a t  the  western end of tile i .slaad, on t h e  
reef  between about 100-150 f t  from shore,  where i t  was common on a sub- 
s t ra tum of s a d  and dead c o r a l  fragments. Sear,7arcl r e e f :  seen over a v ide  
a rea  of reef  f l a t ,  between shore and boulclez zone, where i t  was 1oca.lly 
common, Xi: vas not common between t h e  boulder zone and surge channels. 

Eoodler; !zcsii& --- 
Gan, laeoon r ee f :  common and r e s t r i c t e d  t o  ou te r  zone of t h e  r ee f .  from - 

about 200 f t  t o  t h e  reef  edge. Seaward r e e f :  not  common, occu-rring betwecu 
tile boulder zcne and t h e  surge channels. 

Rrjropsis ~ e n n c t a  - -.- .-- 
Can. laeoon r ee f :  common i n  mid-reef zone. bet~7een 100-200 f t  , found . - 

w.casionai ly over most p x t s  of the  reef .  Seeriard r e e f :  genera l ly  uncom- 
mon, occurr ing occas ional ly  over tile g rea t e r  p s r t  of the r e e f .  

C a u l c z  Lent i i l i fe - ra  - 
Gan, lagoon r e e f ,  r?estern end. Common i n  t h e  rnidclle of the  r e e f ,  froin 

100-200 fir, unconimou on the  lagoon edge and on t h e  reef  s lope.  

C. Tacernosa v.ar. ~ c r o p h y s a  - 
Habitat  c lose ly  s i m i l a r  t o  t h a t  of 2. l e n t i l l i f e r a .  

C. Iracemosa var.  p e l t a t a  - 
Gan, lagoon reef :  uncommon, o c c u r r i n ~  l o c a l l y  i n  the  mid-reef zone, 

100-200 f t  from shore,  with a few s~xx imens  occurr ing  e i t h e r  s i d e  of t h i s .  
Seaward r ee f :  uncommon, between the boulder r i d g e  and t h e  surge channels. 
Hitaddu, seaward reef :  not  common, occurr ing toward the  sear,rard edge of 
t h e  r e c f ,  

C. s e r r u l a t e  var .  - - 
Gan, Gan-Fedu Gap: common and r e s t r i c t e d  t o  t h i s  a rea ,  on the  seaward 

s i d e  betveen i s lanc!~ .  Occurred on sand substi.a%um, as  small  colonFes, with 
a d j  s t i n c t l y  ycllowisii appearance. 

C. t a x i f o l i a  - 
Gan, lagoon reef :  uncommon, occurr ing at- the  western end of t h e  isl.and, 

40 t o  250 f t  from shore. 

Chaetomornha >-- brachygona 
Gan, lagoon reef :  uncommon, occurr ing  l o c a l l y  along the r ee f .  A f i lam- 

entous green a lga  l'ving on dead c o r a l  fragments, i t  occurred c lose  i n -  
shore,  20-50 f t  from high t i d e  l i ne .  

C. c ras sa  - 
Gan, lagoon r ec f :  uncommon, r e s t r i c t e d  t o  a zone 20-100 f t  from shore. 

C. g r a c i l i s  - 
:iitaddu, sear,~.ra;rd r ee f :  common and r e s t r i c t c d  t o  c lose  inshore zorle, 

0-2C f t  from t i d e l i n e .  



Cladophora sp. 
Gan, lagoon r ee f :  uncommon, a t tached  t o  rocks and dead c o r a l ,  

occurr ing  between 20-250 f t  from shore.  Seaward reef :  common between 
shore and boulder  zone. 

CLadophora sp. --- 
Gan, lagoon r ee f :  uncommon, a t t ached  t o  s tonesand .  c o r a l ,  inshore 

zone 20-250 f t .  

Cladophorousis sp. 
Gan, seavrard reef :  uncommon, occurr ing  between the  boulder r idge  

and the  surge channels,  where it was a t tached t o  co ra l  pavement ancl loose  
rocks. Nitacldu: common over t h e  v7hoI.e of t h e  seaward reef  from 60 f t  t o  
edge. 

Codium arabicum 
Gan, s e a m r d  reef:  not  common, bu t  foun.4. s eve ra l  times i n  t h e  &nse 

a l g a l  g r o ~ r t h  near  t o  the  surge channels.  

C, edule - -- 
Gan, laeoon reef :  a fey7 specimens only vrere found i n  one l o c a l i t y ,  

a t t ached  t o  dead co::al about 250 f t  f ro% shore l ine .  Seaward r ee f :  
f a i r l y  cormon, between the  boulder  zone and the  surge channels,  a t t a c h e d . .  
t o  t h e  underside of rocks near  t h e  boulder  zone and t o  t h e  su r face  and 
c a v i t i e s  of the  porous rock a t  t h e  surge channels. 

Dic"L:posphaeria intermedia va r ,  intermedia 
Gan, seatrard reef :  occur r ins  only very occasional ly between shore  

and boulder  zone, but  f a i r l y  cornmon between boulder zone and surge chan- 
ne ls .  Hitadclu, seaward r ee f :  f a i r l y  cormon over a v ide  a rea  of r ee f  
from about 50 f t  from shore t o  t h e  r ee f  edge. 

Entezomorpha sp. 
Gan, lagoon reef :  s t r i c t l y  a n  inshore  a lga  on the reef  f l a t ,  where 

it occurred 20-50 f t  from high t i d e  l i n e ,  It ~7as  at tached t o  stone:; and 
dead c o r a l  lyin,: loose i n  tAe sand. A few specimens wexe a l s o  found on 
t h e  r ee f  s lope  on dead co ra l  a t  about 50 ft dcptk. 

Halimeda d iscoidea  
Gan, lagoon r ee f :  uncommon, l o c a l l y  conmon along the  reef .  It oc- 

curred between 50 and 200 :t front shore,  a t tached  t o  sand o r  Lonse 1 y i . s  
rocks. Seaward r ee f :  conmon i n  t h e  boulder  zone t o  surge channels,  Wit- 
addu, seaward r e e f :  quicc conunon wi th in  130 f t  from t h e  surge chennels 
a t  the  edge of the  reef .  

8. i n c r a s s a t a  - 
Gan, lagoon reef :  common inshore ,  t h e  inne r  limit bein:, f a i r l y  sharp  

a t  60 f t  from high t i d e  l i n e ,  t h e  range extending lagoonwards t o  about 
150 ft;be;lon:! t h i s  t h e  a lga  was uncomnon. Seaward reef :  found occasional-  
l y  a t tached  t o  rubble and c o r a l  pavernent i n  the  boulder zone ancl up t o  
h a l f m y  bemeen t h i s  anc? the . su rge  channels. 1%. few specimens were a l s o  , 

found between t h e  shore and t h e  boulder  zone. 



Halimec1.a ovunt ia  -.---- -- 
Gan, 'lagoon reef :  a s  v7ith I. i n c r a s s a t a ,  common between 60 and 150 

f t  from shore. Sea~rard reef :  very common between the  houl.der zone and 
t h e  su-cge cllannels. It rras t h e  spec ie s  of I-Iali.1neda extending f a r t h e s t  
seasxrd ,  almost up t o  the  cinannels, where i t  had a very compact zrowth 
form. Eitaclfi.~, searrarc! reef :  f a i r l y  common i n  t h e  niiil p a r t  of t h e  r e e f .  

Neomeris inucosa -- 
This had the  appearance of small  bunches of b r igh t  green f inge r s ,  and 

occurred i n  condit ions of good water  flov7. Gan, seatmrcl r ee f :  uncommon, 
between boulder  zoizc and curge channels ,  and found only a t  t h e  Gan-Fedu 
Gap. Elitaddir, seavrard reef :  a fev7 specimens v7ei-e found i n  the  mi!! p a r t  
of the  r e e f ,  a t tached  t o  the  c o r a l  pavement. 

T.?demania exgedi t ionis  --*.-- - 
Gan. 1a;;oon reef :  very c h a r a c t e r i s t i c  of t h e  ou te r  reef  zone, 200 f t  - 

t o  edge, trheix ii-. vas  sparse ly  d i s t r i b u t e d .  Common a l s o  on t h e  xeef s lope  
t o  depths of $0 f.t. A few specinens were a t tached t o  c o r a l  brought up frora 
a IcnoLL i n  t k e  lazcson, depth 30 f t .  

Udotea orients+. -- 
Gan, lazoon r ee f :  occurrence very sporadic ,  specimens ~ ~ e r e  c o l l e c i e d  

from i n s h o x ,  mid reef  and ou te r  r e e f .  Seaward r ee f :  a s i n g l e  specimen 
v7aa ;o l lec ted  during ti-averses betveen t h e  S E I O X  and the  boulder  zone. 
The spec ies  vras q u i t s  cowcon between the  bo;llcj.er zone and surge channels 
oppos i te  t h e  Gail-Ped.u Gap. Xitaddu, se~wari!  r ee f :  f a i r l y  common i n  t h e  
middle part: of t h e  reef .  

VcZonia n t c i c u l a r i s  ----- 
Cccurred as  a dense m a t  of r,reen v e s i c l e s ,  we l l  a t tached  t c  t : x  .:MI.~ - 

subctrctum. Gan, seaward reef :  uncommon, b e t m e n  the boulde? r idge  and 
the  surge channels.  EIitaddu, seaward r e e f :  coii~iiion all t h e  edge of tjie r e e f ,  
wi th in  150 f t  of t h e  surge channels.  

V. ven i : r i cos  - 
S o l i t a r y ,  o l i v e  green v e s i c l e s ,  concealer3 wi th in  c o r a l  masses, o r  <.z 

crevices  i n  i-ocks. can, lagooil r e e f :  fai;:i.-/ coir~lou on reef  S~.C;)F, t o  
depth of obout 30 f t ,  l e s s  common over iiios; of t h e  reef  f l a t .  Seaward 
r ee f :  a few specimens rlere found i n  the  porous co ra l  near  the  s u x p  chan- 
ne l s .  

. " 

Dictyota  f p i a b i l i s  --- --- 
Gan, lazoon reef :  not common, found mainly on the  inshore p a r t  of "she 

r e e f  i n  paCches a t  about L:0-$0 f t .  

D i c m g  $! I .  - 
Gan. la:?oon r ee f :  common over t h e  vihole of the  r ee f .  Esuecia l lv  corn- - 

man i n  an insl:rore zone a t  aborrl: 50-150 f t ,  v k e x  i t  famed a carpe t  on Zte 
sand, Coininon i n  o the r  9ai:ts of t h e  r e e f  on deari coral., occurrin,? cn t h e  
r ee f  s lope  t o  a depth of 50 f t .  Seavard r ee f :  unconunon on the  reef fl:!:: 
beLr~7enu shore and boulr;ei: zone, common betu:cen boulder zone an6 surge cfinn- 
riels. i a l  scnward reef :  co~~)nlou over the  .,rhole of the  reef  except t!i 
inshore 5G f t ,  an-' the si.~i:ge chcnnel zone. 



l ~ y d r o c l a t l ~ ~ u  c1ath;:atrls - 
Gail, seawai-d r ee f :  not  cormon, seen on the  c o r a l  pavement rniclrvay be- 

t w e n  tiie boulder zone aad the surge c h a m e l ~ ,  and i n  fhe boulder zone 
i s  Zan-Tedu Sop: q u i t e  common i i l  t h e  sand on the  scar.rai-d s i d e  of 
the  i:la;in?l betrreen t h e  two i s l ands .  

Padina comiersonii  --- ----- 
Gan, lagoon re*:: very c i ~ a r a c c e r i s t i c  a s  ail inshore a l p ,  betileen 

.3G and 50 ft from shore. Gan, seaward r e e f :  ?are ,  a few specinens v~ei-c . . found between the  shore and ';he bciildel- xruzc. Bitaddu, s e a m r d  ;cef: 
very c h a r a c t e r i s t i c  inshore p l a n t ,  occurrj.nz r r i th iu  60 f t  of the shore.  

Pocockicl la  v a r i q a t a  -- -. .-p 
Gan, lagoon r ee f :  cornsfion on  t h e  reef  sl.cpe, v?hei:e it formed a corw 

rnon covering over dead c o r a l  t o  s clepti: of 70 f t .  Unconirnon on the  reef  
f l . a t ,  occurr ing as occasional. specimens. Searraj:d reeT: abun:!ailt cover- 
L r i ~  on roclcs anc! c o r a l  pavement between .the bo-lldci- zone and the  surge 
channels. Hitaddu, seawzri; reef :  abunrinilt ow:- most of t h e  outer  zone 
of the  ::nef, e spec in l ly  s o  v i t h i n  120 i't of the surge channels. 

~ ) j ~ ~ c i : l e r : i . a  - sp. 
Gzn, lagoon r ee f :  uncolnmon i n  the  mid paat  of t h e  r e e f .  

Turbinar ia  orna ta  -. 
Gan, l a ~ o o n  r ee f :  occurred vezy in f r equen t ly  i n  t h e  middle of t h e  - 

r ee f  Clzt ,  a t tached  t o  cora l .  Seaward reef :  cormon bctneen the  boulder 
-,- -. j. ,I L j , ~  , , and !:he su::se channnl .~,  a s  srqall, r o s e t t e - l i k e  p l an t s  at tached t o  
C.i~.e cora:! r,a.vement. occurred beeween the  shore and t h e  boulc&r zone 
a s  an occasional. f i nd ,  2nd 570,s of nloderate s i z e  (3 inches long). I n  the  
a rea  shore co boul3er zone a t  the  e a s t e r a  end of Gan, the  Turbinar ia  was .- 
of largc s i z e ,  and a t tached t o  co ra l  mic ros to l l s  i n  t h e  s v / i f t l /  flowing 
- : . L c ~ I ~ .  C;r?i~-Fdii (;ai>: l a r g e  p7ell <evelopcd s!pccimens stcaciled t o  micro- 
a t o l l s  i n  t h e  s t r o n s  curreni:. FIiecldr?a, seava.rd r e d :  abundant over- t h e  
rrhole of the  reef  fLat  except the  c lose  insho::e zone, a s  small  compact 
r 3 s e t t e s .  

1:hodophyceae 
kni i. Chamnion sp. ----- 

Gan, an epipi1jrti.c pink a lga ,  occur;:in;: on Caulerna and assoc ia ted  
a lgae  and. on dead co ra l .  Lagoon r ee f :  f a i r l y  cormon on t h e  r.:ef f l a t  i~?. 
the IT;.:: 7.n;; ou-;er- zones of tfie r e e f ,  

q w n t  i n  the  r:ii< zone of t h e  3:eef, occilej;i:~:, oil t h e  .underside of dead 
c o r a l  rock. Seawax: r e e f :  a few specimelis rier-e founc! iil c a v i t i e s  i.n the  
par-ous co?a% rock i n  ~112.  nuige c;iannel. :c$on. 

Ceramium f imhr ie tun~ - - 
Bitaddu, seaward r ee f :  r e s t r i c t e d  t o  the  cLose inshore zone (G-hS ft), 

7 i t  rrcls coii~mon. 

Cei:aeoclictyon _L snon:;iosum 
,;an-Fedu Gap: occurre:l a s  a spongy, o l i v e  brown ehal lus  on the  seaward 

s i s e  of the  zap, on a sand substratum. 



Charnpia narvula . L -...-_--. 
Gan, lagoon r ee f :  f a i r l y  comon iz c lose  inshore  zone, on sand. 

C. s a l i co rno ides  - -  ------.- 
BabiCat c lose ly  s i m i l x  t o  . that of C. parvule - 

Dasya sp. 
Hitad&, s e a m r d  zeef:  common i n  the  mid r e ~ i o n  of the  i-eeC, atcached 

t o  the  co ra l  pevemznt cnti t o  c o r a l  1.-ocks. 

Dicitvurw purpurescens --- -- 
Gan, lagoon r ee f :  a  pinlc a l z a ,  which occurrec! only ir, t h e  mid ~ ~ ~ i o n  

02 i h e  i ee f  f l a t  a s  a  few specimens along one of th,: c ransec ts  (200-250 
fi: krorfi shore).  

Galaxa,ura marginata - 
Gan, a  macsive pink a l g a ,  Lagoon reef :  r a r e ,  only a  few specimens 

found, a t tached  t o  c o r a l  heads i n  t h e  mid-outer reg ion  of the  reef  f l a t .  

ru2is  s. -- 
Gan, l a ~ o o n  r ee f :  not  cornmon, occurrin:: l o c a l l y  alorrz the r e e f ;  most 

f requent  i n  t h e  mi< .  cee2 zone; specimens a l s o  found inshore ,  anc? on the  
-.,,- L..A slope. 

Gelidiurn divaric~tilli.1 
San, lnxoon roef:  occurred oil t h e  su r face  of s tones ,  dead co ra l  and - 

l i v i n ~  p ~ i ~ t i . e ~ , l a . .  Occasional eve: t h e  t h o l e  of t h e  reef  f l a t ,  and on t h e  
xeef s lope  ?o a  d rp tb  of Li.0 E t .  SeariaZd ree f :  sing3.e specimen seen neair 
reef edge. iazoon lmoll :  specimens brought up on dead c o r a l  from su r -  
f ace  of IcnolZ, 30 f t  bclov ,sucface. 

G- . c.,: . .., i ~ ~ ~ ~ ~ n ~ i a  ST. 

Gnn, lagoon ree2: r a r e ,  occurr ing .From about 250 f t  t o  edge. 

%?ri>os i p h o ~ . i %  s!?. 
Co~monly occu;::-e:l a s  an epipiryte on Halimeda. Gan, la.;oon reef :  11.11- 

cormon, occurr ing mid -reef a.t 200-270 f t ,  a l s o  in f r equen t ly  found on reef  
s lope ,  depth 30 f t .  ::itncidu, searrarcl r ee f :  a  f e n  specimens occurred air 
m i d  zecf .  

!I:./:,nez. sp. - -- 
Gan, scarraj:r! ree" .. . raze ,  o c c u r r i r i ~  beixreen buc lde ;  zone 2nd ree2 

edge. Anotbe;: fort-fi occurred a s  t h i c k  5?0m : i la rnents  tr,iining thro:>';h -0 - 

c a v i t i e s  i n  the  c o r a l  rock. Gan, seava::~! r ee f :  f a i r l y  common ma;: the  
surge  channels,  uncommon between bo~:.ldex zone aild shore. I-:itad<u, sea- 
rrard ree;': coinmon over middle p a x  of r ee f .  Gan, lagoon -reef: anothe? 
form common on &ad c o r a l ,  RO t o  252 f t  from shore. Seaward r ee f :  corfi- 
mon betv~ern slioi.c--boulder zone. Gail, lagoon r ee f :  s t i l l  anotbe?: form 
cc~ijriio~l on dead co ra l  f;om GO Cc t o  yeef edge, and on u;pper p a r t  of reef  
s lope  (20 depth /:.9 f t )  . 



JanLa capillacea. .-- -=.----- 
This c7as the  most common a l g a  observed a t  Addu a t o l l  i n  marine hab- 

i t a t s .  Gan, lagoon r ee f :  common over the  whole reef  f l a t  except t h e  
c l o s e  inshore zcnc, from 40 f t  t o  near  the boLtom of t h e  reef  s lope  a t  
80 f t  clepth, I t  was espec2.ally coiomou i n  the  midreef zone, where il: 
formed clumps on the  sand an<! rock s u b s t r a t e ,  and was a l s o  common a t -  
tached t o  dead cora l .  Seaward r e e f :  l o c a l l y  common between the shore 
and the  boulder zone, having a  pa t ch l ike  d i s t r i b u t i o n  over the  dhole 
a re s .  Rbundant between t h e  boulder  zone and the  surgc channels,  occurr-  
ing near  t h e  channels as e s p e c i a l l y  compact masses wi th  c a l c i f  ica-  
t i o n ,  l i i taddu, seaward r e e f :  common over t h e  whole of t h e  r ee f  except 
the  inshore 150 f t ,  occurr ing i n  masses on the  co ra l  pavement. 

Lophosiphonia vi l lum - - ----- "- .- 
Occurred as  a reddish,  vezvet - l ike  covering on s tones  and dead co ra l .  . ,. v m ,  lagoon :reef: coinaon on dead c o r a l  i n  the  midreef zone, b e t w e n  150 t o  

300 f t ,  l e s s  common t o  the  reef  edge, and r a r e  on the reef  s lope.  Gan, 
s e a m r d  r e e f :  r a r e ,  a  few specimens were found near the  surge channels. 
Hitacl.clu, seaward r ee f :  r a r e ,  a. few specimens about 30 f t  o f fshore .  Lagoon 
knoll :  f a i r l y  cormxon ou dead co-a1 brought up from the summit of the l tnol l ,  
depth 30 f t ,  

Polgsiohonia -. . - - f e r r u l a c e a  - 
Gan, lagoon reef :  common on o u t e r  n e r t  of r e e f ,  from :i;'0 Tt i:c :.PC .. 

edge, where i t  occurred on sand and rock substratum. Seaward r ee f :  rare - $  

betveeil shore and boulder r idge.  Gan-Fedu Gap: common, on sand, midvay 
betvein i s l ands .  

Soyridea E i l a m e n t ~ ~  A- 

Gan, s e m a r d  r ee f :  oc.curi:ed as  2 mass of pinkish f i laments ,  c lose  
t o  t h e  shore a t  the eazitern end, Very loca l .  

2 Q ~ ~ i ~ ~ ~ s ~  i a  g 1 o m  ru  1 .  
n "an, lagoon reef:  q u i t e  common, and l o c a l ,  a t  the  c ~ e s t e r n  end of the  

i s l a n d ,  forming dark red clumps on &ad co ra l  !i;:iss:?s. i?os t f~:ecpem~C fr3m 
200 t o  200 S t  from shore. 

Viadl ia  s e r r a t a  -- 
Gan, lagoon r e e f :  Locally f a i r l y  common, 150 t o  200 f t  from shore .  

dreshwateu and t e r r e s t r i a l  a lgae  
Nos toc  cocrmunc - -. -. .- - 

Gan, locaLly common on onen waste wound v i t h  z rass lend ,  where the  
water  t a b l e  was h i&,  Formed o l i v e  green masses, rhicli  under v e t  con- 
d i t i o n s ,  as  j u s t  a f t e r  a  r a i n  s h m ~ e r ,  became svlollen and apparent .  

P i t h w h o r a  oedogonia 
Gzn, found f loa t in i :  on t!le surcace  of f r e s h  water i n  an o ld  ~:ell a t  - 

the  c e n t i c  of the  i s land .  

AC.:;NCI.II,EDG~-: 1 am very .:rrateCul t o  PIT. R. Tsuda and iir. 3. Newhouse fo r  " 
underrakinz the  i d e n t i f i c e t i o n  of t h e  c o l l e c t i o n .  Also t o  !X.  D.R.Si-,xl?~rt 
2s l e a d r r  of the  expeciition, and t o  Dr. P. Spencer Davies and ?:ii.. A, i<C.'h 
fo-T c o l l e c t i n g  specimens fro~ri ::he r ee f  s lope  and the  lagoon knoi?,  



Pig. 29. Vegetation of Gan Island, 1964. 
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Fig. 30. Distribution of number of algal species collected in 10 ft quadrats on the seaward reef flat 
in transects at Hitaddu and Gan Islands. Transect Gan (a) is incomplete. 
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Fig. 31. Distribution of number of algal species and percentage coral cover in Gan lagooii reef 
transect I, based on 10 ft quadrats. 

Fig. 32. Distribution of number of algal species and percentage coral cover in Gan lagoon reef 
transect 11, based on 10 ft quadrats. 



C.  L i s t  of  Addu v a s c u l a r  p l a n t s  

b j  F. R. F o s b e ~ g ,  E. SJ. Gioves and D. C. S i e e e  

The v a s c u l s r  p l a n t s  c o l l e c t e d  by Mr. S i g e e  r e r e  independen t ly  
i d e n t i f i e d  by Fosbei-3 2nd Groves,  and t h e  r e s u l t i n g  l i s t s  combined and 
t h e  d i f f e r e n c e s  r e c o n c i l e d .  145 specimens ,  i n  a l l ,  were c o l l e c t e d ,  
r e p r e s e n t i n g  I!:.?. s p e c i e s .  Of t h e s e  57 (marked w i t h  a n  a s t e r i s k  *) v e r e  
c l e a r l y  e x o t i c ,  33 of them c u l t i v a t e d  o; immediate ly  p e r s i s t i n g  from 
c u l t i v a t i o n ;  32 axe widespread  m a r i t i m e  s p e c i e s .  Hos t  of t h e  remainder  
a r e  widespread s p e c i e s  t h a t  occur  i n  t r o p i c a l  A s i a ,  some p a n - t r o p i c a l .  
Some of  them may w e l l  be indizenoi ls ,  b u t  t h i s  is d i f f i c u l t  t o  be c e r t a i n  
o f ,  one noy o r  t h e  o t h e i .  There  a r e  no l o c a l  endemics,  u n l e s s  t h e  
Euphoibia  s p .  shodlf i  t u r n  o u t  t o  be  one,  and i t  seems l i k e l y  t h a t  i t  i s  
a n  I n d i a n  s p e c i e s  t h a t  h a s  been i o m o n l y ,  b u t  e r r o n e o u s l y ,  r ega rded  a s  
a v a r i e t y  of s. hypericifoli : . .  F u r t h e i  s t u d y  of  more ample m a t e r i a l  may 
de te rmine  t h i s .  The Pcndanus sp .  ( s t e r i l e )  may y w l l  b e long  t o  one of  t h e  
l o c a l  p o p u l a t i o n s  t h a t  hzve been regarded  e s  s p e c i e s  i n  t h i s  p e i p l e x i n g  
genus .  The E ' i m b i i s t y l i s  s p .  may p o s s i b l y  be ner.7 and l o c a l ,  b u t  i s  more 
l i k e l y  a n  extreme o r  v a r i a n t  form o f  a  known s p e c i e s .  

T h i s  c o l l e c t i o n  i l l u s t r a t e s  v e r y  r r e l l  t h e  s t a t e  o f  our  knowledge 
of t h e  f l o r a s  of  t i le  i s l a n d s  t h a t  a r e  a l i t t l e  o f f  t h e  b e a t e n  t r a c k .  I n  
t h e  145 specimens,  r e p r e s e n t i n &  142 s p e c i e s ,  t h e r e  a r e  40 newly x c o r d e d  
from t h e  Maldive A i c h i p e l a g o .  105 s p e c i e s  a r e  c l e a r  new r e c o i d s  from 
Addu. 23 more a r e  p o s s i b l y  nev r e c o r d s ,  a s  t h e y  a r e  p l a n t s  mentioned by 
Wil l is  and Gard ine r  (Ann. K. Bot. Gard. Peraclenifa l ( 2 ) :  45-1f4 ,  1901) 
a s  o c c u r r i n g  b e n e r a l l y  th roughout  t h e  group,  b u t  n o t  specifically men- 
t i o n e d  by them from Addu. T h i s  i s  a  l a r g e  p r o p o r t i o n  of  new r e c o i d s ,  
found i n  s p i t e  of  ( i n  c e r t a i n  c a s e s  p o s s i b l y  because  o f )  t h e  a lmost  t o -  
t a l  d e s t r u c t i o n  of  t h e  n a t u r a l  and p l a n t e d  v e g e t a t i o n  by t h e  c o n s t r u c t i o n  
of an  ai' base .  It seems c l e a r  t h a t  a  g r e a t  d e a l  of c a r e f u l  c o l l e c t i n g  
s t i l l  must be done b e f o i e  we cen c lnini  a n y t h i n g  l i k e  a n  adequa te  p i c t u r e  
of  t h e  f l o r a s  of  t h e  v o r l d ' s  i s l a n d s .  

I n  a d d i t i o n  t o  the .  b a r e  recor.:ls of  s p e c i e s  col lec tec ' : ,  S i g e e ' s  
n o t e s  on t h e i r  o c c u r r e n c e  on t h e  t h r e e  i s l e t s  v i s i t e d  have been aridec!. 
The o b s e r v a t i o n s  p l a c e d  t h e  c i t a t i o n  of  t h e  c o l l e c t i o n  number do 
n o t  necessa i - i ly  apply  s t i i c t l ;  t o  t h e  l o c a l  p o p u l a t i o n  from which t i le  
specimen was c o l l e c t e d .  The n o t e s  b e f o r e  t h e  c i t a t i o n  presumably a p p l y  
t o  t h e  p l a n t  a c t u a l l y  c o l l e c t e d .  

S i n c e  t h e  l i s t  of  Na ld ive  p l a n t s  was p u b l i s h e d  (ARB 58) i n  1557, 
t h e r e  have been c e r t a i n  changes i n  o u r  u n d e r s t a n d i n g  o f  some of  t h e  
s p e c i e s  i n c l u d e d  i n  i . 2 ,  2nd c e r t a i n  changes i n  nomencla ture .  A l i s t  of  
t h e s e  has  been adcled a t  t h e  en? of t h i s  p a p e r ,  wherher  o r  n o t  they  a p p l y  
t o  Addu s p e c i e s .  



PDERIDOPHYTA 

Ps i lo t aceae  

Psiloturn nudun (L.) Seauv. --- - 
Hitaddu i s l e t ,  i n  water ,  i n  f o r e s t  a r e a  no r th  of s t ag ing  pos t ,  i n  

closed f o r e s t  where water t a b l e  was a t  ground l e v e l ,  Sioee 90. 

Aspleniun! !:~elluciciurn Lam. ? - 
Hitadch i s l e t ,  coliirnon i n  nol-them foresc  a rea ,  on t r e e  stur~ips, 

around open pools,  Sigee 105. i'lev reco?d f o r  the  Maldives. 

i.Jii>hrolepis :-iirsutula (For s t .  f.) F x s l  
(PossiLly iiw i;l::nC le;o,.?cr': as  2. e x r l i : a t ~  (L.) ScilotC by FliLlis 

6: Gardiner: s ec  An13 53) .  
~ - .  . - 

Gan i s l e t ,  abundant, forn i in~:  d e a f  s tands  i n  the  dense c e n t r d  
woodland, S f see  5 7 .  Also found i n  ?rcgene?:ntin$ voodlend nezrb,~; on 
llitaddu I., found only i n  t h e  n o r t h e m  i o i e s t  acez, a s soc ia t ed  w i t i ?  
Psiloturn and As-;>leniur;.. 

The lyp te r i s  goggilodus (Schkuhr) Small -- 
Gan i s l e t ,  i n  open rioodland with higii water t a b l e ,  Sigee,[!.l. Very 

common i n  open scrubland a t  the  S.E. end. F a i r l y  comon a l s o  i n  c e n t r a l  
dense v7oodlan6, S.E. ~iinrsbland and roedsi4es.  New record foc  the  ivial- 
d ives .  

Cupressaceae 

Wuniperus 8 .  ? 
Gan i s l e t ,  Sigee 0. Recent i n t roduc t ion ,  c u l t i v a t e d  bush along 

roads ides  near  RAF bui ld inns .  New reco:~.rl f o r  t h e  Pialdives. 

TChuya o r i c n t a l i s  L. -. 
Gan i s l e t ,  i n  vill i :ge near  O f f i c e r s '  Hess, Sizee P. Recent intito- 

duct ion ,  cu l t iva t ed  t o  form low spa r se  hedge. New record f o r  the  Mal- 
dives.  

Pandanacece - 
Pandanus sp. 

Gan i s l e t ,  common i n  c o a s t a l  scrub along margin of i s l a n d ,  Sigee 76. 
Some t r e e s  a l s o  i n  the  centTal  dense wooJland, i n  open scrub ,  end a f ev  
juveni le  p l a n t s  i n  the  S.E. marshland. On Hitaddu i s l e t ,  abundant i n  
c o a s t a l  scrub on seai7ar.C. s i d e  of i s lax! ,  a l s o  i n  s e m a r d  h a l f  of no-rthern 
f o r e s t  a rea .  J i ~ v e n i l e  specimens occurred inf requent ly  i n  s t ag ing  post  
a rea .  

Potemo:;etonaccae 

Cymoctoce~ c i l i a t a  (Forsk.) A s d i .  
Gan i s l e i ,  on subxie~.ged yeef ,  bctxreen shore and bouliier edze of 

l'eef, Size: 25. Cn l a ~ o o n  an? sea2r-r-d x e f  f l a t s  on :jotii Gan an:;. Ilitaddu 



i s l e t s .  Common and ~ i ~ e s ~ z e a d  on semord. f l a t ,  occui-ring i n  condi t ions  
0: continuous, !uoc?erate rrater ?Low; loca l i zed  on t h e  lagoon j:eef t o  an 
inshore  zone. iJerr reco-d. f o : ~  t h e  i,icldives. 

. ve-.ia vc::. a:;isSrte L.) 
Gci? is le; : ,  on to!, 0:: sz:i;2 ;all:: '!L\ ;/r?:yds f:.:om sea ,  ciifh I,,oiiioea .-- 

and on ; ,a~: :  s~il:?., I;~::cc 13. Adsi16..-.ni- on GO:;~ i s l e i s  (:Iiteci:?d -ii?. Gan), 
ri;.eie Li!f::e li::s 1,2211 2 cica-n: :e  of vegr tce iou .  C~n~~~-;on .C~?.~oi,.;~~oi!~C Gcj?, 
e::ce;:.t i n   ti-;^ ;~.gt::;.l 6ensc r;oo::.ail:: a,.ea ~1.16 iLl tiis z::assland su.:;:ound- 
i n  t h e  7 O n  flita-.iii;; i s l e r , ,  cb3il?l'.1t i n  t112 st,:.gii>; liost ~ ~ i . u i j ,  
and co:m03 on 2 2c 1;1:00n 6 i . k  O <  tiie fo:.est no::th mi! SOI.:~:? of iI:iis. 

Chry~opogon a::i.::!l,?t~!o (B?:z.) Tj:ia. 
Gan i s l e t ,  i n   ass r~7nsi:el.?n5, neeT ij:til-iin:s, Si::;ee CO. Coicno~l 

i n  open ;r:assla:xl, a l s o  O~:::il::~.iiiz aloil:: *.oaL;sihs. ;:Jew ~ e c o r d .  fo:: 
. . i.lal<ives. 

.L- -&leudine inricz. (L.) Gae::.Cn. 
G i l  i s l e t ,  n m t  end, !.azoon si:?.e, i u  t l i  i n  shack, i n  

patcl:es on i:a;'e ;i:ocn<, Since I!'. Coi?ddd.on i n  tile open - i ~ s s l a n S .  an6 
alon; .toadcides. Ri t a d h  i s l e t ,  i n  sLagFn2 i~osi: e x a .  



Lei:til;-us ::e;,;ei?s (Fozst. f .) ?,. 3.1. 
t l i ta;i!:~ is l .et ,  colonist;, on seawar!. shox2, SiKee 71. Netl L~!CO:,:~ 

f o r  !:;LC i.l?,lt.;ives. 



9cCj7perus $otundus L. 
(nut s p i k e l e t s  very pale)  
Gan i s l e t ,  behind o i l  tanks, i n  Z?asslanc!, dense f o r e s t ,  Sixee 17. 

Corninon i n  S . .  mei:shland, open g r e s s l m d ,  and along xoadsicle. On IIitaddu 
i s l e t ,  f a i ~ l y  conx?.on i n  s t az ing  pos t  aree.  

Eleochacis  ~ e n i c u l a t a  I:. nnd S. 
Xitac?:l:z i s l e ? ,  northecn f o r e s t ,  i n  open pools ,  j u s t  p ro jec t in2  

a% eve rr2,tei- . ?.i,ce, - i n  open vood.lend a r e e ,  Si?;ee 10:. N e v  iecor<. fox 
the  lialdives. 

i i t l  - ci:mos,- ssp. spathacea (Pot') Koyarna 
(A slmde:: I i t  s u l l y  sriiall s p i k e l e t s )  

i b : i s ; l i s  s?. 
Gnn i s l e t ,  i n  marshland, 2i:;ee 3 s .  Common i n  southern i??arsh are?. 

On liitoddu i s l e t ,  seen onl: i n  the  n o r t h e m  f o r e s t  axea, whece i t  v7as 
localized. i n  open pools.  

Wolocas i a  - eoculenta  (L.) Schott  
Gr:il i s l e t ,  cence i ,  i n  dense f e r n  s tand ,  Si-ee 55. NntgL.e :>lants 

occurred i n  the eazdens. where the,? wei:e, obviouslv cu l t iva t ed .  A fet? - 
rtature s p c i i e i i s  veze a l s o  seen i n  t h e  sc:iub i n  t h e  cen t r e  of the  i s -  
laud, m.< j iweni le  forms occu-rrec?. i n  cleaiiny;s i n  the  cen.Lxa1 r;oo<land. 

s;loj:e a t  the  noj:tiwest t i p  .. . of the i s l and .  Riteddu i s l e t ,  com~on i;l 
ilhe f o r e s t  ;lo;:tk a l~d  so.'t> of the  s t az i i~ :  post .  The la20011 s i d e  of 
t!w foces t  cor:i.,riscd opei~  coconut .i?ood.lai~?. Not co l l ec t ed .  

Cornmelinaceae 

Cyanotis a x i l l a c i s  (L.) D. Don 
G m  i s l e t ,  centee ,  i i l  open Ce;:;? land., Si::ee 73. Seen only a t  

ed2i;c of cleei-iqgs i n  cfasra'! rroodland. New recozd fox t h e  ifialdives, 
f i r s t  found t h e x  'by Groves i n  1963-65. 



C y a n o t i s  c n i s t a t a  (L.) D. Don --. 
S i t a d d u  i s l e t ,  n o r t h  p e r t ,  i n  c l e a i n g ,  S i g e e  113. A s i n g l e  

co lony  wss s e e n  i n  8 dense  a r e a  of  t h e  n o i t h e r n  f o r e s t  i n  a  c l e a r i n g  - 
n c a i  a n  olri n c t i v e  dwel l ing .  

L i l i a c e a e  

"Glor iosa  sulperba. L. -- 
Gan i s l e t ,  s o u t h e r n  s i d e ,  i n  bu6h s c r u b ,  -- S i e e e  53. Uncommon, 

found i n  open s c r u b l a n d  i n  t h e  c e n t r e  of  t h e  . i s l a n d  a d j a c e n t  t o  t h e  
woodland. 

Amarylli&ce,?e 

Crinum a s i z t i c u m  L. 
Gan i s l e t ,  i n  ga rdens ,  S i g e e  AD. Bitoddu i s l e t ,  p l a n t e d  i n  rows 

by t h e  vaj rs ide  a d j a c e n t  t o  t h e  lXF  b u i l d i i ~ : ~ ,  S i g e e  L, s o u t h  s i d e  i n  
c l e a r i n g ,  S i w e  101. The Hi taddu specimens a r e  l e a v e s  on ly ,  s o  t h e  de- 
t e r m i n a t i o n  i s  uurer ta . in .  

¶'%ephyrentiles - ,roses L i n d l .  
Ificaddu i s l e t ,  si::ee X. P l a n t e d  a s  ornamental  a l o n g  r o a d s i d e s  

n e a r  RAP b ~ i l < . i n ; s .  
Taccaceae  

Tacca l e o n t o p e t a l o i d e s  (L.) 0. IZtze. 
P 

'Ii'i,-6.3;1 i s l e t ,  i n  c l e a r i n g s  i n  r?ooi.land, S i g e e  9C. Gccur r s  i n  
t h e  n o r t h e r n  f m ~ e s r :  on t h e  l agoon  s i d e ,  wheie  concl i t ions  ?~j:e f e i r l g  open. 

*il%ls,n s p .  -- 
Bitaddu i s l e t ,  s e e n  o n l y  i n  banana p l a n t a t i o n  n o r t h  of  t r a d i n g  p o s t  

a r e a .  Gan i s l e t ,  s m a l l  p l a n t a t i o n  s e e n  n e a r  t h e  P a k i s t a n i  v i l l e g e ,  j u s t  
s o u t h  of  t h e  ruilrray. Not co l l ec tec l .  

C a s u a r i n a c e c e  

C a s u a r i n a  e q u i s e t i f o l i a  L. 
Gan i s l e t ,  s i n g l e  t x e e  i n  v i l l a g e  n e a r  O f f i c e r s '  Mess, Siy;ee II.. 

Moraceae 

Wirtoca-rpus - a l t i l i s  (Park.)  Posb. 
Gail i s l e t ,  Si,?ee 60. A few t r e e s  were l e f t  s t a n d i n g  nea:: t h e  1UF 

b u i l d i n g s .  B i t ?  . d r ~  ' ". i s l e t ,  a  few specimens s e e n  i n  t h e  banana p l a n t a t i o n  
n o r t h  of  t i le  s t ag in i ;  p o s t .  

U r t i c a c e s e  

P o u z o l z i a  i n d i c a  Gaud. 
'Iitadclii i s l e t ,  noi ' th,  i n  c l e a r i n g ,  S i n e e  114. Gan i s l e t ,  a few 

specimens s e e n  on a  bank i n  t h e  s o u t h e a s t  sc rub .  



Ngctaginaceae 

Boeihavia d i f f u s a  L. ? 
Gan i s l e t ,  e a s t  end of i s l a n d ,  Sigee 46 .  A few specimens were seen 

near  t h e  RAF bu i ld ings ,  and i n  the  scrub  a t  t h e  southeas t  end. Hitaddu 
i s l e t ,  cornmonly found i n  the  s t ag ing  pos t  a r ea ,  where i t ;  spreads across  
open ground. 

*X Bouaainvi l lea b u t t i a n a  Holttum 6: Standley 
(Perhaps the  p l an t  recorded as  - B. s p e c t a b i l i s  Willd. i n  ARB 58) 
Gail i s l e t ,  i n  :v?dgerov7, Sigee I. Recent in tsoduct ion ,  c u l t i v a t e d  

near  the  RAF bui ld ings .  

*Bouzainvillea %labra  Choisy 
Gan i s l e t ,  Sigee J. Recent i n t roduc t ion ,  c u l t i v a t e d  near  1UF bui ld-  

ings.  
Amaranthaceae 

Al ternantherc  s e s s i l i s  (L.) I:. Bii. 
Gan i s l e t ,  cen te r ,  i n  scrub on rough ground, Sigee 73.  Not cominon, 

t y p i c a l l y  found a t  tile edge of t h e  gzass  verge near  t o  the road. i\let? 
record f o r  t h e  MalLives. 

W e l o s i a  a raentea  L. 
Gan i s l e t ,  behind o i l  t anks ,  on gressy wasteland, S iaee  1 C .  ?7idely 

s c a t t e r e d  ovei: t h e  open grass land  surrouniiing the  runt~ay,  and i n  t h e  
scrub. 

Nothosaer.va b r a c h i a t a  (L.) Wight 
Gan i s l e t ,  roadside rubble,  Sip+@ 75. Common i n  scrub,  by road- 

s i d e s  and near  bui ld ings .  Ilitaddu i s l e t ,  i n f r e y e n t l y  found i n  t h e  
s tag ing  post  aLea. 

Portulacaceae 

9ePortulaca o l e r a c e s  L. 
Gan i s l e t ,  near  o i l  drums, on bare  waste ;round, Sigee 4.2. 

Uncormrton i n  open zrasslaild.  Hitacidii i s l e t ,  in f requent  i n  t h e  s t a c i n g  
post  area.  

Laui-aceae 

C ~ s s y t h a  f i l i f o r r n i s  L. 
Gan i s l e t ,  e a s t e r n  t i p ,  Sigee 2;. Comrnon i n  open grass land  near  

bui ld ings ,  an<'. found i n  a11 open h a b i t a t s  over the  i s l and .  Hitaddu 
i s l e t ,  very common i n  the  scrub  of t h e  s t a g i n g p o s t  a rea ,  and frequent  
i n  t h e  open woodland on t h e  legoon s i d e s  of the  southern and nor thern  
f o r e s t  . 

Hernandiaceae 

Hernandia sonora L. 
Gan i s l e t ,  o i l  tanks,  on bank, 10 yards from sea ,  Sige" 14. 

S ingle  t r e e  on the  lagoon sho;.eline, and a few t r e e s  inlan6: i n  tile sc::ub 
a rea  south of the  c e n t r a l  voodlant;. 13i'caddu i s l e t ,  seen a s  an infreoi lent  
t r e e  or bush on t h e  lagoon s i d e  of t h e  nor thern  f o r e s t .  



Capnaridaceae 

Cleome v i scosa  L. - 
G-t, on roadside,  Si::ee 3 4  ((glabrous form), S i f p e  3hb. 

Common i n  dry. open h a b i t a t s  such 8s roadsides and open xi-assland. - .  - .. 
Hitaddu i s l e . t ,  cormon i n  c i ~ y  a reas  of the  s t ag ing  post  scrublan-'., 
p a r t i c u l a ~ l y  on t h e  seav7erd s ide .  Specirnetis on Hitacldu were more 
pubescent than  those  on Gan. 

*Kalanchoe p i n x t a  (Lam.) Pers.  
Bushy i s l e t ,  i n  c l e a r i n g  on rough ground, Sigee 70, Common i n  

t h e  c l ea r ings  i n  t h e  wooded area .  Hitaddu i s l e t ,  seen only i n  t h e  
banana p l a n t a t i o n  nor th  of t h e  s tag ing  pos t .  

. . WIoringa o l e i f e r e  Lain. 
G211 i s l e t ,  Sigee 107. A s i n g l e  t r e e  i n  t h e  t;vaveyard of the  

Noosque, ad jacent  t o  the  Pak i s t an i  v i l l a s e .  

Cana.va.lia c a t h a ~ t i c a  Thou. 
Gan i s l e t ,  lazoon shore,  clird2ing on Screvola i n  shade of palm 

t r e e ,  Sigee f. Conmoil on lagoon and southeas t  c o a s t a l  scrub. Mew rec-  
ord fox t h e  Xddives ,  f i r s t  found t h e r e  b. Gzoves i n  1943-1.5. 

*Cassia o c c i d e n t a l i s  L. 
Gan i s l e c ,  south  end of i s lnnd,  e a s t  s i d e ,  i n  open m s t e l a n d ,  

Sigee 40. Uncommon, i n d i v i s u a l  p l a n t s  t7ere s c a t t e r e d  over open grzss-  
land and by roadsides.  Hitaddu i s l e t ,  uncommon, seen only i n  dry p a r t s  
of t h e  s t az ing  post  scru'b. 

. .*Clitorie texnztea  L. 
Gan i s l e c ,  i n  gardens, Si:;ee T. 

C'L'otalaria r e t u s a  L. . . 

Gan i s l e t ,  easte,:n t i p ,  i n  scrub,  near  sea ,  Sigee 29. F a i r l y  
common along roadsides and i n  s c r u i ~  .at the  southeas t  end of t h e  i s l and .  

Welonix  re& (Boj.) RaE. 
Gan i s l e t ,  S izee  3&. A fet.7 Crees l i n e d  the  roadway illon; tile 

nortilern perimeter-. 

*Dolichos lnblab L. 7 , 

Hitaddu i s l e t ,  i n  Scaevola-Tournefort ia  hedge, lagoon s i d e ,  
S i ~ e e  92. A few p l a n t s  seen along the  lagoon shore a t  t h e  n o r t h e x  
end of t h e  stz.giny pos t  aiiea. 



Erythr ina  va r i ega ta  L. . i nd ica  L.) 
Gan i s l e t ,  Pakis tan i  Camp, near  graveyard, near  wal l  of bui ld ings ,  

Sigee log. A s i n g l e  l a r g e  s t e r i l e  t r e e  occurred on t h e  southern s i d e  
of t h e  itosque, near  the  Pak i s t an i  v i l l a g e .  

Sesbania b i s ~ i n o s a  (Jacq.) I?, Y. Wight 
Gan i s l e t ,  go l f  l i n k s ,  g ra s s  s tand ,  Sigee 55. Uncommon, seen i n  

open grassland and by roadsides.  New record f o r  t h e  ?.falciives. 

Vigna marina (Burin.) Herr. 
Gan i s l e t ,  77est of promontory, e a s t  end, lagoon; co lon i se r ,  on 

sari* banks near  sea ,  S i ~ c e  21. Common alone lagoon shore l ine .  

Sur iana  t n a ~ i t i m a  L. 
Gan i s l e t ,  a t  edge of Scaevola bush, south s i d e  of i s l a n d ,  Si;:ee &9. 

Single  p l an t  found near  t h e  se?.vm?d coast .  Xitaddu i s l e t ,  common aLonz 
p a r t s  of t h e  seavazc, shore,  a  few spx imens  found on t h e  lagoon shore l ine ,  

Euphorbiaceae 

hcalypha ind ica  L. 
Ilitaddu i s l e i ,  i n  scrublan:!, c e n t r e  of i s l and ,  Sigee 103. Common 

i n  dry p a r t s  01 stagin:, pos t  scrub. Gan i s l e t ,  comon i n  clry scrub and by 
rraysicles. 

Acalypha lanceola ta  T ! i l l c i .  
Gan i s l e t ,  waste g r o u n d , o n  co::al p i l e ,  ~ ' i g e e  83. A n  uncommon 

p l a n t ,  founc' i n  open grass land ,  roads ides  and scrub. 

*Acaljp;ia r7ill:es iana EL -A. 
Gan i s l e t ,  i n  gardens, Sigee Y. 

Agyneia bacciformis (L.) Juss .  
Gan i s l e t ,  i n v e r y  wet a rea ,  Sigee 112. Common i n  t h e  southeas t  

open marsh area .  

Wodiaeum v a r i q a t u n i  L. 
Gan i s l e t ,  Sigee F. Cul t iva ted  a s  an mnamental by the  s i d e  of 

bui ld ings .  

Euphorbia cyathopnora Xurray 
( e t e r o l l a  L. of AilB 53) - - 

Gan i s l e t ,  near  o i l  tanks, a t  back of Ipomoea zone, Sigee 11. 
Common p lan t  i n  scrub,  and wasteland near  hui1din.q~.  Hitaddu i s l e t ,  - 
f a i r l y  common i n  banana p l an ta t ion ,  a l s o  inf requent  i n  s t ag ing  pos t  scrub. 

Euphmbia %hi+ L. 
Gan i s l e t ,  vaysi.de, Sigee GC.  Comon i n  scrub a t  southeas t  end of 

i s l a n d ,  and along roadsicles. fl i taddu i s l e t ,  common i n  s t ag ing  pos t  scrub. 



Euphorbia sp. 
(Probably undescribed, 0 .  atoto-E. chamisso& group, l ~ u t  con- 
sp icuous lg  pubescent; r e q u i r e s  f u r t h e r  study) 

Gail i s l e t ,  e a s t  end, Lagoon s i d e ,  i n  vas te land ,  bare open ground, 
Sixee 20. 

'ci'ianiI1ot e s c u l e n i z  Csantz 
Gan i s l e t ,  Sigee iq. 

W e d i l a n t i ~ u s  t i thymaloides (L.) Poi t .  
Gan i s l e t ,  i n  vayside, borckr ,  see -.. C. Coinmon wayside ornamental. 

Recent in t roduct ion .  

Phyllanthus madraspatensis L. 
Gan i s l e t ,  near  o i l  tanks,  on top o f l o o s e  sand bank, 20 yar8.s from 

i e n  S ' e  2 .  Conmon i n  a l l  wastelaild-scrub, roadsi$es and land 
. . 

near  bui ld ings .  J-Iitaddu i s l e t ,  common i n  s t ag ing  post  scrub. 

V:P!lyllanthus ur ina i ' ig  L. 
Gan L s l e t ,  av7sy from s e a ,  ncac o i l  tan!cs, i n   wasteland, s z e e  23,  

D i s t r ibu t ion  a s  with 2. madraspatensis:  common i n  a l l  wasteland-scrub, 
. . .  roadsides and land near  bui ld ings .  

*Ricinus cormunis L, -- 
Gan i s l e ' c r i f l e  range, i n  open ground, near  wayside, ; iaee 46. 

F a i r l y  common alony: roackides and i n  ell-:? a reas  of t h e  scrub  a t  t h e  soqth- - 
e a s t e r n  em!. Hitaddu i s l e t ,  a  f a 7  p l a n t s  seen i n  the  scrub around t h e  
s t ag ing  post.  

"al i s~h iaceae  &A?.&--.- 

T r i s t e l l a t e i a  ous t ra las ia f  Xichard 
Gan i s l e t ,  in gardens, S-&x AC, r. New record :or, t h e  Maldives. 

Sapindaceae .- 

hl lophylus  sol& B1. 
Ilitaddu i s l e t ,  i n  woody c l e a t i n g  i n  woods, S iaee  95 ( s t e x i l e ) .  

An inf requent  p l an t ,  seen only i n  the  lagoon no::thern f o i f s t  area.  

*Carcliosper:mum hal.-j.cacabuni I,. 
Gan i s l e t ,  g ra s s  sward, S i ~ e e  33. Common i n  scrub,  and occasion- 

a l l y  seen  in open vas te land  a~ou i ld  build in:^. 

Dodonaea v i scosa  L. - 
:litadd.u i s l e t ,  i n  vas t e l and ,  >i:xee 99. Corlmnon i n  c o a s t a l  scrub  

south of the  s tagLng.post .  Gan i s l e t ,  a  few bushes seen i n  t h e  c e n t r a l  
scrub. 

T i l i a c e a e  

Corchorus ges.tuans L. 
Gan i s l e t ,  i n  g>:assland near  b u i l d i n ~ s ,  Sizee tLL. Conmon i n  open 

grass land  and along roadsides.  Hitaddu i s l e t ,  common i n  s tag in"  pos t  
scrub. 



J / 4v .n t ing ia  ca labura  L. 
Gan i s l e t ,  v e s t  macsh, i n  t ree-scrub  woodland, small  t h i c k e t ,  

Sinee 43. Uncommon, bordering the  marsh a t  t h e  southeas t  end. Bitad- 
du i s l e t ,  common i n  p a r t s  of the s t a z i n s  pos t  a r e a ,  where i t  was re- 
s t r i c t e d  t o  t h e  mai-sh near  t h e  nor thern  border .  

. . 
Abutiloq indicum (L.) s m e t  

Gan i s l e t ,  south  s i d e ,  e a s t  end, Sigee 4.7. Uncommon, found i n  
c e n t r a l  scrub. 

*Hibiscus --- r o s a - s i n e n s i ~  L. 
Gan i s l e t ,  Sigee M. So1ital-y bush, a t  norchvestern t i p  of i s land .  

Il ibiscus s o h n d r a  L '3er .  
Gan i s l e t ,  zrasslancl,  Sigee 72. Uncor~won, occui-rins along road- 

s ides  and i n  open grassland.  :Iitaddu i s l e t ,  uncommon i n  stagin: pos t  
area.  

Bibiscus t i l i a c e u s  L. 
Gan i s l e t ,  seashore,  1 .e~oon s i d e ,  very near  t o  t i d e - l i n e ;  a dense 

t r e e  rrith no a s soc ia t ed  herbs but  o f t e n  with Scaevola, Sizee 5. Abun- 
dant alon:: the  s h o x l i n e  and i n  t h e  regenera t ing  woodland i n  t h e  cen t r e  
of t h e  i s l a n d ;  coiiimou a l s o  i n  the  c e n t r a l  dense woodland. Hitaddu i s -  . . 

l e t  cormon t x e ,  growing i n  t h e  c o a s t a l  scrub  on tile seaward s i d e  south  
of the  s t a ~ i n g  pos t  a r ea ,  and i n  open voociland on t h e  lagoon s i d e  no r th  
and south of t h i s .  . . . .  

Sida humilis U i l l d .  ? - 
Gan i s l e t ,  on mown grass land ,  S iaee  109. Common i n  open grass land  

and alony: 1-oaclsides, vezy o ic l e s~read .  I!itaddu i s l e t ,  common i n  s t ag ing  
pos t  scrub. 

Guttir 'eraf 

Calophyllum inophyllum L. 
Can i s l e t ,  south  s i d e ,  scrub ,  Sigee 55. A f e v  t r e e s  i n  t h e  a r e a  of 

regenera t inz  woodland. 
Turnezaceae 

*Turnera u l m i f o l i a  L. 
Bsshy i s l e t ,  c l ea r ing  on rough zcound, S iaee  6G. Common i n  c l e a r -  .., . in,qs i n  the  cen t r e  of the  woody a;-ea. mtaddu  i s l e t ,  seen only i n  t h e  - 

banana p lanta t ion .  
P a s s i f l o ~ a c e a e  - 

*Passiflo;a f o e t i d a  var .  h i sp ida  (DC.) R i l l i p  
Gan i s l e t ,  grassy scrub,  Sigee t,3. Comrflon along roadsides a!ld i n  

the  scrub. Hitaddu i s l e t ,  unconmon, i n  t h e  s t ag ing  pos t  scrub. New 
recorc! f o r  the  ? , iddives.  



*Pass i f lora  subezosa L. 
Gan i s l e t ,  south  s i d e ,  scrub ,  Sigee 55. Mot Lonuuon, but  saen  i n  

t h e  scrub,  along roadsides,  and c l e a r i n g s  i n  the regenera t ing  f o r e s t .  
Hitadilu i s l e t ,  common i n  open, d ry  a r e a s  of the  s t ag ing  pos t  scrub. New 
record f o r  the  Maldives. 

Caricaceae 

W a r i c a  papaya L. 
Gan i s l e t ,  i n  open wasteland, S iaee  50. A few t r e e s  occurred i n  

t h e  southern c o a s t a l  scrub,' and around t h e  bui ld ings  st t h e  nor thern  end. 

Cucurbitaceae 

*Cucumis Nelo L. 
Gan i s le t ,  on rough grouncl, concre te  rubble,  between o i l  tanks,  . - 

Sigee 15. ~ormnon i n  the  grass  verge by roads ides ,  and i n  t h e  scrub  
c l ea r ings .  Hitaddu i s l e t ,  conmon on bare  ground i n  s t ag ing  pos t  a r e a ,  
seaward s ide .  New record E m  t h e  Maldives. 

Lythraceae 

Ammania bacc i f e ra  L. -- 
Gan i s l e t ,  near  c o r a l  heap, wet ~ r o u n d ,  Sigee 66. Uncommon i n  

the  scrub, and loca l ized  i n  a smal l  marsh area. Bitacldu i s l e t ,  un- 
common i n  the  s t ag ing  pos t  scrub,  where it was loca l i zed  i n  t h e  marsh 
a t  t h e  northern boundary. New record f o r  t h e  Pialdives. 

Pernphis ac idu la  Fors t .  
Gan i s l e t ,  lagoon shore,  i n  open, about 2 yards from high t i d e -  

l i n e ,  among Ipomoea, Sigee ?. Uncommon; a few specimens suen i n  the  sea-  
ward c o a s t a l  scrub. Hitaddu i s l e t ,  common a s  t h e  shore l ine  shrub a lone  
p a r t s  of t h e  seaward coas t ,  and i n  t h e  c o a s t a l  scrub behind the  shore- 
l i n e .  A few specimens were a l s o  seen on the  lagoon s ide .  Bushy i s l e t ,  
rock s p i t s  going out t o  s e a  on ocean shore ,  Sigee 69. A common shrub, 
occurr ing  along the  whole periphery of t h e  i s l and ,  and i n  p laces  washed 
by t h e  t i de .  

Rhizophoraceae 

Bruguiera gymnorhiza Lam. . conjunata (L.) Nerr. of ARB 58) 
Hitaddu i s l e t ,  south  end, lagoon s i d e ,  Siime 110. S inz le  specimen 

seen  on t h e  lagoon shore,  south  of t h e  s t ag ing  post ,  i n  an a r e a  of l o c a l  
su r face  water. 

Combretaceae 

Terminal ia  catappa L. 
Gan i s l e t ,  - Sigee 71. A fe17 t r e e s  saen i n  t h e  a r e a  of builciin&s a t  

t h e  northv7est end. Hitaddu i s l e t ,  uncommon, occurr ing i n  the  northerr.  
f o r e s t  near  t h e  seaward coast .  



"Eugenia cumini (L.) Druce 
Gan i s l e t ,  cen te r ,  Sigee 77. The t a l l e s t  t r e e  on t h e  i s l a n d ,  

dominating t h e  c e n t r a l  woodland; a l s o  occurr ing as juveni le  specimens 
i n  t h e  regenera t ing  woodland nearby. New record f o r  the  Maldives. 

Apocynaceae 

"Catharanthus roseus (L,) Don 
Gan i s l e t ,  i n  wayside border ,  Sigee A. Kecent in t roduct ion ,  very 

conunon along t h e  wayside border  a s  an ornamental. 

9cNeriuin indicurn M i l l .  ? 
Gan i s l e t ,  bush, wayside, S igee  B. Gecent i n t roduc t ion ,  very com- 

mon along wayside border. 

Ochrosia o v p o s i t i f o l i a  (Lam.) K. Schum. 
Gan i s l e t ,  along e a s t e r n  end, near  road, s o l i t a r y  i n  scrub,  Sigee 45. 

Uncommon, seen only i n  regenera t ing  woodland. 

*Plumeria obtusa L. 
Gan i s l e t ,  S i ~ e e  H. Recent i n t roduc t ion ,  wayside shrub. 

*Plumeria rub ra  f .  a c u t i f o l i a  ( P o ~ T . )  Woods. - 
Gail i s l e t ,  Sigee G. 

Concolvulaceae 

'JcArgyreia nervosa (Burm, f . )  Bojer 
Gan i s l e t ,  Sinee E. S ingle  specimen seen,  c u l t i v a t e d  as  a c reeper  

on an e rec t ed  cane framework. New record f o r  t h e  I.Ialdives. 

Ipomoea l i t t o r a l i s  B1. -- - 
Hitaddu i s l e t ,  i n  c l e a r i n g  i n  woodland, Sigee 1 1 5 ( s t e r i l e ) .  

A s i n g l e  colony seen i n  t h e  nor thern  f o r e s t ,  near  a disused n a t i v e  dwell- 
ing. 

Ipomoea pes-caprae (L.) R. Bs. ssp .  pes-caprae 
Gan i s l e t ,  seashore, i n  dense mats ebout 20 yards from sea ,  Sigee 1. 

Abundant on t h e  lagoon shore l ine ,  and behind the  c o a s t a l  shrub on t h e  
seaward s ide .  Elitaddu i s l e t ,  abundant on the  lagoon shore l ine ,  occurr-  
ing a l s o  i n  p a r t s  of the  open ?7oodland on the  lagoon s ide .  A few p l a n t s  
seen i n  c l ea r ings  i n  the  seaward c o a s t a l  scrub. 

Ipomoea tuba (Schlecht.)  G. don -- -- 
Gan i s l e t ,  south of runway, e a s t  end, almost marsh (high water  

t ab le ) ,  Sigee 37. Common i n  sou theas t  open marsh area ,  and a l s o  i n  scrub- 
land a t  t h a t  end of the i s l and .  Hitaddu i s l e t ,  uncommon, i n  nor thern  
f o r e s t .  

Jacquemontia p a n i c u l a s  (8urm.f.) I la l l .  f. 
Gan i s l e t ,  south s i d e ,  scrub ,  g ra s s ,  v i t h  Ipomoea v ines ,  Sigee 54. 

Generally uncommon, seen i n  open g ras s l and ,  r o a d s i d e s , a n d  scrubland near  
the  regenera t ing  woodland. iiitaddu i s l e t ,  common i n  t h e  scrub of the  s tag-  
ing pos t ,  where i.t covered l o c a l  xreas of o the rx i se  bare ground. 



*Cordis -- c u ~ a s s a v i c q  (Jacq.) I?. h S. 
Gcu i s l e t ,  i n  ~ ~ ~ d e n s ,  Sijief ?3a, 2. New record f o r  t h e  Xaldives, 

C0;.(' .. i ~ a  ~ ~ b c o x r l a . 2  Lan, -- 
Gan i s l e t ,  end of i s l a n d ,  Sigee 7?. Uncommon, occurr ing n e w  bui ld-  

i:?;~ . 
Tourncfor t ia  a r r p n t e a  L ,  f ,  

(Nessei-schmidia y p n t e a  (L. f .) Johnst . )  
Gan i s l e t ,  seashore,  lagoon, 5 yds from t i d e - l i n e ;  open h a b i t a t ,  - 

Sioee G. Col~non along shore l ine ,  and i n  c o a s t a l  scrub a t  southeas t  end of 
---I' 

i s l and .  Sca t t z red  a s  an inf requent  shrub i n  the  scrub farthe: in land ,  and 
a few colonis ine  hushes seen  i n  t h e  open m a x h  area.  Hitaddu i s l e t ,  com- 
mon along p a r t s  of seaward coas t  a s  sho re l ine  shrub, and a l s o  i n  t h e  coast-  
a l  scrub behind tile shore l ine .  Comnon a l s o  i n  t h e  s t a g i n g  pos t  a r ea  on 
t h e  seawai-cl s ide .  Not common on t h e  lagoon coas t .  

Solanaceae 

Physal is  anjiuiata L. 
(This specimen trould correspond t o  2. minima L . ,  v7hich i s  probably 
j u s t  a  reduced form of 2. an:;ulata L , )  

Gan i s l e t ,  near  a i r s t r i p ,  grass land  on d i s tu rbed  a rea ,  Sigee 67. 
Comuon herb by the s i d e  02 roads,  occurr ing a l s o  i n  d ry  areas  of t h e  open 
z r a s s l a n d ,  and. scrub. l-iitacldu i s l e t ,  f a i r l y  f requent  i n  the  dry a reas  of 
t h e  s t a g i n z  pos t  scrub. 

Verbenaceae 

0. ,,Lantana calmaira L. ---. ., - --. . . . . 

Gan i s l e t ,  Sifiee S. Xccert ins t ro4uct ion .  ' A  few bushes se fn  planted 
a s  rra-jside ornamentals a t t h e  nor thern  end, Nevr record f o s  t h e  Maldives. 

f3.&!2:43. nodif l o r a  L. . .... . . .. 

Gan i s l e t ,  almost rnacsh (high !later 'ieble a r e a ) ,  S izee  3C. Seen 
only i n  t h e  open marsh a r e a  a t  t h e  southeas t  e n d , ' < ~ l ~ & e  i t  was common: 
Niteddu i s l e t ,  r e s t r i c t e d  t o  the  marsh a r e a  a t  t h e  nor thern  b o u n d a r ~  of 
t h e  s t ag ing  pos t ,  ?he re  i t  rras l o c a l l y  common. 

Stachytarpheta ind ica  Vshl 
-* ... .?tiixddu i s l e t ,  south  end, on vas te land  and i n  opeil f o r e s t ,  E:;ee 100. 
Local iy cor~nnon i n  open grass land  a t  t h e  southern boundary of t h e  s t ag ing  
pose. Ne?7 ::ecor$ fox t h e  ilaldives. 

Ocim~m sanctum L. -. .- ---- ..  , 
Gzn i s l e t ,  near  c o r a l  heap, d ry  v a s t e  ground, S i ~ e e  37. Uncommon 

i n  c e n t r a l  scrub. Ilitadclu i s l e t ,  uncora-non i n  s t ag ing  pos t  scrub. 

! 

Stachys sere$= !.;all. ex Benth. . . - . ... 

IIitadclu i s l e t ,  nor th ,  i n  c l e a l i n ~ s ,  116. Common i n  c e n t r a l  -- 
sta$.ni: post  scrub,  a l s o  found on t h e  lagoon s i d e  of t h e  northern f o r e s t .  
Ne~7 record fox t h e  iiald.i.les. 



:Ungelonia s a l i c a r i a e f o l i a .  1-1. & D. 
Gan i s l e t ,  i n  gardens, Si?;ee AG. Net7 record f o r  t h e  1,faldives. 

Bacopa monaieri (I,.) I'Jettst. 
Gan i s l e t ,  i n  water  i n  marshland, Sigce ill. Res t r i c t ed  t o  the 

southeas t  marsh, t h e r e  very common. 

St.... ~ L g a  a s i a t i c a  (L.) 0. Ktze. --- 
X t a d d u  i s l e t ,  no r th  p a r t ,  i n  f o r e s t  c l ea r ings  a t  lagoon s i d e ,  

S i ~ e e  9[!.. Localized i n  a  small  a r e a  on the  lagoon s i d e  of t h e  nor thern  -- 
f o r e s t ,  near  t h e  nor thern  bounc1a;-y of t h e  s t ag ing  pos t .  New i-ecord f o r  
t h e  Maldives. 

Bignoniace ae  

"Spathodea campanulata Seauv. 
Gan i s l e t ,  i n  gardens, Sigef  AA. l.1er.r record f o r  t:he Pialdives. 

Wecoma stans L. 
Gan i s l e t ,  i n  ga:idens, 3igee V. 

Acanthaceae 

*Pseuderanthemui..1 c a r r u t h c r s i i  var .  atropurpureum (Uull) Fosb. 
Gan i s l e t ,  S i l e e  P.. Recent in t roduct ion .  Planted as  wayside bus t .  

* P s e u d e r a n t h e i ~  car:ruthersi i  (Seer%) Guil l .  var.  c a r r u t h e r s i i  ? 
Gan i s l e t ,  i n  rra.yside, S i ~ e c  1). Kecent in t roduct ion .  0ccur.riug 

i n  garden and as wayside bush near  bui ld ings .  

Guettarda speciosa L. 
Gan i s l e ,  laeoon s i d e ,  on shore ,  Sir:ee 10. Conunon i n  the  c o a s t a l  

scrub ,  and occurr ing f r equen t ly  i n  the  open sczub, and regenera t in2  wood- 
land. IIitaddu i s l e t ,  common i n  t h e  c o a s t a l  scruh on t h e  s e a m r d  s i d e ,  and 
i n  t h e  open f o r e s t  on the  lagoon s i d e  nor th  of the stagin:, pos t .  F a i r l y  
frequent  i n  banana p l an ta t ion .  

l iedyotis brachiate - - ! ? igh t  
Gan i s l e t ,  near  c o r a l  heap, x a s t e  ;round, Sigee C5. Kestsictecl t o  

a  small  a rea  of opeil scrub a t  t h e  southeas tern  end of t h e  i s l and .  i4ew 
record fox the  Nal:livfs. 

Aedyotis corymbosa (L.) Lam. 
G a n  i s l e t ,  southern cnd, along wayside i n  rocky dus t ,  S i ~ e e  51. 

Commonly found by raysicles,  a l s o  seen i n  the  scrub. Mitaddu i s l e t ,  com- 
mon i n  the  s t ag ing  pos t  a rea .  

Ixora  coccinea L. - 
Gan i s l e t ,  southern p a r t  of i s l and ,  i n  bush scrub,  Sigee 52. Local- 

ly common shzu'o, seen only i n  t h e  reZeneratin," woodland south  o i  t h e  cen- 
t r n l  dense woodland. 



Morinda c i t r i f o l i a  L. ---.- 
Gan i s l e t ,  Sigee 50. H i t a d d u i s l e t ,  common i n  the  coas ta l  scrub 

on t h e  seaward s i d e ,  and occurring a l s o  as a frequent  shrub i n  t h e  open 
woodland on t h e  lagoon s ide  o f  t h e  northern f o r e s t .  

Goodeniaceae 

Scaevola taccada (Gaertn.) Roxb. 
(2. se r i cea  Vahl)  
Gan i s l e t ,  Sigee 9 .  Common along t h e  shore as a shore l ine  shrub, 

and a l s o  i n  t h e  coas ta l  scrub. Freauent i n  t h e  oven scrubland i n  t h e  
reg en era tin^ woodland. A few bushes occurred as primary co lon i se r s  i n  
t h e  southeast  marsh area. Bitaddu i s l e t ,  abundant on t h e  seaward coas t  
bo th  as a shore l ine  shrub, and i n  t h e  dense coas ta l  scrub behind t h e  
shore l ine .  Also common i n  t h e  s taging  post scrub, and on t h e  lagoon 
shore l ine .  A f requent  bush i n  t h e  open f o r e s t ,  n o r t h  and south o f  t h e  
s taging pos t ;  was a co loniser  i n  c l ear ings  i n  the  dense Pandanus f o r e s t  
on the  seaward s i d e  nor th  o f  t h e  s taging post area. 

*Bidens p i losa  L. 
Hitacldu i s l e t ,  i n  c lear ings  in woodland, lagoon s i d e ,  Sigee 98. 

Common on t h e  lagoon s i d e  o f  t h e  northern f o r e s t .  New record f o r  t h e  
Maldives. 

Blumea s inuata  (Lour. ) Herro . .. 

i-1i.taddu i s l e t ,  i n  scrubland i n  open swampy area,  Sigee 104. 
Uncommon, a f e v  specimens found i n  t h e  marsh area a t  t h e  northern boundary 
o f  t h e  s taging post. New record f o r  t h e  Maldives. 

Wonyza  f ior ibunda Kunth --* 
[This  spec ies  seems t o  me i n s u f f i c i e n t l y  d i s t i n c t  from 

C .  bonai iens is  (L.) Cronq. FRF.] 
GZn i s l e t ,  eas t  end of i s l a n d ,  j u s t  south o f  a i r s t r i p ,  i n  open 

scrub ,  Sijsee 30. Seen only  as a ferr clumps near t h e  coastal  scrub a t  t h e  
eas t e rn  end o f  t h e  ru,nway. Nev7 record f o r  t h e  Pialdives. 

*Ecl:pta alba (L.)  Iiassk. 
Gan i s l e t ,  almost marsh ( h i g h  v a t e r  t a b l e ) ,  g igee  35. Conunon 

i n  t h e  soutilern marsh area,  uncoinmon along roadsides and i n  scrub. 

Launaea p i n n a t i f i d a  Cass .  -,-- 
Gan L s l e t ,  seashore, Sigee 3 .  Common as a shore l ine  plant on 

lagoon s i d e ,  a l s o  f a i r l y  frequent  inland on bare ground. Mitaddu i s -  - - 
l e t ,  common along t h e  lagoon s h o r e l i n e ,  spreading across  bare sand. 

W r i d a x  pi-ocumbens L. . 

Gan i s l e t ,  eas t  end, jus t  south  o f  a i r s t r i p ,  on bare ground, open, 
Sigefx. Corn-on i n  parts o f  t h e  open "grassland",  roads ides ,  scrub - 
and on t h e  shore l ine .  iiitaddu i s l e t ,  abundant i n  parts o f  t h e  s taging  
post area,  near b u i l d l n g s ,  where it formed a compact t u r f .  



Vernonia c ine rea  var .  p a r v i f l o r a  (Bl.) DC 
(1. i r e  (L.) Less. of ARB 56) 
Gan i s l e t ,  away from s e a ,  near  o i l  t anks ,  i n  wasteland, more or  l e s s  

shady, Sigee 2 2 .  Comnlon by roadsides,  i n  scrub ,  and near bui ldings.  H i t -  
addu i s l e t ,  common i n  scrub of s t a g i n g p o s t  area. 

Wedelia b i f l o r a  (L.j DC. 
Gan i s l e t ,  seashore,  not  normally washed by t ide ,  S izee  2 ,  Abundant 

in open c o a s t a l  vegeta t ion ,  occurr ing  j u s t  in land  from shore l ine .  Also 
common i n  dry in land  scrub. Nitaddu i s l e t ,  abundant herb, forming com- 
p l e t e  ground l aye r  i n  p laces ,  i n  t h e  lagoon s i d e  open f o r e s t ,  no r th  and 
south of the  s t ag ing  post .  Also common i n  c l e a r i n g s  i n  c o a s t a l  scrub on 
seaward s i d e ,  and common i n  open scrub  of s t a g i n g  post  a r e a  i t s e l f .  

Name changes required i n  t h e  Systematic l i s t  of p l an t s  

of t h e  14alclive I s lands  (ARE 58: 8-36, 1957) 

Apluda v a r i a  var .  a r i s t a t a  L. = Aplucla n ~ u t i c a  L. 

Bambusa arundinacea t!illd. = Gambusa sp inosa  Roxb. 

Bambusa v u l g a r i s  Schrad. = Gambusa arundinacea Willd. 

Eragros t i s  amabil is  (L.) :J. h A. = Eragros t i s  t e n e l l a  (L.) Beauv. 

Paspalurn vaginaturn Sw. - Paspaluni distichurn L. 

Cladium jamaicense Crantz = Cladiur.1 jamaicense v a r .  chinense (iiees)Koyama 

Areca cathecu L. = Areca catechu L. 

Rhoso d i sco lo r  Hance = Rhoeo spathacea (Sn.) S tearn  

Cordyline t e rmina l i s  (L.) Kunth .- Cordyline f r u t i c o s a  (L.) Goepp. 

Ficus r e t u s a  L. - Picus microcarpa E. f .  

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

Albizz ia  lebbek L. = Alb iz i a  lebbeck (L.) Denth. 

Erythr ina  inclica L. = Erythr ina  vajziegata L. 

Tr iphas ia  t r i f o l i a t a  DC. := Triphas ia  t r i f o l i a  (Durm. f . )  P. Wils. 

Euphorbia he terophyl la  L. = Euphorbia cyathophora i~iurr. 

Phyllanthus nivosus Gull = Breynia nivosa (Bull) Small 
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Abroma augusta L. = Ambroma augusta  L. f .  

Eugenia jamnbolana Lam. = Eugenia cumini (L.) Druce 

Ipomoea turpethurn (Lo) R. 3 .  = Opei-culina turpethurn (L.) Pianso 

Hesserschmic'ia a rgentea  (L. f . )  Johnst. = Tournefor t ia  a rgentea  L. i. 

Physal i s  minima L. = Physal i s  angula ta  L. 

Borrer ia  ocymoicles (Bum. f . )  DC. = Sperrnacoce ocymoides Burn. f .  

Scaevola s e r i c e a  Vahl = Scaevola taccada (Gaertn.) Roxb. 

Adenostcmma viscosum Fors t .  = Adenostemrfla lavenia (L.) 0. Ktze. 



1 1  
D. Ifiarine benthic  a lgae  from Addu Ato l l ,  ?4aldive Islands- 

2 / by KO: I'. T s u d a ~ /  and Jan iJenhouse- 

The following i s  an annotated l i s t  of .the marine ben th ic  al;ze 
tilac ve re  s e n t  t o  t h e  s e n i o r  au thor  by H r ,  David C. Sigee. One t e r r e s -  
t r i a l  and one f r e s h m ~ t e r  a l z a  axe a l s o  included i n  Chis paper. A l l  co l -  
l e c t i o n s  r7ere made i n  t h e  pro::imitji of t h r e e  islands--Gan, Bitaddu, and 
Fedu on Addu A t o l l ,  3uLy t o  September, 1964. 

Pas t  published X s t i n s s  of tile a lgae  f:corn t h e  italdive I s l ands  a r e  
based s o l e l y  on t h e  c o l l e c t i o n s  from two e:r;>e:lieions--Che J. S. Garcliner 
.?kipedition, 1892-1900, and the  J. iiurray Expedition, 1!?33-311.. 12arton 
(1903) descr ibes  6 spec ie s ,  includin: 0 f o ~ r a s ,  3 of the  spec ies  from Ad- 
d . ~  A to l l ;  while  F o s l i e  (1903) enumerates S spec ie s  of rilelobesioicl al::ae, 
containing var ious  forms, 2 of th? spec ie s  from Addl Atol l .  Uerrton 
(1953) reco;.-ds one elga,  i:iic;odictyon pseudoha~te;.on f .  luc igarense  S e -  
c h e l l ,  co l l ec t ed  by the  J. >&?:cay Er:peclitioi from i;ulal;adu i i t o l l .  To 
t h e  au'chorsi kcnowled~e, only these  t h r e e  papers t r e a t  t h e  nazine bent!lic 
a l z a e  from t h e  ifial6.ive I s lands .  

The Eollowinp; i s  a l i s t  of h a b i t a t s  on M d u  from which t h e  co l l ec -  
t i o n s  of a lgae  were made o: observed b y i i r .  Sizee. 

Gan Is land  - lasoon reef  E la t ,  s h o ~ e 1 i n e  t o  100 f e e t .  - 
Gan Is land  - lacoon r ee f  f l a t ,  100 f e e t  t o  250 f e e t .  -- 
Gan Is land  - la-oon zcef f l a t ,  250 f e e t  t o  r ee f  edge (360 f e e t ) .  -- 0 

Gan Is land  - lafioon r ee f  s lope ,  t o  depth of 90 f e e t .  ..- 
Gan Islanc! - se,..r.rar$. r ee f  f l a t ,  sho re l ine  .Lo boulder zone. - 
Gan Is land  - seawax6 reef  f l a t ,  boulder zone t o  reef  edge. -- 
Ilitaddu Islan?: - seaward r ee f  f l a t ,  sho re l ine  t o  20 f e e t .  
Hitaddu IslanG. - seavrarcl r e e f  f l a t ,  20 f e e t  t o  reef edge. 
Gan-Fedu &,. --- 
On kno l l  i n  lagooii, 30 f e e t  below t h e  sur face .  

I n  .the l i s t  of spec ies  below, t h e  l e t t e r s  represent inz  t h e  habi-  
t a t s  above r e f e r  both t o  the  s i t e  where t h e  spec ies  were a c t u a l l y  co l -  
lectesi and vclei-e the  spec ies  were only obsei-vec'. !,!here more than one 
ilqL r v ~ t a c  . .. . i s  l i s t e d  f o r  a spec ic s ,  t h e r e  i s  no ava i l ab le  information in-  

clicating urilich vas the  ac tuo l  s i t e  of co l l ec t ion .  It must be assumed 
a t h e  c o l l e c t o r  was s u f f i c i e n t l y  competent t o  judge c r i t i c a l  d i f -  
fe rences  between the  s p e c i f i c  e n t i t i e s  represented. A l l  specimen gumbe?:$ 

: 1/ Technical Xepwt No. s, Ilariaii I n s t i t u t e  of i h r i a e  Biolozy, Univer- 
s i t y  of B w a i i ,  IIonolulu, ilavraii SSC22. 

3 / Department of IJotany , Univers i ty  of Eatraii, IIouolulu, ilawaii. - 



c i t e d  here a r e  those o:E the  c o l l e c t o r ,  and the  specimens a r e  deposi ted i n  
the  herbarium of Dr .  Ha::welI. S. Doty, Univezsity of Iiavaii ,  

Those f i v e  spec ie s  trhich a r e  recorded from Addu Ato l l  i n  both Barton 
(1903) and F o s l i e  (1903) a r e  incozporated i n  t h i s  L i s t ing  and preceded by 
an e s t e r i s k .  

Anncystis montana (Lightf.) Drouet Lc: Daily 
Habitat :  E, Sigee 120. 

Calot!iri:. p i l o s a  Bornet & Flahaul t  -- 
Habitat:  E, Sioee 12C. 

:lorrnotl~mnioi~ e n t e r o m o r p h o i c  Boi-net & Flahau l t  
& i t  A, Si,.ee "' v\. D 

a 2- 
This spec ie s  Zetermination was made by Dr. Francis  Drouet. 

L'7n-b /a  ma iuscula Gomont -...L'-I) 
& b i t a t :  A-F, Since It .  

Schizothi-ix c a l c i c o l a  (Ag.) Gomont 
-, 

Zabi ta t :  E, Si-ee 32. 

. . ---- Dnc!i'ppseniaforbesii (8arvey) Feldmann, 1930: 5G3, f i g s .  3-5. 
.- $labitat:  A ,  6, i, F ,  Si!:ee C. 

Tile elongated v e s i c l c s  a r e  i n  groups of: 10-20. The bases of 
the  v e s i c l e s  i n  t k i s  c o l l e c t i o n  a r e  tapeked rr i th  a t tached  s e ? t a t e  rll izoids.  

I30od.lea composita (Earv.) :3rand, 1905: 1C7; E g e ~ o d ,  1952: 362, f i g s .  Ga, -- 
d. 32a. 
Bab i t a t :  B, E,  F, 8, Sioee 94. 

~ 0 t h  snecimens seem t o  f a l l  within t h e  l i m i t s  o f t h i s  ssnecies. - > 

No. 7 is much coarser with t h e  main ax i s  about 302 y i n  clianeter,  
vrhile the  main a x i s  of ito. ?/:. i s  about h a l f  t h a t  ciihmeter. 
rn 0006.lea sp. -- 

Flabitat: D, S i ~ e e  63. 
The c o l l e c t i o n  i s  a. Cine spongiose mass about a. centimeter  i n  

diameter,  i r i th  t h e  presumeG o lde r  por t ions  of f i laments  approximately 
25 u i n  diameter an3 t h e  younger po r t ions  as  f i n e  a s  7 y .  

1. 

Dryopsis y x n a t n  Lam;. , I.COS.: 1 ,  :fig. 1 ,  p l .  3; Egerod, 19%': 370,fig. 7. 
Xabitat:  A-P, Since I(:, 54,  on c o r a l .  



C a - ~ l e r p s  l e n t i l l i f e r a  J. ha,, 1837: 173; Eubanlc, 1946: 418, f i g .  2L; -.-- - 
Taylor,  1950: 67. 
Rabi ta t :  A-D, Sigee Cb. 

This specimen, which is 5 mm h i r h  from tile ~ r o s t r e t e  ax i s .  does - 
not f a l l  w i th in  t h e  s i z e  range as  described by Eubank (1546) o r  Taylor 
(1950), bu t  is placed here  because of i t s  d i s t i n c t  c o n s t r i c t i o n s  a t  the  
po in t s  of attschment of t h e  ged ice l s  t o  t h e  terminal  heads. 

Caulerpa racemosa var. macrophysa (Kfftz.) Taylor ,  1928: 101, pl .  12 
(f ig.3)  2nd pL. 13 (Tig. 9) .  
Bebi ta t :  A-D, Sigee Cs.. 

Cauleryz racemosa var .  y e l t a t a  (Lam.) Eubanlc, 1 :  4.21, f i g s .  2r-s .  
Iljcii-at: A-C, F ,  H, Size@ 9 , s .  

Dis t inc t  p e l t a t e .  rarnuli a r e  present  on both specimens. 

C a u l x p a  s e x u l a t a  var .  t yp ic?  (7;kber-van aosse) Tseng, 1936: 178, p l .  1. 
Babitat :  I, Si;;ee C7. 

Cnalei-1% t z x i f o l i a  (Vahl) A .  1322: 435; Eubanlc, 19L!.6: 417, f i z .  2f-&. 
Rabi te t :  A-C,  Sigee 10. 

C'a?.etomo~u;~a brachyzona ilai-vcy, 1 37; Taylor ,  1960: 79, p l .  :2(fig.S), 
Hobits t :  A,  S i , ~ e e  FC.. 

The f i laments  a r e  z b o u  150 9 i n  diameter a d  s l i g h t l y  c o n s t i i c t e d  
ot  theii .  septa.  The c e l l s  x e  l e s s ' t h a n  two times as  lony, z.s t h e i r  d ia -  
meter. 

Chaetomorphc c r a s s a  (Ag.) KUtz., 15h5: 204; Taylor,  1560: 72. 
Rabitat :  A,  S i ~ e e  10C. 

The f i laments ,  inc.P~diilg t h e  c e l l  .;7all, a-re ebout 420 ,u i n  d ia-  
meter with the  c e l l  l ength  l e s s  t h m  twice t l inis  diameter.  he chick 
c e l l  wall  is approximetely 75 .u i n  diameter.  

Ch,-etomorpha g rac i l i s :<Utz . ,  l X 5 :  203; Taylor ,  1960: 70. 
Habitat :  G, Sijiee 105. 

These f i laments  a r e  about 45 u i n  diameter v i t h  the  l enz th  of the  - 
c e l l s  about two t o  four  titiles a s  loil& a s  thei;: diameter.  

Cladophora sp.  
Habitat :  B-II, Si,.;ee 3Z ,  55. 

These intertanr;lec? f i l m e n t s  a re  l i n h t  brown i n  co lor  wi th  t h e i r  - - 
c e l l s  about 120 u i n  diameter.  The length of each c e l l  i s  about seven 
t o  e igh t  times t h e i r  diameter.  The la te ra l .  o::anches usua l ly  occur on 
one s i d e  of the main. f i lament .  

Cladop11ora sp. - 
&bi ta t :  A-B, S izee  73. 

Cladophoropsis sp. 
I iabi tet :  F ,  :I, S i p e  9 9 ,  E. 

The l a t e r a l  f i laments  a r e  spaced i r r e a u l a s l v  d o n a  the  main f i l a -  - - 
inent i n  a  v e r t i c i l l a t e  manner. The diameter of The main f i lament  is about 
550 y. 



Codium arabicum IWtz., 1056: 35, p l .  100 ( f i g .  I f ) .  
Habitat :  F, Sigee 123. 

Codium edule S i l v a  & E2erod, 1952: 392, f i g .  12, pl .  351). 
blabitet: B, F, S i ~ e e  22. 

I, branching repent  specimen wi th  t h e  t h a l l i  not  secondar i ly  a t -  
tcched t o  each o ther .  The s i z e  and shcpe of t h e  u t r i c l e s  a re  very s i m i l a r  
as  those  described i n  Egerod (1952). 

Dictyosphaeria  intermedia var .  intermeclia Weber-van Gosse, 1905; Ta~ylor ,  
1550: 42. 
a :  E, F ,  13, Sigec !:0. 

7 3 7 0  m o r p h o l o ~ i c a l l y  d i f f e r e n t  t h a l l i  ci:e included i n  t h i s  c o l l e c -  - 
t ion- -a  s o l i d ,  i>seudopai-enchymatous cushion and a Z-tollorr monos tvornatic 
hladc!e;.-. ;Soti; il 'nalli l ack  t rabeculae .  The l a t t e r  t h a l l u s  a l s o  f a l l s  with- 
i n  t h e  circumsci-iptiou of g. cavernosn ( ~ o r s s k h )  Doerg. Egcrod (1952) 
con:ments on these  spec ie s  saying t h a t  D. int.errsedia, i n  t h e  l a t e r  s t ages  
of developoient, i s  almosi: i n ( ! i s t i n ~ u i s h a b l e  from ). cavernosa. Since these  
two t h a l l i  appear unde? t h e  same c o l l e c t i o n  number, i t  may be poss ib l e  tha.t 
t hese  represent  the younz and olc! s t a g e  of - D. interme&. A more c r i t i c a l  
s tudy of t h e  haptera  of Loth spec ie s  i s  needed. 

Enterornoruha sp. 
Habitat :  A, D, Sizee 62.  

These t ! la l l i  a x  &out 7 cm hioh with bi-en chin,^ occurr ian near  t h e  - - - 
base, Goth c y l i n d r i c a l  cad compressed branches ai. ise from t h e  base, w i th  
t h e  foroier type ai30u.t 150 i n  diameter  nnd the  l a t t e ~  type about 1 mm i n  
diameter.  The c e l l s  appear i n  l o n c i t u d i n a l  xovs t7itl-t two t o  four  pyre- 
noids i n  each c e l l .  

FIclimeda d i sco idee  Decaisne, 12lj.2: 9 1  H i l l i s ,  1959: 352, pl .  2 t i .  5 ) ,  
5 ( f ig .  l l ) ,  131. 6 ( f i z .  l l ) ,  pl .  7 ( f ig s .  5-10), pl .  0 ( f i g s .  

5 4 ,  pl .  11. 
a :  A, B, F, il, S izee  1. 

The secondary u t r i c l e s  a r e  very conspicuouslg i n f l a t e d .  

*Halimeda i n c r a s s a t a  ( E l l i s )  Lam:., 1812: 106; H i l l i s ,  1959: 365, p l .  L!. 
( f ig s .  1-29, p1. 5 ( f ig .  21) ,  p l .  G ( f ig s .  21-24), p l .  1 2 .  
Habitat :  belorr 25 fathoiis and on hard bottom ou t s ide  a t o l l ,  

Barton, 1903; A,  D, SL,gee 75; A, B, F, S i ~ e e  2b; F, 
Si:;ee 103. , . . . . . . . . 

The h a b i t a t  d a b  f o r  these'-r;hree specimens a r e  l i s t e d  here  sepa- 
r a t e l y  s i n c e  t h e  specimens appeaj: r n o - c ~ j : ~ o l o ~ i c ' i l l ~  dissimila;:, bu t  a l l .  . 

t h r e e  seem t o  f a l l  w i tb in  the  c i rcumscr ip t ion  of t h i s  spec ies  when exam- 
ined anatomically.  The sii;:face u t r i c l e s  of  specimen No. 2b a r e  round i n  
eppeerance and not  angulai: as descr ibed  by H i l l i s  (1959). Aside from 
t h i s ,  i t  seems t o  f a l l  ~ 7 i t h i n  t h i s  species .  

*:3alimecla opuntia  (L.) Lam:., 2312: 1 ;  i I i l l i s ,  1955: 359, p l .  2 ( f i g s .  --.. 
1 )  1 .  5 ( f i g .  3 1 .  6 ( f ig .  6 ) ,  pl.. 7 ( f i g .  3) ,  pl .  10. 
I labi tat :  below 25 faillions and on hai:c: bottom ou t s ide  a t o l l ,  Barton, 

1903; A, B, 2, F, W, ~ i % e e  2.21, 3, 3. 
These t h a l l i  a r e  about 4-5 cm hi::h rrith no s p e c i f i c  ho ld fas t  - 

p;:esent. The inedullary f i laments  a r e  ?used i n  tr,:os but  occas ional ly  m y  



be seen i n  t h r e e s ,  with t h e  po in t s  of fus ion  about 1-1.5 times as  long as  
t h e  cliaraetcr of t h e  f i laments .  The primary u t r i c i e s  adhere t o  each o the r  
even a f t e r  d e c & l c i f i c a t i o n .  These ind iv idua l  u t r i c l e s  a r e  about 17 fl i n  
su r face  diameter.  

Neomeris mucosa I4owe, 1909: 84, p l .  1 ( f i g ,  5) and pl .  5  ( f i g s .  1-14); -- --- 
Damon, 1956: 42, f i g .  30c. 
B a b i t ~ t :  F, n, Sinee 102. 

Of t h e  seven spec ies  i n  t h i s  genus, these  t h a l l i  agree wi th  t h e  
d e s c r i p t i o n  and f i g u r e s  of t h i s  spec ie s  as  described i n  Howe (1909). 

Tydemania exped i t ion i s  Veber-van Bosse, 1901: 139; A. 6 E. S. Gepp, 1911: - -- 
66, f i g .  153-154; Taylor,  1950: 73, p l .  38 ( f i p .  1 ) .  
Habitat :  B-B, 3 ,  Sigee 32. 

Only t h e  d i s t i n c t  glomerular form of t h i s  spec ies  is  present  i n  
t h i s  co l l ec t ion .  

Udotea o r i e n t a l i s  A. & E. S. Gepp, 1911: 119 and 142; Taylor,  1950: 74, 
pl .  38 ( f ig .  2) .  
Eabi ta t :  A-F, H, I, Sigee 15. 

The t h a l l i  a r e  sinall, about 3-4 cm high including the  s t i p e ,  and 
an,ltomically s i m i l a r  t o  the  d e s c r i p t i o n  i n  Taylor (1950). 

Valonia u t r i c u l a r i s  (80th) C. Ag. 1022: 431; Taylor ,  1950: 41. -- 
Habitat :  F, $1, Sigee 103, 111. 

The v e s i c l e s  a re  i r r e g u l a r l y  shaped with no organized p a t t e r n  of 
branching. 

Valonia v e n t r i c c s a  J. Ag., 1887: 96: Egerocl, 1952: 347, pl .  29a. 
-7 

Bebi ta t :  B-D, I?, Sigee 52. 
These v e s i c l e s  a r e  s o l i t a r y ,  about one cent imeter  i n  diameter.  

Phaeophyceae 

W i c t y o t ?  ba r t ay res i ana  Lam. ,  1809: 4.3. 
Hab2tat: i n  passage below 25 fathoms and on hard bottom,Earton, 1903, 

Dictyota f r i a b i l i s  Se tche l l ,  1926: 9 1 13 ( f ig s .  4-7) and pl .  20 - 
( f i g .  1) .  
Habi ta t :  A-F, 3, J,  Sigee 5a,  zl. 

Both c o l l e c t i o n s  form p r o s t r a t e  clumps, with t h e  t h a l l i  about 1-2 
cm long. Most of t h e  t h a l l i  05 No. 70 a r e  l e s s  tha.n 2 mm broad, whereas 
the  t b a l l i  of No. 5a a re  about 5 mm broad. For t h e  present ,  both of t hese  
s t e r i l e  specimens a r e  t e n t a t i v e l y  l i s t e d  here. 

Dictyota sp. --- 
I-labitat: A-P, 11, J ,  x e e  - 5b. 

This c o l l e c t i o n  c o n s i s t s  of u r o s t r a t e  clumus wi th  the  t h a l l i  UD t o  
3 cm long. The margins of the  t h a l l i  a r e  s e r r a t e d  a s  i n  Dictyota patens 
J. Ag., bu t  clo not  conform t o  t h e  g r o r ~ t h  h a b i t  an6 s i z e  of t h i s  spec ies .  

Eiyclroclathrus c l a t h r a t u s  (Bory) Howe, 1920: 590; Taylor,  1950: 96. - 
Habitat :  E, F, I, Sigee 45. 



Padlna comnmersonii "uory, 2 1 OIcaniu~a (Icones V I ) :  03, pl .  295. -- --- 
b i t :  A,  E, I3, G, Sizee  17. 

These t h a l l i  a r e  about 5 cm high 2nd a r i s e  from a common hold- 
f a s t .  The t h a l l i  a i e  two t o  t h r e e  c e l l s  ti>icl:, about $0 .? i n  thickness 
a t  t h e  a p i c e l  poi'tion and en la rg ing  t o  120 i n  thickness below. The 
oo~ ;on ia  a re  i n  co~;centsic  rovrs on t h e  upper su r face  above every h a i r l i n e ,  
w i th  no induciim present .  

Pocockiel& va r i ega ta  (Lam.) Tapenfuss, 1943: 469, f i g s .  1-14. 
Habitat:  l3, D-F, H, Sixes  50. 

The t h a l l i  mi-c geoving p r o s t r a t e  on fragments of co ra l .  A1- 
though ',he watomica l  s ec t ions  a s  wel l  as  h a b i t  a r e  s i m i l a r  t o  those des- 
c r ibed  i n  Papenfuss ( 3 ,  t h e r e  i s  s t i l l  some doubt as  t o  t h e  legi t imacy 
of t h e  gener ic  name. 

S p h a c e l a ~ i a  sp. 
7 "  : labitat:  A, 3 ,  Siaee  Lu. 

These t h n l l i  a r e  about 1-2 rmn hi::h. Since a l l  of the  t h a l l i  - 
17ere without propagulae, no s l ~ e c i f i c  e p i t h e t  can be designaired here. 

Turbinar ia  orna ta  (Turner) J. P.;., 184s: 266 ;  Tayloii, 1950: I O L ,  p l .  53 
( f i z .  2) and p1. 55 ( f ig .  2) 
Habitat :  5 ,  F, H, I, Sigee 20. 

The ne lobes io id  c o r d l i n e s  of t h e  present  c o l l e c t i o n  a r e  not  re-  
ported here because of the  au thor s '  unfamiliariCy wi th  t h i s  group. Bor.7- 
ever ,  tv7o spec ies  described i n  F o s l i e  (1903) a;-e l i s t e d  here. 

Antithamnion sp. 
Xabitat :  B,  C ,  P,  Sioee 25. 

The branches on t h e  main a x i s  ace e i the i '  onnosi te  o r  v e r t i c i l -  
a .  

l a t e  with the  terminal  branches t ipped  v i t h  a s i n z l e  ecute  shaped c e l l .  

*Axhaeol i  thotha~~inion schmidt i i  Fos 2.  
IIabitat:  below 25 Eathoms of  watsr  i n  lagoon, F o s l i e ,  1903, 

- 
Habi ta t :  ,A-C, F, S izee  23. 

Ceramium imnbriatum S e t c h e l l  & Garclnejr, 1524: 777, p1. 26 ( f i z s .  43 & U) ;  
Dawson, 1 9 : :  317; Dawon, 1950: 123. 
1:abitet: G, Si;:ec 105. 

The mature ~ o r t i o n s  of t h e  t h a l l i  a r e  a ~ ~ r o x i m a t e l v  70 u i n  d i a -  . . 
meter,  ~ 7 i t h  the  c o r t i c a t i n z  bands divided i n t o  two d i s t i n c t  p a r t s  a t  about 
t h e  l o n e r  t h i r d .  Shor:t t h i c k  a p i c a l l y  roundad, u n i c e l l u l a r  h a i r s  a re  .pre- 
s en t  a t  the  nodes. The t e t r a sporang ia  axe involucre te .  



Ceratodictyon spon?ios= Zanai-d., 137;: 36; Okamura, 1909 (Icones 11) : 
01s. 51-52. . . . 

I a b  I ,  Si::ee 6s. 
The t h a l l i  a r e  very sponze-l ike i n  appearance. 

Chmpia parvula (A,:.) 'Iarvey, 1353: 76; Boei-g., 191.5-20 (Danish Hest 
Indies> : 407. , - . 
%bits::: A, Size@ 122a. 

The t h a l l i  a r e  in t e r t an f i l ed  and form small clumps about 2 cin 
across .  

of l ? r%c  c e l l s ,  25-50 u i n  c?.iamete~, i n t e s s y x s e d  v i t b  smallex c e l l s  about 
! 7-11!. u i n  cliac-.@Lei.. Tne m d u l l a r y  f i laments  a r e  seen running ilI1-rou$lo~1t 

\. 

t h e  len-ti? o:f the  t k a l l i .  Thc s e s s i l e  pe:cicarps a re  c o a i c a l  i n  shape and 
s c a t t e r e d  on t h e  t h a l l i .  

Dictyurus !>urpucascens Go::y Celen:er C: Gory, L%6: 170, p l .  15 (?i:. --- 
2) ;  Taylor,  1950: 1[!.3, p l .  72 (Ci,:. 1) .  
i iab i ta t :  B,  S i ~ c e  2/:-. -- 

~ h i s  c o l l e c t i o n  i s  s i m i l a r  t o  t h e  desc r ip t ion  and photograph i n  
Taylor ( 1 5 0 ) .  

Galaxaura marnina.t$ ( E l l i s  & Solander) Lam., 1ClC . :  26l:; ICjellman, 1SCO: - 
77. Tab. 20 ( Z i ? .  f!.4.). . - 
: labitat:  U, C,  Sizee  I.Oi,. 

The t h a l l i  e x  coimposed of flattenec! branches t l t~oughout .  Ter- 
mine1 c e l l s  of the  c o r t i c a l  f i laments  a r e  sphe r i ca l  i n  shape. 

Galexaura rud i s  l;jellrnan, 1S00: 43-U:, Tab. 2 ( f ig s .  1-9) and Tab. 20 - -- 
( f i z .  11). 
Habitat :  A, B, D ,  P, Sioee 21. 

The t h a l l i  ace 3-1: cn hi& and a f e  bushy i n  appearance. Ana- 
tomical ly,  the  thl l i  cons i s t  of long assini1ei:ory f i laments  wi th  svo l l en  
c e l l s  a t  the  basa l  po r t ion  of tliese f i laments .  

Gelidium d i v x i c a t u n  i:isx;sens, 1 3  30, p l .  3; Tsenz, 1936: 36, fip. 
13a-b, pl .  6. 
Habitat :  A-D, F, 5, Since 72. 

G:ciff i thsia  sp. - 
IIabi tat :  C ,  Si:;ee ZO. 

The t h e l l i  a r e  s t e r i l e  and about a cent imeter  lonz. 



IWpnea spp. - 
Habitat :  E, S iaee  91; E, F, B, Sigee 93; A,  B, E,  P, Sigee 18; 

B-D, S i w e  12. 
Four spec ie s  a re  represented i n  these  c o l l e c t i o n s  of =a. 

Due t o  the  taxonomic d i f f i c u l t i e s  encountered by the  senior  autho-r in 
t h i s  genus, they cannot be named a t  present  bui: a r e  l i s t e d  sepa ra t e ly  
above with t h e i r  r e spec t ive  h a b i t a t s .  

Jan ia  c a p i l l a c e a  Harvey, 1853: 84; Mere . ,  1917: 198-199, f i g .  188. - 
Babitat :  A-F, I;, Sigee 11. 

The t h a l l i  aooear as  i n t e r t a n a l e d  masses, with the  branches . . - 
seldom forming obtuse angles a t  t h e  dichotomies. The d i a m e t e r o f  the  
branches i s  approximately 120 u, with t h e  length  of t h e  segments 6-8 
times as  long as  t h e  diameter. 

*Lithothamnion frut iculosum (IWtz.) Fosl .  
Habitat :  below 40 fathoms, Fos l i e ,  1903 ( c i t ed  as an unce r t a in  

determinat ion) .  

Lophosiphonia v i l lum (J. Ag.) Setchel l .  h Gardner, 1903: 329. 
g a b i t a t :  B-D, P, I!, 3. Sigee 29, 3. 

Polysiphonia f e ru lacea  Suhi-ingar 3. Ag., 1863 (Spec. Alg. 11): 980. 
IIabi tat :  A-C, .E ,  F  I Si:iee 35a. 
Species detei-rnrned 6y hi< XaLenberz, 

Spyridea f i lamentosa  Q,Julf.) Rarvey & ;looker, 1833: 337; Taylor,  1950: 
139; Dawson, 1954: 4 4 4 ,  f i g .  54i .  
Habitat :  3 ,  Sigee 97. 

The main ax i s  is s i m i l a r  t o  t h e  i l l u s t r a t i o n  i n  Davson (1954). 
The determinat ion branchle ts  a r e  t ipped  with a  s i n g l e  spine. 

Tolypiocladia glornei-ulata ( A .  Schnlitz & Sch~ni tz  and Hauptf leisch,  - 
1896-97: 441; Davson, 19%: 452, f i g s .  59b-c. 
Habi ta t :  B,  C ,  S iaee  44. . . 

Vida l i a  s e r r a t a  (Suhr.) J. Ag., 1863: 1125. 
Habitat :  B, Sigee 19. 

The t h a l l i  a r e  about 2 cm high wi th  t h e  s t i c h i d i a  present  on 
the  blades,  j u s t  i n s i d e  of the  marginal s e r r a t i o n s .  

Fl?ESHI!A'l'ER AND TISRRESTIIIAL ALGAE 

Nostoc commune Bornet 6: F lahaul t  
Habitat:  T e r r e s t r i a l ,  Gan I s l and ,  Sigee 119 

This b l u e - p e e n  a lga  was zeported t o  b c  e s p e c i a l l y  evident  i n  
.,let weather. 

Pithophora oedogonia (Mont.) Wit trock,  1877: 55, p l .  6  ( f i g s .  1 -6 ) ;  
Col l ins .  1909: 363. 
Habi ta t :  Freshvrater, Gan I s l and ,  S i ~ e e  114. 

The f i laments  of t h i s  green a lga  a r e  branched with c e l l s  about 
60 u v ide  and the  c e l l  length about t e n  times as  long as the  diameter. 

. ~ 

~ 0 t h  i n t e r c a l a r y  and terminal  alcinetes a r e  present . ,  



Summary of Algal  Co l l ec t ion  

Excluding t h e  fou r  t e n t a t i v e  spec ies  of Hypnea, t h i s  paper l i s t s  
63 spec ies  o r  v a r i e t i e s  of marine benth ic  a lgae  from Addu Ato l l ,  55 of 
them repor ted  here  f o r  t h e  f i r s t  time from t h i s  a t o l l .  These neb7 rec-  
ords cons i s t  of 7 i n  t h e  Piyxophyceae, 25 i n  the  Chlorophyceae, 7 i n  the 
Phaeophyceae, and 19 i n  the  Rhodophyceae. One t e r r e s t r i a l  a lga  and one 
freshwater  a lga  a r e  a l s o  included i n  t h i s  paper. 

It is of g r e a t  i n t e r e s t  t o  note  t h a t  t h e  spec ie s  represented here 
from A.ddu.Atol1 i n  the  Indian Ocean a r e  very s i m i l a r  t o  t h e  marine f l o r ~ ,  
t h a t  occurs on many of t h e  a t o l l s  i n  t h e  P a c i f i c  Ocean. 

The authors  a r e  g r a t e f u l  t o  D r .  Maxwell S. Doty,vrho c r i t i c a l l y  
read t h e  manuscript and who gave them f r e e  access  t o  h i s  personal  l i b -  
rary. They a r e  a l s o  indebted t o  Mr. N. E. Backett ,  Department of Dotany, 
Duke Universi ty f o r  h i s  unse l f i sh  he lp  i n  fu rn i sh ing  the  authors  wi th  t h e  
necessary r e fe rences  t o  p a s t  l i t e r a t u r e  on the  marine benth ic  algae of 
ehe Pialdive Is lands ;  t o  D r .  F rancis  Drouet, Academy of Natural Sciences, 
Phi lade lphia ,  who provided the  determinat ion of =thamnion enterornor- 
ghoides Bornet & Flahau l t ;  t o  D r .  George J. Hollenberg, P iofessor  Emeritus 
oQ 3 i o l o g y , U n i v e r s i t y  of Recllands f o r  h i s  de terminat ion  of Polysiphonia 
ferv.l.cea Suhr. ; and t o  E.4::. Gavino Trono, Jr., Department of Botany, Uni- ---- 
v e r s i t y  of Hawaii, vho h e l p e d w i t h  t h e  determinat ions of t h e  trio spec ie s  
oE Gal-axaura. 
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ill . ADDU ATOLL I N  183C 

The fo1lo::in~ t ~ x t  is  ta!:en from an u;..ublis:~ed mrnuscript by Com- 
mander R. Noresby, ':Nautical d i r e c t i o n s  ;or c11e bialdive 1s l x d k " ,  writ t en  
followin:: the  f i r s t  1~ ; id ro~raph ic  survey,  and preserved cs I1S 55 i n  t h e  
I d i n  Off ice  Records, Comm nwealth Rela t ions  Off ice ,  London, by v7hose per- 
mission it i s  i .eproduced.~7 Excerpts from Moresby's work have been pre-  
v ious ly  published (~~ io res ty  1235, 1 . ; )  and h i s  o f f i c c z s  a l s o  publis1:ed 
e a r l y  c?escriptions (Christopher 13/:1, 184.i;; .Youn:, an;? Christopher  18L:.4), 
but  Pio-iesly's f u l l  memoir has not  previous ly  been publis:1ec?, though Dar- 
rri11 (184.2) clren on i t ,  ani. i t  i s  b r i e f l y  mentionei! by Gardiner.  The 
o r i g i n a l  forms a volume of SG manuscript pages, of rii~icli :>ages 35-46 den1 
~ 7 i t h  Addu  toll. 

Addoo A t o l l  

Addoo Ato l l  erroneously c a l l e d  by former Mavi;:.rors Phoohah Zoloquc 
A t o l l ,  t h i s  A t o l l  bein:: i c i ,  wll inhebi ted ,  and avs.ilable f o r  Ships,mut.li 
i n  want of suppl ies ;  I shall. be p n r t i c u l n r  i n  descr ib ing  it. This  A t o l l  
termina.tes t h e  South extreme of t h e  Naldive chein of I s l ands ,  i s  t h e  sm-11- 
es.t of c l l  t h e  Ato l l s ;  being only 10 t:iiles f ~ o n ~  East t o  \ ,Jest.  and 7 milei; 
7." I - O F  North t o  Sou{:h, it i s  OIL a  h a l f  iioon Shape, t h e  concave s i 6 z  f a c i n  <, 

the nor t :~ ,  an:! tile convex s i d e  t h e  South. The i$37 Point is  i n  ~ o t " ~  O"3' : '  ., 
South. LonZd2 73O@ Ecs:. The $jE Point  i n  ~ a ' . ~  0°35 South 2nd ~ o n z ~ "  
73°1.0k E. illlei-e ace n ine  l z c p z  and seve ra l  smal le r  1sland.s; tihe two pi:!c- 
?i.j?al Lslcnds l ay ,  one on the  Pfi? po in t ;  the  o the r  on t h e  ?En p o i n t ;  t h a t  
on t h e  iWn p a r t  of the  i i t o l l ,  i s  narnecl. Flit-ta-doo. and extends t o  "Lhf SSI? 

3 E 5 mi les ,  i t s  breadth from t o  % of a  mile; next  t o  the  :;outh of i t :  i s  ,' i s  
LiO i!ier~.?.-doo. about one i~ i i l e  i n  e x t e n t ;  then Paidoo vhic:! is smal le r ,  n e s t  

t o  t h e  south i s  Gung, r.:l?ich i s  1% irii le i n  e x t e n t ,  and i s  the  most South- 
e r n  and. c e n t r e  I s l and  of tile Group; a l l  these  IslanCs four  i n  number, loy 
on the  I$Jestern s i d e  of the  / t o l l ,  end a r e  connecte6. by a b a r r i e r  r e e f .  
of correl, dry a t  1 0 ~ 7  wate;:, v i t h  no SouncXnp outs ide  of them. 

There ace four  Channels beading i n t o  t h i s  A to l l ;  two i n  the  Centye, 
on (:he North s i&,  and two i n  t h e  c e n t r e  on t h e  South s ide ;  t k e  Southe?n 
c i~annels  a r e  the  lar$est . ,  ancl n?ay be used a t  n i ~ h t  tim; the  Nortiiern ones 
a r e  not  s o  broad; ye t  a r e  sr.fe. and a v a i l a b l e  f o r  ves se l s  cornins from t h e  

with northe::ly winds, o!: l e e v i n s  t h e  Ato l l  with Southerly winds. 
a vesse l  could not work tbr.-ou;l1 t h e  i\iorthern Channels, but  with e f c i r  
ti& it could be <on thh;.o;$2 t h e  Smhhero  ones; t h e  b e s t  nay is t o  adopt 

C,5 tlht-t channel t h r o u ~ h  which a  v e s s e i  w i l l  have a f a i r  cinrl; the Northern 
Ciannels a r e  not  e a s i l y  seen by a v e s s e l  coming firom the  Northr~rard./ns 

L!. I. , , 
cne Northern barr iei-  a t  some d i s t ance  appears l i k e  one unbroken I k e f ;  on 
a  nearer  approach and almost i n  tile cen t r e  of t h i s  b a s r i e r ,  between t:?e 
%nst an2 FJestern I s l ands ,  l a y  the  channels;  vhich v i l l  be known by n s ~ n a l i  
bushy I s l and  ancl e h i sh  Eaak of Coral Stones;  both on the  Same ::eef; on 

11 - Unpublished Crown-copyrizht ma te r i a l  Ln 'eke Ind ia  Office Records 
t r ansc r ibed  i n  ch i s  chapter  appears by permission of the  Secre tary  
of S t a t e  t o r  CommonrieaJ.th Relat ions.  



e i t h e r  s i d e  of them i s  a channel leading i n t o  t h e  A t o l l ,  the  eas t e rn  
Channel i s  the  l a r g e s t  bein-- o !!. o r  500 yards broad, having not l e s s  than 
6 & 7 fms, i t s  di . rect ion [,EJ c,n.nd SE"; the  VJestern Channel i s  narrower y e t  
longer ,  and i t s  d i r e c t i o n  Noi-th nuc! south,  t h e  depths a re  from 10 t o  12 
fn?s; i n  both these  channels the  t i d e s  and cu r ren t s  a x  s trong.  as a l s o  i n  
t h e  Southern ones; t h e  5'1004 t i d e  s e e  i n t o  t h e  Northern Ci?annels; tile 
Ebb s e t s  i n t o  the  Southern ones, r i s e  c.nd e l 1  of t h e  tick &out 4 f e e t ,  
high water a t  1 hour f u l l  and change of the moon. The Southern Channels 
l a y  on the  East s i d e  of Gung I s l and  the Southern I s l and  of the  / t h e  A t o l l ;  

L'2 t h i s  I s h a l l  c a l l  Gun:: ChatxneL and i s  foimed between Gun:: Is land.  and two 
small I s lands  t o  t h e  ENE of Gun$, c a l l e d  1:Jilling-gilly I s lands .  Gung 
Channel is ha l f  a  mi le  broad, having no denzers i n  i t ,  and the  depths a r e  
from 13 t o  17 fms. i t  i s  convenient f o r  any Ship e n t e r i n 8  the k t o l l .  The 
o the r  Channel I s h a l l  c e l l  t h e  tri l l ing-3ilI .y Channel i s  on t h e  East s i d e  
of t h e  ' i l i l l in fpgi l lp  I s l ands ,  formed betvreen them and t h e  South Point of 
the  dry cora l  reef  bounding t h e  East  Side of t h e  A t o l l ;  t h i s  channel i s  
one mile brond a n d  has from 17 t o  20 fms water i n  i t ;  deepening as  a Ship 
en te r s  the  A t o l l ;  t h e  d i r e c t i o n  of t h i s  Channel i s  about N? & SE about 
One mile in s i ck  the  en t rance ,  on the  NE s i d e ,  t h e r e  i s  a small Coral r e e f ,  
and es a Vessel proceeds on t o  t h e  cen t r e  05 t h e  A t o l l ,  3  c o r a l  patches 
w i l l  be observed on v~hich  t h e  se,- brealcs a t  t imes; but  these  a re  e a s i l y  
avoided by a  conunon look out ;  t h e  deepths i n  t h e  cen t r e  of t h e  A t o l l  

! 
from 25 t o  35 f n s  sand and c l ay ;  the  most convenient enchorage f o r  com- 

l!.3 mmicat ion  wi th  the  Natives i s  near  t h e  I s l ands  on t h e  !',Jest s i d e  a l l  / a l l  
of vlhich a r e  inhabi ted ;  from the  I J i l l i n g - g i l l y  cllannel round t h e  ~JE"  Si&? 
of tile A to l l ;  t o  t h e  Centre on t h e  North s i d e ,  is one continued b a r r i e r  
r e e f ,  on <7hich a r e  seve ra l  I s l ands ,  t h e  only l e r g e  one of two miles  i n  
ex ten t ,  i s  on t h e  ME" p a r t  of t h e  A t o l l  t h i s  i s  wel l  inhabi ted  and cn i n -  
t e r e s t i n g  Islanc! i t  i s  c a l l e d  Piee-doo 2nd Roo-loo-doo from two v i l l a g e s  
s i t u a t e d  i n  i t s  Centre. 

This A t o l l  i s  of Reefs except i n  the  Centre,  t h e  t h r e e  small 
patches as  formerly mentioned,; e.n.1, w:.lic;l a r e  e a s i l y  avoided; 30 & 35 fns  
i s  the depth of water i n  Cencye. Nea;: t h e  I s l ands  on t h e  East and 
-., ..@st sides ' ,  a r e  20 E: ?5 fms. a  ves se l  may Anchor as  Most convenient,  ac- 
cording t o  tile Seasons; ,:!uring t h e  1j@  ionso soon on rhn north or  !,leather 
s ide ,  and i n  the  o the r  ?:;onsoon on the  .!?zest s ide .  The I s l ands  a f f o r d  9. 
fev? 3 1 p p l i e . s ~  of F r o i t  - l imes. poul t ry  Qgs. ;rater and Firewood in. abun- 
ciance. t h e  Natives,  2i:e very c i v i l  2nd o b l i ~ i n ; ,  and w i l l  e x c h a n ~ e  t h e i r  
31-ticles e i t h e r  foi: ol:. Rice, B i scu i t s ,  Suzai.. S a l t .  Onions. Gavlic. 

2:: 
41. t:ley a re  extremely l azy  / l azy  and indolent  and very timorous f e a r f u l  of 

s t r a n ~ e r s ,  anc! will not  be induced t o  a s s i s t  a  Ship i n  ilooding, and !'later- 
i ng ,  unless  paid f o r  i t ,  and o b l i ~ e d  t o  work; they a r e  under the  Govern- 
ment of t h e  Su l t an  a t  Piale, o r  King's I s l and ;  and the  Atoll-Waiiree 03: 

Chief of the  A t o l l  i s  the  person St rangers  ought t o  apply to ,  f o r  a s s i s -  
tance i n  z e C t i n ~  Supplies;  Some of the  Natives speak t h e  Indostannee 
l a n p a g e ;  t h e i r  p r i n c i p a l  occupatiou i s  making cot ton  Cloths,  of white ,  
xed, and Black C O ~ O U ~ S  mixed; a11 or' which they dye themselves. anc! s e l l  
ai: a  ~ o o d  p r i c e  i n  t h e  o t h e r  A t o l l s ;  they a r e  not allowed by t h e i r  Govei.il- 
milt t o  trac'e v i t h  Foreigners ,  no t  even v i t h  the  English t h e i r  A l 1 i e s ; a l l  
t h i s  p:oduce must be so ld  a t  the  King's I s l and  Male. They seldom v i s i t  
,? - u:>f-ps pc.ssinZ, from f e a r  of molestat ion;  and i t  would be wrong any Ships 



stopping a t  these  I s lands ;  t o  allov7 t h e i r  Crew t o  in t rude  i n t o  the  
privacy of t h e i r  houses, among t h e i r  females,  0.r vonton3.y aad without  
permission t o  take t h e i r  f r u i t .  coconuts. fowls &c. they a r e  poor, and 41. 
inof fens ive ,  and have reason / t o  r e g r e t  t h e  v i s i t s  of some 2,ierchant <!.5 
Ships; i n  l e l i g i o n  they a-e a l l  ?:!usselmen. t h e  & t o l l  conta ins  nbout 500 
i nhab i t an t s  and i n  appearance they e r e  l i k e  t h e  Natives of India  on t h e  
i t a 1 z . b ~ ~  coast .  

There a re  no soundings ou t s ide  of t h i s  A t o l l  c l o s e  t o  the  b a r r i e r  
r e e f .  and being t o  t h e  souchd of t h e  l i n e  o r  Equator. i s  almost without 
t h e  inf luence  of t h e  Monsoon: the  Winds and :deather being very va r i ab le .  
sub jec t  t o  Squal ls .  end Rain. The iJEn Monsoon is  f e l t  i n  3anry ~ e b y  & .: .. 
c~arch. and :leste.rly ~;,inds more i n  July August & ~ e p t " .  the  cur rents  
about t h i s  A t o l l  a r e  very Styow:, f o r  s i x  months they s e t  t o  the  !.rest 

!I 

and then back again to the  Eastd accordiarr, t o  t h e  bIonSOonS1 but  a r e  sub- 
j e c t  t o  checks from va.;.icble vinds.  They commence t o  s e t  Lo the  i k s t  
about January and t o  t h e  l?astd about June. t h e i r  v e l o c i t y  from 13 t o  50 
Xi les  per day. decreasinz considerably i n  s t r e n ~ t h  40 o r  SO ?,i.iiles From 
t h e  Is lands .  t h e r e  v7as i n  lG36 no v a r i a t i o n  of the  Piagiletic. 

I have been thus pzxt icu lax  as  s o  many Ships pass t h i s  p lace  on 
j 

t h e i r  way t o  Si from India.  1 
L: 5 

I have a l s o  recommended i t  a s  a Coal Depot f o r  Steamers. 
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