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GEOCHEMISTRY AND MINERALOGY OF CARBONATE ROCK SAMPLES 
FROM ALDABRA ATOLL, I N D I A N  OCEAN 

Stephen T. ~ r u d g i l l l  

INTRODUCTION 

The s t r a t i g r a p h y  and pe t ro logy of Aldabra have been descr ibed  by 
Brai thwaite  et a l .  (1973) and Brai thwaite  (1975). L i t t l e  i s  known about 
t h e  geochemistry of t h e  rocks  p resen t ,  a p a r t  from t h e  ana lyses  of two 
samples published by Stoddar t  et a l .  (1971). Accordingly, d a t a  a r e  
given i n  t h i s  paper which may con t r ibu te  t o  t h e  geologica l  s tudy of t h e  
i s l a n d  and a l s o  t o  t h e  s t u d i e s  of s o i l  chemistry and p l a n t  n u t r i t i o n .  

The samples were taken from t h e  s t r a t i g r a p h i c  u n i t s  i d e n t i f i e d  by 
Bra i thwai te  et a l .  (1973). These u n i t s  a r e  l i s t e d  i n  Table 1, with t h e  
add i t ion  of beachrock. The numbers of  samples within each u n i t  a r e  
ind ica t ed .  The sampling l o c a t i o n s  a r e  given i n  Table 2 and shown i n  
Figure 1. 

METHODS 

The rock samples have been analysed by X-Ray Fluorescence 
Spectrometry (Leake et a l . ,  (1969) ) fo r  Ca, Mg, Na, K, Fe, S r ,  Cu, Pb, A l ,  
Zn, P, N i ,  Co, Ba, S and S i .  In  t h e  presence of very high l e v e l s  of 
calcium t h e  X-RF flowmeter became s a t u r a t e d  and t h u s  gave underest imates 
of  t h e  calcium p resen t .  Therefore ana lyses  f o r  calcium were a l s o  
c a r r i e d  o u t  by wet chemistry ( ac id  d i g e s t i o n  and EDTA t i t r a t i o n ;  Bisque, 
1961). Both d a t a  s e t s  a r e  reported.  The wet d iges t ion  method a l s o  
permi ts  ana lyses  of  t h e  amounts of a c i d  in so lub le  res idue  t o  be c a r r i e d  
ou t .  

I n  add i t ion ,  carbonate s t a i n i n g  (Wolf et a l . ,  1967a) was a l s o  
c a r r i e d  o u t  on t h e  hand specimens from which t h e  samples f o r  t he  X-RF 
ana lyses  were taken. Acid A l i z a r i n  Red S s o l u t i o n s  were used t o  
d i f f e r e n t i a t e  a ragon i t e  and c a l c i t e  from o t h e r  minerals ;  a  cobal tous  
n i t r a t e  b o i l i n g  t e s t  t o  d i f f e r e n t i a t e  between a ragon i t e  and c a l c i t e  and 
an a l k a l i n e  A l i z a r i n  Red S s o l u t i o n  t o  d i s t i n g u i s h  magnesium r i c h  
carbonates .  A s  s t a i n i n g  i s  no t  always a  wholly r e l i a b l e  method of 
mineral  i d e n t i f i c a t i o n ,  e s p e c i a l l y  some s h e l l  m a t e r i a l s ,  t h e  mineralogy 
of seven of  t h e  samples was checked by X-Ray D i f f r a c t i o n  using rock 
powders. The rocks were c l a s s i f i e d  p e t r o l o g i c a l l y  using t h e  method of 
Folk (1959). The p o r o s i t y  of t h r e e  samples was a l s o  es t imated ,  using a  

l ~ e ~ a r t m e n t  of  Geography, Univers i ty  of  S h e f f i e l d ,  ,510 2TN, U.K. 
(Manuscript received June 1978-- Eds. ) 
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Table 1. S t ra t ig raph ic  u n i t s  s tudied  ( a f t e r  Braithwaite e t  dl., 1973) 
(See Figure 1 f o r  loca t ion  of samples) 

Unit 
No. 

Unit Name 

E s p r i t  limestone 
E s p r i t  phosphorites: o o l i t e s  
E s p r i t  phosphorites: conglomerates 
Picard c a l c a r e n i t e s  
Picard  c a l c a r e n i t e s  + " s o i l s "  
Takamaka limestone 
S o i l s  f i l l i n g  subaer i a l  f r e t t i n g  
Hard c a l c a r e n i t e s  
Aldabra limestone 

Solut ion p i t  f i l l i n g s  
Crab burrowed c a l c a r e n i t e s  
Algal s t romato l i t e s  
Beachrock 

Samples Studied 

comparison of  p a r t i c l e  dens i ty  and bulk dens i ty  and a value of 2.7 f o r  
the  s p e c i f i c  g rav i ty  of c a l c i t e .  

The samples were a l l  near-surface samples but  t h e  a c t u a l  surface 
was excluded from the  chemical analyses (except f o r  13d which was a 
surface  sample). 

RESULTS 

The petrology and mineralogy of the  samples a r e  shown i n  Table 2. 
The geochemical da ta  a r e  shown i n  Table 3a and 3b. The poros i ty  da ta  
a r e  shown i n  Table 4 .  

DISCUSSION 

Substantive conclusions about each s t r a t i g r a p h i c  u n i t  a r e  not  
poss ib le  from the  data  presented since the  samples a r e  ind iv idua l s  from 
u n i t s  which a r e  o f t e n  p e t r o l o g i c a l l y  heterogeneous and which show 
considerable l a t e r a l  and v e r t i c a l  f a c i e s  d i v e r s i t y .  However, some 
broad i n t e r p r e t a t i o n s  can be made. In  terms of mineralogy and poros i ty ,  
extreme d i v e r s i t y  i s  evident .  Frequently the  samples appear t o  be 
simple b i o c l a s t i c  deposi t s ,  cemented by high magnesium c a l c i t e  o r  
aragoni te .  

Phosphates a r e  present  i n  small amounts i n  severa l  rocks, a s  well  
a s  i n  t h e  E s p r i t  phosphorites.  The X-Ray d i f f r a c t i o n  r e s u l t s  suggest 
t h a t  a calcium phosphate form may be p resen t  (possibly Cag (P04)2.nH20 
with peaks a t  d spaces of 3.446, 2.808 and 1.937 o r  CaqP209 a t  2.784 and 



2.716). Phosphate i n  t h e s e  forms i s  r e l a t i v e l y  in so lub le  a t  t h e  s o i l  
pH values  encountered and t h i s  probably accounts  f o r  t h e  formation of 
r e s i d u a l  s o i l s  with a  h igh  t o t a l  phosphate content  bu t  a  low a v a i l a b l e  
phosphate content  (Trudg i l l ,  1978).  

The main f e a t u r e s  of element d i s t r i b u t i o n  a r e  summarised i n  Table 5 
which l i s t s  those  rocks i n  which r e l a t i v e l y  high concent ra t ions  occur.  
Two conclusions can be drawn. F i r s t l y ,  t h a t  t h e  rock element 
concent ra t ions  f r equen t ly  bear  r e l a t i o n s h i p  t o  t h e  presence of carbonates  
l a i d  down i n  a s soc ia t ion  with organisms known f o r  t h e i r  a s s o c i a t i o n  with 
p a r t i c u l a r  elements (Wolf et  a l . ,  1976b); secondly t h a t  t h e  s o i l s  and 
so lu t ion  p i t  f i l l i n g s  show markedly high concent ra t ions  o f  many elements,  
suggest ing a  r e s i d u a l  o r i g i n  f o r  t hese  depos i t s .  

S i l i c o n  i s  of i n t e r e s t  s ince  it appears  t o  be absent  from many 
samples, a p a r t  from t h e  p i t  f i l l i n g s ,  s o i l s  and two samples of Aldabra 
Limestone. This  i s  of i n t e r e s t  i n  t h e  con tex t  of  t h e  f o l i a r  chemistry 
of g r a s s e s  which a r e  known f o r  t h e i r  high s i l i c a  content .  Indeed 
Renvoize (personal  communication) r e p o r t s  a  s c a r c i t y  of s i l i c a  bodies  i n  
Aldabran g r a s s e s  (Table 6 )  . A specimen of S p o r o b o l u s  v i r g i n i c u s  from 
E s p r i t  was analysed f o r  s i l i c a  by a c i d  d iges t ion  and molybdenum blue  
spectrophotometry (Allen,  1974) and it was found t o  conta in  0.16 mg/g 
(dry weight ) .  This  i s  low when compared with va lues  of 0 .1  t o  1 .5% f o r  
many U.K.  g r a s s e s  (Allen,  1974, Table A5). 

These da ta  a r e  of use i n  i n d i c a t i n g  poss ib l e  t r e n d s  of 
concent ra t ions  of  elements p re sen t  i n  t h e  rock samples. I t  i s  t o  be 
hoped t h a t  f u r t h e r  work on t h e  inpu t s ,  ou tpu t s  and s to rage  of elements 
may be made i n  t h e  f u t u r e  because a  geochemical s tudy of a  d i s c r e t e  
i s l a n d  u n i t  may prove t o  be a  v i ab le  and i n t e r e s t i n g  top ic .  
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Table 2 .  Location, petrology and mineralogy of samples 

NO. - 

1 

2 

3 

4 a 

b 

6 

7 

8 a 

b 

9a 

b 

C 

d 

e 

f  

9 

h 

i 

j 

k 

1 

10a 

b 

13a 

b 

C 

d 

Location* 

Espri t  

Esprit  

Espri t  

Picard 

Picard 

Picard 

Dune Jean Louis 

Cinq Cases 

Cinq Cases 

Anse Var 

Anse Var 

Passe Houareau 

Dune Jean Louis 

Picard 

Passe Houareau 

Passe Gionnet 

Dune Jean Louis 

Dune Jean Louis 

Dune Jean Louis 

Anse Var 

Anse Var 

Picard 

I l e  Malabar 

Picard 

Picard 

Picard 

Picard 

Petrology Mineralogy 

Calcarenite 1. A + HMC mix. - 

Oolite 

Calcirudite 

P 1. LMC cement 2 .  P + C - - 
1. LMC, Fe 2 .  C + F e  - - 

Calcarenite - 1. C + A in  points 

Calcarenite - 

Calc i lu t i te  1. LMC + HMC, Fe - 
"Soil" 1. C 2 .  C - - 

Calcarenite - 
Calcarenite 

Calcarenite 1. grains HMC, cement A - 

Calcarenite 1. grains A ,  cement HMC 

Calcarenite 1. HMC - 
Calcarenite 1. A - 

Calcirudite, corals  - 1. c l a s t s  A ,  cement C 

Calcirudite, corals  1. HMC + A 2 .  C + P - - 
Calcirudite - 
Calcirudite, she l l s  - 1. C 

Calcirudite,  Halimeda - 1. c l a s t s  A ,  cement C 

Chama she l l  - 1. A + C m i x  

G o n i a s t r e a  coral - 1. septae A ,  C between 

P l a t y g y r a  coral - 

Calcirudite 

Calcirudite 

Calcirudite - 
Calcirudite - 

1. c l a s t s  A + C ,  cement A - 

Abbreviations and key 
*See Figure 1. P = phosphate 
HMC = high magnesium ca lc i t e  Fe = iron 
LMC = low magnesium ca lc i t e  - 1. = carbonate staining 
A = aragonite 2 .  = X-Ray Diffraction 
C = ca lc i t e  Note: The f i r s t  inentioned mineral i s  dominant over the 

second mentioned, unless the word 'mix' i s  used which 
implies roughly equal quant i t ies  



Table 3a. Geochemistry of carbonate rock samples. Ca and Mg i n  %; others  i n  ppm 

No. 

- = no data avai lable  0.0 = below detectable l i m i t s  
10,000..0 ppm = 1.00000 % A.I.R. = acid  insoluble residue 

* Ca (1) = XRF; Ca ( 2 )  = wet digestion (Bisque, 1961) 



Table 3b. Geochemistry (ppm) of Aldabra rock samples (continued) 
(For notes see Table 3a) 

No. Z n P N i Co Ba - 



Table 4 .  Porositv of se lected Aldabra rock samples ( % I  

Sample 9a 42  

19 

2 6 

3 0 

2 4 

Sample 9f 48 

1 2  

1 

7 

2 5 

1 

mean 28.2 

standard deviation 8.66 

mean 15.6 

standard deviation 16.76 

Sample 9h 10 

16 

26 
- 

mean 12.5 

standard deviation 6.24 

Table 5. Rocks with high concentrations of the elements measured 
(Approximate ranges of high values indicated i n  brackets) 

Aluminium (over ca. 1000 ppm) : shel ly  ca l c i rud i t e s ,  hard calcareni te ,  
solut ion p i t  f i l l i n g ,  Espr i t  phosphorites, beachrock, Takamaka 
Lime stone 

~ a r i u m :  s l i g h t l y  higher (0.2 ppm) i n  solution p i t  f i l l i n g s  

Cobalt (ca. 10-20 ppm) : solution p i t  f i l l i n g s ,  phosphorites, some 
ca lca ren i tes ,  some she l l s  and cora l s  

Copper (ca. 100 pprn and over ) :  phosphorites, some calcareni tes ,  
beachrock, solution p i t  f i l l s  

Iron (over ca.  2000 pprn): solution p i t  f i l l s ,  phosphorites, beachrock, 
some co ra l s  

Potassium (over ca. 1000 ppm): shel ly  ca lc i rud i tes ,  beachrock, solution 
p i t  f i l l s ,  a lga l  limestones 

Magnesium (over 2 per c en t ) :  beachrock, she l l s ,  corals ,  solution p i t  
f i l l s ,  a l ga l  material  

Sodium (over ca. 2000 pprn): beachrock, some cora l s ,  " so i l s "  

Nickel (over 20 ppm) : "soils", solution p i t  f i l l s  

Lead (over ca.  100 pprn): a l ga l  material ,  some calcareni tes ,  Espri t  
phosphorites, solution p i t  f i l l s  

Sulphur (over ca.  2000 pprn): cora l s ,  she l l s ,  solution p i t  f i l l s ,  
phosphorites 

Si l icon (over 2 per c en t ) :  solution p i t  f i l l s  

Strontium (over ca. 1500 pprn): cora l s ,  beachrock, a lga l  material  

Zinc (over ca. 300 pprn): Espr i t  phosphorites, she l l s ,  solution p i t  f i l l s  



Table 6. Silica in Aldabra grasses (S.A. Renvoize, personal 
communication) (microscopal examination) 

S t e n o t a p h r u m  c l a v i g e r u m  Sparse silica bodies and silica-containing 
cells, up to 8 pm long 

panicum a l d a b r e n s e  No silica seen 

S c l e r o d a c t y l o n  macros tachyum No silica seen 

S p o r o b o l u s  v i r g i n i c u s  No silica bodies seen but silica-containing 
cells, 4 ym long frequent 



HISTORY OF GOATS I N  THE ALDABRA ARCHIPELAGO 

by D.R. s toddar t '  

A summary of the  h i s t o r y  of goats  on Aldabra was given by Stoddart  
(1971, 617-619) , and references  t o  goats  on other  i s l ands  a r e  included 
i n  Stoddar t  (1970). I n  recent  years fu r the r  references  t o  t h e  e a r l y  
h i s t o r y  of goats  have been found, and t h i s  note summarises present  
knowledge on the  h i s t o r y  of goats  i n  the Aldabra archipelago. 

Assumption 

Goats were s a i d  by Bergne (1901) t o  have been f i r s t  introduced 
t o  Assumption i n  1867 by Capt Bidenfield,  R.N. ,  H.M.S. Wasp; t h i s  i s  
the  e a r l i e s t  da te  a t  which goats  a r e  mentioned i n  the  Aldabra group. 
Abbott (1893, 763) s t a t e d  t h a t  a t  Assumption 'Numbers of goats  run 
wild,  having been introduced many years s ince  from Europa I s l and ' .  
Dupont (1907, 12) s t a t e d  t h a t  they had been introduced about twenty 
years p r i o r  t o  h i s  own v i s i t  i n  1906. 

Rivers i n  1878 repor ted  t h a t  there  were some 500-600 goats  of two 
t o  three  ' species '  on Assumption: ' they a l l  seem t o  be i n  f i n e  
condit ion,  they feed on shrubs such a s  t h e  "Bois amanthe"   emp phis 
ac idula]  but  g r e a t l y  p re fe r  t h e  "affouches" [ ~ i c u s  spp.?] of which they 
even e a t  t h e  bark ' .  I n  1895 Baty estimated t h e  numbers t o  be 300-400. 
He himself saw a pa r ty  of 60 goats ,  and some of h i s  group captured a 
f u r t h e r  30. He noted t h a t  ' t h e i r  b e l l i e s  a r e  swollen t o  almost 
abnormal propor t ions ' .  Tonnet (1905) captured 70 i n  two days. In  
1906 Dupont reported ' s evera l  thousands' (1907, 1 2 ) ,  ' i n  spendid o rder '  
even a t  the  end of the  dry season; he thought of them a s  a major 
resource,  and even suggested t h a t  a r e s i d e n t  guardian be appointed on 
the  i s l a n d  t o  safeguard t h e  population and regu la te  cropping. In  the  
same year Nicoll  (1908, 112) found 20 very wild animals near t h e  foo t  
of  the  high dunes: 'some of the  males were remarkably f i n e  animals. 
They a r e  excessively wi ld ' .  

By 1916, however, the re  were only ' a  few' l e f t  on the  i s l a n d  
(Dupont 1916). Vesey-FitzGerald (1942) makes no mention of goats  i n  
the  l a t e  1930s, and i n  1964 G a p e r  found them t o  be absent.  In 1968 
Stoddar t  e t  a l .  (1970) saw none, bu t  were t o l d  t h a t  some s t i l l  
ex i s t ed  i n  t h e  north. 

l ~ e ~ a r t m e n t  of Geography, Cambridge University. 
Ato l l  Res. Bull. No. 255: 23-26, 1981. 



Co smol e do 

In  1878 Rivers found ' a  few goa t s '  on Menai, together  w i t h  ' a  
quan t i ty  of skele tons  i n  bushes ' ,  which he a t t r i b u t e d  t o  lack  of r a in .  
Bergne (1900) reported goats  ' i n  numbers'; b u t  ha l f  a dozen e a r l i e r  
seen on Menai had been repor ted  no t  t o  be doing well (Baty 1895). 
G r i f f i t h s  reportedatsecond-hand a comment by James Spurs i n  1892 t h a t  
the re  were ' l a r g e  numbers of goats '  a t  Cosmoledo ( F a i r f i e l d ,  G r i f f i t h  
and Abbott 1893, 154) . 

There were no goats  on Menai i n  1968 (Bayne et a l .  1970),  though 
some were reported on North Eas t  I s l and  by Piggot t  (1961). 

Astove 

Baty i n  1895 drew a t t e n t i o n  t o  t h e  absence of goats  on Astove, and 
there  i s  apparently no o the r  reference t o  them on this i s l and .  

Aldabra 

The f i r s t  record of goats  a t  Aldabra i s  t h a t  by Rivers (1878): 
'There i s  a l s o  a few goats  found a t  " I l e  Picard" and some have been s e t  
loose on t h e  o ther  i s l a n d s ' .  In  1895 Baty 'saw severa l  g o a t s ' .  He 
s t a t e d  t h a t  one female and one k i d  had been placed on Picard i n  1890, 
presumably by the l e s see  James Spurs, and by 1895 t h e r e  were 40-50. 
In  1892 G r i f f i t h s  had seen ' s eve ra l  specimens which had been taken t o  
Aldabra' from Cosmoledo, again apparently by Spurs ( F a i r f i e l d ,  G r i f f i t h  
and Abbott 1893, 154) . Baty (1895) r e l eased  e i g h t  more goats  on 
Picard which had been brought from Assumption. He recommended t h a t  
'Goats should be placed on Aldabra I s l and ,  and e s p e c i a l l y  on the  p l a i n  
near the  Takamakas. There I f e e l  sure  they would do extremely well.  
I t  would however be necessary t o  shoot them when required f o r  food' .  

By 1900 it was repor ted  t h a t  'The goats  introduced by M r  Spurs 
have thr iven exceedingly, and now abound i n  g r e a t  numbers on Picard 
I s l and ' .  In  October 1901 Bergne saw 20-30 goats  on Picard ,  and there  
were s a i d  t o  be severa l  hundred. He reported Spurs ' s  in t en t ion  t o  
capture them a l l .  

By the  time of Dupont's f i r s t  v i s i t  i n  1906: 'Goats ... a r e  
th r iv ing .  M r  Spurs took them over from Assumption i n  1890 and although 
they have been destroyed by the  fishermen a t  I l e  Picard I have come 
across  herds which a r e  s c a t t e r e d  on the  main i s l and  from Dune Jean Louis 
t o  t h e  west end of Grande Terre (about 8 m i l e s ) .  They a r e  extending 
every day and i n  the  course of time they w i l l  reach the  South Eas t  end 
where the  ground and the water supply a r e  much b e t t e r '  (1907, 22) . In  
1916 Dupont repor ted  'hundreds of them' a t  Cinq Cases, though they were 
very scarce i n  o the r  a r e a s ,  and by August 1929 ' s eve ra l  thousands' 
(Dupont 1929, 14) . 

More recen t ly  Travis  (1959, 178-181) descr ibes  considerable herds 
on the  southern dunes, and Prosperi  (1957, 198) a l s o  records goats  a t  



t h e  e a s t  end o f  I l e  Malabar. Goats w e r e  p r e s e n t  on Grande Te r r e ,  
Malabar and I le  Picard  a t  t h e  s t a r t  o f  t h e  Royal Soc i e ty  Expedi t ion  t o  
Aldabra i n  1967. 
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ABBOTT'S BOOBY ON ASSUMPTION 

by D.R. s t odda r t '  

Records on Assum~t ion  

Abbott ' s  Booby S u l a  a b b o t t i  was f i r s t  descr ibed  by Ridgway (1893, 
599) from a specimen c o l l e c t e d  by Abbott i n  1892, apparent ly  on 
Assumption Is land .  Abbo t t ' s  own desc r ip t ion  of  Assumption (1893, 763) 
does not  mention boobies a t  a l l ,  bu t  Ridgway (1895, 521) quotes  notes  
suppl ied  by Abbott. Under S .  a b b o t t i  he quotes:  '"Fou boeufl1. A 
few breed on Assumption. Said not  t o  be found on any o the r  i s l a n d  i n  
these  s e a s ' .  Abbott ( i n  Ridgway 1895, 520) a l s o  records  S u l a  s u l a  ( a s  
S .  p i s c a t o r )  and S .  d a c t y l a t r a  ( a s  S .  c y a n o p s )  from t h e  same i s l a n d .  
Of the  l a t t e r  he comments: "'Feu gene ra l1 ' ' :  'A few breed i n  Assumption, 
lay ing  a  s ing le  egg on bare ground on sand dunes ' .  

In  1906 M . J .  Nicol l  v i s i t e d  Assumption. He c o l l e c t e d  S .  d a c t y l a t r a  
(Nico l l  1906, 697) and photographed S u l a  s u l a  (1908, 1 1 2 ) ,  bu t  he does 
no t  mention S .  a b b o t t i ,  and i n  h i s  genera l  account of t h e  i s l a n d  he does 
not  mention boobies a t  a l l  (1908, 107-113). 

J.C.F. Fryer  c o l l e c t e d  two specimens of S .  a b b o t t i  i n  1908, which 
he records ' i n h a b i t s  t h e  l a rge  dune, never descending t o  low p a r t s  of 
t h e  i s l a n d ,  and only going a  few mi les  t o  sea t o  f i s h ;  it was never 
seen on Aldabra' (1911, 433) . He f u r t h e r  notes:  'This  spec ies  i s  
a l s o  recorded on Christmas Is land .  I have not  compared my specimens 
wi th  those from t h i s  i s l a n d  but  i f  i d e n t i c a l  t h e  d i s t r i b u t i o n  becomes 
even more c u r i o u s ' .  

S.  a b b o t t i  has not  been seen on Assumption s ince .  

Confusion wi th  t h e  I l e s  Glorieuses? 

Gibson-Hill (1950) reviewed t h e  l i t e r a t u r e  on S. a b b o t t i  and 
suggested t h a t  t h e r e  had been confusion over  t h e  l a b e l l i n g  of t h e  type 
specimen, which could have been obtained on Grande Glorieuse r a t h e r  than 
Assumption. H i s  argument was based p a r t l y  on t h e  a p p a r e n t . u n s u i t a b i l i t y  
of  t r e e l e s s  Assumption compared with f o r e s t e d  Grande Glorieuse f o r  what 
i s  on Christmas I s l and  an a rborea l  spec ies ,  p a r t l y  on what seemed t o  be 
ambigui t ies  i n  Abbott ' s  wr i t t en  accounts .  Thus Abbott does not  descr ibe  
h i s  booby i n  h i s  account of Assumption i t s e l f ;  bu t  i n  h i s  desc r ip t ion  
of  Grande Glorieuse he mentions t h a t  'Among sea-birds t h e r e  i s  a booby, 
which seems t o  be p e c u l i a r  t o  t h e  i s l a n d .  They breed i n  l a r g e  numbers 
upon t h e  'fouche'  [F icus?]  t r e e s ,  i n  company wi th  f r i g a t e s  and common 

l ~ e ~ a r t m e n t  of  Geography, Cambridge Universi ty,  Cambridge, England. 
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boobies' (Abbott 1893, 764). However, the only boobies he co l l ec ted  on 
the  I l e s  Glorieuses were S. s u l a  and S. dac ty la t ra  (Ridgway 1895, 524),  
l o c a l l y  ca l l ed  'Capucin' and 'Fou gknkral ' .  Gibson-Hill (1950) suggested 
t h a t  the  ' pecu l i a r '  booby was i n  f a c t  S. abbo t t i ,  and t h a t  Abbott 's  type 
specimen r e a l l y  came from Grande Glorieuse ra the r  than Assumption. He 
adduced the f u r t h e r  po in t  t h a t  Nicoll  d id  n o t  f ind  S. abbo t t i  on 
Assumption, which was s t i l l  uninhabited and undisturbed i n  1906; whereas 
the f a c t  t h a t  he d id  not  f ind  it on Grande Glorieuse e i t h e r  could be 
explained by the  set t lement and p a r t i a l  clearance of woodland on t h a t  
i s land by the time of h i s  v i s i t .  Nicol l  (1906), however, s t a t e d  t h a t  
the  most common booby on Grande Glorieuse was dark-phase S. s u l a .  The 
S. su la  col lec ted  by Abbott on t h e  same is land was a l s o  dark-phase 
(Ridgway 1895, 5241, and t h i s  morph could equally be t h e  ' p e c u l i a r '  
booby Abbott mentions, s ince white-phase su la  a r e  predominant on western 
Indian Ocean cora l  i s l ands  (o ther  than Tromelin: Staub 1970, 203-205). 

One f u r t h e r  p iece  of published evidence, h i t h e r t o  overlooked, i s  
provided by R.  Dupont (1907, 45),who v i s i t e d  Assumption i n  1906. He l ists  
only S. dac ty la t ra  ( as  S. cyanops ) and S. s u l a  ( a s  S. p i sca to r )  from 
Assumption, while f o r  the I l e s  Glorieuses he l i s ts  S. su la  and S. 
abbo t t i .  This l a t t e r  he notes " e x i s t s  only i n  Gloriosa" and gives  a s  
the  Creole name 'Fou g lo r ieuse ' .  However, the re  seems t o  be no record 
of Dupont v i s i t i n g  the I l e s  Glorieuses themselves. 

Nelson (1974) repeats  Gibson-Hill 's h a b i t a t  argument, and agrees 
with him t h a t  S. abbot t i  'may have nested not  on Assumption but  on 
Glorioso' .  

Further evidence on Assumption 

This t rend of argument tends t o  overlook t h e  f a c t  t h a t  i n  addi t ion  
t o  Abbott 's  type, S. abbot t i  was a l s o  col lec ted  on Assumption i n  1908 
by Fryer (who did not  v i s i t  the  I l e s  Glorieuses) . Fryer (1911, 433) 
r e f e r s  t o  specimens, but  these were not  described u n t i l  1950 (Gibson- 
H i l l  1950, 72) .  Bourne comments (1976, 122) t h a t  ' t h e r e  r e a l l y  seems 
no need t o  question Abbott 's s p e c i f i c  statement ... t h a t  h i s  booby 
nested on Assumption', s ince  nes t ing on Assumption and the  I l e s  
Glorieuses a r e  obviously not  exclusive p o s s i b i l i t i e s .  Nevertheless, 
i t  would be useful t o  have fu r the r  confirmatory f i e l d  evidence of the  
existence of S. abbo t t i  on Assumption, and some r a t h e r  fragmentary 
and a l lus ive  evidence i s  avai lable .  

The f i r s t  addi t ional  not ice  of s u l i d s  on Assumption i s  provided by 
S.C.E. Baty i n  1895. He s t a t e s  t h a t  I... t o  the  North East  of the  b ig  
sand h i l l s  a t  about s i x  hundred yards therefrom and c lose  t o  t h e  next  
[north] and lower sand h i l l  ... There i s  a camp of 'boobies'  on the 
s p o t ' .  This appears t o  r e f e r  t o  a ground-nesting species ,  probably 
S .  dac ty la t ra  a s  recorded by Abbott. Baty a l s o  says: 'Boobies o r  
Fous of d i f f e r e n t  kinds a re  t o  be found i n  t h e  t r e e s  a l l  over the  
i s l a n d ' .  The implicat ion of t h i s  i s  t h a t  there  i s  more than one 
species  of t ree-nest ing su l id :  the  only two p o s s i b i l i t i e s  would be 
S. su la  and S. abbo t t i .  F ina l ly ,  he says: 'On the  slopes of the b ig  



sand h i l l s  the  t r e e s  a r e  much bigger,  and on t h e i r  branches t h e  Fr iga te  
b i rds  and ' fous '  make t h e i r  n e s t s ' .  This l a s t  reference could be t o  a 
s ing le  species ,  e i t h e r  s u l a  o r  a b b o t t i ;  but  we may r e c a l l  t h a t  Fryer 
(1911, 433) found t h a t  abbo t t i  ' i nhab i t s  t h e  l a rge  dune, never 
descending t o  low p a r t s  of the  i s l a n d v .  Dupont (1907, 12) noted t h a t  
'boobies f lock together i n  a p l a i n  of 30 ac res '  i n  the nor th  of the  
i s l and ;  but  he l i s t s  only S. s u l a  and S .  leucogaster  (which t o  add t o  
t h e  confusion he c a l l s  the  Black Gannet and the  Red-footed Gannet, 
r e s p e c t i v e l y ) ,  and does n o t  mention e i t h e r  the  high dune o r  S. a b b o t t i .  

F ryer ' s  published r e f e r e n c e s t o  Assumption boobies a r e  s l i g h t ,  but  
h i s  manuscript d ia ry  adds more d e t a i l .  On 6 September 1908 he records:  
'There was a f r e s h  species of Fou (S. leucogaster )  and on the  guano beds 
[word i l l e g i b l e ]  of ordinary Fou were breeding being cont inual ly  preyed 
upon by a regular  f lock of F r iga tes  of both spec iesv  (Fryer, 1908, 73) .  
Gibson-Hill (1950, 69) has already noted t h a t  i n  h i s  account of Aldabra 
Fryer seems t o  use the name leucogaster  f o r  s u l a  ( a s  d i d  Dupont); bu t  
i n  the  Diary passage the  'ordinary Fou' must be s u l a ,  and the  ' f r e s h  
species of Fou' presumably dac ty la t ra .  Leucogaster has no t  been 
recorded on Assumption; Fryer used the  name 'S. capucina'  f o r  it on 
Aldabra. 

On 7 September 1908, Fryer wri tes :  ' A  f r e s h  kind of Fou (Fou Boeuf) 
was found: it was l a r g e r  than the ordinary with a grey back t inged with 
pink: dark eyes and wings and long cover ts  black: i t s  cry  was very 
l i k e  a cow (from which it takes i t s  name)' (Fryer 1908, 75).  This i s  
very c l e a r l y  S. a b b o t t i ,  and Fryer ' s  specimens must have come from t h i s  
population. Unfortunately h i s  d ia ry  makes no comment on breeding. 
However, h i s  reference t o  voice i s  remarkable. Neither Abbott (1893) 
nor Ridgway (1895) mention voice, though Abbott ( i n  Ridgway 1895, 521) 
uses the  name 'Fou boeuf ' .  The only reference t o  voice p r i o r  t o  
Fryer ' s  observation,  with which Fryer was c e r t a i n l y  unfamil iar ,  i s  
contained i n  an anonymous French account of Rodriguez, ca  1730, on 'The 
Boeuf', s a i d  t o  'bellow l i k e  a b u l l ' .  This was published by Milne- 
Edwards (1875, 8 )  ; Bourne (1968) t e n t a t i v e l y  i d e n t i f i e d  it a s  
S.  dac ty la t ra ,  but  Nelson (1974) used the  evidence of voice t o  determine 
it a s  a b b o t t i .  Nelson a t  Christmas Is land f o u n d a b b o t t i  t o  have ' t h e  
deepest  and loudest  voice of any s u l i d ,  resonant and commanding' (1971, 
436) . 

Comment 

There thus seems l i t t l e  quest ion,  i n  s p i t e  of the  ambiguities i n  
Abbote s account and the  c l e a r  statement by Dupont, t h a t  abbo t t i  was 
d e f i n i t e l y  present  on Assumption i n  1892, possibly i n  1895, and 
d e f i n i t e l y  i n  1908. I t  cannot be s t a t e d  with c e r t a i n t y  t h a t  t h e  
species was breeding; bu t  equally it is  c l e a r  t h a t  i t s  presence on 
the  i s l and  was no t  inh ib i t ed  by the  absence of t a l l  f o r e s t ,  contra  
Gibson-Hill and Nelson. 

Whether abbo t t i  formerly ex i s t ed  on the I l e s  Glorieuses remains 
unclear. Benson et a 1  . (1975) suggest t h a t  Abbottl  ' pecu l i a r '  booby 
(Abbott 1893, 764) i s  no t  abbo t t i  a s  Gibson-Hill suggests but  the  



'capuchin' of Ridgway (1895, 5321, i . e .  dark-phase S .  s u l a .  Abbott 
(1893, 764) i d e n t i f i e s  'capucin'  a s  s u l a ,  a s  does Dupont (1907, 55) : 
Gibson-Hill (1950, 69) i s  mistaken i n  saying, when t ry ing  t o  i d e n t i f y  
F r y e r ' s  IS. c a p u c i n a ' ,  t h a t  Abbott used 'capucin'  f o r  S. l e u c o g a s t e r .  

I t  i s  c e r t a i n l y  poss ib le  t h a t  a b b o t t i  inhabi ted  the  I l e s  
Glorieuses i n  s p i t e  of the  absence of  pos i t ive  evidence. Bourne (1971, 
188) speculated t h a t  t h i s  species would be found somewhere between 
Assumption and i t s  present  breeding s t a t i o n  on Christmas Is land,  poss ib ly  
i n  the  Chagos Archipelago, and the re  has been some confirmation of  t h i s  
by s ight ings  a t  sea i n  t h a t  v i c i n i t y  (Bourne 1971; Hirons e t  a l .  1976; 
Bourne and Nelson 1976). Bourne has a l s o  i d e n t i f i e d  f o s s i l  mater ia l  of 
a b b o t t i  from Mauritius and poss ib ly  Rodriguez, and has quoted h i s t o r i c a l  
evidence (1968; Nelson 1974) f o r  the  l a t t e r  i s l and .  Becking (1976) 
g ives  a record of a foraging b i r d  from Java. Bourne (1976, 122) 
p a r t i c u l a r l y  notes  t h a t  the  vernacular name (Fou boeuf) on Rodriguez 
i n  the  e a r l y  eighteenth century was the  same a s  t h a t  on Assumption i n  
the  e a r l y  twentieth,  suggesting a previous wider occurrence and more 
numerous population. 

When did  a b b o t t i  become e x t i n c t  on Assumption? Vesey-FitzGerald 
(1941, 521) says 1926, and Be t t s  (1940, 501) says 1936, and these da tes  
a r e  quoted by Gibson-Hill (1950) and l a t e r  wr i t e r s .  Settlement began 
a t  Assumption i n  1908, and guano was then mined on a major sca le  
(Stoddart  e t  a l .  1970). By the  time t h a t  R.  DUpOnt v i s i t e d  the  i s l and  
f o r  the  second time i n  1916, he reported t h a t  the boobies 'have been 
a l l  destroyed' ; and i n  1929, during a l a t e r  v i s i t ,  he s t a t e d  t h a t  the  
land and sea b i r d s  had been destroyed by 1909. I t  thus appears t h a t  
man and h i s  a c t i v i t i e s ,  p lus  introduced predators ,  caused massive 
ex t inc t ions  within a very s h o r t  time of the  f i r s t  set t lement.  No 
boobies of  any kind now breed on Assumption, though a few individuals  
of d a c t y l a t r a  and s u l a  have been seen i n  recent  years  (Stoddart e t  a l .  
1970).  
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PENETRATION OF THE HOST PLANT TISSUES BY THE STYLETS OF THE 

COCCOID ICERYA SEYCHELL.UUM (COCCOIDEA: MARGAROIDEA) ON 

ALDABRA ATOLL 

by S. Blackmore 
1 

ABSTRACT 

The pa th  of pene t r a t ion  of s t y l e t s  of Icerya seychellarum through 
t i s s u e s  of Euphorbia pyrifolia Lam., Avicennia marina (Forssk.) Vierh. ,  
Scaevola taccada (Gaertn.) Roxb., and Casuarina equisetifolia L. was 
s tud ied  microscopical ly.  Most s t y l e t s  were seen t o  end i n  t h e  phloem, 
o t h e r s  i n  t h e  co r t ex ,  xylem o r  p i t h .  Unlike o t h e r  members of t h e  
Coccoidea I. seychellarum f r equen t ly  pene t r a t e s  t h i c k  walled c e l l s  such 
a s  sclerenchyma and xylem. This  suggests  t h a t  t h e  anatomy of h o s t  
p l a n t s ,  and t h e  d i s t r i b u t i o n  of thickened t i s s u e s  i n  p a r t i c u l a r ,  i s  no t  
a  r e s t r i c t i n g  f a c t o r  i n  h o s t  p l a n t  s p e c i f i c i t y .  

INTRODUCTION 

S t y l e t  pene t r a t ion  has been s tudied  i n  coccoids which a c t  a s  
vec to r s  f o r  v i r u s  d i seases  of economic p l a n t s ,  notably the  po ta to  
(Smith, 1926) ,  apple (Glass ,  19441, and cocoa (Entwis t le  & Longworth, 
1963) .  Most coccoids feed on t h e  phloem of t h e i r  hos t s  bu t  a  few a r e  
co r t ex  f eede r s .  Pene t r a t ion  is  i n t r a c e l l u l a r  o r ,  l e s s  commonly, wi th in  
t h e  c e l l  wa l l s  (Entwist le  & Longworth, 1963) .  Smith (1926) descr ibed  
t h e  pene t r a t ion  of xylem v e s s e l s  by Dactylopius longispinus bu t  
otherwise pene t r a t ion  of thickened t i s s u e s  has no t  been observed. 

This  s tudy was intended t o  e s t a b l i s h  whether I. seychellarum 
conforms t o  t h e  known p a t t e r n ,  i f  any t i s s u e  damage is caused by t h e  
s t y l e t s  and whether h o s t  p l a n t  anatomy might inf luence  h o s t  p l a n t  
s p e c i f i c i t y  of  t h e  coccoid. The biology of I. seychellarum on Aldabra 
A t o l l  has been s tud ied  by Renvoize (1975) and r ecen t ly  by H i l l  and 
Newbery (pub l i ca t ions  i n  p r e p a r a t i o n ) .  I. seychellarum i n f e s t s  a  wide 
range of  p l a n t s .  More than  h a l f  of the  one hundred andeighty  flowering 
p l a n t  spec ie s  on Aldabra A t o l l  have been repor ted  a s  h o s t s .  Renvoize 
l i s t e d  about t h i r t y  spec ie s  which were s u b j e c t  t o  heavy i n f e s t a t i o n s ,  

' ~ o y a l  Socie ty  Aldabra Research S t a t i o n ,  Seychel les .  Present  address:  
Chancellor College,  P.O. Box 280, Zomba, Malawi. 
A t o l l  Res. Bu l l .  No. 255: 33-38, 1981. 



inc luding  a l l  t h e  examples discussed i n  t h i s  paper.  I n  t h e  g r a n i t i c  
i s l a n d s  of t h e  Seychel les  t h e  coccoid is  a p e s t  of C i t r u s  crops.  

MATERIALS AND METHODS 

The hos t  p l a n t s  s tud ied  were Euphorbia p y r i f o l i a  Lam., A v i c e n n i a  
marina (Forssk. Vierh. , S c a e v o l a  taccada  (Gaertn. ) Roxb. and Casuarina 
e q u i s e t i f o l i a  L. I n  each case  a  minimum of t h i r t y  s t y l e t s  were s tud ied  
i n  s i t u  i n  s e c t i o n s  of  stems o r  leaves  and p e t i o l e s .  The p l a n t  
ma te r i a l  was f ixed  i n  Formalin-acetic-alcohol,sectioned by hand o r  by 
microtome, s t a i n e d  i n  s a f r a n i n e  and l i g h t  green and mounted. Hand c u t  
s e c t i o n s  were p a r t i c u l a r l y  use fu l  s ince  with c a r e f u l  examination t h e  
s t y l e t s  were v i s i b l e  i n  t h e  p l a n t  before  it was c u t .  The s e c t i o n s  
were examined microscopical ly and t h e  l eng th ,  width and pa th  of t h e  
s t y l e t s  and t h e  s a l i v a r y  shea th  they sec re t ed  were recorded. 

RESULTS 

A number of  genera l  p o i n t s  were noted; t hese  a r e  summarized i n  
Table 1 and d iscussed  below. 

1. Leaves and p e t i o l e s  were usual ly  penet ra ted  from below. 
Penet ra t ion  of  t h e  upper su r face  was only f requent  i n  F i c u s  nautarum 
and T h e s p e s i a  populnea.  The s t y l e t s  usua l ly  en te red  t h e  l ea f  t o  one 
s i d e  of t h e  midrib. 

2. The mean length  of  s t y l e t s  was approximately 800ym which i s  s h o r t e r  
than t h e  9 8 8 ~  repor ted  i n  Pseudococcus  n j a l e n s i s  by Posnet te  & 

Robertson (1950). The mean l eng th  of  s t y l e t  i n s e r t e d  i n t o  t h e  p l a n t  
was 520um. 

3. S t y l e t s  were usual ly  seen t o  end i n  t h e  phloem bu t  were a l s o  found 
i n  t h e  co r t ex ,  xylem, l a t i c i f e r s  and p i t h .  

4 .  Pene t r a t ion  was i n t r a c e l l u l a r  except  i n  thickened c e l l s  where it 
was i n t e r c e l l u l a r .  When t h e  s t y l e t  f i r s t  encountered such t i s s u e s  it 
was o f t e n  withdrawn and r e - inse r t ed  i n  a  d i f f e r e n t  pos i t i on .  I f  t h e  
s t y l e t  d i d  not  l o c a t e  a  pa th  through l e s s  r e s i s t a n t  t i s s u e s  it was 
usual ly  eventua l ly  success fu l  i n  pene t r a t ing  t h e  thickened c e l l s  
i n t e r c e l l u l a r l y .  

5. S t y l e t s  u sua l ly  pene t r a t ed  i n  a  t r ansve r se  plane and were o f t e n  
found i n  t h e i r  e n t i r i t y  on one o r  two s e r i a l  s e c t i o n s .  En twis t l e  & 

Longworth (1963) found t h a t  t h e  p lane  of pene t r a t ion  i n  o t h e r  coccoids 
was r e l a t e d  t o  t h e  o r i e n t a t i o n  o f  t h e  i n s e c t  and t h e  s t y l e t  was r a r e l y  
t o  be found i n  so  few ad jacen t  s e c t i o n s .  

6. There was no evidence of  t i s s u e  damage o t h e r  than t o  t h e  c e l l s  
penet ra ted .  Small groups of  c a l l u s  c e l l s  were occass iona l ly  found i n  
S c a e v o l a  taccada  . 



Table 1. Sumrnarv of s t v l e t  ~ e n e t r a t i o n  d a t a  f o r  fou r  h o s t  ~ l a n t s .  

Euphorbia Scaevola Avicennia Casuarina 
Stem Leaf Stem Leaf Stem Leaf Stem Leaf 

Mean length  
S t y l e t  424 504 750 509 675 548 450 305 
shea th ,  p m  

Mean number 
branches i n  1.6 0.5 2.5 1.2 3.3 3.2 1.75 0.8 
shea th  

% s t y l e t s  
ending i n  84 75 6 4 6 7 65 4 6 8 3 75 
phloem 

% s t y l e t s  
pene t r a t ing  20 23 25 1 3  87 83 9 5 8 5 
thickened 
t i s s u e s  

S p e c i f i c  r e s u l t s  a r e  a s  follows: 

Euphorbia p y r i f o l i a  

The leaves  have l i t t l e  thickened t i s s u e  except  a band of collenchyma 
along t h e  midrib. S t y l e t s  e n t e r  t o  one s i d e  of  t h i s  and f requent ly  
pene t r a t ed  t o  the  phloem without  being withdrawn and r e loca ted .  Often 
s e v e r a l  vascular  bundles were penet ra ted  i n  succession.  The stems have 
a we l l  developed cork which was sometimes penet ra ted  i n t e r c e l l u l a r l y .  
Severa l  s t y l e t s  were seen t o  e n t e r  t h e  stem through l e n t i c e l s .  Many 
ended i n ,  o r  passed through, t h e  abundant l a t i c i f e r s  of  t he  co r t ex .  
I t  is  poss ib l e  t h a t  t h e  l a t e x  is  an a d d i t i o n a l  food source.  

Scaevo l  a taccada  

Leaf pene t r a t ion  was s i m i l a r  t o  t h a t  i n  Euphorbia.  The stem has 
more sclerenchyma around the  vascular  t i s s u e s  which may account f o r  t he  
g r e a t e r  number of r e i n s e r t i o n s  of t he  s t y l e t  and r e s u l t i n g  branching of  
t h e  s a l i v a r y  shea th .  

A v i c e n n i a  marina 

The undersides of  t h e  leaves  have a dense cover of  simple trichomes. 
The s t y l e t s  pass  between these  and s e c r e t e  a s a l i v a r y  shea th  extending 
s l i g h t l y  o u t  beyond t h e  trichomes. The vascular  t i s s u e s  a r e  completely 



surrounded by sclerenchyma and r e i n s e r t i o n  of  t h e  s t y l e t s  i s  more 
f requent .  The stems have l a r g e  c o r t i c a l  a i r  spaces.  Some s t y l e t s  
passed through t h e  spaces b u t  an equal number followed a s inuous course 
through t h e  surrounding c e l l s .  Addit ional  cambia wi th in  t h e  xylem 
produce small  groups of phloem wi th in  t h e  xylem. About 20% of  s t y l e t s  
penet ra ted  through t o  these  inne r  phloem c e l l s .  

Casuar ina  e q i s e t i f o l i a  

The leaves  o r ,  s t r i c t l y ,  phyllodes have angular ,  r idged su r faces  
covered by a th i ck  c u t i c l e  beneath which a l aye r  o f  sclerenchyma 
over lays  t h e  chlorophyllous t i s s u e s .  Between t h e  r idges  t h e  c u t i c l e  
i s  t h i n  and t h e  sclerenchyma absent  and s t y l e t s  e n t e r i n g  here  d i d  not 
encounter s o  much mechanical t i s s u e .  Equal numbers o f  s t y l e t s  en tered  
through and between t h e  r idges .  Those pass ing  through t h e  
sclerenchyma produced branced s a l i v a r y  shea ths ,  t h e  o t h e r s  d i d  not .  

CONCLUSIONS 

I .  s e y c h e l l a r u m  d i f f e r s  from most coccoids i n  t h e  a b i l i t y  o f  i t s  
s t y l e t s  t o  pene t r a t e  thickened t i s s u e s .  The a b i l i t y  o f  t he  s t y l e t s  t o  
l o c a t e  t h e  phloem, even i f  t h i s  r equ i re s  passage through thickened 
c e l l s ,  implies  t h a t  t h e  s t y l e t s  a r e  t o  some e x t e n t  sensory.  

Host p l a n t s  of  t h e  coccoid on Aldabra A t o l l  range from f l e s h y  
leaved p l a n t s  such a s  Euphorbia  p y r i f o l i a  t o  o t h e r s  with heavi ly  
thickened stems such a s  Casuar ina  e q u i s e t i f o l i a .  The a b i l i t y  o f  t h e  
i n s e c t  t o  feed on p l a n t s  with such va r i ed  anatomy suggests  t h a t  h o s t  
anatomy i s  un l ike ly  t o  be a l i m i t i n g  f a c t o r  i n  the  s e l e c t i o n  of hos t s .  
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METEOROLOGICAL DATA FROM ULUL ISLAND, NAMONUITO ATOLL 

by John Byron Thomas and Mary Durand ~homasl  

~eteorologicalobservations were conducted on Ulul Is land,  Namonuito 
Ato l l ,  Truk D i s t r i c t ,  Trus t  Ter r i to ry  of the Pac i f i c  Is lands  from 
November 8,  1973 t o  September 30, 1974. A record was maintained of 
maximum and minimum temperatures, maximum and minimum r e l a t i v e  humidity, 
and r a i n f a l l .  Temperatures and r a i n f a l l  were recorded da i l y  a t  
6:00 p.m. Relat ive humidity was measured twice d a i l y  a t  noon and 
6:00 p.m. 

The meteorological s t a t i o n  was located i n  a c leared a rea  permitt ing 
unobstructed exposure t o  r a i n  and sun. The maximum and minimum 
thermometers were housed i n  a louvered wood s t ruc tu re  and the r a in  gauge 
was located about four meters d i s t an t .  Relat ive humidity, obtained 
with a s l i ng  psychrometer, was measured a t  the same locat ion.  A l l  
instruments and t h e i r  associated gear were supplied by the U.S. Weather 
Bureau a t  Moen Is land,  Truk D i s t r i c t .  

Informants considered t h a t  meteorological condit ions during the  
recorded period were typ ica l  f o r  Namonuito Ato l l .  The da ta  presented 
i n  the accompanying t ab l e  indicate  the  cl imate t o  be uniformly warm and 
humid. Extreme temperatures ranged from 2 0 . 5 ~ ~ .  t o  35 .oOc. (6g°F. t o  
9S0F.) ; r e l a t i v e  humidity from 66% t o  100%; and monthly r a i n f a l l ,  
from 137.7 mm t o  396.5 mm (9.45 i n .  t o  15.61 i n . ) .  Generally, the  
da i l y  low temperature occurred j u s t  p r i o r  t o  sunr ise  and the high during 
ea r l y  afternoon. Daily r e l a t i v e  humidity var ied  froma lowatabout  noon 
t o  a high a t  about the time of sunrise.  (Because a d a i l y  r e l a t i v e  
humidity measurement was recorded a t  6:00 p.m. ra the r  than a t  sunr ise ,  
the extreme high and average high r e l a t i v e  humidity percentages were 
probably somewhat higher than indicated i n  the t ab le . )  With a few 
exceptions, d a i l y  r a i n f a l l  was i n  the form of b r i e f ,  random showers. 
By extrapolat ion,  the t o t a l  annual r a i n f a l l  would have been approximately 
3213 mm (126.5 i n . ) .  

A s  i s  typ ica l  f o r  t h i s  area  of the Pac i f i c ,  the  g r e a t e s t  seasonal 
c l imat ic  var ia t ion i s  r e f l e c t ed  i n  wind ve loc i ty  and d i rec t ion  ra the r  
than i n  temperature, r e l a t i v e  humidity and p r ec ip i t a t i on  pa t t e rns .  
Northeast t rade  winds prevailed during the  winter months. Summer 
months were characterized by lower ve loc i ty  var iable  winds and 
occasional thunder storms. Accurate wind ve loc i ty  measurements could 
no t  be obtained but  the per iodic  use of a hand-held wind meter a t  a 

' ~ e ~ a r t m e n t  of Anthropology University of Hawaii. 
Ato l l  Res. Bull. No. 255:  39-42, 1981. 
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TEMPERATURE, HUMIDITY AND PRECIPITATION SUMMARIES 
FOR ULUL ISLAND, NAMONUITO ATOLL 
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% R e l a t i v e  Humid i ty  
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5 

6 

T r a c e *  

* L e s s  than 0 .25  mrn. 



windward beach s i t e  indica ted  t h a t  winter winds seldom exceeded 
approximately twenty knots per  hour while summer winds usual ly  ranged 
between f i v e  and ten knots pe r  hour. 

The meteorological measurements were compiled during the  course of 
our respect ive  anthropological researches a t  Namonuito Ato l l .  One of 
us (J.B.T.) would l i k e  t o  acknowledge the  research support provided by 
Wenner-Gren Foundation f o r  Anthropological Research Grant No. 2977 and 
National Science Foundation Grant No. GS-39878; the  o ther  (M.D.T.) 
would l i k e  t o  acknowledge t h e  support provided by National Center f o r  
Health Services Rearch and Development spec ia l  fel lowship No. 5 F03 
HS50513. We would a l s o  l i k e  t o  express our appreciat ion f o r  the  
ass i s t ance  of Saul Pr ice  and the  l a t e  William Tol l iver  of the  U.S. 
Weather Bureau, Honolulu and f o r  t h a t  of Lazaro Mayipi of the  Trus t  
Ter r i to ry  Weather Bureau, Truk D i s t r i c t .  



MARINE BENTHIC ALGAE OF KAYANGEL ATOLL, PALAU 

by Roy T. ~ s u d a l  

Introduction 

During January 13-17, 1976, four f acu l ty  members from the  
University of Guam Marine Laboratory v i s i t e d  Kayangel Atol l  i n  the  
Palau D i s t r i c t  t o  conduct a preliminary b iological  survey of the  algae,  
c o r a l s  and f i s h e s .  Our o r i g i n a l  plan was t o  incorporate a l l  of the 
f indings under one cover, but  o ther  research p r i o r i t i e s  of the  f a c u l t y  
d i rec ted  each member t o  work a t  h i s  own pace i n  ge t t ing  the  r e s u l t s  i n  
p r i n t .  

This paper r epor t s  on the  51 species of marine benthic algae 
co l l ec ted  on the  b a r r i e r  r ee f  f l a t ,  channel and lagoon of Kayangel 
Ato l l .  A l l  specimens c i t e d  here a r e  deposited i n  the  Herbarium of the  
University of Guam Marine Laboratory. Previous t o  our v i s i t  t o  
Kayangel Ato l l ,  only one paper (Lowenstam, 1955) mentions the  algae from 
t h i s  a t o l l ;  t h i s  study repor t s  on aragonite needles secreted by the  
calcareous green a lga  Halimeda. Based on the  co l l ec t ions  and 
observations of Sargassum crassifolium during our v i s i t  t o  Kayangel 
Ato l l ,  Tsuda (1976) reported i t s  presence on a t o l l s  and speculated why 
t h i s  genus i s  r a r e l y  observed on a t o l l s  a s  opposed t o  high is lands .  
Five species of sea-grasses were a l s o  co l l ec ted  during our survey and 
a r e  included i n  another paper, present ly  i n  preparat ion,  on Micronesian 
sea-grasses. 

Kayangel Atol l  ( ~ O O S ' N ,  134O43'E), about 7 km long (N-S or ien ta t ion)  
and about 4 km wide (E-W o r i e n t a t i o n ) ,  i s  the  northernmost a t o l l  i n  the  
Palau Archipelago. The a t o l l  i s  almost completely enci rc led  by a 
b a r r i e r  reef  with four i s l e t s  pres.ent on the  eas te rn  s ide .  The 
maximum depth of t h e  lagoon i s  only 11 m .  G r e s s i t t  (1952) provides a 
descr ip t ion of the a t o l l ,  a s  well a s  t h e  four i s l e t s .  

Acknowledaements 

Our s ince re  appreciat ion t o  Toshiro Pau l i s ,  F i sher ies  Off icer  of  
the  Palau D i s t r i c t ,  who coordinated the l o g i s t i c s  and provided us t h e  
36' "Milotk" f o r  the  t r i p .  Tokiwo Sumang, Chief Western D i s t r i c t  
San i t a r i an ,  loaned us a Boston Whaler which proved indispensible .  We 
a r e  most g r a t e f u l  t o  Chief Rdechor Ruluked and Magistrate Mutsuo Delkum 
of Kayangel Atol l  f o r  t h e i r  permission t o  conduct b io logical  s tud ies  on 
the  a t o l l ,  and t o  U s i m  Belesam, Pr inc ipa l  of the  Elementary School, f o r  

' ~ a r i n e  Laboratory, University of Guam, P. 0 .  EK, Agana, Guam 96910. 
Ato l l  Res. Bull.  No. 255: 43-48, 1981. 



giving us a replacement b e l t  f o r  the a i r  compressor. Our s incere  
g ra t i tude  t o  Frank A. Cushing, Tewid Boisek, Teruwo Remoket, Max Moras, 
and Francisco Yamada f o r  t h e i r  technical  a s s i s t ance  during the  f i e l d  
work. My appreciat ion t o  my colleagues Richard H.  Randall, Charles E. 
Birkeland and Steven S. Amesbury f o r  c a l l i n g  my a t t e n t i o n  t o  c e r t a i n  
a l g a l  species.  Sincere thanks t o  the  wonderful people of Kayangel 
Ato l l  f o r  t h e i r  h o s p i t a l i t y  during our s t a y  on t h e i r  a t o l l ,  and 
espec ia l ly  t o  those cooks who provided the  de l i c ious  i s l a n d  food each 
night .  

S ta t ions  

The terminology of Tracey et dl. (1955) i s  used t o  describe the  
d i f f e r e n t  zones of  Kayangel Atoll .  

S t a t i o n  1. Lagoon reef  margin, northern end of a t o l l ,  - 5  m deep, 
Jan. 13, 1976. (RT 5088 - 5098) . 

Sta t ion  2. Lagoon ree f  margin, northwest end of a t o l l ,  - 5  m deep, 
Jan. 13,  1976. (RT 5099). 

S t a t i o n  3. Inner reef  f l a t ,  co ra l  mound o f f  northwest t i p  of Ngariungs 
I s l e t ,  . 3  m deep, Jan .  14,  1976 (RT 5100 - 5103). 

S ta t ion  4. Lagoon, co ra l  mound, 1.5 km south of main channel, 1 m deep, 
Jan. 14, 1976. (RT 5104 - 5117) . 

S t a t i o n  5 .  Reef f l a t ,  1 km nor th  of main channel, 2 m deep, Jan,  15, 
1976. (RT 5119 - 5122). 

S ta t ion  6. Lagoon s h e l f ,  southwest of  Ngariungs I s l e t ,  1 m deep, Jan. 
15, 1976. (RT 5124 - 5129) . 

Sta t ion  7. Lagoon, c o r a l  mound, 1 km nor theas t  of  channel, 9 m deep, 
Jan. 15,  1976. (RT 5130 - 5133). 

S t a t i o n  8. Lagoon, c o r a l  mound, 1 km west of southern t i p  of Ngajangel 
I s l e t ,  9 m deep, Jan. 15,  1976. (RT 5134 - 5140). 

S ta t ion  9. Reef f l a t ,  .6 km north of Ngajangel I s l e t ,  .5 m deep, Jan,  
15, 1976. (RT 5144 - 5149) . 

Sta t ion  lo. Lagoon, co ra l  mound, west of mid-section of Ngajangel I s l e t ,  
2-8 m deep, Jan. 16,  1976. (RT 5150 - 5157). 

S ta t ion  11. Reef f l a t ,  2 km south of  main channel entrance,  - 3  m deep, 
Jan. 16, 1976. (RT 5158 - 5159). 

S t a t i o n  12. South channel, j u s t  west of Gorak I s l e t ,  2 m deep, Jan. 
16, 1976. (RT 5161 - 5163) . 

Sta t ion  13. Slope of main channel, 1-10 m deep, Jan. 16,  1976. 
(RT 5164 - 5176). 



S t a t i o n  14. Inner  r ee f  f l a t ,  between Ngajangel and Ngariungs I s l e t s ,  
l m d e e p ,  Jan. 17,  1976. (RT 4773, 5177 - 5182). 

S t a t i o n  15. Slope of  main channel,  2-9 m deep, Jan.  17, 1976. 
(RT 5183 - 5188). 

S t a t i o n  16. Inner  r ee f  f l a t ,  between Ngariungs and Ngaraplas I s l e t s ,  
1 m deep, Jan.  17,  1976. (RT 4774, 5189). 

S t a t i o n  17.  Reef f l a t ,  j u s t  northwest of  t h e  northwest t i p  of 
Ngajangel I s l e t ,  1 m deep, Jan.  15, 1976. (RT 5190 - 5198). 

S t a t i o n  18. Lagoon s h e l f ,  sea-grass beds o f f  Ngajangel I sLe t ,  1 rn 
deep, Jan.  17 ,  1976. (RT 5201 - 5203) . 

Species  L i s t i n g  

The spec ie s  a r e  l i s t e d  a l p h a b e t i c a l l y  under t h e i r  r e spec t ive  
Divisions.  

Cyanophyta 

C a l o t h r i x  c o n f e r v i c o l a  (Roth) Ag. - RT 5132a ( ep iphy t i c  on Cerarnium 
maza t l a n e n s e )  . 

C a l o t h r i x  p i l o s a  Harvey - RT 5162, RT 5198. 

~ i c r o c o l e u s  1 ynqbyaceus (Kiitz . ) Crouan - RT 5145 (epiphyt ic  on 
Halimeda i n c r a s s a t a ) ,  RT 5203. 

S c h i z o t h r i x  c a l c i c o l a  (Ag. ) Gomont - RT 5111. 

Chlorophyta 

~ v r a i n v i l l e a  l a c e r a t a  Harvey - RT 5095, RT 5100. 

A v r a i n v i l l e a  obscura J. ~ g .  - RT 5201. . 

Caulerpa a n t o e n i s  Yamada - RT 5194 (on sand) . 
Caulerpa racemosa (Forsska l )  J. Ag. - RT 5108, RT 5124, RT 5153, RT 5182. 

Caulerpa s e r r u l a t a  (Forsska l )  J. ~ g .  - RT 5096, RT 5114, RT 5129c, 
RT 5135, RT 5152, RT 5154. 

Caulerpa t a x i f o l i a  (Vahl) C.  Ag. - RT 5138. 

Caulerpa u r v i l l i a n a  Montagne - RT 5181. 

Caulerpa v i c k e r s i a e  Boerg. - RT 5103 (on s a n d ) ,  RT 5133. 

Dic tyosphaer ia  cavernosa (Forsska l )  Boerg. - RT 5167. 

~ i c t y o s p h a e r i a  v e r s l u y s i i  W .  v. Bosse - RT 5093, RT 5113, RT 5119, 
RT ' 5196. 

Halimeda c y l i n d r a c e a  Decaisne - RT 5104, RT 5131, RT 5183. 

Halimeda d i s c o i d e a  Decaisne - RT 5144, RT 5150, RT 5184b. 



Halimeda g r a c i l i s  Harvey - RT 5088, RT 5165 

Halimeda i n c r a s s a t a  ( E l l i s )  Lamx. - RT 5149, RT 520233. 

~ a l i m e d a  l a c u n a l i s  Taylor - RT 5091a, RT 5106, RT 5126a, RT 5134, 
RT 5184a. 

Halimeda m i c r o n e s i c a  Yamada - RT 5089, RT 5105, RT 5129b, RT 5185a, 
RT 5192. 

Halimeda minima (Taylor) Colinvaux - RT 5151, RT 5164, RT 5186. 

~ a l i m e d a  o p u n t i a  (L.) Lamx. - RT 5090a, RT 5107, RT 5125, RT 5187. 

~ a l i m e d a  s i m u l a n s  Howe - RT 5202a. 

Halimeda s t u p o s a  Taylor - RT 5190b, RT 5202a. 

Halimeda t a e n i c o l a  Taylor - RT 5126b, RT 5191. 

~ i c r o d i c t y o n  okamurai  S e t c h e l l  - RT 5097, RT 5130, RT 5136, RT 5155. 

Neomeris  mucosa Howe - RT 5139. 

 hipi ilia o r i e n t a l i s  A. a E. S. Gepp - RT 5173, RT 5189. 

v a l o n i a  u t r i c u l a r i s  (Roth) C. ~ g .  - RT 5157, RT 5176, RT 5195. 

v a l o n i a  v e n t r i c o s a  J .  ~ g .  - RT 5127, RT 5172. 

~ a l o n i o p ~ i s  pachynema (Martens) Boerg. - RT 5116. 

Phaeophyta 

D i c t y o p t e r i s  r e p e n s  (Okamura) Boerg. - RT 517ob. 

D i c t y o t a  b a r t a y r e s i i  Lamx. - RT 5179. 

~ e l d m a n n i a  i r r e g u l a r i s  (KEtz.) Hamel - RT 5158. 

~ o b o p h o r a  v a r i e g a t a  (Lamx.) Womersley - RT 5094, RT 5099, RT 5110, 
RT 5121, RT 5147, RT 5171. 

~ a d i n a  t e n u i s  Bory - RT 5146. 

Sargassum c r a s s i f o l i u m  J. ~ g .  - RT 4773, RT 4774. 

~ u r b i n a r i a  o r n a t a  ( ~ u r n e r )  J .  ~ g .  - RT 5092, RT 5109, RT 5163. 

Rhodophy t a  

Amphiroa f r a g i l i s s i m a  (L.) Lamx. - RT 5148. 

Ceramium g r a c i l l i m u m  v. b y s s o i d e u m  (Harv.) Mazoyer - RT 5112b. 

Ceramium m a z a t l a n e n s e  Dawson - RT 5132a. 

Claudea m u l t i f i d a  Barvey - RT 5161, RT 5168. 

Endosiphonia  s p i n u l i g e r a  Zanard. - RT 51ola,  RT 5156. 

Galaxaura o b l o n g a t a  (E.  & S.) Lamx. - RT 5180. 

G e l i d i o p s i s  i n t r i c a t a  (Ag.) Vickers  - RT 5122. 

J a n i a  c a p i l l a c e d  Harvey - RT 5178 ( ep iphy t i c  on Sargassum c r a s s i f o l i u m )  , 
RT 5197. 



Laurenc ia  c a r t i l a g i n e a  Yamada - RT 510lb, RT 5128. 

Laurenc ia  ma juscu la  (Harv.) Lucas - RT 5098 ( intermixed with Laurenc ia  
c a r t i l a g i n e a )  , RT 5140 ( ep iphy t i c  on Halimeda o p u n t i a )  , RT 5169 
( ep iphy t i c  on Halimeda l a c u n a l i s )  , RT 5188 (on dead c o r a l ) .  

Liagora  p i n n a t a  Harvey - RT 5177, RT 5193, 

~ o l y s i p h o n i a  howei  Hellenberg - RT 5112a, RT 5117, RT 5120, RT 5129 
(mixed with P o l y s i p h o n i a  s c o p u l o r u m ) ,  RT 5159, RT 5174. 

~ o l y s i p h o n i a  scopu lorum Harvey - RT 5102, RT 5129 (mixed with 
P o l y s i p h o n i a  h o w e i )  , RT 5132b. 

Discussion 

Claudea m u l t i f i d a  ( see  Papenfuss,  1937) i s  t h e  only  a l g a  c o l l e c t e d  
from Kayangel A t o l l  which has  n o t  been previous ly  repor ted  from the  
Micronesian region.  The r e s t  of t he  a lgae  r ep resen t s  an extension of 
t h e  marine a lgae  previous ly  known from Palau proper o r  o t h e r  Micronesian 
i s l a n d s  ( see  Tsuda and Wray, 1977).  

The p r o s t r a t e  green a l g a  M i c r o d i c t y o n  okamurai  i s  the  dominant 
a l g a  on t h e  s o l i d  ca lcareous  substratum of  t h e  b a r r i e r  r ee f  and on t h e  
c o r a l  mounds i n  the  lagoon. This  spec ie s  covers  about  23% of t h e  
consol ida ted  substratum on t h e  nor thern  b a r r i e r  r ee f  and i s  equal ly  
abundant i n  t h e  lagoon. Lobophora v a r i e g a t a  and D i c t y o s p h a e r i a  
c a v e r n o s a  a r e  a l s o  conspicuous i n  these  same a reas .  

The ca lcareous  green a l g a  Halimeda i s  abundant i n  t h e  channel and 
lagoon a reas .  Of t h e  11 spec ie s  of Halimeda co l l ec t ed  from t h i s  a t o l l ,  
four  spec ie s  ( H .  c y l i n d r a c e a ,  H .  i n c r a s s a t a ,  H .  s i m u l a n s ,  and H .  s t u p o s a )  
i n h a b i t  t he  sandy substratum which makes up the  major i ty  of t h e  s u b s t r a t a  
type wi th in  t h e  lagoon. Four spec ie s  of  Caulerpa ( C .  a n t o e n s i s ,  C .  
t a x i f o l i a ,  C .  u r v i l l i a n a ,  and C .  v i c k e r s i a e )  a l s o  i n h a b i t  t h e  sandy 
a r e a s  of t h e  lagoon. The t u r f  community i s  developed on t h e  c o r a l  
mounds i n  t h e  lagoon. P o l y s i p h o n i a  h o w e i ,  P .  s copu lorum,  J a n i a  
c a p i l l a c e a ,  a n d L a u r e n c i a  ma juscu la  a r e  t h e  dominant a lgae  comprising 
the  t u r f .  

The small  s i z e  and shallow depth of Kayangel Lagoon makes t h i s  
a t o l l  a p e r f e c t  n a t u r a l  l abora to ry  f o r  d i s t r i b u t i o n a l  and seasonal  
s t u d i e s  of benth ic  a lgae ,  e s p e c i a l l y  t h e  Halimeda spec ie s ,  i n  a lagoon 
environment. 
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QUALITATIVE ASSESSMENT OF THE ASTEROID?. ECHINOIDS 
AND HOLOTHURIANS I N  YAP LAGOON 

by Deborah A. Grosenbaugh 

INTRODUCTION 

A l i m i t e d  amount of work ha s  been done on t h e  echinoderm popula t ion  
of Yap. Two p rev ious  t e c h n i c a l  r e p o r t s  (Amesbury e t  a l . ,  1976, 1977) 
l i s t  16  echinoderms observed i n  two l o c a l i z e d  a r e a s :  one  a t  t h e  
Doni tsch I s l a n d  sewer o u t f a l l  s i t e  and t h e  o t h e r  a t  a  proposed dock s i t e  
i n  Colon ia ,  Yap. 

The on ly  o t h e r  obse rva t i ons  of t h i s  group r e l a t e  t o  t h e  a s t e r o i d s .  
E a r l i e r  r e p o r t s  (Hayashi, 1938a, 1938b) mention on ly  C u l c i t a  
novaeguineae and Fromia m o n i l i s  a s  be ing  i d e n t i f i e d  from Yap. C l a r k  
(1954) recorded P r o t o r e a s t e r  nodosus a s  a l s o  being found t h e r e .  

During t h e  pe r i od  of t ime when Acanthas te r  p l a n c i  i n f e s t a t i o n s  were 
a  concern throughout  t h e  wes te rn  and c e n t r a l  P a c i f i c ,  s e v e r a l  s e p a r a t e  
surveys  were made on Yap. Beginning i n  J u l y  of 1969, Chesher (1969) 
observed no l a r g e  popu l a t i ons  of A. p l a n c i .  By l a t e  1970 (Tsuda e t  a l . ,  
1970) two sma l l  popu l a t i ons  (one c o n s i s t i n g  of 100 - 150 i n d i v i d u a l s  
and ano the r  of about  50 s t a r f i s h )  were i d e n t i f i e d  o u t s i d e  of t h e  b a r r i e r  
r e e f .  A subsequent  survey  i n  1971 (Marsh and Tsuda, 1973) noted an  
apparen t  i n c r e a s e  i n  A. p l a n c i ,  bu t  they  were widely  s c a t t e r e d  w i t h  no 
obvious  maj o r  concen t r a t  ions .  

Th i s  p a r t i c u l a r  paper  p rov ides  a q u a l i t a t i v e  assessment of t h e  
a s t e r o i d ,  ech ino id ,  and h o l o t h u r i a n  popu l a t i ons  i n  t h e  Yap Lagoon, w i t h  
p a r t i c u l a r  r e f e r e n c e  t o  t h e  l a t t e r .  

The a u t h o r  wishes  t o  acknowledge L. G .  Eldredge and C.  E. Bi rke land  
f o r  t h e i r  a i d  i n  t h e  i d e n t i f i c a t i o n  of some of t h e  echinoderms en- 
counte red  i n  t h i s  s t udy  and f o r  reviewing t h e  manuscr ip t ,  and R. L. Kock 
f o r  p rov id ing  t h e  d a t a  concerning t h e  stomach c o n t e n t s  of Mesp i l i a  
g l o b u l u s  and T r ipneus t e s  g r a t i l l a .  I d e n t i f i c a t i o n  of most ho lo thu r i ans  
was ob t a ined  from Rowe and Doty (1977). 

I 

C o n t r i b u t i o n  No.116, U n i v e r s i t y  of Guam Marine Laboratory.  The f i e l d  
work w a s  conducted d u r i n g  a  g e n e r a l  r e e f  survey  of Yap Lagoon w i th  funds 
provided by t h e  O f f i c e  of Planning and S t a t i s t i c s ,  T rus t  T e r r i t o r y  of 
t h e  P a c i f i c  I s l a n d s ,  t o  t h e  U n i v e r s i t y  of Guam Marine Laboratory (R. T.  
Tsuda, P r i n c i p a l  I n v e s t i g a t o r ) .  
A t o l l  Res. B u l l .  No. 255: 49-54, 1981. 



METHOD 

The observa t ions  made h e r e  were done dur ing  t h e  course  of a gene ra l  
reef  survey,  conducted dur ing  J u l y  9-20, 1977, which covered a major 
po r t i on  of t h e  r ee f  f l a t  i n  t h e  Yap Lagoon. Most observa t ions  were 
made a s  a r e s u l t  of towing t h e  observer  from a small  boat i n  a z igzag  
p a t t e r n  from t h e  s eag ra s s  beds near  sho re  t o  t h e  b a r r i e r  r ee f  margin. 
When unusua l ly  conspicuous popula t ions  of  echinoderms ( p a r t i c u l a r l y  
ho lo thur ians)  w e r e  noted,  a c l o s e r  examination was made by snorke l ing  
i n  t h e  a r ea .  P e r i o d i c a l l y ,  more d e t a i l e d  obse rva t ions  of randomly 
chosen a r e a s  w e r e  made i n  o rde r  t o  no t e  l e s s  conspicuous spec i e s .  

Two 30-m t r a n s e c t s  were run  i n  a Tha l a s s i a  hemprichi i  bed j u s t  e a s t  
of Bik I s l a n d  i n  Tomil Harbor. I n  t h i s  ca se ,  a l l  echinoderms 0.5 m on 
e i t h e r  s i d e  of a 30 m-long t r a n s e c t  l i n e  were enumerated. 

RESULTS AND DISCUSSION 

Four zona l  h a b i t a t s  ( s eag ra s s ,  s eag ra s s - l i ve  c o r a l ,  l i v e  c o r a l ,  
and c o r a l  pavement) c h a r a c t e r i z e  t h e  r e e f  f l a t s  i n  t h e  Yap Lagoon. 

The seag ra s s  zone i s  cha rac t e r i zed  by t h i c k  beds of Tha l a s s i a  
and Enhalus ad jacent  t o  sho re ,  becoming patchy and i n t e r s p e r s e d  wi th  
l i v e  c o r a l  heads (predominately P o r i t e s )  a s  one progresses  out  toward 
t h e  r ee f  margin. This t r a n s i t i o n a l  zone i s  r e f e r r e d  t o  a s  t h e  seagrass -  
l i v e  c o r a l  zone i n  t h i s  paper.  A s  t h e  s eag ra s s  becomes l e s s  dominant 
o the r  c o r a l s  (notably Acropora) a long wi th  t h e  P o r i t e s  form a l i v e  c o r a l  
zone. Near t h e  reef  margin, t h e  l i v e  c o r a l s  become rep laced  by c o r a l  
pavement. Table 1 l is ts  t h e  va r ious  echinoderms found i n  t h e s e  fou r  
h a b i t a t s ,  a s  w e l l  a s  those  found on pa tch  r e e f s ,  ho l e s ,  and channel.  

The denses t  popula t ions  of echinoderms on t h e  reef  f l a t  occur i n  
t h e  s eag ra s s  beds ad jacent  t o  land,  though not  a l l  of t h e  s e a g r a s s  beds 
surveyed exh ib i t ed  obvious numbers of echinoderms. Holothurians i n  
t h e  s eag ra s s  beds w e r e  e i t h e r  absen t ,  r a r e  (1-2 seen per  hour of 
sno rke l ing ) ,  o r  unusual ly  abundant. 

Table 2 p re sen t s  t h e  r e s u l t s  of t h e  two 30-m long t r a n s e c t s  ( 1  m 
wide) run  i n  t h e  Tha la s s i a  bed. Transect  A was loca ted  ad jacent  t o  Tomil 
Harbor channel and s o u t h e a s t  of Bik I s l and .  Transect  B was s i t u a t e d  j u s t  
e a s t  of t h e  i s l a n d .  The major components i n  both ca se s  were t h e  ech inoid  
Mespi l ia  g lobulus  and the  ho lo thu r i an  Actinopyga e c h i n i t e s .  The 
unusua l ly  l a r g e  numbers of M. g lobu lus  p re sen t  had covered themselves 
wi th  s e a g r a s s  d e t r i t u s .  ~ x a m i n a t i o n  of t h e  stomach con ten t s  of  25 M. 
globulus  and fou r  Tr ipneus tes  g r a t i l l a  t h a t  were a l s o  p r e s e n t ,  revea led  
t h a t  Tha l a s s i a  was t h e  on ly  food item inges ted .  Actinopyga e c h i n i t e s  
seemed t o  be feed ing  p r imar i l y  on t h e  d e t r i t u s .  I n  some cases ,  A. 
e c h i n i t e s  could be s een  f eed ing  on t h e  d e t r i t u s  t h a t  was a t t ached  t o  



Table 1. Checkl i s t  of a s t e r o i d s ,  ech inoids ,  and ho lo thu r i ans  observed 
i n  v a r i o u s  r ee f  f l a t  zones and o t h e r  h a b i t a t s  i n  Yap Lagoon. 
(1. s eag ra s s  zone, 2. s eag ra s s - l i ve  c o r a l  zone. 3. l i v e  c o r a l  
zone, 4. c o r a l  pavement zone, 5. patch r e e f s  i n  Tomil, M i l ,  
and Gofenu Harbors,  6. h o l e s  i n  reef  f l a t ,  7 .  Tomil Harbor 
Channel). 

SPECIES 
Reef F l a t  Zones Other Hdb i t a t s  
1 2 3 4  5 6 7 

Class  As te ro idea  
Acanthast e r  p l a n c i  (Linnaeus) 
C u l c i t a  novaeguineae ~ G l l e r  & 

Troschel  
Echinas te r  luzonicus  (Gray) 
Fromia m i l l e p o r e l l a  (Lamarck) 
Linckia  l a e v i g a t a  (Linnaeus) 
Linckia  m u l t i f o r a  (Lamarck) 
P r o t o r e a s t e r  nodosus (Linnaeus) X 

Class  Echinoidea 
Diadema setosum (Michelin) X X X 
Echinothr ix  ca lamar i s  ( P a l l a s )  X 
Heterocent ro tus  mammillatus (Linnaeus) X 
Mespi l ia  g lobulus  (Linnaeus) X X 
T r ipneus t e s  g r a t i l l a  (Linnaeus) X 

Class  Holothuroidea 
Actinopyga e c h i n i t e s  ( Jaeger )  
Bohadschia a rgus  Jaeger  
Bohadschia sp.  
Holo thur ia  a t r a  Jaeger  
Holothuria  ax i loga  Clark 
Holo thur ia  e d u l i s  Lesson - -  ~- 

Holothur ia  h i l l a  Lesson 
Holo thur ia  f lavomaculata  Sernper 
G l o t h u r i a  l e u c o s p i l o t a  Brandt 
Holo thur ia  n o b i l i s  (Selenka) 
St ichopus ch loronotus  Brandt 
St ichopus v a r i e g a t u s  Semper 
Thelenota ananas ( Jaeger )  
Un iden t i f i ed  synapt id  

X X 
X 
X X X  

X X 
X 

X X 
X 



M. g l o b u l u s .  Actinopyga e c h i n i t e s  e x h i b i t e d  t h e  clumped d i s t r i b u t i o n  - 
r e f e r r e d  t o  by Amesbury et a l .  (1976),  being found o f t e n  i n  " p i l e s "  o f  
f i v e  o r  more i n  c l o s e  a s s o c i a t i o n .  One sma l l  d a r k  r ed  h o l o t h u r i a n ,  
which t h e  au tho r  cou ld  not  i d e n t i f y ,  was observed i n  Transec t  A. 

Tab le  2. Dens i ty  of echinoderms a long  two 30-m long  t r a n s e c t s  
( 1  m wide) i n  a  T h a l a s s i a  bed of f  Bik I s l a n d ,  Tomil 
Harbor, Yap. 

SPECIES A B 

Act inopyga e c h i n i t e s  164 450 
Mesp i l i a  g lobu lu s  34 245 
Holo thur ia  e d u l i s  11 3 
P r o t o r e a s t e r  nodosus 9  4  
Holo thur ia  a t r a  4  2 
S t ichopus  ch lo rono tu s  2 4  
Ho lo thu r i a  h i l l a  1 1 
Unident i f  i e d  ho l o t  hur i a n  1 - 
Holo thur ia  f l avomacula ta  - 4 
T r ipneus t e s  g r a t i l l a  - 1 

I n  ano the r  T h a l a s s i a  bed o f f  Peke1 I s l a n d  i n  Tomil Harbor,  
Actinopyga e c h i n i t e s  was a l s o  abundant ,  e x h i b i t i n g  t h e  same tendency 
toward clumping t h a t  was observed e a r l i e r .  Also p r e s e n t  bu t  no t  a s  
abundant w e r e  S t ichopus  v a r i e g a t u s  and S. ch lo rono tu s  and a  v a r i e t y  
of o c c a s i o n a l l y  observed h o l o t h u r i a n s  such  a s  Ho lo thu r i a  h i l l a ,  11. a t r a ,  
and t h e  a s t e r o i d  P r o t o r e a s t e r  nodosus,  a long  w i t h  t h e  scyphozoan 
medusa Cass iope ia  s p .  Large popu l a t i on  d e n s i t i e s  of H. a t r a  were a l s o  
no ted  i n  an Enteromorpha bed w e s t  of Thilimad I s l a n d ,  near  t h e  n o r t h e r n  
t i p  of Map I s l a n d .  Only one synap t i d  was observed d u r i n g  t h e  e n t i r e  
survey ,  i n  a  s e a g r a s s  bed o f f  t h e  n o r t h e a s t  co rne r  .of  Map. 

A s  one p rog re s se s  ou t  toward t h e  r e e f  margin i n t o  t h e  s eag ra s s -  
l i v e  c o r a l  zone, e d u l i s  r e p l a c e s  Actinopyga e c h i n i t e s  a s  t h e  
predominant h o l o t h u r i a n  s p e c i e s .  S t ichopus  ch lo rono tu s  was u s u a l l y  
p r e s e n t  i n  t h i s  zone,  b u t ,  a s  i n  t h e  s e a g r a s s  zone,  was no t  p a r t i c u l a r l y  
common. It was s een  most ly  i n  sandy a r e a s  between c o r a l  beds.  
Ho lo thu r i a  l e u c o s p i l o t a  was o c c a s i o n a l l y  s een  w i t h  t h e  a n t e r i o r  p a r t  
of i t s  body extended o u t  from under t h e  P o r i t e s  heads.  Other  
h o l o t h u r i a n s  observed i n  t h e  s e a g r a s s - l i v e  c o r a l  zone were an o c c a s i o n a l  
Ho lo thu r i a  a t r a ,  - H. n o b i l i s ,  and &. f l avomacula ta .  The "cushion s t a r -  
f i s h "  Culcuta  novaeguineae was a l s o  seen.  

I n  t h e  l i v e  c o r a l  zone, t h e  a s t e r o i d s  L inck ia  m u l t i f o r a ,  Fromia 
m i l l e p o r e l l a ,  and Ech ina s t e r  , a long  w i th  t h e  ech ino id  Diadema 
setosum, were common i n  among t h e  Acropora,  and under P o r i t e s  heads .  



Holo thur ia  l e u c o s p i l o t a  was s e e n ,  a s  i n  
extending o u t  from under P o r i t e s  heads ,  
common i n  c l o s e  a s s o c i a t i o n  w i t h  s t a n d s  

t h e  s e a g r a s s - l i v e  c o r a l  zone,  
whereas H. f l avomacula ta  was 
of ~ c r o ~ o r a .  

I n  t h e  c o r a l  pavement zone o u t  n e a r  t h e  r e e f  margin,  on ly  a n  
o c c a s i o n a l  H o l o t h u r i a  - a t r a  r e p r e s e n t e d  t h e  h o l o t h u r i a n s .  The o n l y  o t h e r  
obvious  echinoderms were L i n c k i a  l a e v i g a t a  and C u l c i t a  novaeguineae.  
The m a j o r i t y  of t h e  echinoderms i n  t h i s  zone were  found i n  c o r a l  r u b b l e  
and under  rocks .  These  i n c l u d e  a n  u n i d e n t i f i e d  oph iuro id  , E c h i n a s t e r  
l u z o n i c u s ,  E c h i n o t h r i x  c a l a m a r i s ,  and H e t e r o c e n t r o t u s  mammillatus. 

Bes ides  t h e  g e n e r a l  z o n a t i o n  a c r o s s  t h e  r e e f  f l a t ,  t h e r e  e x i s t  
d i s t i n c t  echinoderm p o p u l a t i o n s  i n  t h e  deep h o l e s  t h a t  occur  on t h e  
ree f  f l a t ,  and on p a t c h  r e e f s  i n  t h e  v a r i o u s  ha rbor  e n t r a n c e s .  The 
h o l e s  a r e  surrounded by a Por i tes-Acropora  t y p e  community and t h e  
echinoderm f a u n a  cor responds  t h u s l y .  As t h e  s i d e s  of t h e  h o l e s  s l o p e  
downward t o  a  sandy bottom, t h o s e  h o l o t h u r i a n s  which p r e f e r  sandy sub- 
s t r a t e  a r e  s e e n ,  e . g . ,  H o l o t h u r i a  e d u l i s  and Bohadschia a rgus .  

P a t c h  r e e f s  i n  t h e  t h r e e  major h a r b o r s  (Tomil, M i l ,  Gofenu) 
p rov ide  a  d i v e r s e  environment f o r  a  v a r i e t y  of echinoderms. Sandy 
a r e a s  w i t h  some s e a g r a s s  a r e  i n t e r s p e r s e d  between a r e a s  of h i g h  c o r a l  
d e n s i t y .  The sandy a r e a s  of t h e s e  r e e f s  i n c l u d e  t h e  h o l o t h u r i a n s  
H o l o t h u r i a  e d u l i s ,  H. a t r a ,  S t i c h o p u s  c h l o r o n o t u s ,  5. v a r i e g a t u s ,  and 
Bohadschia a rgus .  The h o l o t h u r i a n s  &. f l avomacula ta  and H. l e u c o s p i l o t a  
were found a s s o c i a t e d  w i t h  t h e  c o r a l s  Acropora and ~ o r i t e s ,  r e s p e c t i v e l y .  
The e c h i n o i d  Diadema setosum and t h e  a s t e r o i d  Fromia m i l l e p o r e l l a  were 
found i n  t h e  c o r a l  w h i l e  C u l c i t a  novaeguineae was o f t e n  observed i n  
sandy p a t c h e s  between c o r a l s .  On t h e  downward s l o p e  of t h e s e  p a t c h  
r e e f s  and a long  channe l s ,  t h e  l a r g e r  d e t r i t u s - f e e d i n g  h o l o t h u r i a n s ,  
i . e . ,  The leno ta  ananas ,  Bohadschia a r g u s ,  and H o l o t h u r i a  a x i o l o g a ,  
were l o c a t e d  . 

While h o l o t h u r i a n s  of major  economic importance were i d e n t i f i e d  
w i t h i n  t h e  r e e f  f l a t  (Thelenota  ananas ,  Bohadschia a r g u s ,  H o l o t h u r i a  
n o b i l i s ) ,  t h e y  were no t  observed t o  be  p r e s e n t  i n  such q u a n t i t i e s  t h a t  
would make t h e i r  e x p o r t  p r o f i t a b l e .  The Yapese, themselves ,  a r e  n o t  
o v e r l y  fond of t h e  d e l i c a c y ,  b u t  t h e  Pa lauan  community of Yap does  
o c c a s i o n a l l y  u t i l i z e  t h e  above-mentioned s p e c i e s  a s  a food s o u r c e  a s  
w e l l  a s  Actinopyga e c h i n i t e s  which i s  found i n  c o n s i d e r a b l e  abundance 
i n  some of  t h e  s e a g r a s s  a r e a s .  S i n c e  t h e  Pa lauan  community i s  s i t u a t e d  
i n  t h e  Colon ia  a r e a ,  o n l y  e d i b l e  h o l o t h u r i a n s  i n  t h e  Tomil Harbor a r e a  
a r e  l i k e l y  t o  b e  h a r v e s t e d  because  of t h e  s t r i c t  r e e f  t e n u r e  on Yap 
where t h e  v a r i o u s  v i l l a g e s  have e x c l u s i v e  f i s h i n g  r i g h t s  on d e s i g n a t e d  
a r e a s  of t h e  r e e f .  
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ACANTHASTER I N  THE CULTURES OF HIGH ISLANDS 

by 

11 Char les  B i rke  land- 

R e s i d e n t s  of  h i g h  i s l a n d s  i n  M i c r o n e s i a ,  Melanes ia  and P o l y n e s i a  u s u a l l y  
have t h e i r  own s p e c i a l  names f o r  Acanthaster, each  have s i m i l a r  a d v i c e  on 
c u r i n g  t h e  s t i n g  of t h e  s p i n e s ,  and each  c l a i m  t h a t  Acanthaster h a s  been 
abundant a t  c e r t a i n  t imes  i n  t h e  p a s t .  I ' b e l i e v e  t h a t  t h i s  f a m i l i a r i t y  of  
Acanthaster i n  some h i g h  i s l a n d  c u l t u r e s  i m p l i e s  t h a t  o u t b r e a k s  a r e  a  n a t u r a l l y  
r e c u r r i n g  phenomenon around h i g h  i s l a n d s .  An a p p a r e n t  l a c k  of  f a m i l i a r i t y  o f  
Acanthaster i n  t h e  c u l t u r e s  of  a t o l l s  i m p l i e s  t h a t  o u t b r e a k s  of  Acanthaster 
a r e  much l e s s  f r e q u e n t  around a t o l l s  (low i s l a n d s ) .  

I n  P a l a u  (Micronesia)  , t h e  Acanthaster is c a l l e d  rrusech (Bi rke land ,  1979) 
w h i l e  o t h e r  s t a r f i s h  a r e  c a l l e d  btuch o r  tengetang. A t  F i j i  ( ~ e l a n e s i a ) ,  
Acanthaster i s  c a l l e d  buZa ( a  homonym of "he l lo" )  w h i l e  t h e  g e n e r a l  terms f o r  
"s t a r f  i s h "  a r e  gasagasan o r  basage ( A t e l a i t e  Smalley , p e r s  . comm. ) . I n  t h e  
Cook and S o c i e t y  I s l a n d s  ( P o l y n e s i a ) ,  Acanthaster is  c a l l e d  taramea and i n  
Samoa and Tonga ( ~ o l ~ n e s i a )  , Acanthaster is  c a l l e d  aZamea ( G a r l o v s k ~  and 
Bergqu i s t  , 1970 ; B i r k e l a n d  and R.andal1, 1979 ; Flan igan  and Lamberts , 1981).  

I n  c o n t r a s t ,  t he  languages  from a t o l l s  appear  t o  n o t  c o n t a i n  terms f o r  
Acanthaster. There i s  no s p e c i a l  word f o r  Acanthaster on P i n g e l a p  (Spensin  
James, p e r s .  comm.); t h e  c-rown-of-thorns i s  merely r e f e r r e d  t o  a s  i s u ,  a  t e rm 
used f o r  a l l  s t a r f i s h .  S i m i l a r l y ,  Acanthaster is  c a l l e d  taZwaZyoZ on U l i t h i ,  
a  g e n e r a l  term f o r  a l l  s t a r f i s h  ( E u l a l i a  H a r u i ,  p e r s .  comm.) . Abo e t  a l .  
(1976) l i s t  12,000 e n t r i e s  w i t h  i n f o r m a t i o n  on abou t  30,000 M a r s h a l l e s e  words .  
Many f i s h e s ,  t h r e e  groups o f  s e a  cucumbers, and o t h e r  marine organisms a r e  
ment ioned,  b u t  t h e r e  was no  word f o r  Acanthaster. I t  must n o t  be impor tan t  
t o  the  M a r s h a l l e s e .  

The G i l b e r t  I s l a n d s  ( K i r i b a t i )  , t h e  E l l i c e  I s l a n d s  (Tuvalu) and Fanning 
I s l a n d  a r e  a l l  a t o l l s .  Lobe1 (1978) p r e s e n t e d  a  l i s t  of 407 names of  f i s h e s  
and 95 names of  marine i n v e r t e b r a t e s  used by G i l b e r t e s e  and E l l i c e  I s l a n d e r s  
on Fanning I s l a n d ,  b u t  Acanthaster was n o t  l i s t e d .  These i n h a b i t a n t s  of  a t o l l s  
had t h e i r  own s p e c i f i c  names f o r  many s p e c i e s  o f  f i s h e s ,  mol lusks  and 
c r u s t a c e a n s  and even d i s t i n g u i s h e d  between t h r e e  groups of  h o l o t h u r i a n s ,  b u t  
a l l  s e a s t a r s  came under  one name. Acanthaster may have n e v e r  been abundant 
on t h e s e  a t o l l s .  

There  is an e x c e p t i o n  from t h e  a t o l l  of  Mokil ( n e a r  Ponape) a t  which t h e  
peop le  do c a l l  Acanthaster by t h e  name Zarni. Of c o u r s e  t h e r e  may be  o t h e r  
e x c e p t i o n s .  However, t h e r e  does seem t o  be a g e n e r a l  p r e s e n c e  of  words f o r  
Acanths ter  i n  h i g h  i s l a n d  l anguages  and an apparen t  l a c k  of words f o r  
~ c a n t h a s t e r  i n  low i s l a n d  languages .  These t e n d e n c i e s  s u g g e s t  t h a t  Acmthaster  
may b e  more common around h i g h  i s l a n d s .  

11 -- 
Marine L a b o r a t o r y ,  UOG S t a t i o n ,  Mangilao,  Guam 96913. 
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P e o p l e  f rom a t o l l s  s a y  t h e y  r a r e l y ,  i f  e v e r ,  s e e  Acanthaster and they  
have  n e v e r  h e a r d  o f  them b e i n g  common (Matua tua  S m i t ,  Takapo to  A t o l l ,  Tua- 
motu,  French P o l y n e s i a ;  E u l a l i a  H a r u i  , U l i t h i  , Yap D i s t r i c t ;  S p e n s i n  James ,  
P i n g e l a p  , Ponape D i s t r i c t ,  p e r s .  comms. ) . Around h i g h  i s l a n d s ,  t h e  p e o p l e  
remember p r e v i o u s  o u t b r e a k s .  Accord ing  t o  l o c a l  f i s h e r m e n ,  t h e r e  was an  o u t  
b r e a k  i n  American Samoa i n  1938  ( F l a n i g a n  and  Lamber ts  1981) .  Vine (1970) 
r e p o r t e d  t h a t  f i she rmen  i n  t h e  Solomon I s l a n d s  (Melanes i a )  remembered l a r g e  
c o n c e n t r a t i o n s  o f  Acanthaster a b o u t  1930 ,  f o r t y  y e a r s  p r e v i o u s  t o  1970.  
Chesher  (1969) r e p o r t e d  t h a t  M i c r o n e s i a n s  remember an o u t b r e a k  on Ponape j u  
a f t e r  World War 11. 

Michae l  P a r k e  t a l k e d  t o  an  o l d  P a l a u a n  f i s h e r m a n  who d e s c r i b e d  an  
e x t e n s i v e  i n f e s t a t i o n  t h a t  t ook  p l a c e  j u s t  p r i o r  t o  World War 11. Accordin  
t o  t h i s  f i s h e r m a n ,  t h e  Acanthaster soon d i s a p p e a r e d ,  l e a v i n g  a l g a e  i n  t h e  
p l a c e  of c o r a l .  Then u r c h i n s  became abundant  d u r i n g  t h e  e a r l y  y e a r s  o f  
World War 11. The f i s h e r m a n  f e l t  t h a t  Acanthaster were  t r a n s i t o r y  and no  
r e a l  problem.  The abundance  o f  u r c h i n s  t h a t  r e s u l t e d  were  a b e n e f i t .  Old 
p e o p l e  c o u l d  e a s i l y  c o l l e c t  them f o r  food w i t h i n  wading  dep th  on t h e  r e e f  
f l a t .  We have  n o t  h e a r d  of  o t h e r  c a s e s  of  an abundance  of  u r c h i n s  f o l l o w i n j  
Acanthaster. It  w i l l  be  i n t e r e s t i n g  t o  s e e  i f  h e r b i v o r o u s  u r c h i n s  become 
common f o l l o w i n g  t h e  p r e s e n t  d e v a s t a t i o n  i n  P a l a u .  Except  f o r  a r e a s  a round  
a r t i f i c i a l  s e a  w a l l s ,  b r e a k w a t e r s  and  ramps,  r e g u l a r  u r c h i n s  a r e  remarkably  
s c a r c e  i n  P a l a u  a t  t h e  t i m e  o f  t h i s  w r i t i n g .  

The p e o p l e  on h i g h  i s l a n d s  t e l l  of dange r s  o f  s t e p p i n g  on Acanthaster 
when f i s h i n g  a t  n i g h t  a t  t imes  when Acanthaster i s  abundant  ( V a o l u i ,  p e r s .  
comm. ; F l a n i g a n  and Lamberts  , 19 81) . A c u r e  f o r  i n j u r y  from s t e p p i n g  on 
Acanthaster i s  c l a i m e d  by s e v e r a l  h i g h  i s l a n d  c u l t u r e s  t o  b e  t h e i r  own d i s -  
cove ry .  When I was s t u d y i n g  an Acanthaster o u t b r e a k  i n  P a l a u ,  I a c c i d e n t a l l  
j abbed  my k n e e  s t r o n g l y  a g a i n s t  an Acanthaster and came t o  t h e  b o a t  w i t h  a  
l o t  of b l o o d  d r i p p i n g  o u t  of s i x  c u t s  i n  my knee .  The boatman,  N g i r b a u l i a d  
("Yahd") Mine ich ,  a d v i s e d  me t o  t a k e  one o f  t h e  Acanthaster and p l a c e  i t  
mouth down on t h e  b loody knee .  (Th i s  was t r i e d ,  b u t  was n o t  found t o  be  of 
g r e a t  h e l p . )  When a sked  i f  h e  h e a r d  of t h i s  c u r e  from a Samoan o r  F i j i a n ,  
Yahd s a i d  i t  h a s  a lways  been  common knowledge i n  P a l a u .  Ramon Kechebei ,  
a n o t h e r  P a l a u a n ,  s a i d  t h a t  he  knew o f  t h i s  c u r e  s i n c e  h e  was a  boy.  

S p e n s i n  James t o l d  me t h a t  t h i s  c u r e  had  worked f o r  him when he  t r i e d  
i t .  Th i s  c u r e  was common knowledge among Ponapean f i she rmen  and i t  works 
i f  you  a r e  s u r e  t o  use t h e  same i n d i v i d u a l  Acanthaster t h a t  harmed you a s  
t h e  i n d i v i d u a l  t o  c u r e  you.  I f  you a r e  jabbed by one Acnnthaster and l i f t  
a n o t h e r  t o  c u r e  y o u r  p a i n ,  i t  w i l l  b e  of  no u s e .  ( I  am n o t  s u r e  I used  t h e  
same i n d i v i d u a l  i n  P a l a u . )  

L a i t e  Smal ley  t o l d  m e  t h a t  when F i j i a n  f i s h e r m e n  s t e p  on bula on t h e  
r e e f  f l a t ,  t hey  t u r n  o v e r  t h e  same bula and p u t  t h e i r  food a g a i n s t  t h e  mouth 
s o  t h a t  t h e  buZa w i l l  s u c k  o u t  t h e  p o i s o n .  She s a i d  t h i s  was g e n e r a l l y  know. 
by F i j i a n  f i s h e r m e n  and t h e r e  i s  n o  r e a s o n  t o  b e l i e v e  i t  was l e a r n e d  from 
t h e  P a l a u a n s  o r  Samoans. Maybe t h e  c u r e  was d i s c o v e r e d  i n  F i j i .  

T h i s  same c u r e  h a s  been  known on Tonga ( ~ i c h a r d  B r a l e y ,  p e r s .  comm.), 
and  a s  a  p r o v e r b  on Western  Samoa (Gar lovsky and B e r g q u i s t  , 1970) and  
American Samoa ( B i r k e l a n d  and R a n d a l l ,  1979;  F l a n i g a n  and Lamber ts  , 1981) .  



h e  S e c r e t a r i a t  of t h e  B r i t i s h  Solomon I s l a n d s  P r o t e c t o r a t e  (1970) n o t e d  t h a t  
h i s  same c u r e  by t u r n i n g  over  and s t e p p i n g  on t h e  u n d e r s i d e  o f  t h e  A c a n t h a s t e r  
a s  known i n  t h e  Solomon Islands,New B r i t a i n ,  Manus I s l a n d s ,  and Gambier 
s l a n d s .  

The a p p a r e n t  h i s t o r y  o f  r e c u r r i n g  abundances o f  A c a n t h a s t e r  around h i g h  
s l a n d s  b u t  n o t  around a t o l l s  may b e  e x p l a i n e d  by t h e  c a u s a l  mechanism of  
c a n t h a s t e r  ou tb reaks  a s  s u g g e s t e d  i n  B i r k e l a n d  and Randa l l  (1979) and 
i r k e l a n d  (1980) .  A c a n t h a s t e r  l a r v a e  may s u r v i v e  i n  much g r e a t e r  abundance 
o l l o w i n g  heavy r a i n f a l l .  This  might  b e  because  phytoplankton blooms a r e  
r i g g e r e d  by t e r r e s t r i a l  runof f  and t h i s  p r o v i d e s  an  abundant food s o u r c e  
o r  A c a n t h a s t e r  l a r v a e .  T e r r e s t r i a l  r u n o f f  r e s u l t i n g  from r a i n s  on h i g h  
s l a n d s  t r i g g e r  phy top lank ton  blooms (Marsh 1 9 7 7 ) ,  b u t  i t  i s  d o u b t f u l  t h a t  
e r r e s t r i a l  r u n o f f s  from low, sandy a t o l l s  c a r r y  an amount of n u t r i e n t s  i n t o  
h e  c o a s t a l  w a t e r s  a d e q u a t e  t o  t r i g g e r  blooms. 
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ACANTHASTER AS A RECURRING PHENOMENON I N  SAMOAN HISTORY 

by John M. Flaniganl and Austin E. ~ a m b e r t s ~  

Verbal h i s t o r y ,  l i n q u i s t i c  evidence and proverbs i n d i c a t e  t h a t  
A c a n t h a s t e r  p l a n c i  have been long known and endured i n  Samoa. 

The Crown-of-Thorns s t a r f i s h  ( A c a n t h a s t e r  p l a n c i  (L.)) has been 
known t o  science s ince  it was descr ibed  by Rumphius i n  1705. Only i n  
t h e  p a s t  decade and a ha l f  has  it s t i r r e d  popular i n t e r e s t  a f t e r  g r e a t  
numbers of these  s t a r f i s h  were repor ted  almost simultaneously from Guam, 
t h e  Great Bar r i e r  r ee f  province of Aus t r a l i a  and from o the r  Indo-Pacif ic  
c o r a l  reef  a reas .  S i g n i f i c a n t l y ,  t h i s  occurred a t  about t he  time t h a t  
f ace  mask and snorkel  were becoming standard equipment f o r  v i s i t o r s  
t o  c o r a l  r e e f s .  

Recently A c a n t h a s t e r  have appeared on the  r e e f s  of Tu tu i l a ,  
American Samoa, i n  impressive numbers. The f a c t  t h a t  c o l l e c t i o n  
e f f o r t s  which r epor t ed ly  ne t t ed  nea r ly  a ha l f  a mi l l i on  s t a r f i s h  have 
n o t  s i g n i f i c a n t l y  a f f e c t e d  t h e  t o t a l  number a t t e s t s  t o  the  hos t  of 
A c a n t h a s t e r  (Sesapasaro, 1978) .  I n  previous decades t h i s  animal was a 
g r e a t  r a r i t y  l o c a l l y .  Between 1967 and 1973 one of u s  (JF)  encountered 
only two of these  c r e a t u r e s  during hundreds of d ives  on the  r e e f s  of 
Tu tu i l a .  Nevertheless ,  t h e r e  i s  evidence t h a t  these  animals have 
occurred i n  g r e a t  numbers i n  t h e  p a s t .  

The s p e c i f i c i t y  with which o b j e c t s  i n  t h e  Samoan environment a r e  
named bea r s  a r e l a t i o n s h i p  t o  t h e  importance of  those  o b j e c t s i n  t h e  
c u l t u r e .  Thus, Samoans have a s i n g l e  word t o  r e f e r  t o  a l l  types  of 
branching c o r a l s  ('amu) bu t  d i s t i n c t i v e  word f o r  t h e  l e s s  conspicuous 
massive c o r a l  (puga) and f l a t  c o r a l  ( l apa )  used f o r  burning t o  make 
lime. The language a l s o  has a s i n g l e  word f o r  nea r ly  a l l  s t a r f i s h  
(aveau) b u t  A c a n t h a s t e r  alone has  the  h ighly  s p e c i f i c  name of a lamea .  
I t  i s  noteworthy t h a t  a s i m i l a r  word, taramea is  used f o r  A c a n t h a s t e r  
i n  the  Polynesian Cook and Socie ty  I s l a n d s  even though the re  had Seen 
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no apparent  con tac t  between these  subcul tures  f o r  c e n t u r i e s  before  they  
were rediscovered.  (The cushion s t a r f i s h  Cu lc i t a  has  a s p e c i f i c  name, 
p z l u t u ,  bu t  t h e  Samoans do n o t  recognize it a s  a s t a r f i s h . )  

Addit ional  i nd ica t ion  t h a t  Acanthaster  have occurred previous ly  i n  
g r e a t  numbers i s  provided by Samoan proverbs t h a t  mention it. " E  f o f s  
e l e  alamea l a n a  s a l e "  o r  " E  fo fE  e l e  alamea l e  alamean.meaning " the  
alamea i s  i t s  own doc to r , "  o r  " f a l au  a alamea" meaning 'bure of t h e  
alamea" r e f e r s  t o  t h e  b e l i e f  he ld  throughout the  t r o p i c a l  P a c i f i c  t h a t  
t h e  exc ruc ia t ing  pa in  caused by t h e  s t i n g o f  t h e  sp ines  of t h e  
Acanthaster  i s  r e l i eved  by p lac ing  t h e  mouth of t h e  same animal a g a i n s t  
t h e  wound (Herman, 1953).  One of  u s  (AEL) missed an oppor tuni ty  t o  
confirm the  e f f i c a c y  of t h i s  t rea tment  when he was stung by an 
Acanthaster  before  hearing of t h e  purported cure .  One would expect  
t h a t  an animal would e n t e r  a c u l t u r e ' s  f o l k l o r e  only  i f , i t s  na tu re  was 
ve ry  f a m i l i a r  t o  genera t ions  of members of t h a t  c u l t u r e .  I t  seems 
probable t h a t  t he  s t i n g  of t he  alamea has been known and respec ted  by 
gene ra t ions  of Samoan fishermen. 

Several  Samoan fishermen, a l l  over  f i f t y  yea r s  o ld  repor ted  t o  one 
of u s  (AEL) t h a t  i n  t h e i r  youth the re  were huge numbers of alamea on t h e  
r e e f s  of Nu'uul iand Aua, Tu tu i l a  and t h a t  a l l  of them disappeared q u i t e  
suddenly. Mary Pr ichard ,  an a s t u t e  and pe rcep t ive  Samoan lady of 75 
r e c a l l s  t h i s  v i v i d l y  and d a t e s  t h e  i n f e s t a t i o n  t o  about 1938. She was 
an av id  s h e l l  c o l l e c t o r  even before  t h i s  b u t  i n s i s t s  t h a t  she saw n o t  a 
s i n g l e  Acanthaster  i n  t h e  in tervening  years .  The Acanthaster  appeared 
i n  l a r g e  numbers on seve ra l  r e e f s ,  were p r e s e n t  f o r  a t ime, then were 
n o t  seen again u n t i l  r ecen t ly .  

S imi l a r ly ,  one of  u s  (JF) interviewed an e l d e r l y  fisherman i n  t h e  
v i l l a g e  of  Suano, Upalu, Western Samoa and was t o l d  t h a t  perhaps f o r t y  
yea r s  before ,  when t h e  man was young, so many alamea appeared on t h e  
r ee f  f ron t ing  t h e  v i l l a g e  t h a t  it could no longer  be f i s h e d  i n  s a f e t y .  
(Typica l ly ,  " f i sh ing"  r e f e r s  t o  an a c t i v i t y  involving deep wading o r  
swimming near t h e  r ee f  edge by pushing from one c o r a l  head t o  another  
wi th  t h e  f e e t . )  Reportedly t h e r e  were so many alamea t h a t  a fisherman 
could no t  s tand  on t h e  r ee f  without  s tepping on one. Consequently, 
f i s h i n g  was done a t  a more d i s t a n t  r e e f .  Presumably, such numbers of 
Acanthaster  would cause ex tens ive  damage t o  l i v i n g  c o r a l s ,  y e t  when 
v i s i t e d  by the  au thor ,  t h e  same r e e f s  were found t o  be 90% t o  100% 
covered wi th  hea l thy  c o r a l s .  These r e p o r t s  tend t o  confirm t h e  
hypothes is  t h a t  Acanthaster  i n f e s t a t i o n s  a r e  a r ecu r r ing  phenomenon, 
and t h a t  t h e  r e s u l t i n g  r ee f  damage i s  temporary and of no l a s t i n g  
consequence. 

Generations of  Samoans have modified t h e i r  f i s h i n g  h a b i t s  t o  
accommodate pe r iod ic  i n f e s t a t i o n s  of alamea. Samoan fishermen seem 
l e s s  concerned about  a new i n f e s t a t i o n  than non-natives who view wi th  
alarm from a background r i c h e r  i n  formal educat ion and concern f o r  t h e  
environment bu t  poorer  i n  t r a d i t i o n a l  knowledge and experience.  

Our f i r s t  p r i o r i t y  i n  t h e  s tudy of i nc reases  i n  t h e  numbers of  
Acanthaster  should be t o  ask t h e  people who have l i v e d  with t h e  r e e f s  



f o r  the  longest  time, and t o  study the  natura l  h i s to ry  of the  af fected 
r e e f s  with pa r t i cu l a r  emphasis on the  stages of  cora l  damage, i ts  
ecological  implications,  and the  progressive s tages  of succession 
during the recovery of the reef cora ls .  
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DISTRIBUTION AND ABUNDANCE OF THE CROWN-OF-THORNS STARFISH 
(ACANTHASTER PLANCI) AROUND TONGATAPU ISLAND, TONGA 

by M.P. ~ r a n c i s l  

Introduction 

Acanthaster p lanci  i n f e s t a t i o n s  have been reported from many 
locat ions  i n  t h e  South P a c i f i c  Ocean but  Tonga has a t t r a c t e d  l i t t l e  
a t t e n t i o n  because of i t s  i s o l a t i o n .  During s i x  man-days of searching 
Weber and Woodhead (1970) found Acanthaster " r a r e  t o  common" on 
Tongatapu Is land where "common" was defined a s  6 t o  25 s t a r f i s h  
observed per  man-day. Endean and Chesher (1973) c i t e  personal 
communication with the  Tongan Department of Agriculture i n  1970 
regarding a proposed Acanthaster control  programme. The programme, 
however, never proceeded. The present  survey covers the  s i t u a t i o n  s i x  
years l a t e r .  

Method 

The c o a s t l i n e  and severa l  r e e f s  t o  the  nor th  of Tongatapu were 
surveyed between 16.4.76 and 16.6.76 by snorkel diving (see  Figure 1). 
Survey s i t e  N was searched a t  depths between ten  and twenty metres 
using SCUBA equipment. A l l  observed s t a r f i s h  were recorded and 
in tens ive  searches were made i n  the  immediate v i c i n i t y  of any feeding 
scars .  A t  each s i t e  a subject ive  est imate was made of the  abundance 
of  l i v e  hard cora l s .  

Tongatapu Is land i s  surrounded by a wide shallow fr inging r e e f .  
On a l l  bu t  the  northern ( she l t e red)  s ide  of the  i s l and  the  reef  edge is  
ra i sed  t o  form a b a r r i e r  one t o  two metres above the l e v e l  o f  t h e  reef  
f l a t .  Prevai l ing  south-easterly winds hindered searches outs ide  t h i s  
b a r r i e r ,  and survey s i t e s  F t o  M were therefore  s i t u a t e d  on the  reef  
f l a t .  

'Atenisi  I n s t i t u t e ,  Nuku'alofa, Tonga; present  address: J o i n t  Centre 
f o r  Environmental Sciences, University of Canterbury, New Zealand. 
Atol l  Res. Bull.  No. 255:  63-68, 1981. 



Survey 
S i t e  

Results  

Live Coral ~ c a n t h a s t e r l  
Abundance Rela t ive  Abundance 

A Abundant 0 
B . Common 0 
C Rare 0 
D Absent 0 
E Abundant 0.5 
F Common 0 
G Rare 0 
H Rare 0 
I Rare 0 
J Rare 0 
K Absent 0 
L Rare 0 
M common 0 
N Common (10-20 m depth) 3.0 
0 Common 5.3 
P Rare 0 
Q Common 0.5 
R Rare 0 
S Abundant 0.7 
T Common 0.7 
U Common 0 

l ~ e l a t i v e  abundance i s  t h e  number of s t a r f i s h  seen per 
twenty minutes searching (see Pearson and Endean, 1969).  

Discussion 

No Acanthaster were found on the  coas t  exposed t o  the  p reva i l ing  
winds ( s i t e s  F t o  M ) .  Coral growth i s  i n h i b i t e d  ins ide  the  b a r r i e r  by 
exposure t o  a i r  a t  low t i d e ,  and outs ide  the  b a r r i e r  by heavy surge. 
The reef  outs ide  the b a r r i e r  drops slowly t o  a shel f  a t  ten  metres, but  
l i v e  cora l  i s  s tunted and sca t t e red  above t h i s  depth. Acanthaster may 
occur a t  g rea te r  depths. The absence of Acanthaster from exposed r e e f s ,  
and t h e i r  preference f o r  she l t e red  r e e f s ,  i s  cons i s t en t  with the  
observations of Dana, Newman and Fager (1972) who found the  s t a r f i s h  
usually associa ted  with "leeward seaward reefs"  and "areas  of moderate 
t o  luxur ian t  co ra l  growth". 

More than 70% of the  s i t e s  examined had no Acanthaster and the  
maximum r e l a t i v e  abundance was 5.3. Pearson and Endean (1969) consider 
a r e l a t i v e  abundance l e s s  than t en  t o  c o n s t i t u t e  a normal population. 
By t h i s  d e f i n i t i o n  Tongatapu has normal numbers of the  s t a r f i s h ,  and 
the  presence of luxurious growths of Acropora hyacinthus and P o r i t e s  
spp. i n  she l t e red  a reas  suggests  the re  has been no i n f e s t a t i o n  i n  recent  
years. 
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RATS AS AVIAN PREDATORS: DISCUSSION 

by W.R.P. ~ o u r n e '  

Since F . I .  Norman concludes a t  the  end of a review of the  r o l e  of 
"The murine rodents R a t t u s  r a t t u s ,  e x u l a n s  and n o r v e g i c u s  a s  avian 
predators" (Atol l  Research Bul le t in  No. 182, 1975) t h a t  "it appears 
t h a t  the r a t s '  r o l e  a s  an avian predator has been overestimated ... the  
bas ic  f a c t s  should be es tabl ished before widespread control  campaigns 
a r e  undertaken", and t h i s  conclusion may be used a s  an argument fo r  
p rocras t ina t ing  over such campaigns, it should perhaps be made c l e a r  
t h a t  many people have no doubt a t  a l l  about the  harm Caused t o  b i r d s  by 
r a t s ,  and w i l l  re fuse  t o  accept  such a cautious conclusion f o r  a moment. 

The s i t u a t i o n  i s  of course complicated, and the  l i t e r a t u r e  r e l a t i n g  
t o  it v a s t .  Rats were introduced t o  many s i t e s  where the  worst damage 
has occurred long ago, before r e l i a b l e  witnesses a r r ived ,  and those 
t h a t  were present  commonly reacted by introducing c a t s ,  owls o r  o ther  
predators ,  which confused the p ic tu re .  Rats do most of t h e i r  work by 
n igh t ,  and s ince  it only takes  them a few seconds t o  remove an egg o r  
b i r d  it may be hard t o  obta in  d i r e c t  evidence of t h e i r  a c t i v i t i e s .  
They a r e  inve te ra te  scavengers, and may take abandoned eggs o r  b i r d s  
which died of o ther  causes. The extent  t o  which they prey on o the r  
animals may vary with the  r e l a t i v e  s i z e  and numbers of the  r a t  and i ts  
prey,  the  a v a i l a b i l i t y  of a l t e r n a t i v e  foods, and the  occurrence of a 
seasonal c l ima t ic  regime l i a b l e  t o  lead t o  r e s t r i c t i o n s  on the  food- 
supply ava i l ab le  t o  the  r a t s  a t  some seasons which l i m i t s  the  numbers 
ab le  t o  a c t  a s  predators when b i r d s  a r e  present  a t  o ther  seasons. 
Their a c t i v i t i e s  may a l s o  a f f e c t  the  ecology of o ther  species  i n d i r e c t l y ,  
by competition f o r  food, o r  through damage t o  the  h a b i t a t ,  f o r  example 
by ea t ing  the roo t s  of tussock grass  on subantarc t ic  i s l ands .  I t  i s  
dangerous t o  make f a c i l e  genera l isa t ions  about the  s i t u a t i o n  except t o  
say t h a t  a legion of witnesses have now reported f o r  cen tu r ies  t h a t  
t h e i r  presence has almost invar iably  been considered harmful. 

The s i t u a t i o n  may be i l l u s t r a t e d  by taking a few examples:- 

1. An exceptionally r i c h  marine avifauna breeding on Amsterdam Is land 
i n  the  southernIndian Ocean may have been p a r t l y  exterminated by hogs 
and c a t s  a t  the  beginning of the l a s t  century, bu t  most of the  
surviving bones were found i n  ra t -holes  (C. Jouanin and P .  Paulian,  
Proc. X I I  In te rn .  O m .  Congr. 368-372, 1960). 

' ~ e ~ a r t m e n t  of Zoology, Universi ty of Aberdeen, Aberdeen, Scotland. 
Ato l l  Res. B u l l .  No. 255: 69-72, 1981. 



2. Five n a t i v e  b i r d s ,  Gerygone  i n s u l a r i s ,  R h i p i d u r a  c e r v i n a ,  
Z o s t e r o p s  s t r e n u a ,  A p o l o n i s  f u s c u s  h u l l i a n u s ,  and T u r d u s  x a n t h o p u s  
v i n i t i n c t u s  disappeared from Lord Howe I s l a n d  wi th in  twenty years  of 
the  a r r i v a l  of R a t t u s  r a t t u s  i n  1918 (see  e s p e c i a l l y  a  symposium on t h e  
i s l a n d  i n  Aust ra l ian  Natural  History 18 (2 )  f o r  June 1974).  

3. The havoc caused by r a t s  among both land  and sea  b i r d s  i n  t h e  New 
Zealand a r e a  i s  documented by a  s e r i e s  of con t r ibu t ions  from t h e  
Wild l i fe  Serv ice  and Royal Bird and F o r e s t  Socie ty  t o  t h e  forthcoming 
Proceedings of the  XVI  World Conference of t h e  I n t e r n a t i o n a l  Council 
f o r  Bird Preserva t ion .  Norman is wrong i n  i d e n t i f y i n g  t h e  muttonbird 
v i r t u a l l y  exterminated on Stewart  I s l a n d  a s  P u f f i n u s  t e n u i r o s t r i s  s i n c e  
it was P u f f i n u s  g r i s e u s ;  t h e  endemic Southern Saddleback P h i l e s t u r n u s  
c.  c a r u n c u l a t u s  which he mentions was threa tened  when R a t t u s  r a t t u s  
reached t h e  ou te r  i s l e t s  i n  1964 was only saved by emergency 
transplantations,elsewhere, while the  l o c a l  r ace  of bush wren X e n i c u s  
l o n g i p e s  v a r i a b i l i s  and sn ipe  Coenocorypha a u c k l a n d i c a  i r e d a l e i  may 
have been l o s t  e n t i r e l y .  

4. While the  p e t r e l s  Pterodroma cahow and P u f f i n u s  l h e r m i n i e r i  do 
appear t o  have been e l iminated  from the  main Bermuda i s l a n d s  and 
confined t o  o u t l i e r s  by t h e  a c t i v i t i e s  of r a t s  among o the r  p reda to r s ,  
and r a t s  may take  occas ional  t rop ic -b i rd  Phae thon  l e p t u r u s  eggs t h e r e ,  
t h i s  excep t iona l ly  aggress ive  spec ie s  has i n  f a c t  managed t o  hold i t s  
own i n  t h e  f a c e  of a t t a c k s  by no t  only r a t s  and c a t s  bu t  t e n s  o f  
thousands of people. Norman quotes  R.C.  Murphy (Oceanic Bi rds  of 
South America, 1936) i n c o r r e c t l y  i n  a t t r i b u t i n g  t h e  r a t  predat ion  t o  
R a t t u s  e x u l a n s ,  s ince  t h i s  was i n  f a c t  a  r e p e t i t i o n  of t he  o r i g i n a l  
r e p o r t  by Gross (Auk 29:49-71, 1912) t h a t  he had seen one egg taken by 
R a t t u s  r a t t u s .  R a t t u s  e x u l a n s  does no t  occur i n  t h e  North A t l a n t i c .  

5. The impact of r a t s  on b i r d s  i n  the  B r i t i s h  I s l e s  i s  extremely 
v a r i a b l e .  They a r e  important  p reda to r s  on many spec ie s  b u t  e s p e c i a l l y  
those n e s t i n g  on the  ground in l and  where r a t  numbers a r e  h ighf  though 
it i s  n o t  always easy t o  d i s t i n g u i s h  t h e i r  work from t h a t  of o t h e r  small 
mammals. They exterminate storm p e t r e l s  wherever they go, bu t  t h e i r  
impact on l a r g e r  burrow-nesting b i r d s  v a r i e s .  They exterminated a  
l a r g e  P u f f i n  F r a t e r c u l a  a r c t i c a  colony on S t  Tudwal's I s l a n d s ,  North 
Wales, and severe ly  reduced t h e i r  numbers on Lundy, Puf f in  I s l a n d  ( a l s o  
no r th  Wales),  and Ai l sa  Craig without exterminat ing them, whereas a  
l a r g e  colony long continued t o  f l o u r i s h  i n  t h e  presence of r a t s  on t h e  
Shiant  I s l a n d s .  They exterminated the  Manx Shearwater P u f f i n u s  p u f f i n u s  
a t  i t s  type l o c a l i t y  on t h e  Calf of Man, and it only recolonised  when 
they  were c o n t r o l l e d  by poisoning.  Small numbers surv ive  i n  t h e  
presence of r a t s  a t  a  number of  o the r  s i t e s ,  a  l a r g e r  colony s u f f e r s  
severe ly  from predat ion  i n  some years  b u t  no t  o t h e r s  on Canna, and a  
v a s t  one i n  t h e  h i l l s  of Rhum appears t o  escape it. Terns s u f f e r  
severe ly  i n  a r e a s  heavi ly  i n f e s t e d  with r a t s  b u t  may escape t h e i r  
a t t e n t i o n  elsewhere ( r e fe rences  f o r  some of these  s i t e s  w i l l  be found 
i n  S. Cramp, W.R.P. Bourne and D. Saunders, "The Seabirds of B r i t a i n  
and I r e l and" ,  1974).  



The s i t u a t i o n  appears  t o  have been p a r t i c u l a r l y  bad on many oceani  
i s l a n d s  because t h e r e  w e r e  no n a t u r a l  p r e d a t o r s  o r  inclement  seasons  t o  
c o n t r o l  t h e  numbers o f  in t roduced  r a t s ,  and t h e  n a t i v e  w i l d l i f e  had no 
i n n a t e  defences a g a i n s t  them. The p e t r e l s  which bred t h e r e  w e r e  
p a r t i c u l a r l y  vulnerable  because they  l eave  t h e i r  smal l ,  de fence le s s  
ch i cks  a lone  i n  t h e i r  burrows by day soon a f t e r  they  hatch.  I t  w i l l  
be noted t h a t  while  Norman found t h a t  r a t s  took t h e  unguarded eggs o f  
S h o r t - t a i l e d  Shearwaters Puffinus tenuirostris b u t  avoided encounters  
wi th  t h e  l a r g e ,  aggress ive  a d u l t s  ( J ,  Zool. 162:493-503, 1970) he d i d  
n o t  i n v e s t i g a t e  what occurred when t h e  r a t s  encountered s m a l l  ch icks .  
While t h e  s i t u a t i o n  may o f t e n  have been made worse by t h e  in t roduc t ion  
of  a l i e n  p r e d a t o r s  i n  an a t t empt  t o  c o n t r o l  r a t s ,  t h e r e  i s  an obvious 
c o r r e l a t i o n  between a  d e c l i n e  of  t h e  smal le r  and more de fence le s s  
s eab i rds  i n  h i s t o r i c  t imes and t h e  in t roduc t ion  o f  rats throughout t he  
world. However, I agree t h a t  it remains d i f f i c u l t  t o  a s s e s s  t h e  f u l l  
amount of  harm they have caused because it i s  impossible  t o  s ay  how 
many i n s u l a r  l andb i rds  they  have exterminated a s  w e l l .  A r a t  may only 
need t o  e a t  two o r  t h r e e  eggs o r  ch i cks  a  year  t o  cause s e r i o u s  damage, 
whatever it e a t s  t h e  r e s t  of t h e  time. 



LAYARD'S BIRD HUNTING VISIT TO TROMELIN OR SANDY 
ISLAND I N  DECEMBER 1856 

by R.K.   rook el 

This  paper concerns t h e  only known v i s i t  by a b i o l o g i s t  t o  Tromelin 
I s l and  i n  t h e  X I X  century.  

That Edgar Leopold Layard, t h e  Curator  of t h e  South African Museum, 
Cape Town, t r a v e l l e d  a s  n a t u r a l i s t  on the  B r i t i s h  Royal Navy survey sh ip  
H.M.S. C a s t o r  on a journey i n  the  southern Indian Ocean i n  1856 and 1857 
was sca rce ly  known a t  a l l  u n t i l  Brooke (1976) commented on some a s p e c t s  
of t h e  journey and t h e  b i r d  records  made on it. Subsequently Brooke 
(1978) repor ted  on those b i r d s '  eggs c o l l e c t e d  on t h i s  journey which 
s t i l l  surv ive  i n  t h e  South African Museum. He a l s o  deduced t h e  
approximate rou te  and t iming of t h e  journey from t h e  spec ie s  c o l l e c t e d ,  
t h e i r  known breeding seasons and migrat ions.  A s  w i l l  appear below, 
t h e s e  deduct ions were c l o s e  t o  t h e  t r u t h .  S ince  then  I have had cause 
t o  examine i n  t h e  South African Library ,  Cape Town, a run of t h e  Cape 
Monthly Magazine ( S e r i e s  1) published i n  Cape Town between 1857 and 1862. 
Th i s  magazine attempted t o  c a t e r  t o  t h e  i n t e r e s t s  of t h e  more educated 
r e s i d e n t s  of B r i t i s h  s tock by publ i sh ing  s c i e n t i f i c ,  ph i losoph ica l  and 
l i t e r a r y  ma te r i a l .  

In  volume I of t h e  Magazine t h e  e d i t o r s  caused t o  appear on 
pp. 252 - 254 a n o t i c e  e n t i t l e d  " M r .  Layard ' s  c r u i s e  i n  t h e  "Castor"." 
From t h i s  we l e a r n  t h a t  H.M.S. C a s t o r  l e f t  Simonstown on 10 October,  
1856 under s a i l  under t h e  command of Commodore H.D. T r o t t e r .  They 
intended t o  land f i r s t  a t  Rodriguez b u t  ex tens ive  fog persuaded them t o  
head f o r  Mauri t ius  where they  spent  f i v e  weeks and made s e v e r a l  t r i p s  
t o  nearby Round I s l and .  Sandy I s l and  a s  Tromelin I s l a n d  was then o f t e n  
known (Staub 1970) and t h e  focus of t h i s  paper was t h e  next  l a n d f a l l  
(presumably i n  e a r l y  December 1856) .  Then Farquhar I s l a n d  was v i s i t e d  

p r i o r  t o  reaching Af r i ca  a t  Faz i  I s l a n d ,  Kenya, on 4 January 1857. 
The rea f t e r ,  Lamu, Melinda, K i s i lund in i ,  Zanzibar,  Cabo Delgado and Dibo 
were v i s i t e d  before  they  p u t  o u t  t o  sea  f o r  a c ross ing  t o  northwestern 
Madagascar v i a  t h e  S t  Lazarus bank and t h e  Comoro I s l ands .  Anjouan 
was reached on 1 February and a few days l a t e r  a v i s i t  w a s  made t o  
Moheli. Two days were spen t  i n  Madagascar a t  Boyana Bay a t  a J e s u i t  
Mission be fo re  recross ing  t h e  Mozambique Channel t o  Mozambique Town. 
A f t e r  a s u b s t a n t i a l  v i s i t  they s e t  s a i l  f o r  home v i a  Durban (departed 
1 3  March) , Eas t  London, P o r t  El izabeth  (departed 19 March) and so back 
t o  Simonstown on 25 March 1857. 
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Layard promised t o  wr i te  a f u l l  account of h i s  journey and h i s  
c o l l e c t i o n s  f o r  t h e  Magazine bu t  he d i d  not  do so, probably through 
pressure  of work: he was only  t h e  part-time cura tor  of t h e  Museum 
being a near ly  ful l- t ime c i v i l  servant  a s  well .  However, i n  1858 i n  
vol .  111, pp. 289 - 296, appeared t h e  following from Layard 's  pen: 

SCRAPS FROM THE NOTE-BOOK OF A NATURALIST 

SPORT ON SANDY ISLAND 

BY E.L. LAYARD 

"LAND, HO!" ha i l ed  the  look-out man from t h e  f o r e t o p s a i l  yard 
of Her Majesty's sh ip  Castor ,  a s  one lovely  morning t h e  Commodore 
and myself paced t h e  deck of the  good o l d  f r i g a t e .  

"Whitheraway?" went up the  responsive query from t h e  midshipman 
of  t h e  deck, who, s tepping up t o  t h e  o f f i c e r  of t h e  watch and 
touching h i s  gold-banded cap, reported t h e  f a c t .  I n  h i s  tu rn ,  t h e  
o f f i c e r  reported t o  the  Commodore; and, a f t e r  a few ques t ions ,  t h e  
order  was given t o  head t h e  vesse l  t o  t h e  land, and we resumed our 
walk. 

The low shores of t h e  i s l and  now became v i s i b l e ,  and t h e  c l e a r  
blue sky was do t t ed  with b i r d s ,  winging t h e i r  way t o  and f r o ;  some 
plunging headlong i n t o  t h e  r i p p l i n g  water,  t h a t  vied i n  t h e  i n t e n s i t y  
of i t s  azure with the  sky above it, sought t h e i r  f inny prey,  some 
re turned t o  t h e i r  n e s t s  heavy laden with food f o r  t h e i r  young, while 
o t h e r s  f loa ted  contentedly on the  gen t ly  heaving bosom of  the  sea,  o r  
rose  l a z i l y  ou t  of the  pa th  of t h e  f r i g a t e ,  a s  she majes t i ca l ly  
ploughed her  way along, her  white s a i l s  gleaming i n  the  b r i g h t  
sun l igh t .  One by one t h e  studding-sai ls  came home, and t h e  noble 
sh ip  caut ious ly  f e l t  her  way t o  t h e  r ap id ly  r i s i n g  land; and now, 
while t h e  boats  a r e  t o l d  o f f ,  we descend t o  have a l a s t  look a t  
Horsburgh's Directory,  f o r  landing i n s t r u c t i o n s ,  hidden dangers, 
cu r ren t s ,  e t c  . 

For the  b e n e f i t  of such of my readers  (and I suppose they a r e  
numerous) who do no t  know where Sandy Is land l i e s ,  I t r ansc r ibe  
t h e  account given by t h e  g r e a t  hydrographer of i t s  pos i t ion  and 
appearance : - 

"Sandy I s l and ,  o r  L ' I s l e  de Sable, i n  l a t i t u d e  15O 52' S., 
longitude 54O 40' E . ,  is  a f l a t ,  sandy spot ,  about f i f t e e n  f e e t  
above water,  h a l f  a mile long, from N.N.W. t o  S.S.E., and about a 
quar t e r  of a mile broad, having a sand-bank p ro jec t ing  th ree  
q u a r t e r s  of a mile towards the  S.S.E. It  was discovered by t h e  
sh ip  La Diane, i n  1722, and i n  1761, the  F lu te  1 ' U t i l e  was wrecked 
the re .  " 



Afte r  t h e  men had g o t  t h e i r  d inne r s ,  t h e  b o a t s  were repor ted  
ready, and t h e  f i r s t  c u t t e r ,  a t tended by thedinghy t o  a s s i s t  i n  
landing ,  were soon o f f  from the  s h i p ' s  s i d e ,  well  furn ished  wi th  
baske t s ,  guns and ammunition, harpoons, f i sh ing - l ines ,  e t c .  The 
vesse l  had stood up a s  near  t h e  i s l a n d  a s  t h e  l i g h t  breeze permit ted 
with s a f e t y ,  and on q u i t t i n g  h e r ,  she tacked and stood o f f ,  t h e  
Commodore t r y i n g  f o r  soundings (though f inding  none with one hundred 
fathoms of l i n e ) ,  and p r a c t i s i n g  r ee f ing  t o p s a i l s  and o t h e r  
manoeuvres, t o  exe rc i se  t h e  men. The b o a t s  pu l l ed  c h e e r i l y  along,  
t he  men eager  f o r  a run on shore and a supper of  t u r t l e  s t e a k s ,  t h e  
sportsmen a n t i c i p a t i n g  no end of s p o r t ,  and myself l uxur i a t ing  i n  
the  idea  o f  v i s i t i n g  the  breeding p lace  of t he  coun t l e s s  f r i g a t e  
b i r d s ,  gannets ,  t e r n s ,  and o the r  b i r d s  t h a t  now f i l l e d  t h e  a i r  with 
t h e i r  p i e rc ing  c r i e s ,  and darkened t h e  sky over t h e  i s l a n d .  

A s  we reached t h e  coveted shore ,  t h e  water suddenly changed 
from blue  t o  green,  and p r e s e n t l y  t h e  sur f  l i n e  showed i t s e l f ,  
thundering on t h e  sandy beach. The dinghy being s igna l i zed  t o  
p i l o t  t h e  way, t h e  two Kroomen who rowed he r ,  amphibious fe l lows 
equa l ly  a t  home i n  t h e  water a s  on t h e  l and ,  urged t h e i r  f r a i l  
s k i f f  i n  advance, and we soon desc r i ed  a s p i t  o f  land ,  under the  
l e e  of which t h e  water l a y  comparatively smooth, and t h e r e  we 
determined upon e f f e c t i n g  a landing.  

The dinghy soon l a y  high and d ry ;  b u t  our a t t e n t i o n  i n  the  
c u t t e r  was d i v e r t e d  by a tempting o b j e c t  t h a t  f l o a t e d  on t h e  calm 
water ,  a few dozen yards  ahead, and which we a l l ,  a t  once, and 
with an i n s t i n c t  worthy of c i t y  aldermen, knew t o  be t u r t l e  soup 
i n  i t s  raw ma te r i a l .  An o l d  whaleman now c r e p t  forward t o  t h e  
bows and drew o u t  t h e  g l i t t e r i n g  harpoon, t he  b o a t ' s  crew pul led  
n o i s e l e s s l y ,  t h e  o f f i c e r  i n  charge gave h i s  o rde r s  i n  whispers, 
and w e  s t o l e  on our  prey.  "Ah! o l d  fe l low,  how many bas ins  of 
soup w i l l  you make?" was i n  many a mind, and "What a splendid s h e l l  
f o r  t h e  Museum," i n  one a t  l e a s t .  Look a t  the harpooner, he s t ands  
up r igh t ,  one f o o t  on t h e  gunwale, t h e  barbed weapon poised;  ha l f -  
a-dozen s t r o k e s  and he i s  - No, n o t  a b i t  of  it, - wide-awake is 
Master T u r t l e ;  and without  a r i p p l e ,  down sunk the  huge bowl of 
soup and we saw him no more. 

Disappointed wi th  the  f a i l u r e  of  our  f i r s t  essay  i n  t u r t l e -  
ca tching ,  we turned our  b o a t ' s  head t o  t h e  shore,  and pu l l ed  i n ,  
avoiding with s a i l o r ' s  s k i l l  t h e  huge r o l l e r s  t h a t  eve r  and anon 
broke i n  masses of white foam on t h e  beach. We ran  i n  on t h e  t o p  
o f  a wave, backed and l e t  it break,  and then  pu l l ed  i n .  Out 
jumped t h e  men who were appointed t o  run the  boa t  up, and t o  our  
dismay, though only  a few yards from the  dinghy, our  fe l lows found 
no bottom. Before they  could recover  the  confusion i n t o  which 
t h i s  untoward acc iden t  threw them, and the  men i n  the  boat  had 
recovered t h e i r  o a r s ,  a huge su r f  broke r i g h t  over us ,  washing two 
men o u t  of  t h e  b o a t  and throwing he r  on he r  beam ends. I held on 
t o  t h e  guns and t h e  benches, t h e  r e s t  made ready t o  spr ing  o u t  a t  
a favorable moment; f o r t u n a t e l y ,  t h e  nex t  wave had a "long-shore" 
course ,  and though it threw us  about  l i k e  a n u t - s h e l l ,  it drove us 



i n t o  shallow water.  The men s t i l l  c l inging t o  the  gunwale found 
foot ing;  the  r e s t  of the  crew sprang ou t ,  and t h e  next moment saw 
us  i n  sa fe ty ,  though a t  t h e  expense of a good ducking, and, on my 
p a r t  a t  l e a s t ,  not  being a swimmer, of a good f r i g h t .  

After  wiping our guns and spreading our superfluous c lo th ing 
on the  sand t o  dry ,  we walked up t o  what we a t  once saw t o  be t h e  
remains of a human hab i t a t ion .  We found t h e  r u i n s  of a hu t ,  which 
had contained t h r e e  rooms; i n  the  l a r g e s t  was a square enclosure 
of blackened s tones ,  which had formerly served f o r  a f i r e -p lace ;  
but  which now held  t h e  n e s t s  of th ree  o r  four  noddies (Anous 
S t o l i d u s ) ,  who, u t t e r l y  heedless  of our approach, pecked fu r ious ly  
a t  our hands when we attempted t o  possess ourse lves  of t h e i r  love ly  
spot ted  eggs. We found t h e  n e s t s  of these  b i r d s  i n  every hole and 
corner of t h e  r u i n s ;  they had. taken possession of every stone,  and 
while t h e  male b i r d  s a t  perched on t h e  top ,  t h e  female covered her  
s o l i t a r y  egg by t h e  s ide  i n  a depression i n  t h e  s o i l ,  l i ned  with a 
few seaweeds. The eggs were b e a u t i f u l l y  spot ted  with patches of 
var ious  shades of a l i g h t  purple on a d e l i c a t e  cream-colored ground. 
An average s ized  egg measured two inches by one and a ha l f  inches;  
bu t  hardly two were of t h e  same s i z e ,  o r  colored a l i k e ;  s t i l l ,  a 
p rac t i ced  eye could a t  once separa te  them from t h a t  of Onychoprion 
Fuliginosus,  which we found breeding on another p a r t  of t h e  same 
i s l and .  

From t h e  r u i n s ,  we walked t o  t h e  e a s t  s i d e  of t h e  i s l a n d ,  
which appeared covered with bushes about t h e  he igh t  of a man's 
head. Up t o  t h i s  time, the  f r i g a t e  b i r d s  had kept  well  o u t  of 
range; bu t  now a r u s t l i n g  sound was heard above us,  l i k e  t h e  
f a l l i n g  of some heavy body through the  a i r ,  and glancing upward, I 
saw a f r i g a t e  b i r d  d a r t i n g  down a s  i f  t o  a t t a c k  us. A s  he swept 
p a s t ,  I leveled  my gun a t  him, f i r e d ,  and he r o l l e d  over; and now 
t h e  guns had p len ty  of work, f o r  t h e  b i r d s  poured down, and the  
ground was soon strewed with dead and dying. 

How many of t h e  wished-for b i r d s  we might have s l a i n ,  I know 
no t ,  when one of t h e  men c a l l e d  o u t ,  "Hold hard,  s ir ,  - d o n ' t  
shoot any more, - here they s i t  by scores  on t h e i r  n e s t s . "  And 
now the  t r u t h  f lashed on my mind, - we had intruded on t h e i r  
"rookery," and t h e  poor b i r d s  had l o s t  t h e i r  l i v e s  i n  t h e i r  vain 
at tempts t o  in t imidate  the  two-legged monsters t h a t  had suddenly 
d is turbed t h e i r  domestic privacy.  Eager t o  possess myself of t h e i r  
eggs, I dislodged b i r d  a f t e r  b i r d  from her n e s t ,  by t h e  a i d  of a 
long s t i c k ,  - t o  approach o n e ' s  hand, was the  sure precursor of 
a severe b i t e .  Every one, almost,  had a callow n e s t l i n g  under her  
maternal wing; and I obtained b u t  few eggs i n  a f i t  s t a t e  f o r  
blowing. 

The Tars,  who roamed about,  found one p lace  where t h e  
incubation seemed no t  so f a r  advanced, probably t h e  nursery  of t h e  
new-married and inexperienced couples. Jack seized t h e  p r i z e ,  
and though the  eggs were i n  most ins tances  s a t  upon, they were a l l  
devoured: so much f o r  t a s t e !  I heard one fe l low say t o  h i s  chum, 



a s  he gulped one down, "Dang it, Ned, t h e r e  was a bone i n  t h a t  un." 

The f r i g a t e  b i r d s  (Attagen A r i e l  and A. ,) and t h e  
gannets ,  of which t h e r e  were t h r e e  spec i e s ,  - Sula Fasc i a t a ,  
S. Personata ,  S. FUsCa, bred s i d e  by s i d e ,  i n  pa tches .  Thei r  n e s t s  
were huge s t r u c t u r e s  of  sea-weed, dung, and f i shbones ,  t h e i r  
s t r a t i f i e d  appearance t e s t i f y i n g  t h a t  each success ive  year  added 
t o  t h e i r  size. The s tench  from t h i s  spo t  was d read fu l ,  t h e  ground 
being strewed wi th  t h e  d e b r i s  of f i s h  and young b i r d s .  I could 
n o t  account f o r  t h e  numbers of t h e  l a t t e r ,  till I saw a huge r ed  
and h a i r y  hermi t  c r a b  (Pagurus) , i n h a b i t i n g  t h e  dead s h e l l s  of  a 
l a r g e  Turbo, which l a y  s c a t t e r e d  i n  great .abundance on t h e  ground, 
d e l i b e r a t e l y  descending t h e  t runk of one of t h e  bushes,  wi th  a 
wr i th ing  squab i n  h i s  claws. I then  saw t h a t  t h e  branches w e r e  
f u l l  of t h e s e  cann iba l s ,  mostly laden wi th  f i s h  s t o l e n  from bes ide  
t h e  n e s t s .  I presume, t h e  robbers  on ly  occas iona l ly  manage t h e  
more d a i n t y  morsel of  a tender  ch ick ,  secured when t h e  mother i s  
a b s e n t  from t h e  n e s t ,  though doub t l e s s  s u f f i c i e n t l y  o f t e n  t o  keep 
i n  check t h e  r a p i d  growth of t h e  b i r d s ,  - r o b b e r s  i n  t h e i r  t u r n ,  
f o r  from t h e  mouth of one I s h o t  was disgorged no l e s s  than seventeen 
f i s h ,  from t h r e e  t o  n ine  inches  long. 

Af te r  f o r c i n g  ou r  way through t h e  bushes, we emerged on t h e  
s i d e  of  t h e  i s l a n d ,  oppos i t e  t o  t h a t  on which w e  landed, and found 
a r e e f ,  o r  ledge of  c o r a l  and rock,  extending along t h e  shore ,  a t  
t h e  o u t e r  edge of which t h e  su r f  broke i n  f e a r f u l  splendour.  

A h a i l  from one of t h e  men i n  advance, and t h e  c l u s t e r i n g  of 
t h e  l a d s  a s  t hey  reached the  spo t ,  induced us,  who were l e i s u r e l y  
advancing wi th  pry ing  eyes,  t o  has ten  our  s t e p s .  We found, on 
a r r i v i n g  a t  t h e  scene,  t h a t  t h e  men were b u s i l y  engaged i n  examining 
two o r  t h r e e  heavy i r o n  guns, t h a t  l a y  ha l f  bur ied  and jammed i n  
between t h e  rocks,  and t o  seaward l a y  t h e  t imber  o f  a v e s s e l ,  wi th  
her huge anchor s t i l l  with one f l u k e  i n  t h e  r e e f .  These, then,  
w e r e  t h e  remains of t h e  i l l - f a t e d  L ' U t i l e ,  t h e  French man-of-war 
a l l uded  t o  by Horsburgh: t h e  house now tenanted  by t h e  wandering 
sea-fowl had been t h e  home of t h e  su rv ivo r s  dur ing  t h e i r  long 
imprisonment on t h i s  speck i n  t h e  ocean; t h e  f i r e - p l a c e  i n  t h e  
l a r g e  room had witnessed t h e  gay laugh o f  t h e  thought less ,  t h e  
b i t t e r  gloom of  t h e  despa i r ing ,  and t h e  h igh  and manly thoughts  of 
t h e  undaunted and brave,  each, perhaps,  i n  h i s  own way, pondering 
over  t h e  means of escape, o r  t h e  ques t ion  of  to-morrow's food. 
The commander s a t  i n  t h e  l i t t l e  room, overlooking t h e  remains of 
h i s  l o s t  v e s s e l :  t h e  o f f i c e r s  crowded i n  t h e  o t h e r  room, and 
thought  of  those  loved ones they  might never s e e  aga in ;  and now, 
how many of  t h a t  band of men survived? Not one! and t h e  p l ace  
of  t h e i r  long so journ  would never aga in  hear  t h e  sound of t h e i r  
vo ices .  

We pushed onward t o  t h e  nor thern  end of t h e  i s l a n d ,  and 
crossed  an open p l a i n  t h a t  l a y  between t h e  bushes and a high bank 
of r o l l e d  s tones ,  c a s t  up by t h e  storms of ages  on t h a t  end of t h e  



i s land.  In  the  cen t re  of t h i s  p la in ,  we came upon a c i r c l e  of 
s tones,  placed round a spot ,  whose v iv id  green a t t e s t e d  t o  t h e  
presence of water beneath: t h i s  was the  p lace  from whence t h e  
shipwrecked men drew t h e i r  supplies .  Near t h i s  spot  we could 
hardly t r e a d  f o r  young t e r n s  (Anous S to l idus )  and eggs, and on 
turning over a s tone,  ou t  sprang two mice; another and another 
followed from every stone moved, t h e  place l i t e r a l l y  swarmed with 
them. They had probably come i n  the  French ship,  and had peopled 
the  i s land.  How t o  account f o r  t h e  presence of the  v a s t  q u a n t i t i e s  
of huge black a n t s ,  t h a t  ran  t h e i r  g a l l e r i e s  i n  a l l  d i r e c t i o n s  
under the  sward, was a more d i f f i c u l t  matter;  a s  a l s o  was t h e  
advent of a l i z a r d  (Gecko) t h a t  I captured, but  which subsequently 
made h i s  escape. 

Advancing a few yards from t h i s  spot ,  we entered on the  domains 
of another species  of t e r n  (Onychoprion Fuliginosus),  of which we 
were f i r s t  made aware by the  f e a r l e s s  b i r d s  s t r i k i n g  a t  our f aces  
with t h e i r  sharp pointed b i l l s .  A s  i n  t h e  o the r  p laces ,  we had 
not  seen a s i n g l e  n e s t  of  t h i s  species,  so now we saw not  a n e s t  
o r  specimen of A. S to l idus .  The noise of t h e  congregated numbers 
was so g r e a t  t h a t  we could ba re ly  hear the  shouts  of our nea res t  
neighbor, and I was glad t o  escape over t h e  high r idge  of s tones  
and gain the  q u i e t  of t h e  dashing su r f .  

This  i s  evident ly  the  stormy s ide  of the  i s l and ,  and the  
d i r e c t i o n  of t h e  p reva i l ing  wind. The whole shore cons is ted  of 
l a rge  r o l l e d  stones;  not  one of which possessed an angle; a l l  a s  
smooth a s  a c o b b l e r ' s  lap-stone, they i r r e s i s t i b l y  brought t o  mind 
hundreds of j o l l y  Cr ispins  bus i ly  tapping so les  and welts .  Here 
we found another  wreck - a  huge t r e e ;  from whence had t h i s  
f loa ted?  Madagascar probably, and was the  a rk  i n  which had come the  
an t s ,  and the  gecko; so a r e  those ocean d o t s  peopled. 

Turning from t h e  scene of speculat ion,  we wended our way back 
t o  our boats  along a broad road, c leared  of every stone, and n ice ly  
smoothed. For what could t h e  poor refugees have constructed t h i s  
road? Perhaps t h e i r  commander, a wise man, r e f l e c t i n g  t h a t  
id leness  exci ted  gloomy thoughts i n  such s i t u a t i o n s ,  had s e t  h i s  
men t o  work t o  c l e a r  t h i s  road, t o  convey -what? Firewood from 
shipwrecked t r e e s ,  s tones thrown up by the  waves t o  bui ld  t h e i r  
house, - what! a s  a ca r r i age  road it had c e r t a i n l y  been used, f o r  
we found t h e  broken wheel of a cannonade ly ing on a heap of s tones.  

While walking here, I had given my gun t o  t h e  Chaplain, who 
wanted t o  t r y  h i s  hand a t  a shot .  He had f i r e d  once and 
unsuccessfully, a t  an oys te r  ca tcher  (Hoematopus); and now t o  my 
vexation, I saw a new lovely  snow white b i rd ,  much resembling a 
t e rn ,  slowly passing him. "New bird!" I shouted; "shoot,  parson, 
shoot! " ~ l a s ,  my f r i end  was a b e t t e r  hand with h i s  Hebrew books 
than with Westley Richards, and t h a t  eminent i n d i v i d u a l ' s  death- 
deal ing  tubes were leveled i n  va in  a t  the  lovely  s t ranger .  To 
the  b r igh t  f l a s h  and loud repor t ,  t h e  ,snowy c rea tu re  made a 



grace fu l  s toop,  l i k e  a damsel i n  white  muslin a t  an i n v i t a t i o n  t o  
dance, and it f l o a t e d  over our heads and looked u s  f u l l  i n  our 
f a c e s  with i t s  l a r g e  black eyes. I w a s  f r a n t i c :  eager ly  I 
crammed i n  a charge of powder; but  a l a s ,  no sho t  had I, my f i d u s  
acha te s ,  "Ned," and "curio-man's Jack ,"  a s  t h e  s a i l o r s  had dubbed 
him and me, w a s  o f f  t o  t h e  boa t s  with my pouch. But he lp  was a t  
hand, - t h e  crack-shot of t h e  sh ip ,  Lt .  ----- , was hastening t o  
t h e  scene, a t t r a c t e d  by my shouts  and va in  a t tempts  t o  knock t h e  
b i r d  over wi th  s tones.  Seeing another  of t h e  queer monsters 
running up, my white f r i e n d  turned away, and was winging h i s  course 
sea-ward. Oh agony! only  known t o  t h e  n a t u r a l i s t ,  who s e e s  a 
new spec ie s  s l i p  away from h i s  grasp.  Inwardly, I resolved never 
more t o  t r u s t  my "shooting-iron" o u t  of my hand on these  unknown 
coas t s .  The white  v i s i o n  took another  t u r n  t h i s  t ime, land-ward - 
"run, run! - new bird!  - long shot! - ah,  my beauty, t h e  parson 
does no t  hold t h a t  s teady b a r r e l :  a d e a d l i e r  eye i s  measuring t h e  
d i s t a n c e  which you w i l l  f l y  over ,  e r e  t h e  leaden messengers w i l l  
reach you." And now, t h e  sharp  f l a sh !  -plump down f a l l s  t h e  
hapless  b i rd .  The r eve rbe ra t ing  r e p o r t  reaches  my e a r s ,  and I 
dashed forward and t h e  p r i z e  i s  mine; and oh, how b e a u t i f u l  t h e  
pure white plumage, without a speck, save t h e  one pink spot  on 
t h e  b r e a s t ,  from whence oozed t h e  ebbing l i f e  blood, t h e  b r i l l i a n t  
blue b i l l  and t h e  l a r g e  dark eye  now c los ing  i n  death! And now, 
quam muta tus  a b  i l l o !  its d r y  and shr ive led  s k i n  and blackened 
b i l l  g race  t h e  c a s e s  of  t h e  Museum, - a mockery of l i f e ;  a 
burlesque on t h e  l o v e l i e s t  b i r d  I th ink  I ever  saw. Reader, you 
may see it labeled  G y g i s  Candida .  

The eggs of t h e  Onychopr ion  F u l i g i n o s u s  a r e  r a t h e r  l a r g e r  
than those  of A. S t o l i d u s ,  being about 2 inches  and 2 l i n e s  long, 
by 1 inch  and 7 l i n e s  broad, and more t h i c k l y  d o t t e d  with smaller  
d o t s  a t  t h e  obtuse end. They a r e  a l s o  g e n e r a l l y  darker ,  and 
may e a s i l y  be d i s t ingu i shed  by any one who has  ever  taken t h e  two, 
though a w r i t t e n  d e s c r i p t i o n  would s u i t  f o r  e i t h e r  spec ies .  

The eggs of t h e  f r i g a t e  b i r d s ,  A t t a g e n  A r i e l  and A. I 

a r e  very  s i m i l a r  i n  s i z e  and shape t o  those  of t h e  gannets;  but  
a r e  smoother and th inne r  i n  t e x t u r e ,  and f r e e  from t h e  t h i c k  
i n c r u s t a t i o n  of l ime which a t  once d i s t i n g u i s h e s  those  of t h e  
l a t t e r .  They a r e  both pure white  when f r e s h  l a i d ;  but  g e t  s ad ly  
s o i l e d  amidst t h e  f i l t h  i n  which they l i e .  They measure about 
2 inches  7 l i n e s  long,  by 1 inch 9 l i n e s  broad. 

J u s t  a s  we commenced oura r rangemen t s fo r  t h e  n igh t ,  t h e  o l d  
f r i g a t e  which had been working up f o r  t h e  i s l a n d ,  suddenly backed 
her t o p s a i l s ,  ran  up he r  r e c a l l  f l a g ,  and f i r e d  a gun. Jumping 
i n t o  t h e  dinghy, I went on board t o  a s c e r t a i n  t h e  reason of t h i s  
change of  p lan ,  while  t h e  c u t t e r  was launched and p repa ra t ions  
made t o  r e t u r n ,  i f  t h e  r e c a l l  should prove genera l .  

"What spor t?"  shouted t h e  Commodore, a s  we g o t  within h a i l i n g  
d i s t ance .  "Glorious!" was my reply .  "What l i ke l ihood  of 
t u r t l e ? "  was t h e  next  ques t ion .  "Very l i t t l e !  no marks on t h e  



land of t h e  breeding ones." The l i t t l e  dinghy shot  under t h e  
t a l l  s i d e s  of the  sh ip ,  when again thundered her s igna l  gun, and 
t h e  c u t t e r ' s  r e c a l l ,  i n  l an te rns ,  ran  up t o  her mast-head; and 
j u s t  a s  t o t a l  darkness f e l l  on us,  the  c u t t e r  dashed along s i d e ,  
and i n  another moment was swinging a t  her  d a v i t s ;  the  o ld  sh ip  
f i l l e d  her s a i l s ,  bowed t o  t h e  n igh t  breeze, and we stood o f f  from 
the  i s land.  

"I d o n ' t  l i k e  the  c u r r e n t  hearabout," sa id  the  Commodore, a s  
I f in i shed  my narra t ion  of our  af ternoon 's  adventure. "We must 
not  l a y  the  Cas tor ' s  bones alongside those  of L 'u t i le ." ."  

l o s t  
book 
from 

The r e s t  of what Layard d id ,  co l l ec ted  o r  saw on t h a t  journey i s  
save f o r  t h e  fragmentary a l l u s i o n s  i n  h i s  1863 paper, h i s  1867 
(brought together  i n  Brooke 1976) and what l i t t l e  can be l e a r n t  
the  surviving eggs discussed i n  Brooke (1978). 

I t  i s  poss ib le  now t o  p resen t  a p i c t u r e  of the  b i rd  l i f e  on 
Tromelin Is land a s  it was i n  December 1856, 98 years  before Brygoo's 
(1955) v i s i t ,  bel ieved t o  be the  f i r s t  o rn i tho log ica l  v i s i t o r  by 
Staub (1970). A s  M r .  A.S. Cheke has pointed ou t  ( i n  litt.) Brooke 
(1976, 1978) was mistaken i n  assuming t h a t  Layard 's  Sandy Is land was 
t h e  Sandy Is land o f f  Rodriguez. The Rodriguez records i n  those 
publ ica t ions  were a l l  made on Tromelin Is land (Layard 1858). 

Sula dac ty la t r a :  a youngster and a d u l t s  brought back t o  Cape Town 
(Brooke 1976), youngin t h e  n e s t  (Layard 1858 sub nom. S. pe r sona ta ) .  
I t  s t i l l  breeds here (Staub 1970). The n e s t  s i t e  f i d e l i t y  described 
by Layard should be noted. 

Sula su la :  a p a i r  and two youngsters brought back t o  Cape Town 
(Brooke 1976),  young i n  the  n e s t  (Layard 1858 sub nom. S. f a s c i a t a  
f o r  normal b i r d s  and S. fusca f o r  dark phase b i r d s )  . I know of no 
o the r  usage of S. f a s c i a t a ,  l e t  alone who proposed the  name i f ,  indeed, 
it i s  not  j u s t  a misconception i n  ~ a y a r d ' s  mind. I t  s t i l l  breeds here 
(Staub 1970). 

Fregata a r i e l :  a d u l t s  co l l ec ted ,  most n e s t s  held young but  a few held 
eggs, usual ly  well  incubated (Layard 1858). Staub (1970) i s  uncertain 
whether it s t i l l  breeds on Tromelin. 

Fregata minor: a s  f o r  F. a r i e l  (Layard 1858) . I t  s t i l l  breeds here 
(Staub 1970). 

Haematopus os t ra legus :  shot  a t  but  missed (Layard 1858). Not recorded 
on any Indian Ocean i s l and  by Watson e t  a l .  (1963) and the re  a r e  no 
subsequent records (A.S. Cheke i n  litt.). 

Larus cirrocephalus:  an a d u l t  brought back t o  Cape Town (Brooke 1976). 
He g ives  reasons f o r  not  r e j e c t i n g  the  record even though t h e  specimen 



no longer  su rv ives  and t h e r e  a r e  no l a t e r  records .  Presumably it was 
a vagrant  from Madagascar nea r ly  400 km t o  t h e  west. 

S t e r n a  f u s c a t a :  eggs c o l l e c t e d  (Layard 1858 sub nom. O n y c h o p r i o n  
f u l i g i n o s u s ) .  Not recorded by Staub (1970) whose v i s i t  was i n  l a t e  
August when t h e  b i r d s  would n o t  have been breeding. 

S t e r n a  d o u g a l l i i :  Staub (1970) sugges ts  t h a t  t h e  t e r n s  descr ibed  by 
Morris (1964) a s  "with l i g h t  grey  mantles  and black crowns" were t h i s  
spec ies .  They might equa l ly  have been S .  b e r g i i  t h a l a s s i n a  s ince  no 
ind ica t ion  of s i z e  i s  given. Layard (1858) makes no suggest ion t h a t  
e i t h e r  spec ie s  was p r e s e n t  dur ing  h i s  v i s i t .  

G y g i s  a l b a :  an a d u l t  brought back t o  Cape Town (Brooke 1976). I t  
does not  appear from Layard (1858) sub nom. G y g i s  c a n d i d a  t h a t  it was 
breeding a t  t h e  time of h i s  v i s i t .  Not recorded by Staub (1970). 

Anous  s t o l i d u s :  a youngster and a d u l t s  brought back t o  Cape Town 
(Brooke 1976) a s  wel l  a s  eggs (Brooke 1978). They had both eggs and 
young i n  t h e i r  n e s t s  (Layard 1858) .  Not recorded by Staub (1970). 

Anous  t e n u i r o s t r i s :  a d u l t s  brought back t o  Cape Town (Brooke 1976) but  
it does n o t  appear from Layard (1858) t h a t  he r e a l i s e d  t h a t  two spec ie s  
of A n o u s  were present .  Not recorded by Staub (1970). 

A s  f o r  t h e  fauna o t h e r  than b i r d s  it appears  from Layard (1858) 
t h a t  Mus m u s c u l u s  was by then wel l  e s t ab l i shed  and it has remained so 
(Staub 1970). Layard's b e l i e f  t h a t  t hey  had come from t h e  wrecked 
L I U t i l e  i s  l i k e l y  enough. He does n o t  mention R a t t u s  n o r v e g i c u s ,  t h e  
o the r  well  e s t ab l i shed  rodent  noted by Staub. Hermit c r abs  P a g u r u s  
sp. were common both i n  t h e  1850s and 1950s: Layard 's  remarks on t h e i r  
predat ion  on t h e  young of S u l a  d a c t y l a t r a  should be noted. Layard 's  
gecko ( R e p t i l i a ,  Gekkonidae) was probably, a s  he s a i d ,  a d r i f t e d  
vagrant  s ince  the re  i s  no mention of  l i z a r d s  i n  Staub. I am unable t o  
equate Layard' s (1858) "huge black ants1 '  wi th  Skai fe  I s (1953) 
d e s c r i p t i o n  of P h e i d o l e  m e g a c e p h a l a ,  t h e  only  a n t  recorded by Staub 
(1970) . 
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A SUBMERSIBLE, RECHARGEABLE, ELECTRIC DRILL 

by W. H. ~ a s t o n l  

Abst rac t  

A l i g h t  weight,  co rd le s s ,  rechargeable,  e l e c t r i c  hand d r i l l  
mounted i n  a  submersible p l a s t i c  case  is l inked  by a s h a f t  through 
t h e  housing t o  an e x t e r n a l  b i t  extension.  Tungsten carb ide  masonry 
b i t s  o r  small  diamond core d r i l l s  can be a t t ached  t o  t h e  end of  t h e  
b i t  extension wi thout  opening the  underwater housing. The assemblage 
has been used t o  s e t  survey p o i n t s  used i n  measuring shore l ine  e ros ion  
and t o  take  core  samples f o r  rad iometr ic  da t ing  and f o r  determining 
growth r a t e s  of  c o r a l s  by X-radiography. Other app l i ca t ions  have 
been suggested. 

Design 

The prototype model (Figure 1) was designed t o  accommodate t h e  
sma l l e s t  rechargeable d r i l l  i n  o rde r  t o  reduce weight and volume taken 
on f l i g h t s  t o  d i s t a n t  i s l a n d s .  A submersible housing was cons t ruc ted  
of 3/8" and 1/2" a c r y l i c  p l a s t i c  t o  f i t  two inter-changeable models 
of  drills - t h e  Craftsman Rechargeable 1/4" Model No. l35 . l l l lOOI  and 
Skilshop Model 1702 Type 1 Cordless  1/4" Reversing D r i l l .  The 
assemblage weighs 3 kg (6.7 l b s )  and w i l l  f l o a t .  General information 
and ma te r i a l s  used i n  the  cons t ruc t ion  of p l a s t i c  housings can be 
obta ined  from hobby shops, p l a s t i c s  salesrooms , and Toggweiler (19 70) . 
Pre fab r i ca t ed  c o n t r o l  glands with O-rings, and l e v e r s ,  s h a f t s ,  and 
s t u d  r e t a i n e r s  w i t h  s tuds  and nylon wing nu t s  f o r  c los ing  housings 
a r e  a v a i l a b l e  from some dive shops and Toggweiler. 

A few s p e c i a l  requirements must be met i n  designing t h e  apparatus.  
The a c r y l i c  p l a t e  i n  f r o n t  o f  t h e  d r i l l  chuck must be a t  a  r i g h t  ang le  
t o  the  a x i s  of t h e  chuck, because t h e  c o n t r o l  gland conta in ing  an 
O-ring through which the  s h a f t  of  t h e  b i t  ex tens ion  passes  a l s o  must 
be a l igned  p e r f e c t l y  with t h e  a x i s  of t he  chuck a f t e r  t h e  gland has 
been cemented t o  t h e  f r o n t  p l a t e  of t h e  housing. The r e a r  of t h e  
d r i l l  case must j u s t  touch t h e  inne r  su r face  of t h e  r e a r  p l a t e  of  t h e  
housing s o  t h a t  a  t h r u s t  app l i ed  t o  the  housing by t h e  ope ra to r  w i l l  

l ~ e ~ a r t m e n t  of  Geological Sciences Universi ty of  Southern C a l i f o r n i a  
Los Angeles, C a l i f o r n i a ,  USA 90007. 
Cont r ibut ion  No. 371. Department of Geological Sc iences ,  Univers i ty  
of  Southern C a l i f o r n i a ,  Los Angeles, C a l i f o r n i a ,  90007 
A t o l l  Res. Bul l .  No. 255: 83-90, 1981. 



Figure 1. Submersible housing with b i t  extension attached. 
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Figure 2. A. Specifications for the bit extension. 
B. Specifications for the diamond core bit assemblage. 



be t ransmit ted  t o  the  e l e c t r i c  drill. La te ra l  wobble of the  d r i l l  
handle i s  control led  by the  oval  receptacle i n  the  baseandby cushions of 
vinyl  foam cemented t o  the  two s i d e  walls of the  housing and t o  t h e  
ins ide  of the  cover. The chuck key is s t o r e d  ins ide  the  housing. 

A s h o r t  bevelled p iece  of s h a f t  brazed t o  the long t r i g g e r  r e lease  
s h a f t  a t  a r i g h t  angle provides the  contact  with the t r i g g e r  switch. 
I f  the  case i s  designed with the  g r e a t e s t  economy of inner space, the  
t r i g g e r  r e lease  s h a f t  w i l l  be too long t o  be inse r t ed  through the  
control  gland from ins ide  t h e  housing. I n  t h i s  event a small hole 
can be d r i l l e d  l a t e r a l l y  through the  p l a s t i c  t r i g g e r  on the d r i l l  and 
a t h i n  diameter screw can be threaded through the  hole and extended 
about 3/8" (=9.5 m n )  t o  the  r i g h t  s i d e  where it w i l l  be engaged by the  
bevelled f lange brazed on the  control  s h a f t .  No provision was made 
f o r  ex te rna l  ac t iva t ion  of  the  on/off sa fe ty  switch o r  the  reversing 
switch on the  motor case. 

The b i t  extension (Figure 2) i s  fabr ica ted  from s t a i n l e s s  s t e e l  
s tock,  including the  two s e t  screws. The s h a f t  must be 1/4" i n  
diameter i n  order t o  pass through the  p re fabr ica ted  control  gland. 
However, the  hole f o r  the  reception of  the shank of the masonry b i t  o r  
the  diamond core b i t  may be of  d i f f e r e n t  diameter, depending upon the  
s i z e  and brand of masonry b i t .  Some b i t s  a r e  of  uniform diameter from 
the  t i p ,  along the  t w i s t ,  and on the shank. Others a r e  o f  smaller  
diameter behind the  t i p ,  s o  the  b i t  must be se lec ted  before the  
receptacle i n  t h e  b i t  extension is bored. Furthermore, the  shank 
of s t a i n l e s s  s t e e l  brazed on the  diamond core b i t  must be the  same 
diameter as  the shank of t h e  masonry b i t  i f  these  t o o l s  a r e  t o  be 
interchangeable. Machine shop experience ind ica tes  t h a t  it i s  
advisable f i r s t  t o  tu rn  the  1/4"-deep recess  on the  shank assemblage 
and braze it i n t o  the  rea r  opening of the  diamond core b i t  before 
machining the 1/4" shank. This ensures t h a t  e r r o r s  of alignment 
causing wobble when the  apparatus is operated w i l l  be eliminated. 

The diamond core b i t  i s  Type SICD, S e r i a l  N. 55955, without 
c o l l e t ,  7/8" O . D . ,  ava i l ab le  through Felker Operations, Dresser 
Indus t r i e s ,  Inc . ,  1900 South Crenshaw Boulevard, Torrance, Ca l i fo rn ia ,  
90509. Other core b i t s  a r e  avai lable  i n  s i z e s  as  small as  1/8" and 
l a rge r  than t h e  one se lec ted ,  so  the re  is a wide s e l e c t i o n  of s i z e s  
enabling a choice of b i t s  ca lcula ted  t o  provide the  volume of mater ia l  
required. I n  ordering any brand of core b i t  one must speci fy  t h a t  
the  b i t  must no t  have anything fastened t o  the open end opposite  the  
c u t t i n g  edge. 

Uses 

The apparatus was designed t o  f a c i l i t a t e  co l l ec t ing  cora l  samples 
f o r  t h r e e  l i n e s  of research being conducted on various i s l ands  i n  the  
P a c i f i c  Ocean. Growth r a t e s  of some cora l s  ( f o r  example, species  of 
Porites) can be determined by X-radiography of s l i c e s  taken normal t o  
the  d i rec t ion  of  growth (Knutson, Buddemeier, and Smith, 1972). The 
length of t h e  cores (about 7.5 cm o r  3" ) and the  f a c i l i t y  with which 
variously o r i en ted  and posi t ioned samples can be obtained a r e  i d e a l  f o r  



t h i s  l i n e  of  research.  Growth r a t e s  a l s o  could be determined by t h e  
2 2 8 ~ a ,  ' O S ~  , and 2 1 0 ~ b  methods i f  two o r  more cores of 7/8" diameter 
were taken,  o r  i f  a  l a r g e r  core  b i t  were u t i l i z e d  (Moore, Krishnaswami, 
and Bhat , 1973) . 

Cores 7/8" i n  diameter weigh about 25 grams and contain enough 
ma te r i a l  f o r  e i t h e r  14c o r  uranium s e r i e s  ( 2 3 0 ~ h / 2 3 8 ~  and 2 3 4 ~ / 2 3 8 ~ )  
analyses (Barnes, Lang, and P o t r a t z ,  1956; Thurber, e t  a l . ,  1965). 
Radiometric da t ing  of samples by these  techniques is  used t o  determine 
ages of r a i s e d  shore l ines  containing c o r a l s ,  ages of  c e r t a i n  r e e f s ,  and 
changes of  s e a  l eve l .  

Masonry b i t s  were used t o  d r i l l  ho le s  i n  c o r a l ,  l imestone,  and 
s e v e r a l  kinds of igneous rocks. Bronze n a i l s  dr iven  i n t o  p l a s t i c  
molly f a s t e n e r s  (hollow wal l  hangers) i n s e r t e d  i n  the  d r i l l  ho les  se rve  
a s  re ference  po in t s  a g a i n s t  which amounts of e ros ion  can be measured 
from time t o  time alone shore l ines .  

The f u l l y  charged prototype assemblage d r i l l e d  a s  many a s  2 0  1/4" 
holes  of  fou r  3" cores i n  c o r a l .  Four d r i l l  ho les  o r  one core one 
inch long can be  c u t  i n  hard,  s i l i c e o u s  limestone o r  i n  moderately hard 
igneous rock. A spare  motor was c a r r i e d  i n  order  t o  accomplish more 
work and t o  ensure aga ins t  motor f a i l u r e  i n  remote p laces .  Although 
t h e  e l e c t r i c  d r i l l  l acks  t h e  power of  t h e  commercial pneumatic d r i l l s  
and impact wrenches, it has the  advantages o f  l i g h t  weight,  p o r t a b i l i t y ,  
low c o s t ,  and replacement o f  p a r t s  from hardware s t o r e s .  Furthermore, 
it can be recharged almost anywhere t h a t  e l e c t r i c i t y  i s  generated. 

B i o l o g i s t s  and geo log i s t s  who observed t h e  d r i l l  i n  opera t ion  
suggested a d d i t i o n a l  uses.  I n  the  t r o p i c s  a  d r i l l  must be i n s u l a t e d  
from normal high humidity, rain., and water sp lashed  around boa t s ,  even 
i f  it is  not  used underwater. This  l i g h t  d r i l l  could be equipped with 
c i r c u l a r  core saws o r  s c r o l l  saws t o  c u t  plugs of wood encrus ted  wi th  
l i chens ,  mosses, a lgae ,  and o t h e r  p l a n t s .  Plugs a r e  t r ansp lan ted  from 
one t r e e  t o  another  when studying recovery of vegeta t ion ,  adapta t ions  
of p l a n t  communities, and c e r t a i n  environmental problems. 

Attachments such a s  screw d r i v e r s ,  r o u t e r s ,  g r inding  wheels, m i l l s ,  
and f ac ing  p l a t e s  could be employed, p a r t i c u l a r l y  i f  an ad jus t ab le  d r i l l  
chuck were added t o  t h e  b i t  extension.  

Operation and Maintenance 

Both the  masonry b i t  and the  core b i t  c u t  most e f f e c t i v e l y  i f  t h e  
holes  a r e  kept f r e e  from cu t t ings .  Otherwise grooves i n  t h e  t w i s t  of 
t h e  masonry b i t  become s o l i d l y  packed with f i n e  d e b r i s ,  preventing t h e  
c u t t i n g  edges of t h e  b i t  from b i t i n g  i n t o  any hard ground. The core  
b i t  does n o t  become jammed a s  r e a d i l y  a s  t h e  masonry b i t .  Debris can 
be f lu shed  from holes  q u i t e  e f f e c t i v e l y  using a  rubber e a r  syr inge .  

I t  i s  d i f f i c u l t  t o  maintain a  force  a g a i n s t  a  s o l i d  o b j e c t  when 
t h r u s t i n g  underwater, bu t  b i t s  c u t  most e f f e c t i v e l y  when a s teady 
pressure  i s  maintained. I n s t r u c t i o n s  with c u t t i n g  t o o l s  warn aga ins t  



l e t t i n g  them r o t a t e  i n e f f e c t u a l l y  aga ins t  t h e  surface  t o  be c u t ,  l e s t  
the  c u t t i n g  edge of the  t o o l  be damaged. For tunate ly ,  t h e  d r i l l  i s  so  
l i g h t  o r  buoyant t h a t  borings can be completed i n  awkward s i t u a t i o n s  by 
holding on t o  the  work su r face  with one hand and opera t ing  t h e  d r i l l  
with the  o ther .  

Heat c rea ted  by the  motor warms t h e  a i r  i n s i d e  t h e  housing,causing 
a pressure  increase.  This i s  a b e n e f i c i a l  development t o  a c e r t a i n  
ex ten t  because t h e  pressure  d i f f e r e n t i a l  tends t o  prevent  leakage 
around t h e  O-rings i n  t h e  con t ro l  glands and t h e  cover. It is 
poss ib le ,  although no t  personal ly  observed, t h a t  long-continued 
opera t ion  of t h e  motor might r a i s e  t h e  i n t e r i o r  a i r  pressure  t o  
unacceptable l eve l s .  In te rmi t t en t  running of the  motor seems t o  
permit adequate r ad ia t ion  of hea t  through t h e  a c r y l i c  housing when the  
apparatus is submerged. I t  is probable t h a t  c a r e f u l  a t t e n t i o n  should 
be paid  t o  the  O-rings i n  cold water ,  f o r  i f  a i r  should leak ou t  under 
high pressure ,  then poss ib ly  water might bypass the  O-rings when t h e  
apparatus cools o f f .  So f a r  I have not  observed any leakage i n  e i t h e r  
d i r e c t i o n  i n  shallow water. 

The O-ring around t h e  dr ive  s h a f t  i s  sub jec t  t o  increased wear i f  
it becomes d i r t y .  D r i l l i n g  generates f i n e  abrasive ma te r i a l ,  s o  it i s  
b e n e f i c i a l  t o  maintain an excess of t h i c k  lubr i can t  such a s  s i l i c o n e  
grease between the  s h a f t  and t h e  con t ro l  gland. Evidence of wear 
appears a s  a grey o r  black s t a i n  i n  t h e  l u b r i c a n t  near t h e  O-ring. 
Per iodic  replacement of t h e  O-ring and grease  i n  the  d r ive  s h a f t  
cont ro l  gland is advisable.  

The s t e e l s  from which both b i t s  a r e  made r u s t  quickly so  they 
should be given p r o t e c t i v e  coatings of  grease  when not  i n  use. 
Moreover, rust-prone s h a f t s  should not  be l e f t  i n  t h e  receptac le  of 
the  b i t  extension. 

Modifications 

The two models of d r i l l s  used i n  t h e  prototype requ i re  from 16 t o  
20 hours f o r  t o t a l  recharging. However, a l a t e r  model, Ski1 Model 
2006, i s  3/8"  cordless  drill requi r ing  only one hour f o r  complete 
recharging. Furthermore, it has much more torque c a p a b i l i t y ,  g rea te r  
b a t t e r y  capaci ty ,  and o the r  s p e c i a l  f e a t u r e s ,  y e t  it has t h e  same 
dimensions a s  the  1/4" models used i n  t h i s  p ro jec t  and the re fo re  w i l l  
f i t  t he  same housing. 

Other s l i g h t l y  l a r g e r  models of var ious  brand names may be 
provided with removeable ba t t e ry  packs so  t h a t  spare  packs can be 
a t tached t o  t h e  motor un i t .  I f  two d r i l l s  a r e  t o  be provided, it 
is  important t o  v e r i f y  t h e i r  dimensions, because dimensions of  t h e  
p l a s t i c  motor cases of  one model a r e  s i g n i f i c a n t l y  d i f f e r e n t ,  y e t  they 
both bear  t h e  same model number. 

Some persons who have examined t h e  d r i l l  i n d i c a t e  t h a t  they might 
t a p  t h e  motor with leads  t h a t  could be fas tened t o  b a t t e r y  packs 
e i t h e r  i n  an enlarged submersible housing o r  ca r r i ed  external ly .  



Commercial b e l t  packs  of b a t t e r i e s  a r e  a v a i l a b l e  f o r  under-water 
photography and might  be adap t ab l e  f o r  t h e  d r i l l .  I n  any c a s e  it 
would be nece s sa ry  t o  a s c e r t a i n  t h e  e l e c t r i c a l  eng inee r i ng  s p e c i f i c a t i o n s  
o f  any motor be ing  modified.  
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Addendum 

S k i l  Corpora t ion  r e c e n t l y  in t roduced  two models o f  3/8 i nch  recharge-  

a b l e  d r i l l s  t h a t  a r e  i n t e r changeab l e  w i t h  t h e  1/4 i nch  d r i l l  o r i g i n a l l y  

used.  The newer d r i l l s  have much more t o rque  and much f a s t e r  recharge  

t imes  t h a n  t h e  1/4 i nch  d r i l l .  S k i l  model 2003 can be  recharged  i n  t h r e e  

hou r s ,  whereas model 2006 can be recharged  i n  on ly  one hour  and a l s o  has  

a ready  l i g h t  t h a t  i n d i c a t e s  when charg ing  i s  complete.  The dimensions 

of a l l  t h r e e  d r i l l s  a r e  i d e n t i c a l .  



ARTIFICIAL REEFS I N  DISCOVERY BAY, JAMAICA 

by Michael J. ~ i s k l  

Introduction 

Many s tud ies  have been done of a r t i f i c i a l  r e e f s  placed i n  t h e  
marine environment. In some cases,  t h e  emphasis has been on 
augmentation of nearshore f i s h e r i e s  ( f o r  example, see  Turner e t  a l . ,  
1969). I n  o ther  s tudies ,  t h e  motivation has been l a r g e l y  t o  gain 
i n s i g h t  i n t o  the  ecology and ethology of reef  f i s h e s  (Randall, 1963; 
Luckhurst, 1972). 

Present-day c o r a l  r e e f s  a r e  no t  only highly productive i n  
themselves, but  f requent ly  a c t  a s  a rampart o r  b a r r i e r ,  protec t ing 
c o a s t a l  lagoons and bays which i n  tu rn  may be highly productive (Odum, 
1957) . The submarine vegetat ion i n  these  embayments (usual ly  
Thalassia, i n  the  Caribbean) i s  t y p i c a l l y  under-uti l ized by herbivorous 
f i s h e s  and inver tebra tes  due t o  lack of refugia from predators.  Where 
small patch r e e f s  occur i n  lagoons, they a r e  commonly surrounded by 
"halos" of bare sand from which the  vegetat ion has been completely 
grazed. These halos  have been a t t r i b u t e d  t o  grazing by f i s h e s  
(Randall, 1963, 1965; Luckhurst, 1972) and by sea urchins (Ogden 
et  a l . ,  1973). The s c a r c i t y  of hiding-places i n  lagoons i s  probably 
a r e s u l t  of the  r e l a t i v e  i n a b i l i t y  of c o r a l s  t o  a t t a c h  and grow on 
s o f t  subs t ra tes  i n  murky water ( f o r  a review of f a c t o r s  a f fec t ing  
cora l s ,  see Endean, 1976). 

A s  one of t h e  many unpleasant th ings  which t h e  fu tu re  has i n  s t o r e  
f o r  u s  i s  undoubtedly increasing shortages of high-protein food i n  
Third World countr ies ,  many of which a r e  located i n  o r  on t r o p i c a l  
oceans, it would be valuable t o  inves t iga te  the p o s s i b i l i t y  of 
u t i l i z i n g  more f u l l y  t h e  vegetat ion i n  shallow coas ta l  a reas .  
A r t i f i c i a l  r e e f s  which a t t r a c t  f i s h  populat ions may be a means of 
essentiallyconvertingthe high-carbohydrate p l a n t  mater ia l  i n t o  high- 
p ro te in  f i s h .  The t o t a l  product iv i ty  of t h e  system would, of course, 
not  be changed, but l e s s  carbon would be incorporated i n t o  t h e  
sediments. 

The topography of r e e f s  (both na tu ra l  and a r t i f i c i a l )  d i c t a t e s  
t h a t  modern high-yield f i sh ing  methods cannot be used; t h e  common 
Ant i l lean f i s h  po t  "is s t i l l  the  most e f f e c t i v e  way t o  ca tch  bottom 
f i s h  around the  Caribbean" (Brownell, 1972, p. 29) .  Several designs 
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of t r a p  e x i s t ,  of which t h e  Jamaican "Z-trap" seems t o  be t h e  most 
e f f e c t i v e  (Crossland, 1976) . Trapping by i n d i v i d u a l  l o c a l  fishermen 
would seem, the re f  o r e ,  t o  be a  reasonably e f f i c i e n t  way of "harves t ing"  
a r t i f i c i a l  r e e f s .  

A s  a  necessary pre l iminary ,  t h e  morphology of va r ious  types  of 
a r t i f i c i a l  r e e f s  should be inves t iga t ed ,  a s  should t h e  r e l a t i v e  c o s t  
(bo th  i n  money and i n  labour)  of bu i ld ing  d i f f e r e n t  types .  Th i s  paper  
i s  a pre l iminary  r e p o r t  on t h r e e  such r e e f s ,  cons t ruc t ed  i n  Discovery 
Bay, Jamaica, W.I. 

Methods 

( a )  Reef cons t ruc t ion  

The a r t i f i c i a l  r e e f s  had t o  f u l f i l  two c r i t e r i a :  t h e  cons t ruc t ion  
m a t e r i a l s  had t o  be l o c a l l y  abundant and r e l a t i v e l y  cheap, and t h e  
f i n i s h e d  r e e f s  had t o  p re sen t  a  wide v a r i e t y  of  a v a i l a b l e  i n t e r s t i c e s  
and c rev ices .  Therefore,  t h e  r e e f s  were cons t ruc t ed  o u t  of va r ious  
combinations of beach boulders  and c inde r  blocks.  

Three r e e f s  were cons t ruc ted  on December lo,  11 and 1 2 ,  1973, on 
t h e  e a s t  s i d e  of Discovery Bay, Jamaica (Fig.  I ) ,  e q u i d i s t a n t  from each 
o the r ,  i n  4.3 m of  water.  The p r e c i s e  l o c a t i o n  i s  100 m d i r e c t l y  
o f f sho re  from a concre te  r e t a i n i n g  wa l l  and dock pa in t ed  pink,  and i s  
marked with a  small  white buoy. (The a u t h o r ' s  l a s t  v i s i t  t o  t h e  a r e a  
was i n  e a r l y  1975, so both landmarks may have changed o r  disappeared.)  
The r e e f s  a r e  r e a d i l y  v i s i b l e  from t h e  su r f ace ,  and a r e  l oca t ed  i n  a  
l a r g e  T h a l a s s i a  bed. A d e s c r i p t i o n  of each of t h e  t h r e e  r e e f s  
fo l lows  (from south t o  n o r t h ) :  

Reef One (Organized Reef) was cons t ruc ted  s o l e l y  of concre te  
blocks,  p laced  i n  such a  way a s  t o  maximize t h e  amount of ho les  and 
spaces a v a i l a b l e  ( P l a t e s  1 and 2 ) .  Approximately 35 blocks were used 
i n  cons t ruc t ion .  The f i n i s h e d  r ee f  was r ec t angu la r ,  long dimension 
p a r a l l e l  t o  t h e  sho re l ine ,  and 2.8 m long, 1 .0  m wide, and 0 .  7  m high. 

Reef Two (Rock Reef) was cons t ruc ted  of subrounded boulders  of 
P l e i s tocene  beachrock, average diameter  approximately 25 cm, p laced  so 
a s  t o  maximize t h e  po ros i ty .  The f i n i s h e d  r ee f  was e longate  p a r a l l e l  
t o  t h e  shore l ine ,  2 .2  m long, 0 .9 m wide, and 0.7 m high ( P l a t e  3) . 

Reef Three (Veneered Reef) combined both cons t ruc t ion  m a t e r i a l s :  
t h e r e  was a  core  of beach rock,  over  which was placed a  l a y e r  o r  veneer 
of  about  15  concre te  blocks. The f i n i s h e d  r ee f  was e longate  p a r a l l e l  
t o  t h e  sho re l ine ,  2.5 m long, 1 .8 m wide, and 1.0 m high ( P l a t e  4 ) .  

Cost of concre te  blocks was $20 Canadian (1973),  and t o t a l  t ime 
f o r  cons t ruc t ion  of a l l  t h r e e  r e e f s  was two man-days' shore t ime 
( loading  and t r a n s p o r t i n g  m a t e r i a l s ) ,  and 6-8 man-hours' underwater 
labour .  A l l  rocks  and blocks were p laced  by hand, underwater; t h e  
o r i g i n a l  r e sea rch  p l an  c a l l e d  f o r  cons t ruc t ion  of a  f o u r t h  r ee f  by 
simply throwing beachrock overboard, bu t  a  family emergency forced  t h e  



author t o  re tu rn  t o  Canada before t h i s  could be accomplished. 

(b)  Reef monitoring 

Return v i s i t s  t o  the  r e e f s  were i n  l a t e  June, 1974, and l a t e  
February, 1975 (or  a t  6- and 14-month i n t e r v a l s ) .  Fishes were 
i d e n t i f i e d  and counted on both occasions. On each v i s i t ,  severa l  
censuses were taken of each reef  on successive days, sometimes with 
two operators.  Estimates of the  length  of the  more abundant f i s h e s  
were made by comparison with t h e  length  of t h e  concrete blocks (20 cm) 
Fish were i d e n t i f i e d  with t h e  a i d  of Randall (1968), and the  boring 
sponges were i d e n t i f i e d  using Pang (1973) and Riitzler (1974). Major 
inver tebra tes  i n  and around the  r e e f s  were a l s o  i d e n t i f i e d ,  i n  some 
cases  t o  major group only. 

Data were supplemented with observations made by b i o l o g i s t s  
working a t  the  Discovery Bay Marine Laboratory. 

Resul ts  and Observations 

A summary of t h e  f i s h  census data i s  given i n  Table 1. 

The day a f t e r  construction,  Reef One had a t t r a c t e d  two f i s h :  a 
small Dusky Damselfish (Bupomacentrus f u s c u s )  and a Spotted Moray 
(Gymnothorax morinqa). Within a few weeks, a l l  th ree  r e e f s  had 
a t t r a c t e d  f i s h ,  and had grown a covering of a lgae  (Paul Sammarco, 
personal communication) . 

Two spiny l o b s t e r s  were seen on Reef Three i n  June, 1974. 

After  14 months, t h e  r e e f s  had a t t r a c t e d  a wide v a r i e t y  of 
organisms other  than f i s h ,  including calcareous and f leshy algae,  
sponges, hydroids, anemones, s a b e l l i d  polychaetes, hammer oys te r s ,  
arrow crabs,  Stenopus, tun ica tes  and urchins (Diadema anti l larum, 
Eucidaris  t r ibu lo ides ,  Tripneustes ventr icosa and Lytechinus va r ieqa tus ) .  
In  addi t ion ,  t h e  concrete blocks of Reefs One and Three supported small 
colonies  of the  c o r a l s  P o r i t e s  a s t reo ides  and ~ i c h o c o e n i a  s t o k e s i i ,  
and colonies  of Millepora a l c i c o r n i s  up t o  20 cm high. Coral colonies  
occurred on the  beachrock, but  much l e s s  frequently.  

Both the  concrete blocks and the  beachrock were infes ted  with 
boring algae and boring sponges (Siphonodictyon coralliphagum, Cliona 
lampa, Cliona l a t i c a v o l a ) .  In fes ta t ion  was highest  i n  the  beach rock; 
amount of mater ia l  removed from t h e  exposed outer  p a r t  of some rocks 
was estimated t o  be about 8%. Some samples of beach rock contained 
f o s s i l  (Pleistocene) Montastrea annular is .  Sponges boring i n t o  these  
f o s s i l  c o r a l s  e x h i b i t  the  same boring p a t t e r n  a s  does Cliona vermifera 
i n  l i v i n g  Montastrea annular is :  t h e  sponge colony advances up t h e  
vacated c o r a l l i t e ,  cu t t ing  back the  septa t o  the  septa thecal  wall 
(Ward and Risk, i n  p r e s s ) .  Boring p a t t e r n  i s  evidently a response 
t o  subs t ra te  hardness. 



TABLE 1. SPECIES COMPOSITION AND ABUNDANCE OF FISHES 
FOUND ON ARTIFICIAL REEFS IN DISCOVERY BAY. 

JUNE 1974 FEBRUARY 19  7  5  

R e e f  1 R e e f  2  R e e f  3  R e e f  1 R e e f  2  R e e f  3  

G r u n t s  ( m o s t l y  Haemulon s c i u r u s ;  some H .  f l a v o l i n e a t u m )  9  7  3  155  5  8  175  256 
Squirrel f ish ( m o s t l y  H o l o c e n t r u s  r u t u s )  2  7  6  5  5  8  

Apogon b i n o t a t u s  4  4  5  
H y p o p l e c t r u s  p u e l l a  1 1 1 1 1 1 
A m b l y c i r r h i t u s  p i n o s  1 
P r i a c a n t h u s  c r u e n t a t u s  1 1 
Pe t rome topon  c r u e n t a t u m  3  
Pseudupeneus  m a c u l a t u s  2  1 1 1 1 
Eupomacentrus  f u s c u s  1 1 1 
H a l i c h o e r e s  b i v i t t a t u s  2  3  2  4  5  
H a l i c h o e r e s  m a c u l i p i n n a  1 1 1 
H e m i p t e r o n o t u s  m a r t i n i c e n s i s  1 
S p a r i  soma r u b r i p i n n e  4  2  3  2  4  
S c a r u s  croi censi s 3  1 2  4  2  3  
A c a n t h u r u s  c h i r u r g u s  2  2  2  1 2  2  
A c a n t h u r u s  c o e r u l e u s  4  2  
B o t h u s  l u n a t u s  1 
S y n o d u s  s p .  1 
Chaetodon c a p i s t r a t u s  1 1 

T o t a l  no .  s p e c i e s  9  11 12 10 11 13 
T o t a l  n o .  i n d i v i d u a l s  2  7  9  2  180  7  8  197 2  9 0  

E s t i m a t e d  a v e r a g e  l e n g t h  o f  g r u n t s  (Haemulon s p . ) ,  cm: 12  8  4  11 8  7  
E s t i m a t e d  a v e r a g e  l e n g t h  o f  s q u i r r e l f i s h  ( H o l o c e n t r u s  

s p . ) ,  cm: 11 9  9  1 2  9  10 

(Fish numbers  a r e  a v e r a g e s  o f  a t  l e a s t  t h r e e  s e p a r a t e  
e s t i m a t e s ;  f i s h  l e n g t h s  a r e  a v e r a g e s  o f  s e v e r a l  hundred  
u n d e r w a t e r  l e c g t h  e s t i m a t e s ,  c h e c k e d  w i t h  p h o t o g r a p h s . )  



Although no graz ing  ha lo  was developed around any of t h e  r e e f s ,  
comparison of 6-month and 14-month bottom photographs sugges ts  a 
decrease i n  l eng th  and d e n s i t y  of  T h a l a s s i a  blades  i n  t h e  immediate 
v i c i n i t y  of t h e  r e e f s .  Grazing marks were common on t h e  concre te  
blocks,  bu t  not  on t h e  beachrock. 

Trapping by l o c a l  fishermen around t h e  r e e f s  began a f t e r  about 
s i x  months. 

Discussion 

Most of  t h e  f i s h e s  on the  r e e f s  were ca rn ivores  o r  microcarnivores,  
an  observa t ion  made previous ly  by Randall  (1963) and Luckhurst (1972). 
I t  i s  l i k e l y  t h a t  t h e  r e e f s  were exp lo i t ed  more f o r  s h e l t e r  from 
l a r g e r  p reda to r s  than  f o r  t h e  f a c t  t h a t  t h e r e  i s  some i n  s i t u  food 
production. 

Reef Three (beachrock co re ,  blockveneer)  supported t h e  h ighes t  
d e n s i t y  and t h e  l a r g e s t  number of spec ie s  of t h e  t h r e e  r e e f s  a t  both 
6-month and 14-month v i s i t s .  The average s i z e  of t h e  dominant 
spec ie s  of f i s h  was g r e a t e r  on Reef One (concre te  b locks ) ,  however; 
Reef Two (beachrock) was in termedia te  i n  a l l  r e s p e c t s .  Reef One had 
fewer nocturna l  f i s h e s ,  perhaps due t o  i t s  open cons t ruc t ion ,  and 
a l s o  supported more l a r g e  carn ivores .  

The r e l a t i o n s h i p s  among ree f  s i z e ,  c r ev ice  s i z e  and shape, f i s h  
d e n s i t y  and f i s h  d i v e r s i t y  remain obscure, due l a r g e l y  t o  t h e  l i m i t e d  
scope of t h e  experiment and t h e  s h o r t  observa t ion  span. I t  is l i k e l y ,  
however, t h a t m o s t  of t h e  f i s h  a t t r a c t e d  t o  t h e  r e e f s  a r e  those  which 
a r e  nocturna l  t r a n s i e n t s  over t h e  sand and g r a s s  f l a t s  of t r o p i c a l  
lagoons. These f i s h  would r e a d i l y  t ake  refuge i n  t h e  l a r g e  c a v i t i e s  
i n  t h e  conc re t e  blocks. The open cons t ruc t ion  of Reef One may account 
f o r  t h e  lower d e n s i t y  of smaller  f i s h  ( l ack  of small holes)  and t h e  
l a r g e r  average s i z e .  The r e l a t i o n s h i p  between f i s h  popula t ions  and 
r ee f  morphology has  been emphasized by seve ra l  au tho r s  (Bardach, 1959; 
H i a t t  and St rasburg ,  1960; Randal l ,  1963; Risk,  1972).  

Longevity of a r t i f i c i a l  r e e f s  a l s o  remains unknown. Rates  of 
i n f e s t a t i o n  by boring organisms seem comparable t o  r a t e s  observed i n  
l i v e  c o r a l s .  Undermining by C a l l i a n a s s a  was a l s o  observed t o  cause 
some foundering. Bioerosion and b io tu rba t ion ,  t h e r e f o r e ,  would seem 
t o  s e t  an upper l i m i t  on the  age of t h e  r e e f s .  On t h e  o t h e r  hand, 
s e t t l emen t  and growth of c o r a l s  on t h e  r e e f s  could prolong t h e i r  l i f e  
a s  s h e l t e r s .  Coral growth on a r t i f i c i a l  r e e f s  i s  r a r e l y  observed 
(Luckhurst,  1972).  Growth of c o r a l s  on t h e  r e e f s  under d i scuss ion  may 
be a r e s u l t  of r e l a t i v e l y  c l e a r  lagoon waters  and a high r e s i d e n t  
d i v e r s i t y  and dens i ty  of  c o r a l s  (Goreau and Wells, 1967).  

A r t i f i c i a l  r e e f s  may be cons t ruc ted  r e l a t i v e l y  qu ick ly  and 
inexpensively.  Resu l t s  of t h i s  s tudy sugges t  on ly  t h a t  t h e  
cons t ruc t ion  of an a r t i f i c a l  r ee f  a f f e c t s  t h e  f i s h e s  a t t r a c t e d  t o  it. 
Fur ther  monitoring of t h e  r e e f s  i n  Discovery Bay i s  necessary. I t  



would a l s o  be important t o  undertake a  major experiment, based on these  
prel iminary r e s u l t s ,  using l a r g e r  r e e f s  i n  s e t s  of r e p l i c a t e s ,  i n  order  
t o  determine t h e  degree i n  which f i s h  s i z e  and species  may be influenced 
by the  type of reef  cons t ruct ion .  

The author r e g r e t s  t h a t  f i n a n c i a l  r e s t r i c t i o n s  terminated h i s  s i t e  
v i s i t s .  Persons v i s i t i n g  Discovery Bay a r e  inv i t ed  t o  observe t h e  
r e e f s ,  a s  t h i s  i s  the  only way i n  which f u r t h e r  information may be 
obtained. 
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DISCOVERY BAY 

KAISER Co. PIER 

I 

Fig. 1: Map of Discovery Bay, Jamaica, showing the 
location of the three artificial reefs. 
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P l a t e  1: Reef One i n  June ,  1974. 

l a t e  2 :  Reef One i n  February ,  1975; no t e  i n c r e a s e  
i n  e n c r u s t i n g  organisms. 



P l a t e  3: Reef Two i n  June ,  1974. 

P l a t e  4:  Reef Three i n  June ,  1974. 



DISTRIBUTION OF THE DECAPODS BRACHYURA AND ANOMURA 

(EXCLUDING PAGURIDEA) OF THE CRYPTOFAUNA I N  THE 

REEFS NEAR TULEAR 

By M i r e i l l e  Peyrot-Clausade 
1 

This s tudy of t he  d i s t r i b u t i o n  of  the  Decapods Brachyura and 
Anomura (excluding Paguridea) i s  a p a r t  of a broader work about t he  
whole cryptofauna of  t h e  reef  f l a t s  of Tul6ar.  The Great Reef of 
~ u l & a r ,  two zones of which were s t u d i e d  i n  d e t a i l ,  i s  t h e  p r i n c i p a l  
f i e l d  of my inves t iga t ions .  Some samples were a l s o  e x t r a c t e d  from 
the  r e e f s  of Sarodrano, Nosy Tafara ,  and Songor i te lo  (map 1). 

Cryptofauna c o n s i s t s  i n  a l l  t he  small  fauna o f  mobile inve r t eb ra t e s  
which s h e l t e r  i n  t h e  l i t t l e  holes  on t h e  organic  t r a c t s  of  the  reef  
f l a t s  ; t hese  ho le s  a r e  0.5mm t o  5 cent imeters  i n  diameter.  The 
cryptofauna was e x t r a c t e d  from the  blocks of ha rd  hollowed-out 
s u b s t r a t e ,  t he  volume of  which is  ldm3. This  volume o f  ldm3 has been 
def ined  a s  t h e  minimum i n  which it i s  p o s s i b l e  t o  ob ta in  almost a l l  t h e  
spec ie s  p re sen t  i n  t h e  b i o t a  s t u d i e d  (Clausade, 1970 ) .  For every 
s t a t i o n  s tud ied ,  5 samples of ldm3 have been ex t r ac t ed .  

Altogether  34 s t a t i o n s ,  which r ep resen t  170dm3 of  hollowed-out 
s u b s t r a t e  conta in ing  c a v i t i e s ,  subsequently broken i n t o  p i eces ,  y i e lded  
84 spec ie s  o f  Brachyura and Anomura. The determinat ion of t hese  
spec ie s  has been confirmed by M r .  ~ e r s n e .  Those which appeared 
p a r t i c u l a r l y  i n t e r e s t i n g  from a sys temat ic  p o i n t  of view formed t h e  
s u b j e c t  o f  a s e p a r a t e  paper (Peyrot-Clausade and Sersne 1976).  

The a reas  s t u d i e d  on t h e  Great Reef a r e  shown i n  map 1. I n  t h e  
nor thern  a r e a  (here  c a l l e d  Sec tor  l ) ,  9 s t a t i o n s  have been s tudied .  
F ig .  1 shows t h e i r  l o c a l i t i e s  ( f o r  c l a r i f i c a t i o n  o f  terminology, r e f e r  
t o  Tgthys suppl.  2 ,  1972).  I n  t h e  a r e a  s i t u a t e d  i n  t h e  cen te r  of t h e  
Great  Reef (Sector  2) a t  t h e  p lace  named Antseteky, 12 s t a t i o n s  have 
been s t u d i e d  ( f i g .  2 ) :  4 i n  the  o u t e r  reef  f l a t ,  3 i n  t h e  boulder 
t r a c t  and 5 i n  t h e  inne r  reef  f l a t .  Samples have been s t u d i e d  on t h e  
o t h e r  r e e f  f l a t s  where some formations have appeared new i n  r e l a t i o n  
t o  those  o f  the  Great Reef. 

' s t a t i o n  marine d '  Endoume, 13007 Marse i l le ,  France 
(Manuscript rece ived  A p r i l  1975, r ev i sed  f i g u r e s  June 1979 --Eds.) 
A t o l l  Res. Bul l .  255: 101-115, 1981. 



The reef  f l a t  of  Sarodrano i s  subjec ted  t o  the  a l l u v i a l  deposi ts  
of t h e  r i v e r  Onilahy, r i c h  i n  clay p a r t i c l e s  i n  suspension. Moreover, 
it i s  s i t u a t e d  i n  an unstable zone and i s  t i l t i n g  more and more towards 
the  open sea  (J. P ica rd ,  personal  information).  The d i f f e r e n t  
formations p resen t  on t h i s  r e e f ,  i n  order  t o  s t a y  a t  t h e  degree of 
dampness which is  s u i t a b l e  t o  them, counterbalance t h i s  t i l t i n g  by an 
upper growth o r  e levat ion .  Thus, the  l i t t l e  Vermetus Dendropoma s p . ,  
which form only simple veneerings a t  t h e  base of the  blocks of the  
boulder t r a c t  of the  Great Reef, forms a t  Sarodrano th ick  pads r i c h  i n  
c a v i t i e s ,  on t h e  upper p a r t  of t h e  blocks. For t h i s  reason, I have 
s tud ied  two kinds of samples i n  this zone: t h e  f i r s t  among the  blocks 
of the  boulder t r a c t ,  t h e  second among t h e  Dendropoma sp .  formations. 
A t  the  back of the  reef  f l a t ,  micro-atol ls  a r e  present .  Five samples 
have been taken a t  the  base of these  formations which a r e  widely 
covered with Algae and r i c h  i n  sandy p a r t i c l e s .  

The reef  of Songori telo r e s u l t s  from the  junction of  two i n i t i a l  
sh ie lds  (J. Picard ,  personal  communication). The boulder t r a c t ,  
p resen t  on the  o l d  s h i e l d s ,  i s  absent  from t h i s  junction zone. This 
zone i s  used as an o u t - f a l l  through which the  water of the  channel 
s i t u a t e d  between the  r e e f  and the  Mangrove flows o u t  a t  ebb-tide. 
This sea  water ,  r i c h  i n  sandy ear thy  p a r t i c l e s  coming from the  r i v e r  
Fiherenana, promotes colonizat ion and growth o f  the  S a b e l l a r i i d s  
I d a n t h y r s u s  p e n n a t u s .  Between t h i s  a rea  of  I d a n t h y r s u s  and the  
boulder t r a c t  a r e  found layered Melobesiae formations. They a r e  
calcareous Algae, more o r  l e s s  intermingled,  and c rea t ing  i n t e r s t i c e s  
p a r t i a l l y  f i l l e d  up by sand. I t  i s  i n  this zone t h a t  t h e  boulder 
t r a c t  l a t e r  forms, when the  r ee f  has reached a c e r t a i n  degree o f  
evolut ion.  Seven s a t i o n s  have been s tud ied  a t  Songori telo:  two on 
the  ou te r  reef  f l a t  (one on the  spur upper platform, one on the  outer  
moat r i c h  i n  Algae) and two o the r s  around the  outer  creeks (on t h e  
edge and towards the  back among madreporarian cora l  colonies covered 
by Zoantharian co lon ies ) .  The l a s t  t h i r d  a r e  d i s t r i b u t e d  i n  the  
following manner: one i n  the  boulder t r a c t , o n e  i n  the  I d a n t h y r s u s  
formations and t h e  l a s t  one i n  the  layered  Melobesiae. 

Nosy Tafara can be d is t inguished from o the r  r e e f s  by i t s  boulder 
t r a c t  which is  a boulder-rampart. 

A t  each s t a t i o n ,  the  abundance and average dominance o f  the  
species  p resen t  have been determined and is  shown i n  t a b l e  la* From 
t h i s  t a b l e ,  I have constructed t a b l e s  2 ,  3, 4 i n  which is recorded the  
dominance of  the  d i f f e r e n t  Brachyura and Anomura fami l i e s ,  f o r  each 
s t a t i o n .  

Figs. 3 and 4 show i n  t h e  two sec to r s  o f  t h e  Great Reef, the  
evolut ion of the  se t t lements  from the  spur  upper platform t o  the  
blocks of sea  grass  bed basins.  The population of each s t a t i o n  is  
represented by a c i r c l e  i n  which each family is  represented by an 
a r c  i n  a d i r e c t  r a t i o  t o  i ts  average dominance. 

*Table 1 not reproduced here ,  ava i l ab le  from au thor .  



POPULATION OF THE OUTER REEF FLATS 

For t h i s  s tudy ,  I dea l  with 60 samples from 12 s t a t i o n s :  8 from 
t h e  o u t e r  reef  f l a t s  : 2 from Sector  1, 4 from Sec to r  2 ,  and 2. from 
Songor i te lo  ( f i g .  5 ) .  The l a s t  4 come from t h e  f l a t  around t h e  o u t e r  
creeks of Sec to r  1 and Songori telo.  For a l l  t he  o u t e r  s t a t i o n s ,  t h e  
t o t a l  populat ions vary from 209 f o r  t h e  se t t l emen t  of t h e  s t a t i o n  of 
t he  g l a c i s  i n  Sec to r  1 t o  47 i n  t h e  s t a t i o n  on the  edge of t h e  o u t e r  
creek i n  t h i s  same Sector .  The average populat ion i s  17.8 ind iv idua l s  
f o r  l d m 3  of hollowed-out s u b s t r a t e ;  t h e  number o f  spec ie s  v a r i e s  
considerably: 4 i n  t h e  s t a t i o n  o f  t h e  spur  upper p la t form i n  Sec tor  2,  
and 24 f o r  t h e  one i n  t h e  g l a c i s  o f  Sec to r  1. 

The Sector  2 shows an i n c r e a s e  i n  t h e  d i v e r s i t y  of  spec ie s  of 
Brachyura a s  we move away from t h e  f r o n t  of  t h e  r e e f .  The number of 
spec ie s  v a r i e s  from 4 t o  19. Indeed, i n  s t a t i o n  12,  97% of t h e  
se t t l emen t  belong t o  the  s i n g l e  sub-family of Chlorodinaeand a r e  
L i o c a r p i l o d e s  i n t e g e r r i m u s  (Dana 1852) 71%, P i l o d i u s  p a u m o t e n s i s  

(Stimpson 1858) l 8 % ,  and C h l o r o d i e l l a  l a e v i s s i m a  (Dana 1852) 8%.  Daira  
p e r l a t a  c o n s t i t u t e s  t h e  remaining 3%. 

In  t h e  nex t  s t a t i o n  (no. 1 3 ) ,  t e n  spec ie s  have been co l l ec t ed .  
The Xanthidae family s t i l l  r ep resen t s  85%, t h e  dominant spec ie s  a r e  
C h l o r o d i e l l a  l a e v i s s i m a  and P i l o d i u s  p a u r n t e n s i s .  L i o c a r p i l o d e s  
i n t e g e r r i m u s  i s  absent  b u t  I f i n d  Liomera r u g a t a  (H.  Milne Edwards 
1834) and Zozymus a e n e u s  (Linn6 1758) t h a t  w i l l  be  found again i n  t h e  
next  two s t a t i o n s .  This  i s  t r u e  a l s o ,  f o r  t h e  two spec ie s  of Anomura 
P i s i d i a  d e l a g o a e  (Barnard 1955) and P a c h y c h e l e s  p e n i c i l l a t u s  (He l l e r  1862) . 

S t a t i o n  14, e s t a b l i s h e d  on t h e  o u t e r  moat, conta ins  1 3  spec ie s  
b u t  they a r e  n o t  abundant. Indeed, i n  t h e  5dm3, I number only 58 
ind iv idua l s .  Among Xanthidae , L i o c a r p i l o d e s  i n t e g e r r i m u s  and 
P i l o d i u s  p a u r n t e n s i s  a r e  not  very abundant. The dominant spec ie s  is  
s t i l l  C h l o r o d i e l l a  l a e v i s s i m a ,  and near  the  spec ie s  a l ready mentioned, 
I c o l l e c t e d  P i l u m n u s  p u r p u r e u s ( ~ .  Milne Edwards 1873) , t h e  dominance of 
which w i l l  i nc rease  twofold i n  t h e  next  s t a t i o n  a s  w i l l  t h e  P i l ~ m n i n a e  
ind.  The Porce l l an ids  a r e  a l s o  enriched by a new spec ie s :  Petrolisthes 
l a m a r c k i i  (Leach 1820). I note  f o r  t he  f i r s t  time t h e  presence of  
Portunidae with T h a l a m i t a  a t  a juveni le  s tage .  

S t a t i o n  15 i s  on t h e  o u t e r  reef  f l a t  j u s t  i n  f r o n t  of t h e  boulder 
t r a c t ,  i n  an a r e a  of layered  Melobesiae; 19 spec ie s  o r  101 ind iv idua l s  
were co l l ec t ed .  Porce l lan idae  (with e s s e n t i a l l y  Petrolisthes 
l a m a r c k i i )  have an inc reas ing  dominance a t  t h e  expense of Xanthidae. 
I n  t h i s  l a s t  family t h e  two more abundant spec ie s  a r e  C h l o r o d i e l l a  
l a e v i s s i m a  and A c t a e o d e s  t o m e n t o s u s  (H.  Milne Edwards 1839). I note  
an inc rease  o f  Liomera  r u g a t a  and a complete disappearance of 
L i o c a r p i l o d e s  i n t e g e r r i m u s  and P i l o d i u s  p a u r n t e n s i s .  Portunidae a r e  
represented  by T h a l a m i t a  g l o r i e n s i s  (Crosnier  1962)and Grapsidae by some 
ind iv idua l s  of Pachygrapsus  m i n u t u s  (A. Milne Edwards 1873) . 

I f  I compare t h e  popula t ion  of t h e  s t a t i o n s  of t h e  o u t e r  r ee f  f l a t  
o f  Antseteky (Sector  2) with t h a t  of t h e  s t a t i o n  of t h e  ou te r  r ee f  f l a t  



of Sector 1, I see  a r e a l  s imi l i tude  of set t lement between the s t a t i o n  
14-15 and the s t a t i ons  1-2.  Thus, i n  s t a t i o n  11 on the spur upper 
platform, I found 133 individuals belonging t o  17 species. In  s t a t i o n  
2,  on the reef g lac i s  r i ch  i n  Algae T u r b i n a r i a ,  the re  a r e  24 species 
and 209 individuals.  Twelve species a r e  common t o  these  two s t a t i ons  
but  t h e i r  dominances vary. L i o c a r p i l o d e s  i n t e g e r r i m u s  (16%) and 
P i l o d i u s  p a u r n t e n s i s  (18%) a r e  dominant i n  s t a t i o n  1, whereas P i l u m n u s  
p u r p u r e u s  (23%) i s  more abundant i n  the 2nd s t a t i on .  In  t h i s  l a s t  
s t a t i o n ,  I f ind  a l so  Liomera  r u g a t a  and A c t a e o d e s  t o m e n t o s u s .  Three 
species a re  col lec ted so le ly  on the  outer  reef  f l a t  of Sector 11. 
They are:  Actumnus  e l e g a n s  (de Mann 1888) , Domecia g l a b r a  (Alcock 1899) and 
P a c h y c h e l e s  g a r c i a e n s i s  (Ward 1942). 

The set t lement of the outer  reef  f l a t  of Songoritelo appears qu i t e  
d i f f e r en t  from those previously studied.  Indeed, the  d ivers i ty  is  
more important i n  the s t a t i o n  of the  spur upper platform than i n  t h a t  
r ea l i zed  on the outer  moat. Contrary t o  previous recordings, the  
abundance and average dominance of L i o c a r p i l o d e s  i n t e g e r r i m u s  a l so  
increase i n  t he  inner s t a t i on .  C h l o r o d i e l l a  c y t h e r e a  (Dana 1852) and 
C .  l a e v i s s i m a  a r e  abundant, but  P i l o d i u s  p a u r n t e n s i s  and P i 1  umnus 
p u r p u r e u s  a r e  completely absent. 

The s t a t i o n  around the  outer  creeks have set t lements which 
resemble~more closely those of the outer  reef  f l a t  s t a t ions .  Indeed, 
a t  Songoritelo, Xanthidae represent  i n  the  two s t a t i ons  more than 96% 
of the  individuals collected.  Chlorodinae a r e  t he  most abundant 
with essen t ia l ly  the three  following species:  L i o c a r p i l o d e s  
integerrimus,Chlorodiella c y t h e r e a  and C .  l a e v i s s i m a .  I n  sec to r  1, 
Xanthidae cons t i tu te  only 70-78% of the set t lement of these s t a t i ons  
around the  creeks. The ou te r  s t a t i o n  contains: Dromiacea, Oxyrhyncha, 
Grapsidae and Porcellanidae, the  inner one has no Grapsidae nor 
Dromiacea but 8% of Portunidae. 

A l l  the  set t lements of the  ou te r  reef f l a t  show a ce r ta in  
homogeneity, despi te  some var ia t ions .  Among Xanthidae, Chlorodinae 
dominates with th ree  species more pa r t i cu l a r l y  abundant: L i o c a r p i l o d e s  
i n t e g e r r i m u s ,  P i l o d i  u s  p a u r n t e n s i s  and C h l o r o d i e l l a  l a e v i s s i m a .  
Fig. 6 shows the dominance of these  species i n  the  d i f f e r en t  s t a t i ons  
of the outer  reef f l a t s .  Although the extension of C h l o r o d i e l l a  
l a e v i s s i m a  i s  not l imited t o  the ou te r  reef  f l a t s ,  the  dominance 
increase from the outer  s t a t i o n  t o  the  inner  one and is  non-existant 
i n  the boulder t r a c t s .  A t  Antseteky, a f t e r  a peak of dominance i n  the  
dead madreporian colonies, it i s  c l ea r  t h a t  t h i s  species diminishes i n  
importance up t o  the boulder t r a c t .  The dominance of P i l o d i u s  
p a u r n t e n s i s  diminishes regularly as we move from the  f ron t  t o  the back 
of these outer  reef f l a t s .  

L i o c a r p i l o d e s  i n t e g e r r i m u s ,  i s ,  of these th ree ,  t he  most abundant 
species. I t  i s  seen on f ig .  6 t h a t  i n  a l l  t h e  b io t a  s tudied,  i t s  
abundance and i t s  dominance decrease towards t he  back of the  outer  
f l a t ,  except on the reef of Songoritelo. On t h i s  r e e f ,  the dominance 
of L i o c a r p i l o d e s  i n t e g e r r i m u s  i s  lower on the  outer  s t a t i o n  t h a t  i n  the 
inner  one (although i t s  value is  s imi la r  t o  t h a t  recorded on the  other  



outer  s t a t i o n s ) ;  bu t  on the  inner  s t a t i o n  ( s i t u a t e d  on the  ou te r  moat) 
the  value of dominance i s  g rea te r  than on homologous s t a t i o n s  (about 
twice a s  g rea t  a s  t h a t  on homologous s t a t i o n s ) .  An explanation of  
t h i s  abundance can be found i n  the  f a c t  t h a t ,  the  f r o n t  of t h i s  reef  
peing i n  a phase of very f a s t  growth, the  ou te r  moat is  not very old.  
This outer  moat is  very r i c h  i n  burrowing organisms (small s ipuncul ids) .  
The s i z e  of the  network and of c a v i t i e s  i s  very wel l  s u i t e d  t o  t h e  
L i o c a r p i l o d e s  i n t e g e r r i m u s  which a r e  very small individuals .  This 
area  is  between two phases of colonisat ion:  the  f i r s t  colonisa t ion 
character izes  zones exposed t o  t h e  beating of t h e  waves ( a t  present  i n  
t h e  ou te r  s t a t i o n ,  on the  spur upper platform) and the  second 
character izes  a well  degraded s u b s t r a t e  (found i n  Sector 1 of the  
Great Reef of Tul&ar, i n  the  zone r i c h  i n  Algae Turbinar ia) .  Among 
the  "no carpilodea",  Liomera r u g a t a  seems a l s o  t o  character ize  q u i t e  
wel l  the  se t t lement  of the  ou te r  reef  f l a t s .  This species  is  absent 
from t h e  b i o t a  the  most exposed t o  t h e  beat ing of t h e  waves. Zoz ymus 
a e n e u s  (Zozymoidea) i s  never abundant, but  is  present  i n  almost a l l  t h e  
s t a t i o n s  studied.  Pi lumnus  purpureus  and Actumnus e l e g a n s  a r e  a l so  
l inked t o  this zone of the  ree f .  They a r e  s t i l l  more abundant i n  the  
calmer b io ta .  Among the  Anomura, I f ind  e s s e n t i a l l y  Porcellanidae 
w i t h  P a c h y c h e l e s  n a t a l e n s i s  (Krauss 1843),  Petrolisthes l a m a r k i i ,  
P .  p e n i c i l l a t u s ,  P a c h y c h e l e s  g a r c i a e n s i s  and P.  p i s o i d e s  (Heller  1865). 
The l a s t  t h i r d  a r e  so le ly  recorded on t h e  ou te r  reef  f l a t s .  

A problem i s  posed by t h e  Oxyrhyncha. Some of them a r e  known t o  
l i v e  i n  the  t h a l l u s  of Algae but  Acan thonyx  q u a d r i d e n t a t u s  (Krauss 
1843) alone i s  l imi ted  t o  t h e  b i o t a  very r i c h  i n  Algae, thus species  is  
not  included i n  the  cryptofauna. 

A s  has been seen i n  the  f i r s t  p a r t  o f  t h i s  paper,  the  s t r u c t u r e  of 
the  boulder t r a c t s  va r ies  on the  reef  f l a t s ;  t h e  various s t a t i o n s  were 
es tabl ished according t o  these  va r ia t ions  i n  s t ruc tu re .  So, i n  
Sector 1, samples were co l l ec ted  on the  crags.  I n  Sector 2 ,  over 
and above the  s t a t i o n  i d e n t i c a l  t o  t h a t  of Sector 1, two o the rs  have 
been es tabl ished:  one i n  the  gravel  t a i l  and the  o the r  i n  the  
f i l t e r i n g  dike. On t h e  reef  of  Songori telo,  I have th ree  s t a t i o n s :  
one on the  crags,  one on t h e  I d a n t h y r s u s  formationsand the  l a s t  i n  the 
layered Melobesiae. On the  Sarodrano reef f l a t ,  I s tudied t h e  
se t t lement  of t h e  crags and o f  t h e  l i t t l e  Vermetus Dendropoma sp.  
formations. A t  Nosy Tafara,  one s t a t i o n  i s  i n  t h e  gravel  shee t  a t  
the  back of the  boulder rampart. 

A l l  these  s t a t i o n s  i n  the  boulder t r a c t s  a r e  q u a l i t a t i v e l y  poor. 
From 4 t o  13 species a r e  found. The two s t a t i o n s  on the  crags of 
the  Great Reef have very s imi la r  set t lement.  Grapsidae a r e  dominant 
(56 and 44%) with only two species:  Pachygrapsus  mi nut us(^. Milne 
Edwards 1873) and Nanosesarma minu t  um (De Mann 1887) . Among 
Xanthidae, I f ind  Zozymodes x a n t h o i d e s  (Kxauss 1843) A c t a e o d e s  t o m e n t o s u s ,  
E r i p h i a  s c a b r i c u l a  (Dana 1852) and Pi lumnopeus  t r i s p i n o s u s  (Sakai 1965) . 
This l a s t  species represents  from 16 t o  18% of the  set t lement.  



Porcellanidae,  with only one species - Petrolisthes l a m a r c k i i  - 
cons t i tu te  5 t o  9% of the  individuals present .  The s t a t i o n  on the 
f i l t e r i n g  dike d i f f e r s  from those o f  the  crags by a considerable 
decrease i n  Grapsidae and increase i n  Xanthidae (Pi lumnopeus  
t r i s p i n o s u s  32% and Actaeodes  t o m e n t o s u s  24, 5 % )  and i n  Porcellanidae 
( P e t r o l i s t h e s  l a m a r c k i i  17%) .  On the  gravel  t a i l ,  71% of the  
set t lement is  const i tu ted by Porcellanidae (st i l l  Petrolisthes 
1 a m a r c k i i  ) . Pachygrapsus  m i n u t u s  cons t i tu tes  only 1% of t h e  
individuals col lec ted on t h i s  s t a t ion .  C h l o r o d i e l l a  c y t h e r e a  i s ,  of 
Xanthidae, the  most abundant species (15%).  I f  I compare t h i s  
set t lement t o  t h a t  of  t he  gravel shee t  of Nosy Tafara,  I see  t h a t  they 
a re  qu i t e  ident ica l .  On t h i s  s t a t i o n ,  Petrolisthes 1 a m a r c k i i  
represents 67% of the  population, C h l o r o d i e l l a  c y t h e r e a  22%, Pachygrapsus  
minu t  u s  6% and P i 1  umnopeus t r i s p i n o s u s  4%. 

On the  reef  of Songori telo,  the crags have set t lements s imi la r  t o  
those o f  the  crags of the  Great Reef, ye t  with a g rea te r  d ive r s i t y  of 
species. Some species come from sett lement of the  ou te r  f l a t  
( P i l o d i  u s  p a u m o t e n s i s ,  Liomera r u g a t a ,  L i o c a r p i l o d e s  i n t e g e r r i m u s )  and 
some species come from the inner reef  f l a t  such as  P i l o d i u s  s p i n i p e s  

(Heller 1861). None o f  them have a high dominance. In  these crags,  
Grapsidae a re  represented only by Pachygrapsus  m i n u t u s  27%. Nanosesarma 
minutum (de Mann 1887) i s  absent. I t  has been senn supra t h a t  a t  
Songoritelo, i n  absence of the  boulder t r a c t ,  we f ind  I d a n t h y r s u s  
formations and layered Melobesiae. These formations have very 
d i f f e r en t  populations. In  the  cav i t i e s  between the  tubes of  the  
I d a n t h y r s u s  p e n n a t u s ,  Grapsidae a re  very abundant and cons t i tu tes  49% 
of the  individuals collected.  Porcellanidae a re  l e s s  abundant: 
Petrolisthes l a m a r c k i i  does not  reach 5,5% of set t lement.  

The population of layered Melobesiae d i f f e r s  by the very feeble 
proportion of Grapsidae (1 ,4%) ,  the  presence of Portunidae (14%) and of 
Ocypodidae-Macrophtalmus boscii Audouin ( e t  Savigny) 182 5 7%. Xanthidae 
family i s  the most important (68% of  the individuals)  with e s s en t i a l l y  
three  species:  C h l o r o d i e l l a  c y t h e r e a ,  A c t a e o d e s  t o m e n t o s u s  and 
P i l o d i u s  a r e o l a t u s  (H. Milne Edwards 1834). 

The l a s t  two s e r i e s  of samples a re  those o f  the  boulder t r a c t  of 
Sarodrano, among the crags and the  formations of l i t t l e  Dendropoma sp. 
In  these two s t a t i ons ,  the  most abundant species i s  Pilurnnopeus 
t r i s p i n o s u s  which cons t i tu tes  54% of  the  se t t lement  of the  f i r s t  and 
87% of the  second. The crags o f  the  boulder t r a c t  a r e  characterized 
by the absence of Pachygrapsus  m i n u t u s  and by the  q u i t e  important 
number of Macrophtalmus boscii. 

Among the  boulder t r a c t s ,  four species have an important p a r t  i n  
the set t lement.  They are :  Pachygrapsus  m i n u t u s ,  Nanosesarma minutum,  
Pi lumnopeus  t r i s p i n o s u s  and Petrolisthes l a m a r c k i i .  I n  examining the  
f i r s t  three  species ,  I note t h a t  Pachygrapsus  m i n u t u s  i s  a very mobile 
species whereas Nanosesarma minutum and Pi lumnopeus  t r i s p i n o s u s  a r e  
more o r  l e s s  non-mobile. The study of t ab l e  1 shows t h a t  Nanosesarma 
minutum i s  present  only on the  Great Reef and more abundant i n  t he  
b io ta  i n  the  highest  p a r t  of the  mid coast-level.  Its abundance 



decreases i n  t h e  f i l t e r i n g  dike which i s  lower. In  the  same th ree  
s t a t i o n s ,  Pi lumnopeus  t r i s p i n o s u s  has an opposite  behaviour and is  more 
abundant i n  the  f i l t e r i n g  dike. When t h i s  species  reaches i t s  maximum 
of dominance i n  the  s t a t i o n s  of t h e  reef o f  Sarodrano, I see  the  
diminution and absence of Pachygrapsus  m i n u t u s .  I think t h a t  t h i s  
absence can be explained by t h e  s a l i n i t y  of the  sea-water around 
Sarodrano reef  being o f t e n  very feeb le ,  owing t o  t h e  r i v e r  Onilahy. 
On the  hard subs t ra te  on the  coas t  Plante  (1964) d id  not f i n d  t h i s  
Pachygrapsus  where it would normally be co l l ec ted ,  and it is  a l s o  
absent from t h e  hard subs t ra te  of  t h e  mangrove. I n  
the  absence of Pachygrapsus  m i n u t u s ,  P i 1  urnnopeus t r i s p i n o s u s ,  which is  
no doubt more r e s i s t a n t  t o  the va r ia t ions  of s a l i n i t y ,  i n h a b i t  a l l  the  
l i t t l e  cav i t i e s .  Porcellanidae - P e t r o l i s t h e s  l a m a r c k i i  - have an 
abundance and dominance which increase  a s  we move from t h e  crags t o  
the  gravel  shee t  o r  t a i l  of t h e  boulder t r ac t s . ,  t h i s  species  goes deep 
i n t o  t h e  chips of dead Madreporian as thesea -wate r l eve l  ge t s  lower, 
and so p ro tec t s  i t s e l f  from drying up a t  low t ide .  Apart from 
Pi lumnopeus  already c i t e d ,  I f ind  a l s o  A c t a e o d e s  t o m e n t o s u s  i n  a l l  the  
s t a t i o n s .  Z o z y m d e s  x a n t h o i d e s  i s  only col lec ted  on the  crags. 

POPULATION OF THE INNER REEF FLATS 

I t  has been poss ib le  t o  study these  set t lements by means of t h e  
eleven s t a t i o n s  ( f i v e  i n  every Sector of the  Great Reef) and one i n  
t h e  zone o f  micro-atolls o f  t h e  reef  of Sarodrano. The average number 
of individuals  col lec ted  i n  ldm3 of hollowed-out subs t ra te  is  about 
16. However, i f  I suppress the  two s e r i e s  of samples from the  branched 
Melobesiae which c o n s t i t u t e  a s p e c i a l  b i o t a  by the  abundance o f  very 
l i t t l e  c a v i t i e s  between t h e  t h a l l u s  of  these  calcareous Algae, the re  
a r e  only 10 individuals  p e r  dm3 i n  the  o the r  b io ta .  The number of  
species  i s  s i t u a t e d  between 6 and 19 and reaches 2 3  i n  the  branched 
Melobesiae. A l l  the  families found on the  ou te r  reef  f l a t s  and on 
t h e  boulder t r a c t s  a re  represented i n  t h i s  p a r t  of the  reef  f l a t s ,  but  
it seems t h a t  Xanthidae a r e  more abundant. Anomura, p a r t i c u l a r l y  
Galatheidae, play i n  some b io ta  a very important i n  the  inner reef 
f l a t s  and p a r t i c u l a r l y  with the  species  Macrophtalmus boscii ,  i n  t h e  
compact reef f l a t  i n  t h e  two sec to r s  s tudied.  This species  is  a l s o  
found abundantly i n  t h e  blocks of  t h e  sea-grass bed basins of  Sector  2. 
Among Xanthidae, t h e  two most important sub-families a r e  Actaeinae and 
Chlorodinae. In  the  f i r s t  sub-family, A c t a e o d e s  t o m e n t o s u s  i n  the  
dominant species.  I t  has i ts  maximum abundance i n  the  branched 
Melobesiae, but  they a r e  chief ly  individuals  a t  a juvenile stage.  
A c t a e a  c a v i p e s  (Dana 1852) is a l s o  frequent  but  not very abundant i n  
Sector  2. I n  Chlorodinae sub- f amily , ~ h l o r o d i e l l a  c y t h e r e a  , 
C. l a e v i s s i m  and C.  b a r b a t a  and P i l o d i u s  s p i n i p e s  a r e  t h e  most 
abundant. The l a s t  two species a r e  only recorded on t h e  inner reef  
f l a t s  and have t h e i r  maximum average dominance among t h e  branched 
Melobesiae. The "no carpilodeal' a r e  a l s o  represented by some species 
gathered only i n  the  inner  reef  f l a t s .  They are :  Liomera b e l l a  
(Dana 1852), L. c i n c t i m n a  (White 1857),  L. s emigranosa  (de Mann 1888) 
and L. m n t i c u l o s a  (H. Milne Edwards 1873). Among Anomura, one can 
no t i ce  a gradual replacement o f  Porcellanidae by Galatheidae, a s  we 



move of f  the  boulder t r a c t s  towards the sea-grass bed basins. The most 
abundant Porcellanids are:  P i s id ia  delagoae(Barnard 1955)which reach 
t h e i r  maximum i n  the  branched Melobesiae. Galatheidae a r e  represented 
by several  species.  The most frequent is Galathea humilis(Nobi1i 1905) 
which i s  present  i n  7 of the eleven s t a t i ons  s tudied,  the  maximum 
dominance is  recorded i n  the  micro-atolls of Sarodrano. Galathea 
affinis(0rtmann 1892)is  the species dominating i n  the  b io t a  of t h e  
blocks i n  the  sea-grass bed basins of Sector 1. Galathea platycheles 

(Miyake 1933) , l ike  many other  species,  reaches i t s  maximum dominance i n  
the branched Melobesiae. 

This study of the  population on the  d i f f e r en t  reef f l a t s  allow us 
t o  make ce r ta in  inferences about the d i s t r i bu t i on  of t h e  families even 
of some species of brachyura and Anomura. The Dromiacea are  
represented by only one species i n  these  samples; it i s  Dynomene 
hispida(Desmarest 1825)exclusively found on the outer  reef f l a t s .  
I t  is  a l so  on the ou te r  reef f l a t s  t ha t  the majority of Oxyrhyncha a r e  
recorded: Menaethiops na ta lens i s  (Barnard 1955) , Hyastenus a f f .  
elongatus(3rtmann 18931 ,~a i ra  pe r la ta ,  Elamena matthei (Desmarest 1825) 
and more par t i cu la r ly  among the places r i c h  i n  Algae. Among Portunidae, 
Thalamita g lo r iens i s  is  the  only species determined. The three  b io ta  
i n  which it is the  most abundant a re ,  i n  an increasing order: the  
layered Melobesiae of the  ou te r  reef f l a t s  of Sector 2, the  madreporian 
colonies on the  edge of the  outer  creeks of Sector 1 and layered 
Melobesiae of the reef  of Songoritelo where it represents 13.7% of 
the settlement. In  almost a l l  the s t a t i ons ,  juvenile forms of 
Thalamita have been col lec ted,  and above a l l  on the  spur upper platform 
of the  outer  reef f l a t  of Songoritelo. Xanthidae family is  the  most 
important qua l i t a t ive ly  and quant i ta t ively  of a l l  t h e  famil ies  of 
Brachyura i n  these cav i t i e s .  

(a)  no Carpiloidea 

Liomera rugata seems t o  be pa r t i cu l a r l y  well adapted t o  the  outer  reef  
f l a t s  j u s t  behind the  spur upper platform, the  other  species of 
Liomera - L. be l l a ,  L. monticulosa, L. semigranosa, L. cinctimana, a l l  
came from the  inner reef f l a t s  and more especia l ly  from the  branched 
Melobesiae. 

(b)  Zozymoidea 

Five species belong t o  t h i s  group: Zozymus aeneus, Zozymides 
xanthoides, Atergatis  a f f .  subdentatus(de Mann 18351, Platypodia 
c r i s t a t a  (A. Milne Edwards 1865) and Platypodia anaglypta (Heller 1861). 
The f i r s t  species of t h i s  l is t ,  which is found above a l l  i n  the  ou te r  
reef f l a t  b io t a ,  l i k e  Zozymides xanthoides s e t t l e d  only on the  boulder 
t r a c t s ,  a re  the  most abundant. 

(c  ) Xanthoidea 

The f i v e  species of t h i s  group a re  never abundant. The bes t  
represented i s  Leptodius nudipes (Dana 1851) which come from the  gravel  



t a i l  o f  t h e  boulder  t r a c t  of  Sec tor  2. 

(d) Galenoidea 

Actaeinae and Chlorodinae a r e  t h e  most f requent  and abundant. 
(1) Actaeinae inc ludes  9 spec ie s :  

A c t a e a  q u a d r i a r e o l a t a  which come from the  boulder t r a c t  i s  not  abundant. 
Excluding A c t a e a  c o n s o b r i n a  and a f  f .  P s e u d o 1  i o m e r a  v a r i a l  o s a  
(Borradai le  1902) ,  which a r e  only  samples on t h e  o u t e r - r e e f  f l a t s ,  t h e  
o t h e r  spec ies  a r e  c o l l e c t e d  i n  t h e  d i f f e r e n t  b io t a .  The most abundant 
is  A c t a e o d e s  t o m e n t o s u s  which i s  found a t  a l l  t h e  s t a g e s  of  growth from 
a few mm t o  s e v e r a l  cent imeters ,  i n  a l l  t h e  s t a t i o n s ,  t h e  branched 
Melobesiae having i n  t h e i r  c a v i t i e s  an important  concent ra t ion  of 
j uveni l e  f o m s .  

( 2 )  Chlorodinae a r e ,  wi th  12 s p e c i e s ,  t h e  r i c h e s t  group. 
It has  been seen t h a t  L i o c a r p i l o d e s  i n t e g e r r i m u s  and P i l o d i u s  p a u m o t e n s i s  
a r e  q u i t e  l o c a l i z e d  exc lus ive ly  on t h e  o u t e r  reef  f l a t s .  On t h e  o t h e r  
hand L i o c a r p i l o d e s  a r m i g e r  has been co l l ec t ed  only i n  t h e  inne r  reef  
f l a t s .  The most abundantly represented genus i n  a l l  t h e  reef  f l a t  
formations,  except  on t h e  boulder t r a c t s ,  is  t h e  genus C h l o r o d i e l l a  
with t h r e e  spec ies .  C h l o r o d i e l l a  l a e v i s s i m a  although p r e s e n t  i n  a l l  
t h e  s t a t i o n s ,  dominates e spec ia l ly  on the  o u t e r  r e e f  f l a t s  where it 
can r ep resen t  up t o  56% .of  t h e  se t t l emen t  (such a s  i n  t h e  Zoantharian 
zone of Songor i te lo  creek)  C h l o r o d i e l l a  c y t h e r e a  is  t h e  one of  t h e s e  
t h r e e  spec ie s  which r e s i s t  b e s t  t o  drying-up, f o r  it i s  the  one 
c o l l e c t e d  i n  t h e  g rave l  t a i l  and shee t .  C h l o r o d i e l l a  b a r b a t a ,  never 
sampled on the  o u t e r  reef  f l a t s ,  is abundant on t h e  inne r  r ee f  f l a t s  
and p a r t i c u l a r l y  among t h e  branched Melobesiae. I n  t h e  Chlorodinae, 
t h e  genus P i l o d i u s  i s  a l s o  wel l  represented.  With P i l o d i u s  p a u r n t e n s i s  
c o l l e c t e d  i n  t h e  o u t e r  reef  f l a t s ,  P i lod ius  a r e o l a t u s  p resen t  i n  t h e  
inne r  reef  f l a t s  and reaching i t s  maximum abundance i n  the  I d a n t h y r s u s  
formations and t h e  layered  Melobesiae, t h e r e  i s  a l s o  P i l o d i u s  s p i n i p e s  
which p lays  an important r o l e  i n  t h e  se t t l emen t s  of  t h e  b i o t a  of t h e  
inne r  reef  f l a t s  and more e s p e c i a l l y  i n  t h e  blocks i n  t h e  sea-grass-bed 
bas ins  and r ee f  f l a t  with s c a t t e r e d  c o r a l  growth. P i l o d i u s  p u g i l  
Dana 1852 is  nowhere abundant. Among t h e  P h y m d i u s ,  only one spec ie s  
- P h y m o d i u s  u n g u l a t u s  (H.  Milne Edwards 1834) i s  q u i t e  we l l  
represented  i n  t h e  inne r  r ee f  f l a t s .  P a r e t i s u s  g l o b u l u s  (Ward 1933) ,  
n o t  abundant, is c o l l e c t e d  i n  4 d i f f e r e n t  b i o t a .  

( e )  Cymoidea 

E r i p h i a  s c a b r i c u l a  seems t o  cha rac te r i ze  the  se t t l emen t  of  t h e  boulder 
t r a c t s .  

( £1  I n  t h e  Hyperomista, only t h e  Pilumnidae a r e  abundant. 

Domecia glabra(A1cock 1899) ,on  t h e  spur  upper p la t form i s  t h e  only 
Mennipinae co l l ec t ed .  Among t h e  Piluminae, only two spec ie s  have been 
determined: P i l u m n u s  p u r p u r e u s  and Actumnus  e l e g a n s .  Both occupy only 
t h e  c a v i t i e s  i n  t h e  o u t e r  reef  f l a t s .  The extens ion  of A c t u m n u s  
e l e g a n s  is  however l i m i t e d  t o  Sec tor  1. P i l u m n o p e u s  t r i s p i n o s u s  i s  



among the Heteropanopeidea, t he  most abundant species.  I f  some r a r e  
individuals  a r e  on t h e  outer  reef f l a t s ,  it reaches very high dominance 
on the  boulder t r a c t s  pa r t i cu l a r l y  i n  t he  reef  of  Sarodrano on the  
Vermetus Dendropoma sp. where the re  a r e  18  individuals  per dm3. Lyb ia  
l e p t o c h e l i s  (Zehntner 1894) i s  e s sen t i a l l y  present  i n  the  inner reef  
f l a t s ,  but  always i n  very feeble  number. 

Ocypodidae family i s  represented by one species - Macrophtalmus boscii - 
which i s  pa r t i cu l a r l y  abundant i n  t he  inner reef  f l a t s ,  i n  calm b io t a  
where co l lo ida l  suspension can form a deposi t  i n  which t h i s  species 
makes i ts  hole. This Macrophtalmus i s  a lso  recorded i n  the  boulder 
t r a c t  of Sarodrano, where as we have seen t h e  water of  the  r i v e r  Onilahy 
covers the  reef .  

Grapsidae. Pachygrapsus  m i n u t u s  is  the  most- abundant of t h i s  family. 
It occupies a l l  l eve l s  of the  mid-coast l eve l  and takes s h e l t e r  i n  the  
h i g h e s t p a r t o f t h e  reef  const i tu ted by the  boulder t r a c t s .  A s  it is  
a very mobile species ,  a t  low t i d e ,  it moves away and so can be 
col lec ted i n  the  b io ta  surrounding the  boulder t r a c t s .  I n  the  
absence of boulder t r a c t s  a t  Songoritelo the highest  b io ta  is  t he  
I d a n t h y r s u s  formations where t he  Pachygrapsus  a r e  abundant. The 
samples rea l ized a t  Sarodrano show t h a t  t h i s  ipec ies  does not l i k e  
f resh  water, but  reappears when the  degree of s a l i n i t y  increases (as 
a t  Nosy Tafara) .  Nanosesarma minutum l i v e s  a t  t he  high p a r t  of  the  
mid coast- level  and is co l lec ted  only on the  Great Reef. 

Anomura 

Two families a r e  abundant i n  t h e  cryptofauna: Galatheidae and 
Porcellanidae. 

(a)  Porcellanidae family, i s ,  with 11 species ,  the  most important. 
A succession of species  i s  c l ea r l y  found moving from the  f ron t  t o  t he  
back of reef  f l a t s .  P e t r o l i s t h e s  p e n i c i l l a t u s  i s  s t r i c t l y  local ized 
on the  ou te r  reef  f l a t s ,  as  a r e  P a c h y c h e l e s  g a r c i a e n s i s ,  P .  p i s o i d e s  
and P. n a t a l e n s i s .  P e t r o l i s t h e s  l a m a r c k i i ,  which i s  found a lso  on 
t he  outer  reef  f l a t s ,  reaches i t s  maximum dominance i n  the  boulder 
t r a c t s  and pa r t i cu l a r l y  i n  the  gravel  t a i l  and shee t  where it 
cons t i tu tes  67% of the  set t lement.  P i s i d i a  d e l a g o a e  i s  recorded on 
a l l  the reef  formations and more abundantly i n  the  inner reef  f l a t s .  
It i s  a l so  i n  t h a t  zone t h a t  P o l y o n i x  t r i u n g u l a t u s ( Z e h n t n e r  1894) and 
P.  a f f .  rnaccul locki  ( Haig 1965) a r e  found. 

(b)  Galatheidae. S ix  species a r e  col lec ted e s sen t i a l l y  i n  the  inner 
reef  f l a t s ,  and t h e i r  dominance increases as  we move from the  boulder 
t r a c t s  t o  the  sea  grass  bed basins.  The most two abundant species 
a r e  Gala thea  h u m i l i s  and G. a f f i n i s .  The 1st i s  frequent on t he  whole 
of the  Great Reef, and very abundant i n  the  micro-atolls of Sarodrano; 
the  2nd dominates the  set t lement of the  blocks i n  t he  sea  grass  bed 
basins i n  Sector 1 representing more than hal f  of  t he  l oca l  cryptofauna. 



From t h i s  s tudy,  some se t t lement  appear q u i t e  t y p i c a l  of c e r t a i n  
reef  zones. Thus, f o r  a s t a b i l i z e d  r e e f ,  it is  poss ib le  t o  def ine  
an ou te r  reef  se t t lement  which increases  i n  d i v e r s i t y  a s  we move away 
from t h e  breaking waves. I n  t h e  outer  s t a t i o n s ,  Dynomena h i s p i d a ,  
L i o c a r p i l o d e s  i n t e g e r r i m u s ,  P i l o d i u s  p a u m o t e n s i s ,  Actumnus e l e g a n s ,  
P i lumnus  purpureus  and P e t r o l i s t h e s  p e n i c i l l a t u s  a r e  sampled. 
Liomera r u g a t a ,  Zozymus a e n e u s  a r e  added t o  the  species  already c i t e d  
i n  calmer zones. I n  t h e  boulder t r a c t ,  it can be s a i d  t h a t  t h e  
c l a s s i c  population of t h e  crags i s  composed of :  Pachygrapsus  m i n u t u s ,  
Z o z y m d e s  x a n t h o i d e s ,  E r i p h i a  s c a b r i c u l a ,  P e t r o l i s t h e s  l a m a r c k i i  and 
Pi lumnopeus  t r i s p i n o s u s .  This l a s t  species increases  very much when, 
because of t h e  weak s a l i n i t y  of  the  sea  water, Pachygrapsus  m i n u t u s  
disappears almost completely. I n  the  gravel  zone, P e t r o l i s t h e s  
l a m a r c k i i  and C h l o r o d i e l l a  c y t h e r e a  a r e  the  dominating species.  I n  
the  inner reef  f l a t s ,  P i l o d i u s  s p i n i p e s ,  C h l o r o d i e l l a  b a r b a t a ,  
A c t a e o d e s  t o m e n t o s u s ,  G a l a t h e a  h u m i l i s  play an important p a r t  i n  t h e  
populations. I t  i s  i n  this zone t h a t  t h e  h ighes t  densi ty of 
individuals  per  dm3 i s  found among the  branched Melobesiae which a r e  
a l s o  quan t i t a t ive ly  very r ich .  
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Table 2.  Outer Reef-Flats 

STATIONS 

Number of individuals 

Number of species 

Dromiacea 

Oxystomata 

Oxyrhyncha 

Brachyryncha: 

Anomura 

Xanthidae 

Hyperolissa 

Hyperomista 

Anomura 

Portunidae 

Xanthidae 

Ocypodidae 

Grapsidae 

No Carpiloida 

Zozymoida 

Galenoida - Actaeinae 

Chlorodinae 

Cymoida 

Lyboida 

Menippinae 

Pilumninae - Pilumnoida 

Heteropanopoida 

Trapezinae 

Carcinoplacinae 

Galatheidae 

Porcellanidae 

2 7 

63 

13 

1.51 

7.57 

LO. 60 

77.25 

1.51 

1.51 

1.51 

9.09 

56.64 

1.51 



Table 3. Boulder T rac t s  

STATIONS 

Number of i nd iv idua l s  

Number of spec i e s  

Dromiacea 

Oxys tomata 

Oxyrhyncha 

Brachyrhyncha-Portunidae 

Xanthidae 

Ocypodidae 

Grapsidae 

Anomura 

Xanthidae 

Hyperolissa No Carp i lo ida  

Zozymoida 

Xantho i d a  

Galenoida-Actaeinae 

Chlorodinae 

Cymoida 

Hyperomista Menippinae 

Pi lunninae - Pilumnoida 

H e  teropanopeidea 

Trapezinae 

Carcinoplacinae 

Anomura - Galatheidae 

Porce l lan idae  



Table  4. Inner  Reef F l a t s  

STATIONS 

Number o f  i n d i v i d u a l s  

Number of s p e c i e s  

Dromiacea 

Oxys tomata 

Oxyrhyncna 

Brachyrynchia:  Por tun idae  

Xanthidae 

Ocypodidae 

Grapsidae 

Gala the idae  

Xanthi dae 

non Ca rp i l o ida  

Zozymoida 
Xan t h o i  da 
Galenoida:  Actaeinae 

Chlorodinae 

Cymoida 

Menippinae 

Pilumninae I 

Heteropanopeida 

Trapezinae 

Carc inoplac inae  

Gala the idae :  Galathea 

P roce l l an idae  



Map 1: The coral reef i n  the v i c i n i t y  of ~uldar. 



Spur upper platform 

Glacis 

Boulder tract 

Compact reef f la t  

Branched melobesiae 

Reef f lat w i th  coral alignements 
and sandy couloirs 

Reef f la t  with scattered coral growth 

Sea- grass-bed basin 

Outer creek 

Zoantharian zone 

Fig. 1: Local i t ies  of the  s ta t ions  i n  Sector 1. 

OUTER REEF FLAT 

12 Spur upper platform 

13 outer moat 

14 Glacis 

15 Layered melobesiae 

BOULDER TRACT 

16 Crag 

22 Fi l ter ing dike 

38 Gravel t a i l  

INNER REEF FLAT 

17 Compact reef f l a t  

18 Reef f l a t  w i th  coral alignments 
and sandy couloirs 

19 Branched melobesiae 

20 Reef f la t  with scattered coral 
growth 

21 Sea-grass-bed basin 

Fig. 2: Local i t ies  of the  s t a t i ons  i n  Sector 2. 



- +-+ - 
OUTER REEF BOULDER TRACT INNER REEF FLAT 

FLAT Dromiacea mOcypod idae  
Oxyrhyncha Grapsidae - SECTOR 1 - a h r t u n i d a e  m h r c e l l a n i d a e  

U X a n t h i d a e  a Galatheidae 

Fig. 3: D i s t r i b u t i o n  of Brachyura and Anomura i n  t h e  d i f f e r e n t  
s t a t i o n s  i n  Sec tor  1. 

18 BOULDER TRACT 19 

Drorniacea 
Oxyrhyncha 
1 Portunidae 

Xanthidae 
Ocypodidae 
Grapsidae 
Porcellanida 

20 Galatheidae 

INNER REEF FLAT 

- SECTOR 2 - 
Fig. 4: D i s t r i b u t i o n  of  Brachyura and Anornura i n  t h e  d i f f e r e n t  

s t a t i o n s  i n  Sec tor  2. 



2 9 
OUTER REEF FLAT 

30 

OUTER CREEK 

SONGORITELO 

OUTER CREEK 

SECTOR 1 
Drorniacea 

W 0 x y r h y n c h a  Xanthidae m ~ o r c e l l a n i d a e  

D p o r t u n i d a e  Gra~sidae Galat heidae 

Fig .  5:  D i s t r i b u t i o n  o f  Brachyura and Anomura i n  t h e  o u t e r  r e e f  f l a t  
and o u t e r  c reek  o f  Songor i t e lo  and o f  o u t e r  c reek  of  
Sec to r  1. 



a Chlorodiella Iaevissima 

SECTOR 2 

SECTOR 1 

Fig. 6: .  , Dominance of t h e  t h r e e  more abundant species  of Chlorodinae 
i n  a l l  t h e  s t a t i o n s  of the  ou te r  reef  f l a t s .  



Fig. 7: 

SECTOR 1 SECTOR 2 

Xanthidae 
SARODRANO 

Ocypodidae 
......l.....f.......I=. .' .'.'.'.......*.. .. .'.'- .. .. .. ' . 

.-.-.-.....-.-.-.-...-.a .-........ . Grapsidae .................,.~ ...- .....-.-.- ...*.*.-.....-.5..... .. .- . 
.5'.......*.......'.5-.'.....-.-...~.*... 
.................................................................................. 

=porcellanidae ...................... 
............... ......,.. ...,........... ........ ............... ....... .............. ....5:5..-.. .............. ... ... . . . . . . . . . . . . . ...-...... ............ ...., .......,... .......... . . . . . . . . . . . . . . . . .... 

SECTOR 2 NOSY-TAFARA 

SONGOR ITELO 

D i s t r i b u t i o n  o f  Brachyura and Anomura i n  t h e  d i f f e r e n t  
s t a t i o n s  on t h e  boulder t r a c t s .  




