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1.. INTRODUCTION 

In  his "Checklist of Atolls",  Bryan (1953) li.sted a t o t a l  Of 27 
at.011-like s t ructures  i n  the  Caribbean, th ree  of which a,re located off 
t he  coast of Bri t ish  Honduras (cf.  Cloud, 1957, 1013-1011). The 
Turneffe Islands he considered Itnot su f f i c i en t ly  surveyed t o  determine 
formv; Lighthouse Reef he described as  "atol l - l jke ,  5 cays"; and Gbver ' s  
Reef as  "sunken a to l l - l ike ,  5 small cays". Until recent ly  t h i s  survey 
represented the t o t a l  of our knowledge of these a t o l l s ,  perhaps the 
l e a s t  well-known and probably the  f ines t  s t ructures  of t h e i r  type i n  
t h e  Caribbean Sea. 

Location 

Location of t he  a t o l l s  on published charts derives from surveys 
of the  period 1820-1830, and no attempt i s  made t o  show d e t a i l s  of form 
or  topography. Figure 1 shows t h e  a t o l l s  a s  surveyed by Captain Richard 
Owen, from a manuscript map (H57) dated October 1830 i n  the  possession 
Of t h e  Hydrographic Department, Admiralty; i n  many respects it is more 
detai led than subsequently published charts,  which a re  based on it. 
Figure 2 attempts t o  combine published charts of t he  location of t he  
a t o l l s  with maps of detai led form derived from a i r  photographs. These 
airphoto maps a r e  reduced from the large sca le  maps included with t h i s  
paper i n  t he  accounts of each individual a t o l l .  It w i l l  be seen t h a t  
Lighthouse Reef as  shown on f igure  2 corresponds well with representa- 
t i ons  on charts; Turneffe Islands correspond i n  gross form, but much 
la3oon d e t a i l  i s  added; while Glover's Reef, though broadly s imilar  
on figures 1 and 2, d i f f e r s  considerably i n  f igure  2 from published 
charts. 

The following survey of t he  location of t h e  a t o l l s  i s  derived 
from published charts. The coast of Bri t ish  Honduras i s  fringed by a 
submerged coastal  shelf  ed ed by a well-developed ba r r i e r  reef. I n  8 t he  l a t i t ude  of Belize (17 30tN), t he  shelf lagoon i s  8 miles wide. 
Beyond the bar r ie r  i n  t h i s  l a t i tude ,  a channel 11 miles wide separates 
t h e  shelf  from Turneffe. This channel var ies  i n  width from 54 t o  14 
miles, being narrowest i n  the  centre. Turneffe bank i t s e l f  has a 
maximum length of 30.5 miles along i t s  NFE-SSId axis; i t s  greates t  
width, a t  the l a t i t u d e  of Soldier Cay, i s  10 miles, and the  average 
width 5-6 miles. It covers approximately 205 square miles, and i ts  
co-ordinates, from charts,  are:  

North extremity (drying reef )  17o38'0OVN 
South extremity (Cay flolcel) 17°09t00"~  
Eastern extremity (northeast corner) $7'44 130111~1 
IhIestern extremity (west s ide)  87O57' 3OW 

Lighthouse Reef i s  s i tuated east  of Turneffe, from which it i s  
separated by a channel 114 t o  1 8  miles wide; again the  channel narrows 
towards t h e  middle and widens a t  its ends. The dis tance between Cay 
Bokel (south end of Turneffe) and Hat Cay (south end of Lighthouse 



Reef) 19 miles. The maximum length of Liphthouse Reef along i ts  NNE-ijSItJ 
axis  i s  22 miles, and i t s  width var ies  from 2 t o  4 3/4 miles. The approxi- 
mate area i s  78.5 square miles, and i t s  co-ordinates, from charts,  are:  

North extremity (Sandbore Cay) 17E28'30"~ 
South extremity ( reef)  17 07'00"N 
Eastern extremity (northeast reef )  87O27' 00"W 
Western extremity (southwest reef )  87'36 130W 

Glover's Reef i s  located 1 5  miles SSE of t he  south end of Turneffe, 
and 134 miles SSW of t he  south end of Lighthouse Reef. Like Turneffe 
it i s  separated from t h e  coastal  shelf  and bar r ie r  reef by a channel 
135-17 miles wide, narrowest a t  i t s  northern end, between Glover's Reef 
and Cay Glory. Glover's Reef i s  al igned NNE-SSW, following t h e  trend 
of t h e  southern bar r ie r  reef.  South of Glover's Reef, the  ba r r i e r  reef 
swings eastwards, forming the pronounced elbow a t  Gladden Spi t ,  and 
then westwards t o  form the  bight between Glover's Reef and the  barr ier .  
The channel thus formed on the  south s ide  of Glover's Reef, between it 
and the barr ier ,  i s  134 miles wide. The bank has a greates t  length 
along i t s  main axis  of 16 miles, and averages 5-64 miles i n  width. 
Its area i s  some 82 square miles, Co-ordinates from charts are:  

North extremity (northeast reef)  16055'30nN 
South extremity (southern reef-entrance) 16°/+2'00"~ 
Eastern extremity (northeast corner) 87O4.1 I 301'W 
Western extremity (southwest corner) 87O52 '0Ot1bii 

Approaches 

A l l  three banks a r e  steep-to, and must be approached with caution, 
though Turneffe is normally v i s ib l e  with the naked eye a t  a distance of 
6-7 miles (from sea-level). There a r e  two lighthouses on Turneffe: 
one on Nauger Cay near the  north end, a tower 64 fee t  high, location 
17°36130"~, 87°46'00W; the other i s  on Cay Bokel, a t  t h e  southern ex- 
t remity of t h e  reef ,  location 17"09130~ '~ ,  ~ 1 7 ~ 5 4  ' 0 0 " ~ .  Cay Bokel l i g h t  
i s  not v i s ib le  from t h e  NNW and NE because of intervening mangrove. 

Lighthouse Reef a l so  has two l i gh t s :  one, 70 fee t  high, on 
Sandbore Cay a t  t h e  north end, 1702P'OOffN, ~ 1 7 ~ 2 9 ' 0 0 " ~ ;  t he  other, 80 
f ee t  high, on Half Moon C q ,  near the southern end, 17°12'00"N, 
87°311CO"~. Both a re  par t ly  obscut@d by cays t o  t he  east and southeast. 
There a r e  no l i gh t s  on Glover's Reef, but t he  l i gh t s  on the  other 
a t o l l s  a r e  highly dependable. 

There is good anchorage i n  depths of 9 fathoms near Cay Bokel, 
a t  t he  south end of Turneffe, and a l so  i n  the southern entrance of 
Glover's Reef. There a r e  no sa t i s fac tory  anchorages for  large vessels 
a t  Lighthouse Reef, with t he  possible exception of t he  bay lying west 
and south of Half Moon Cay. Further d e t a i l s  on l i gh t s  and anchorages 
a r e  ijiven by t.he kces& Inr?dieg Lilt, Vol. 1, 11th edit ion,  1956, 
P. 459-11.62. 



Discovery 

There a r e  no pre-Columbian h i s t o r i c a l  remains on e i the r  Liphbhuuse 
Reef o r  Gloverfs Reef, though Maya shell-middens a r e  reported from the  
Calabash Cays area and Northern Bogue on Twneffe (Romey and others.  
1959, f ig .  10). It i s  not impossible t h a t  t h e  &yas did v i s i t  the  two 
outer a t o l l s  on occasion i n  canoes, s ince they appear t o  have carr ied 
on a sea t rade between Yucatan and the  Bay Islands (Chamberlain, 1953), 
and i n  fac t  t h i s  is suggested by the  Turneffe middens, located a t  the  
eastern ex i t s  of t he  Turneffe lagoons s t i l l  used by fishermen making 
f o r  Lighthouse Reef. There i s ,  however, no evidence of permanent s e t t l e -  
ment s imilar  t o  t h a t  found on some cays within the Br i t i sh  Honduras 
bar r ie r  reef. 

The east  coast of t h e  Yucatan Peninsula between Sahia Chetumal and 
Golf0 Dulce was f i r s t  explored by Francisco de Montejo i n  1528 and h i s  
l ieutenant  Davila i n  1532-3 (Chamberlajn,l940, 1953). No permanent 
Spanish settlement seems t o  have been established on t h i s  coast between 
Salamanca de 9a.calar and the Sarstoon River (Humphreys,l961), but t he  
coast l ine  and reefs  must have become well-known t o  Splnish navigators 
t rave l l ing  between Honduras, northern Yucatan and Cuba i n  t h e  sixteenth 
and seventeenth centuries. English logwood cu t te rs  began t o  gather on 
t h e  Belize River during and a f t e r  the  period 1640-1660, and t h i s  led t o  
an internat ional  tension not conducive t o  t h e  sharing of hydrographic 
information. There seems l i t t l e  doubt t ha t  Spanish knowledge of t he  
coast and reefs  was t reated as  a mi l i t a ry  secre t ,  and t h e i r  maps re- 
mained unpublished i n  Sevi l le .  The fashion f o r  t h e  ~ub l i shed  charts 
seems t o  have been se t  by Herrera's Description d e l  des t r ic to  del 
Audiencia de -- Nueva of 1601-15 (Vindel, 19% 6 9 - 7 0 ) , n  which a 
number of coasta l  islands are  named. from south t o  north. off t h e  coast 
of what i s  now Bri t ish  Honduras: Ilbob, Lamanay, Pantoja, buitasueno, 
and E l  Triangulo. On De Laet 1s map of 1625 (Comision de Limites, 19281, 
these appear as  Ylbob, Lamanay, Zaratan, Pantoja, and Quitazuenho: with 
t he  possible exception of Lamanay (Turneffe?) none can be cer ta in ly  
iden t i f ied  today. These names regularly appear on the charts of Blaeu, 
Vooght, Visscher, Norden and others u n t i l  c. 1720, and a t  l ea s t  one map 
with these names appeared a s  l a t e  as  1793 (~aret-Elwe, 1793). 

Nautical knowledge has by t h i s  time f a r  outstripped the  carto- 
graphers. The words 'Terre Neuf' ( ~ u r n e f f e )  f i r s t  appear ( i n  addit ion t o  
Lamanay and Zaratan) on a chart by Vooght i n  1690. Manuscript maps re- 
produced by Calderon Quijano (1944) from t h e  Sevi l le  archives show a 
Spanish understanding of t he  topography of the  three a t o l l s  not approached 
i n  England u n t i l  t he  nineteenth century. The Plano de l a  Costa Oriental  
de Yucatan of 1749, though poorly reproduced, shows the three a t o l l s  i n  - 
t h e i r  correct re la t ions ,  with the cays on Lighthouse and Glover's Reefs 
c lear ly  marked; Turneffe appears as  'Terra Nef'. The P1.ano de & Costa 
de Hondur3.2 of 1756 shows 'Terra Nef , 'Quattro Cayos ' (Lighthouse ~eefJ, - 
and 'T,ongorif' (Glover's Reef), these l a s t  two names appearing on charts 
f o r  t h e  f i r s t  time. The use of t he  name 'Long Reef' f o r  Glover's Reef 
seems t o  have been general i n  the  ear ly  eighteenth century, and hrinzerling 
(1946) suggests t h a t  t h e  name 'Glover' derives from a p i r a t e  of t h a t  
name who made t h e  a t o l l  h i s  own, though l i t t l e  e l se  i s  known about him. 
The present name was used on the f i r s t  Admiralty charts, and t h e  old 



name has been fo rgo t t en .  Q u a t t r o  Cayos, Four Cays, o r  Eastern Reef was 
used f o r  Lighthouse Reef u n t i l  t h e  Half Moon Cay l ighthouse  was b u i l t  i n  
1821 (Honduras Ahanack, 1830) . On both these  manuscript cha r t s  t h e  
Turneffe lagoon i s  f i l l e d  with shapeless  i s l ands ,  and t h e  same is  t r u e  
f o r  Glover 's  Reef on t h e  1756 m p .  On an  undated map of t h e  same period, 
Mapa de  e l  ceno de  Honduras (Calderon Qui jano, 1944, P l a t e  171, however, 
t h e  d i s t r i b u t i o n  of land on Turneffe i s  shown with an  exact i tude  and 
c l a r i t y  not achieved again  f o r  over 150 years;  it may be  compared w i t h  
recent  English o f f i c i a l  maps (e.6, i n  Romney and ot hers,1959), and shows 
more information on t h e  i n t e r i o r  of Turneffe, though on a small s ca le ,  
than  present  n a u t i c a l  cha r t s  ( c f .  Admiralty cha r t  959, 1929). 

The Spanish d i scover i e s  penet ra ted  slowly i n t o  t h e  English l i t e r a -  
tu re ,  though a Spanish map was used by  Speer i n  t h e  first ed i t ion  of h i s  
west --- India  P i l o t  (1766), and g r e a t l y  improved i n  t h e  second (1771). 
SPeW was c l e a r l y  w e l l  acquainted with t h e  waters  he described.  For t h e  
first time i n  h i s  work an ind iv idua l  cay i s  named on Turneffe ( ~ u i b i q u e l  
i n  1776, Kay Boquel i n  1771); Glover 's  Reef appears a s  Longorriff o r  
Ar rec i f e  with t h r e e  un-named cays i n  1766, and received i t s  present  
name f o r  t h e  first t ime on a char t  i n  1.771; with Lighthouse Reef o r  
Q u a t t r o  Cayos d e l  Sur  (1766) shows North Four Kays and -- South Four K* 
( including Hat Kax) i n  1771. Nevertheless,  S p e e r ' s  map i s  crude Corn- 
pared with t h e  ext raordinary  cha r t s  of t h e  Gulf of Honduras prepared by 
Thomas J e f f e r y s  (died 1771) and published i n  1775, 1792 and 1800. 
According t o  t h e  e d i t o r s  of t h e  1775 West - - Ind ia  At las  -3 "The English 
char ts ,  both manuscript and pr in ted ,  a r e  more numerous than  t h e  Spanish 
mater ia ls .  On t h e  continent  they  have ch ie f ly  been of use t o  determine 
t h e  bay of Honduras, t h e  Mosquito-Shore, and Florida.  We had So Con- 
s i d e r a b l e  a q u a n t i t y  of manuscripts.. .upon t h e  Ray of Honduras, properly 
S O  ca l l ed ,  ... t h a t  t h e r e  i s  nothing more t o  be  wished f o r  i n  t h e  exact- 
ness of t h i s  mapu ( Je f fe rys ,  1775, p. i i i ) .  

On t h e  f i r s t  Jef ferys  map of 1775, Turneff i s  marked, with & 
Bokel i n  t h e  south;  i n  1792 and 1800 Cay0 d e  Muger o r  Mauger Kex was 
added i n  t h e  north. Glover 's  Reef appears i n  1775 a s  Arrec i fe  &DE, 
Glovers Reef o r  Long w; The Two Spots  a r e  marked a t  i t s  northern end, 
and f i v e  un-named cays i n  t h e  south; and t h e r e  i.s l i t t l e  change i n  l a t e r  
ed i t ions .  Lighthouse Reef i s  termed Four Keys Reef i n  1792 and 3.800. 
I n  t h e  e a r l i e s t  map, Jef ferys  includes North Two Keys, with The Bushy 

(modern Northern Two Cays and Sandbore Cay), and i n  t h e  Southern 
Four Cays on t h i s  a t o l l  he names -- North Key (Saddle Cay), Easternmost Key 
(Half Moon cay), Iialfmoon (Long Cay), and Hat Key. The misnaming of 
Half Moon Cay continues i n  t h e  1792 and 1800 edi t ions .  

J e f f e r y s '  maps remained t h e  b e s t  a v a i l a b l e  until  t h e  d e t a i l e d  S U P  

vey of t h e  e a s t  coas t  of Yucatan by t h e  B r i t i s h  Admiralty i n  t h e  l abe  
1820s and e a r l y  1830s. This was begun by Anthony de  Ha,pe, HMS Kangaroo, 
with a survey of Belize ha.rbour i n  1828, which remains i n  manuscript. 
Commander Xichard Owen a n d c o w n d e r  Edward Barnet t  produced a prel iminary 
survey of t h e  whole coas t  i n  1830 (Admiralty m s  cha r t s  H57), and t h i s  
s t i l l  remains t h e  b a s i s  of current  c h a r t s  of t h e  a t o l l s .  Barnett  went on 
t o  map Banco Chinchorro a t o l l  i n  d e t a i l  i n  1839, ard t h i s  char' was pub- 
l i shed  i n  1850, and Owen continued work on t h e  c o a s t a l  s h e l f  and b a r r i e r  
r ee f ,  but paid no more a t t e n t i o n  t o  t h e  t h r e e  B r i t i s h  Honduras a t o l l s .  



S~bsequent surveyors, including the most recent (H@S Vidal, Ca&. E: G. 
Irving, 1957), have all been restricted to the coastal- and Belize 
harbour. Thus the representations of the atolls on present charts date 
entirely (with the exception of the west coast of ~irneffe opposite Belize, 
and of recent charts of-~loverls Reef) to Owen's sketch surviys of over 
a century ago. Gloverts Reef on current Admiralty charts is said to be 
derived from small-scale American charts, and comparison with Owen's 1830 
manuscript, and with the air photo plot, shows that the change was not 
for the better. 

Scientific studies on the atolls 

Owen carried no naturalist on his ship, and published accounts of 
his work are sparse (0wen,1838; Bird Allen, 1841). Darwin includes infor- 
mation from Allen in his Structure and Distribution of Coral Reefs (la@), 
but the letters from Allen to Darwin describing the reefs cannot now be 
found. Few naturalists, apart from ornithologists (Salvin, 1894; Schmidt, 
1941; Verner, 1957), have since visited the area. Sapper crossed Turneffe 
and visited Long Cay, Lighthouse Reef, in l@&-96 (Sapper, 1899, map 11, 
but does not seem to have published any description. Ower, a Government 
geologist, touches briefly on the reefs in several papers (1927, 1928); 
Dixon, also a Government geologist, visited Turneffe with the British 
Honduras Land Use Survey Team (Dixon,1956; Romney and others, 1959), but 
gives no general account of the atolls. Vernieer (1959) also visited Half 
Noon Cay and Long Cay on Lighthouse Reef in 1957 as part of a reconnaissance 
study of the cays of British Honduras sponsored by the Office of Naval 
Research, Washington. Neither Alexander Agassiz (1894) nor T. Wayland 
Vaughan (1919)~ though often referring to the east co%sts reefs of Yucatan 
in support of their own theories, ever visited the area. No geologist or 
zoologist (with the exception of the ornithologist Salvin and a lizard- 
collecting expedition referred to by Schmidt (1941)) ever seems to have 
visited Glover's Reef. 

Present study 

This paper is based on several visits to the atolls in the course 
of two expeditions. Turneffe was visited twice and Lighthouse Reef once, 
in early 1960, in the course of the Cambridge Expedition to British 
Honduras 1959-60, led by J. E. Thorpe (CEBH, 1960; Carr and Thorpe, 1961). 
)iy main study on this occasion was the study of the form and development 
of the sand cays on the British Honduras reefs as a whole. Thirteen cays 
were mapped on Turneffe, and three on Lighthouse Reef. In the light of 
results obtained on this expedition a second visit was seen to be necessary, 
and it is a pleasure to aclcnowledge the help of the tiffice of Naval 
Research, Washington, and the Coastal Studies Institute, Louisiana State 
University, in making this possible. I am grateful to Kiss Evelyn L. Pruitt, 
Head, Geography Branch, Office of Naval Research, for much encouragement 
with the 1961 expedition. During this second expedition (British Honduras 
Coral Reefs and Islands Expedition 1961) I was agaiv concerned with mapping 
cays on both the atolls and the barrier reef. Glover's Reef and Light- 
house Reef were each visited twice, and Turneffe once, and another 9 cays 
mapped on them, but an effort was also made to collect information relat- 



i n g  t o  t h e  a t o l l s  genera l ly .  In p a r t i c u l a r ,  t h e  r ee f  t r a n s e c t s  described 
i n  Sect ion  3V were made on t h e  second expedit ion.  The routes  followed on 
t h e s e  excursions a r e  s h o w  on f i g u r e  3 .  

On t h e  f i r s t  expedit ion I had t h e  f i e l d  a s s i s t ance  of J. D. Poxon, 
B. A . ,  Selwyn College, Cambridge, who a l s o  navigated our yacht T o r t u ~ a ,  
and on t h e  second one of S. P. Murray, of Louisiana S t a t e  Universi ty;  
t h e i r  he lp  has heen invaluable.  I would a l s o  l i k e  t o  thank Professor  
J. A .  S t e e r s ,  of Canbridge, under whose d i r e c t i o n  t h i s  work has been 
c a r r i e d  ou t ,  and Professor  R. J .  Russe l l ,  of Baton Rouge; D r .  F. R. Fosberg, 
who k indly  i d e n t i f i e d  ny p lants ;  and Dr. Fosberg, Dr. C y r i l  Dixon 
(Geolqgical Survey, Britj .sh Guiana) and D r .  D .  A. Verneer (Universi ty of 
Ca l i fo rn ia ) ,  f o r  d iscuss ion  of many po in t s .  

It i s  impossible t o  make i n d i v i d u a l  acknowledgment of a l l  t h e  help 
rece ived on t h e s e  expedit ions from m n y  o the r  s:Turces, but mention must 
be made o f  t h e  a s s i s t a n c e  from t h e  then Governor of B r i t i s h  Honduras, 
S i r  Colin Thornley, t h e  Chief S e c r e t a r y  and Executive Comci l ,  and t h e  
Comptroller of Cus tms ,  M r .  David Bradley, f o r  customs exemption and 
o the r  help;  from t h e  Rrj.tish Xuseum (Pkitural History) i n  t h e  supply of 
n lant -col lec t ing  ~ a t e r j a l s ;  from Marine Elec t ronics  IAA., London, f o r  
supply of an echo-sounder; and from t h e  many c o m e r c i a 1  organisatZions 
a,nd ind iv idua l s ,  d e t a i l e d  elsewhere, f o r  t h e i r  help with equipment, eene- 
ral  sunpl ies  and f inance.  This wwk has boen supported s ince  1959 by a 
g ran t  from t h e  Depart lent  of S c i e n t i f i c  and I n d u s t r i a l  Research, London, 
he ld  a t  t h e  Department of Geography, Cambridpe, E n ~ l a n d .  

Miss P r u i t t  kindly made a v a i l a b l e ,  through Coastal  S tudies  I n s t i -  
t u t e ,  t h e  a5.r photographs on which f i g u r e s  27 and 37 a r e  based. I am 
indebted t o  Admiral E. G.  Irvin,!, Hydroprapher t o  t h e  Navy, Hydrographic 
Department, Admiralty, London, f o r  pe ra i s s ion  t o  base f igu res  1, 14 and 
32 on unpublished Admiralty manuscripts,  and f o r  giving me access  t o  t h e  
Hydroeraphic Department Archives a t  Cricklewood. 

Dimensions - of P a c i f i c  - and Caribbean Atol l s  compared 

A t o l l  Length Breadth Area Maximum Land a r e a  
miles  miles square depth square 

n i l e s  fathoms miles  

Bikin i  
Rongelap 
Eniwetok 
R o n ~ e r i k  

Kapingamarangi 

Raroia 

Turnef f e 
Light house Reef 
Gl.over s Reef 

30.5 10 20 5 3.5 
5" 

48 
22 4.7  7e.5 3 
16  6.5 82 24 0.3 
++ Depth of b lue  hole:  78 fathoms 

Gnery, Tracey and k i d ,  1954. 
Wiens, 1956. 
Newell, 1956. 
This paper 
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11. GROSS FORM AND STRUCTURE OF THE OFFSHORE AREA 

Submarine topomaphy of t& east coast of Yucatan 

The most s t r i k ing  feature  of the  offshore topography is  the marked 
l i nea r  or ientat ion of surface and submarine features,  and t h i s  finds 
some p s m l l e l  i n  t h e  more subdual fault-controlled l inea t ion  of drainage 
features i n  the  northern limestone lowlands of Bri t ish  Honduras and ad- 
jacent W n t a n a  ROO (sapper 1897). Each of t h e  four a t o l l s  near t h e  
base of t he  Yucatan Peninsula--&nco Chinchorro . Turneffe Islands, 
Lighthouse Reef and Glover's Reef-- i s  aligned k t h  i ts  long axis  trend- 
ing NNE-sSW, and t h i s  i s  t r u e  a l so  of Cozumel Island and the  submerged 
AmT%?%&th Bank f a r the r  north on the same coast. Available soundings a r e  
ra ther  spI!&R i n  t h e  area between the  banks and t h e  ba r r i e r  reef, but 
they a re  suf f ic ien t  t o  show t h a t  these apparent surface l ineat ions  a r e  
only the super f ic ia l  expression of ma.jor submarine topographic features 
On a greater  sca le  than any land r e l i e f  on t h e  adjacent coastlands. 
Figure 4 i s  a compilation map showing submarine contours, based on maps 
of the  Quintana Roo coast published by Edwards (1957 and of Bri t ish  
Homluras by Vermeer (1959)- It is possible t o  disagree with many of 
t he  d e t a i l s  of t h i s  map, but the  gross pat tern revealed is probably 
correct .  

The whole of t h e  east  coast i s  bordered by two t tpla t foms":  an 
"UPPer ~ l a t f o r m ' ~  w5.th i ts  outer edge a t  approxivately 2488 fee t  (400 
fathoms), and a "lower platform", with i t s  outer edge a t  approximately 
6,000 f ee t  (1,005 fa.thoms). A t h i rd  platform, t he  coastal  shelf ,  may be 
traced north of t h e  Yucatan Peninsula, as  a vast shallow extension of t h e  
Yucatan limestone lowland, and also i n  t he  southeast of t he  peninsula, 
off the  Bri t ish  Honduras coast, where it i s  fringed by the bar r ie r  reef. 
Arrowsmith Bank, Cozumel Island and Turneffe a r e  located on t h e  edge of 
t he  "upper platform", and Banco Chinchorro r i s e s  from a spur extending 
eastwards from the  main shelf a t  about t h e  same height. No banks r i s e  
from the "lower platform" except i n  t he  south, where it supports Light- 
house Reef and Glover's Reef. In  t h i s  southern sect ion t h e  two platforms 
come tngether, and off t h e  southern bar r ie r  reef of Bri t ish  Honduras 
there  i s  a s ingle  f a l l  from sea-level t o  over 6nC3 fee t  depth. 

Several escarpments, forming pzrt of t h i s  "upper pla.tform-l~.ier 
platform" system may be traced off t h e  a t o l l s  of Bri t ish  Honduras. For 
convenience, they a r e  named here the Outer Escarpment, Turneffe Escarp- 
ment, Chetumal Escarpment, and Chinchorro Escarpment. 

The Outer Esca,rpment extends along t h e  southern bar r ie r  reef from 
Sapodil.la Cays t o  Gladden Sp i t ,  and thence northeastwards along the  east  
sides of Glover's and Lighthouse Reefs. Off t he  ba r r i e r  reef t he  scarp 
i s  stra.ight and steep: within 34 miles of Ranguana Entrance t h e  sea 
f loor  l i e s  a t  a depth of 4800 feet .  Twelve soundings along t h i s  section 
o f t h e  bar r ie r  reef ,  2-4 miles seaward from it, average 4020 feet .  North 
of Gladden Spit  t h e  soundings off the  bar r ie r  reef decrease considerably, 
indicating the  presence of a shelf or  col  between Gladden Spi t  and 
Glover's Reef a t  depths of 900-1.100 feet .  The scarp crest  i n  fac t  con- 
t inues  along t h e  east  s ide  of Glover" Reef, gjrvinp, depths of 'l800-3300 



f e e t  within 1-2 miles  of t h e  reef-ed,ge, and along t h e  e a s t  s i d e  of 
Lighthouse Reef, giving depths of 6600 f e e t  wi th in  3 miles of t h e  reef-  
edge. Between t h e  b a r r i e r  and Glover 's  Reef, and between Glover 's  and 
'ighthouse Reefs, t h e  sea  i s  1-ess than  1,000 f e e t  deep. Clearly,  t h e  
b a r r i e r  reef  and t h e  two a t o l l s  l i e  on t h e  c r e s t  of a submarine sca rp  
t r end ing  ME-St(, and a t  l e a s t  120 mi les  long. The average g rad ien t  of 
t h e  sca rp  s lope  i s  between 1 i n  3 and 1 i n  4 ,  

The "upper platform" between Glover ' s  Reef and t h e  b a r r i e r  reef  
l i e s  a t  a depth of 900-1100 f e e t .  It appears t o  deepen northeastwards, 
and t o  pass i n t o  a pronounced trough extending i n  a no r theas te r ly  d i rec-  
t i o n  between Turneffe and Lighthouse Reef. Between t h e  b a r r i e r  and 
Turneffe, on t h e  o ther  hand, t h e  "upper platform" continues northwards 
a t  depths of 9CO-1,000 f e e t ,  forming a channel 6-10 miles  wide. Sound- 
ings  betweenTurneffe and Lighthouse Reef a r e  very meagre, but  it seems 
t h a t  t h e  e a s t  s i d e  of Turneffe is bounded by a submarine s lope  s i m i l a r  
t o  t h a t  botinding t h e  e a s t  s i d e s  of Glover 's  and Lighthouse Reefs, but  
on a smal ler  sca le .  Twelve soundings 1$-& miles from t h e  west r e e f s  of 
Lighthouse Reef average over 3,000 f e e t ;  a s i n g l e  sounding midway between 
Ihuger Cay (north Turneffe) and Sandbore Cay (north Lighthouse Reef) i s  
charted a s  6090 f e e t .  There is only one sounding of f  t h e  e a s t  r e e f s  of 
Turneffe (2  miles west of t h e  nor theas t  corner) ,  of 2220 f e e t .  It thus  
appears  t h a t  t h e  Turneffe Escarpment overloolts a bas in  with maximum 
depths of 6,000 f e e t ,  shoal ing  southwards, and passi-ng northwards i n t o  
t h e  ttlower platform". Lighthouse Reef seems t o  be s i t u a t e d  on a long 
narrow spur,  bounded on t h e  west s i d e  by t h i s  bas in ,  and on t h e  e a s t  by 
t h e  Outer Escarpment. 

North of Turneffe and Lighthouse Reef t h e r e  a r e  no banks r i s i n g  t o  
t h e  su r face  f o r  over 60 miles. The s e a  f l o o r  f a l l s  r egu la r ly  from t h e  
b a r r i e r  and f r h g i n g  r e e f s  of t h e  Yucatan coast  t o  depths of up t o  300 
f e e t  wi th in  5 miles  of t h e  coast .  There a r e  no d e t a i l e d  cha r t s  f o r  t h e  
e a s t  coast of Yucatan nor th  of Belize, but it i s  probable t h a t  t h i s  
coas t  t o o  i s  bounded by an escarpment (Chetumal Escarpment), g e n t l e r  
than  t h e  o thers ,  con t ro l l ing  t h e  l i n e a r  na ture  of t h e  coast  and r e e f s  
northwards a t  l e a s t  a s  f a r  a s  Bahia d e l  E s p i r i t u  Santo, where it is 
i n t e r s e c t e d  by t r ansve r se  f a u l t s  from t h e  west. 

Chinchorro Bank is a l s o  bounded on t h e  e a s t  s i d e  by a s t e e p  Slope 
(Chinchorro Escarpment), and t h e  same i s  t r u e  of Cozwnel I s l and  and 
Arrowsmith Rank. 

Faul t  o r i g i n  of t h e  escarpments 

The presence of t h e s e  s t e e p  submarine g rad ien t s  was not iced  by h e r ,  
who att,ribut.ed t.hem t o  of fshore  faul t i -ng a.nd published a !nap of t h e  
sout,hern reef  a r e a  (I.');?X, 497) show3.ng two s e t s  of submarine f au l t - l ines .  
One s e t ,  al.i.gned NWE-SSlb!, w i t h  downthrow t o  t h e  southeas t ,  corresponded 
t o  t h e  "Outer Eswrp ien t ' '  de l imi t ing  t h e  southern b a r r i e r  r ee f  and Glover's 
Reef, and t o  t h e  "TurneCfe Escarpment". These were deduced from sound- 
i n g s  on cha r t s ,  and Ower recognised t h e  gross  simil.ar5ty i n  d i r e c t i o n  and 
downthrow with t h e  f a u l t s  of t h e  nor thern  lowlands of B r i t i s h  Honduras. 



A second s e t  of f a u l t s  was recognised transverse t o  t h e  f i r s t  ( s t r ik ing  
E-W and S E W ) ,  with downthrow t o  north o r  south. The main dryland ma- 
l o g  t o  t h i s  system which he mapped i s  t h e  E-W No&hern Boundary Fault 
of t he  Maya blountains, a horst  of P a l e o ~ o i c  rocks surrounded on a l l  s ides  
by Mesozoic and Tert iary limestones and other rocks. In  t he  offshore 
area,  the  location of t h e  transverse f a u l t s  shown on Owerts map seems 
purely conjectural, with l i t t l e  r e l a t i on  t o  bottom topography; they seem 
t o  have been inserted t o  explain t he  r i s e  of t h e  outer a t o l l s  from t h e i r  
respective scarp-crests. Study of Admiralty charts i n  1959 led t o  t he  
conclusion t h a t  t he re  i s  i n  fac t  one major s e t  of f a u l t s  controll ing sub- 
marine topography, trending NNE-SSW, and giving r i s e  t o  the  Outer EscarP- 
merit, Turnef f e  Escarpmnt , and probably a l so  t h e  Chetwnal and Chinchorro 
Escarpments (Stoddart, 1960). It was subsequently found t h a t  t h i s  inter-  
Fretationhad been worked out i n  d e t a i l  by Edwards f o r  Quintana Roo (1957) 
and by Vermeer f o r  the  coast of Br i t i sh  Honduras (1959, 20-25). 80 
other interpreta t ion f o r  t he  submarine topography seems possible with 
Present knowledge. It i s  unlikely t h a t  t h e  escarpments a r e  construc- 
t i o n a l  reef forms f o r  several  reasons. Thus the  Outer Escarpment can be 
traced not only along modern reefs ,  but occurs a s  a submerged feature,  
not rimmed with reef ,  between t h e  two outer a t o l l s ,  and t h i s  same scarp 
axso bounds the  coastal  shelf  south of t he  southern end of t h e  bar r ie r  
reef, where it again lacks a reef-rim. Further, t he  Chetumal Escarpment 
seems t o  delimit f o r  over 200 miles a coast b u i l t  of non-reef limestones, 
along which the bar r ie r  reef i s  weakly and discontinuously developed, 
and t h i s  indicates tha t  the  reef i t s e l f  is of minor importance i n  deter- 
mining present bottom topography. 

The picture which emerges, therefore,  i s  one of a number of NAE-SSW 
faul t - l ines ,  arranged en echelon along the  Br i t i sh  Honduras coast, giving 
r i s e  t o  major submarine escarpments, with average gradients of 1 i n  3 t o  
1 i n  5. The maximum gradient charted appears t o  be a f a l l  i n  depth of 
over 1 mile i n  a distance of two miles from the surface reef ,  on the east  
s ide  of Lighthouse Reef. The a t o l l s  a r e  seen t o  be oval-shaped reefs,  
13-35 miles long, r i s ing  several  hundred f ee t  above the  surface of t he  
fault-bounded platform on whose edge they stand. The offshore topography 
consis ts  of a number of submarine steps,  each bounded by an east-facing 
escarpment, each bearing a t  some place along i t s  crest  a reef-mass ris- 
ing t o  sea-level ( f ig .  5). 

Submrine scarps and regional tectonics 

I f  t he  submarine topography of t he  northern Caribbean basin ( p a r r t s  
"Ca.yman Seatt) i s  viewed a s  a whole, t h e  fau l t ing  deduced from chart evi- 
dence becomes comprehensible. The dominant feature  of t he  basin i s  the 
% r t l e t t  Trough ( f ig .  6) o r  Cayman Deep, a narrow trench extending across 
it for  nearly 1,000 miles. The northern r i m  of t h e  trough may be traced 
i n  the  faul ted S ie r ra  Naestra of Southern Cuba, through the Cayman and 
Misteriosa %inks, and probably in to  t he  Maya Mountains of southern 
Br i t i sh  Honduras (Taber, 1928; Matley, 1924). The southern r i m  of the  
trough i s  formed by the is land of Jamaica, t he  Pedro, Rosalind and 
Nicaraguan Bnks,  and t h e  mountains of t he  Republic of Honduras. The 
Trough reaches a maximum depth of over 23,000 feet .  It appears t o  pass 
westwards i n t o  the Lake Izabal-Rio Dulce lowlands of Guatemala, and accord- 
ing t o  Walper (1960)may be followed a s  a fract.ure zone i n t o  t h e  Alta Verapaz. 



Dixon gives grounds for  believing t h a t  movement was i n i t i a t e d  along 
the Bar t le t t  axis  i n  pre-Cretaceous times, but the maximum dislocation 
took place i n  t he  l a t e  Tertiary, probably reaching a peak i n  t h e  Pliocene 
(Schuchert, 1935). The extensive ra ised reefs ,  elevated shore terraces ,  
and Plio-Pleistocene marine deposits  of Cuba (iigassiz, 1894; Taber, 1934) 
and t o  a lesser  extent Jamaica, ind ica te  t ha t  movement on a large scale  
continued i n t o  t he  Pleistocene and may s t i l l  be continuing. L i t t l e  de- 
t a i l e d  work on the tectonic his tory of the  Trough has been done s ince 
Taber (1922, 1931) outlined i t s  main features ,  though recently it has 
been suggested tha t  ra ther  than being a simple normal r i f t ,  t he  % r t l e t t  
axis  i s  a major zone of wrench- or transcurrent-faulting, along which 
considerable l a t e r a l  movement occurred (Moody and H i l l ,  1956; Hess and 
Maxwell, 1953). 

The reef-capped coastal  features  of a r i t i s h  Honduras can thus be 
seen i n  a wider context, as  r e l a t i ve ly  minor dislocations along the  north 
s ide  of t he  Trough, where it abuts against t h e  Central American mainland. 
Vert ical  movements of thousands of f e e t  have taken place along t h i s  zone 
of weakness since late-Tertiary times (~chucher t ,  1935), and t h e  Bri t ish  
Honduras fau l t ing  may have taken place i n  Pliocene times, even continu- 
ing in to  t he  ear ly  Pleistocene. This s e t s  a very approximate limit t o  
t h e  age of the  coastal  reef formations. The rocks involved i n  t he  frac- 
tu r ing  a re  not known, since no so l id  rocks outcrop anywhere on t h e  a to l l s .  
They may have been Cretaceous-Eocene l inestones similar t o  those blanket- 
ing t h e  western part  of the Maya Mountains, and which i n  northern Bri t ish  
Honduras were subjected t o  dislocations of similar trend t o  those of the  
offshore areas. This layer of limestones probably overlies Paleozoic 
rocks a t  an unknown depth. Whether t h e  main body of each a t o l l  above the  
platform on which it r e s t s  consists of reef limestones o r  of older lime- 
stones (as Owerrs suggested transverse f a u l t s  may indicate) remains one 
o f t h e  many problems associated with these reefs.  

Growing in t e r e s t  of o i l  companies i n  t h e  offshore area w i l l  pro- 
bably add grea t ly  t o  our knowledge of the  s t ructure  of the  coast and 
reefs,  through se i sq ic  exploration and deep borings. 
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111. CLINC.TE, SEA CURRENTS, TIDES 

In  t h i s  section several  factors of t h e  environment of t he  a t o l l s  
w i l l  be discussed, but it must be borne i n  mind tha t  records have never 
been kept on any of them f o r  more than very r e s t r i c t ed  periods, i n  s p i t e  
of permanently maintained lighthouse s ta t ions  on "lrneffe and Lighthouse 
Reef, and t h a t  f o r  s t a t i s t i c s  we must r e ly  on data from coastal  stat ions.  
with t he  exception of the  work of Parr i n  t he  Gulf of Honduras generally, 
and of University of Texas workers on the  Br i t i sh  Honduras coastal  shelf ,  
there  do not appear t o  have been any marine surveys by oceanographic ves- 
s e l s  near the  a t o l l s .  

Climate -- 
An account of the  climate of Bri t ish  Honduras i s  given by Romney 

and others (1959, 15-22), and of Yucatan by Page (1933, 409-1122), Edwards 
(1957, 61), and b r i e f ly  by Trewartha (1961, 70-71). Even on mainland 
s ta t ions  data a r e  grossly inadequate: i n  Quintana Roo only 2 s ta t ions  
have records of 20 years or  more, while of a l l  recording s ta t ions  i n  
Bri t ish  Honduras, only 2 record more than d a i l y  ra infa l l .  

Taking the  Yucatan peninsula a s  a whole, r a i n f a l l  increases from 
north t o  south, and i s  greater  along the  east  coast than i n  t he  i n t e r io r ,  
as  shown by the following figures:  

Progreso 19 inches 
Merida 36 
Valladolid 47 
Cozumel 66.6 
Chetumal 49.5 
Corozal 51.9 
Belize 69.6 
Stann Creek 117.3 
Punta Gorda 166.85 

Turneffe and Lighthouse Reef l i e  between t h e  l a t i tw le s  of Belize and 
Stann Creek. Ey analogy with coastal  conditions r a i n f a l l  on the a t o l l s  
should be between 70 and 120 inches; it is ,  however, unlikely t o  be so 
high. The a t o l l s  a r e  low, the  land area small, and the  dry season long, 
so t ha t  the  r a i n f a l l  probably does not exceed an average of 70 inches f o r  
any a t o l l .  The dry season extends from P!arch t o  t he  end of May, and can 
lead t o  severe water shortage on the  cays, which r e ly  on rainwater bu t t s  
ra ther  than groundwater f o r t h e i r  supply. The seasonal pattern of rain- 
f a l l  a t  Belize, which i s  probably comparable t o  the a t o l l s ,  i s  as  follows 
(1941-1950, Romney and others,  1959, 16) : 

Jan Feb Mar Apr Play Jun J u l  Aug Sep Oct Nov Dec Year --- 
Inches: 3.3 2.7 1.4 3.4 6.6 5.7 7.9 9.8 9.4 8.9 8.2 69.6 



The only r a i n f a l l  f igures  avai lable  for  t he  a t o l l s  a r e  those quoted by 
Smith (1941) f o r  Calabash Cays, east  s ide  of Turneffe, f o r  t he  summer 
months of 1937-1939; t he  va r i ab i l i t y  i s  considerable: 

k a r i l &  - June - Total 

1937 3.46 3.47 3.50 11.52 21.95 
1938 3.10 2.18 4.6& 2.00 11.92 
1939 0.30 0.45 1.16 2. 87'" 4.78 

("- - Man of Nar Cay; no data f o r  Celabash Cays) 

The winds i n  t h e  a t o l l  area blow s tead i ly  from the east  f o r  most of 
t h e  year. k t  Belize, t h e  only recording s ta t ion ,  f o r  t h e  period 1917-1949, 
56% of winds at  0600 hours came from the E and SE quadrants and 23% from 
the  NW (means f o r  t h e  year);  while a t  1800 hours, 75% of winds came from 
t h e  E and NE quadrants. The wind data ,  taken from t h e  West Indies Pilot 
(I, 1956, 76) a r e  summarised i n  t h e  wind roses i n  f igures  7-9. The impor- 
tance of northwest winds i n  ear ly  morning r e f l ec t s  t h e  importance of 
land-and-sea breezes a t  a coasta l  location; the  extent of these offshore 
winds is  very res t r ic ted ,  and may not even reach the  bar r ie r  reef.  They 
a r e  probably negligible on the a t o l l s .  The constancy of t he  eas te r l ies  
a t  Belize during the  summer needs no stressing: a t  1800 hours i n  June, 
July and August 100% of t he  observed winds come from the NE, E, and SE 
quadrants, the two former great ly  predominating. 

Two fur ther  features  may be mentioned i n  connection with winds. 
The f i r s t  and most important i s  the  extension of t he  North American high 
pressure system southwards during the period November-February, occasion- 
a l l y  extending t o  t he  end of March. This brings north winds, a sudden 
f a l l  of 5-7' (and sometimes much more) i n  a i r  temperature, low clouds, 
and frequently rain and stormy weather. The whole l a s t s  for  four or  f ive  
days a t  a ti-me, and is  known a s  a "norther". These a r e  f e l t  on the a t o l l s  
a s  much as  a t  Belize. Secondly, there  i s  some evidence i n  t h e  lower part  
of t h e  Gulf of Honduras, i n  t he  Punta Gorda-Puerto Barrios area,  and along 
the  southern bar r ie r  reef ,  of occasional strong southerly winds displac- 
ing the  eas te r l ies .  There is no evidence, however, t h a t  these extend t o  
t he  a t o l l s .  

During the  months Ju ly  t o  October the Bri t ish  Honduras coast i s  
l i a b l e  t o  t rop ica l  hurricanes, moving westwards from the  Caribbean Sea. 
On occasion these a r e  highly destructive: Belize has been destroyed more 
than once, most seriously i n  1931 (Cain 1933), while Hurricane tlJanettr 
did great  damage t o  Corozal and Chetiunal i n  1955 (Pagney 1957). Poey 
(1855) records major hurricanes a t  Belize i n  1787, 1813, 1827, and 1031; 
t h e  most important s ince then have been i n  1931, 1942, 1945  oledo do 
D i s t r i c t ) ,  and 1955. The most recent have been Hurricane "Abby" i n  1960, 
and Hurricane "Annatr i n  July 1961, which we witnessed a t  sea near 
Placencia, examining the damage along the mainland coast shor t ly  af ter-  
wards. Many hurricanes have decreased i n  in tens i ty  by t h e  time they have 
reached t h i s  coast, though during the 1955 hurricane the  Chetumal anemo- 
meter broke a t  150 mph. The e f fec t  o.f hurricanes i s  three-fold: the  
d i rec t  effect  of wind i n  uprooting vegetation, especially coconuts; the 
l o c a l  r i s e  of sea-level, often of several  fee t ,  under t he  influence of 
winds and decreased atmospheric pressure; and the action of wind-generated 



waves i n  eroding and redepositing bottom material  and often damaging the 
livini: reef (Woorhouse 1936; Blumenstock 1958a, 1958b, 1961; McKee 1959). 
The immediate physiographic e f fec t s  on Low land areas a r e  considerable: 
deposition of rub%e and fresh sand carpets, building of shingle ridges, 
and erosion of former land areas, and these e f fec t s  w i l l  be detai led f o r  
t h e  Bri t ish  Honduras a t o l l s  i n  t he  more detai led accounts which follow. 
fiperience on J a l u i t  Atoll, Marshall Islands,  however, shows tha t  some 
of these changes a r e  on1.y temporary (Blumenstock, Fosberg and Johnsun- 
1961). 

The same observation may be made fo r  t h e  e f fec t s  of ' I n~ r the r s .~ '  
Erosion often occurs along the  northern m r g i n s  of cays during "northers", 
with t h e  building of sand s p i t s  proceeding a t  the same t i n e  t o  leeward 
(often a t  t he  southwest corner); but these a r e  shortlived features and 
disappear when the  ea s t e r l i e s  reasser t  themselves. Small sandbores even 
appear and disappear seasonally i n  response t o  wind direct ion,  and a 
s imilar  observation has been made by Folk on Alacran ( ~ e r s o n a l  communi- 
cation).  Not a l l  the  changes a r e  temporaly, however, a t  l e a s t  when mea- 
sured i n  terms of decades. Marginal a t t r i t i o n  of cays, and the  slow dis-  
appearance of storm-built ramparts a r e  a d i f fe ren t  matter from the  dis-  
appearance of a cay altogether,  especially i f  it i s  vegetated. Once a 
vegetated cay i s  swept away, it is  a very long time before the re-emer- 
gent sandbore becomes suf f ic ien t ly  s tab le ,  through colonisation by vege- 
t a t i o n  and the formation of beachrock, t o  become a cay once more. No 
example is known on the  Bri t ish  Honduras reefs  where t h i s  has happened, 
except a t  Cay Glory (Barrier Reef), which now has a mat of Sesuvium and 
Euphorbia, and a s ing le  small coconut t ree .  Yet numerous examples Of 

cays washed away i n  storms a re  known. In  t h i s  respect it, may be noted 
t h a t  t he  path o f  m a x i m u m  destruction i n  hurricanes i s  narrow, and t h a t  
r a r e ly  is  more than one cay ser iously damaged. Thus the  1935 hurricane, 
which destroyed Paunch Cay and flooded S t .  Georgets Cay on the  ba r r i e r  
reef ,  did no damage whatever a t  English Cay four miles t o  the  south. 

L i t t l e  i s  known of t he  effect  of hurricanes on coral  formation; 
though it i s  known t h a t  globular coral  colonies may be rolled across 
reef-f la ts ,  and, 5.n deeper wa te r , l a rge  t ree- l ike  colonies of Acrowra 
pal-mata may be completely inverted even i n  "northers". 

There are  few data on a i r  temperatures, apart  from the Belize re- 
cords. Average records here for  1917-1949 (llest Indies P i lo t ,  I ,  1956, 
76) a r e  a s  follows: 

OF. Mean Jan Feb Mar Apr May Jun ;ul AUK S e p  gcfL Ncv Dec ----- 
Daily rrax 8 81 82 83 86 87 87 87 88 87 $5 63 81 
Daily min 72 68 69 71 74 75 75 75 75 74 71 67 68 

A i r  temperatures recorded a t  mid-day a t  Rendezvous Cay, bar r ie r  reef ,  
September 1959 t o  Hay 1960, were: 

@ Oct Nov Dec Jan Peb Mar Arr & 
89 88 80 80 80 7q 3 6  82 ez.7 

Mea.n mid-day shade temperatures f luctuate  between 80 and 8 9 ' ~  throughout 
the  year a t  Belize, f a l l i ng  a t  night t o  means of 67-75O. According t o  
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t h e  Indies M, t he  means of the  highest temperatures i n  each . .. 

mogth, 1917-1949, range a t  Belize fkom.85' in'December and January t o  
90 i n  May and August-October, The mean of t h e  lowest temperatures i n  
each month ranges from 5 7 O  i n  SaniLrj t 'o 6'90 i n  July and ~ugus t ' .  The 
most sudden variations i n  temperatures a r e  associated with Worthers": 
according t o  t h e  Rendezvous Cay records these g'enerally'involve a sharp 
f a l l  of 5-7'~ l a s t i ng  several  days. It i s  worth noting i h a t  t he  sensible 
e f fec t  of such a f luctuat ion i s  much more intense f o r  white persons ac- 
customed t o  t he  heat than the figures might suggest, and cold can cause 
some discomfort on t h e  cays i n  winter even though t h e  temperature does 
not f a l l  below 65O~. 

Marine envir onment 

Even l e s s  da ta  a r e  avai lable  on sea temperatures. The Rendezvous 
Cay records f o r  September 1959 t o  May 1960 a re  a s  follows: 

OC - Mean M a x i m u m  
September 29.8 30.5 
October 29.9 31.1 
November 28.6 29.5 
December 27.1 28.0 
January 27.0 28.0 
February 26.4 27.0 
March 26.5 28.0 
April 28.0 30.5 
May 28.8 29.0 

Minimum 
28.5 
28.5 
27.5 
26.0 
26.0 
25.5 
25.0 
26.0 
28.5 

The figures show a s l igh t  zeasonal f luctuation i n  t h e  means from 26.4'~ 
i n  February t o  probably 30 o r  more i n  summer: t he  da i ly  figures show 
t h a t  water temperatures remain unaffected by t h e  sudden f a l l  of a i r  temp- 
erature  during ltnorthersu. These temperatures a r e  wel l  within t he  opti- 
mum range f o r  reef growth of 24-29' specified by Vaughan and Wells 
(1943, 55), and well  above the l e t h a l  lower l imi t  f o r  most West Indian 
species of 16O (Mayer, 1915, 212). 

This is of some significance i n  view of t h e  great  change i n  coral 
composition of the  Bri t ish  Honduras ba r r i e r  reef north of Cay Caulker, 
where t h e  usual dominance of Montastrea annularis and Acropora palmata 
gives way t o  a community i n  which Siderastrea s iderea i s  dominant, with 
some Montastrea cavernosa and numerous Gorgonians. Only one poor speci- 
men of & annularis was seen i n  a t ransect  one mile south of San Pedro, 
Ambergris Cay. Vermeer noted tha t  t he  reef here seemed l e s s  healthy and 
vigorous than the reef  f a r the r  south, and suggested tha t  t h i s  resulted 
from upwelling of cold water along thi.s coast (1959, 123-4)(also H.O. 
Publ. No. 225). No figures a r e  available,  but cer ta in ly  t he  water f ee l s  
considerably cooler than anywhere e l s e  on the Bri t ish  Honduras reefs,  
i r respect ive of weather. Temperature-inhibition of reefs  by upwelling 
was suggested by Crossland as  long ago as  1902, and has subsequently been 
considered by Ranson (1952), Newel1 (1954, 1956), and Newel1 and others 
(1951). Mayer (1915, 212) showed t h a t  Siderastrea radians has a con- 
siderably lower death temperature than other West Indian corals: hence 
Vermeerts suggestion i s  cer ta in ly  worth fur ther  study. It i s  probable 



t h a t  an area of upwelling does ex is t  off Ambergris Cay, immediately north 
of Turneffe, but no e f fec t s  of t h i s  have been noticed on any of t h e  a t o l l s .  
I n  par t icu la r ,  upwelling e f fec t s  were not noticed on t h e  eastern sides of 
t he  a t o l l s ,  i n  s p i t e  of a s imilar  s i t ua t ion  t o  t h e  Ambergris coast. The 
reef a t  the  north end of Turneffe is par t icu la r ly  well developed, with a 
groove-and-buttress system even extending f o r  a short distance down t h e  
leeward side. 

Upwelling cer ta in ly  takes place f a r the r  north along t h e  east  
Yucatan coast ,  as  shown i n  temperature prof i les  published by Agassiz 
(188@3, 219) and especially Parr (1937, 37, 42, 43, 46). According t o  
Far r ' s  sections,  the 2h°C isotherm a t  Cape Catoche reaches within appiwi-  
matdy  10-15 fathoms of t h e  surface, whereas a t  sahia de l a  Ascension 140 
miles t o  t h e  south it l i e s  a t  100 fathoms depth. This l a t t e r  point i s  
s t i l l  130 miles north of Ambergris Cay. 

The upwelling off Quintana Roo and presumed upwelling off Ambergris 
Cay a r e  associated with oceanic c i rculat ion pat terns  (fig.  10) i n  ~ h e  
Caribbean Sea (West - Indies - 9  Pilot  I, 1956, 20-25; Parr, 1935 : Vermeer, 
9 5  - 3  The m i n  Caribbean Current flowing westwards from the 
Lesser Ant i l les  s e t s  west and north from Cabo Gracias a Dios towards the 
Yucatan Channels. In  t h e  angle formed by t h e  Gulf of Honduras, a cam- 
ter-Current i s  created, flowin southwards. The main current flowing 9 northwards a t t a i n s  a r a t e  of lT-2 knots i n  summer, and i s  l e s s  powerful 
during the winter "northerstf. A t  t h i s  period the counter-current becomes 
stronger,  both on t h e  coastal  shelf  and round t h e  a t o l l s ;  it i s  said  t o  
extend as f a r  north i n  winter as  Banco Chinchorro. On t h e  coastal  shelf ,  
t h e  counter-current s e t s  south throughout t h e  year, and continues east- 
ward t o  Truxil lo and beyond. The currents round the a t o l l s  a r e  summarised 
i n  the  West Indies P i lo t  ( I ,  1956, 462, 460) a s  follows: 

IfIn t he  v i c in i ty  of Glover reef ,  Lighthouse reef,  and Turneffe 
is lands,  t he  currents during November, December and January 
depend on t h e  winds; a north-going current i s  experienced 
during westerly winds, and a south-going current during north- 
e r l y  winds. During February and March t h e  currents a r e  mainly 
north-going, with a r a t e  of about li knots. In  April and May 
they a r e  nearly south-going, with a r a t e  of about 1; knots. 
In  June, July and August t he  currents a r e  mainly north-going, 
with a r a t e  of about 14 knots, which increases t o  2 knots 
during September and Oc t~be r .~ f ;  I!.. .a strong west-going cur- 
rent  has been experienced on several  occasions between Glover 
Reef and Lighthouse Reef." (see a l s o  H.O. Misc. Pub. No. 1~690) .  

Tides a r e  l e s s  than 2 f ee t  throughout t he  area,  and t i des  on the 
a t o l l s  probably average l i t t l e  more than a foot (mral.:x xji$e Tables). 
More important i n  affect ing t h e  height of the  sea sur-~';.:.e on many occa- 
sions a r e  t he  winds: north winds may depress t h e  surface l eve l  6 inches 
t o  1 foot below i t s  normal position, exposing large amas  of sand, adja- 
cent t o  islands,  which a re  normally submerged, and exposing the upper 
par ts  of reef corals. Flecause of the  small t i d a l  range, t i d a l  currents 
a r e  not generally important, except i n  narrow passages between islands,  
especially t h e  narrow entrances (bogues, creeks) connecting t h e  Turneffe 
lagoons with t he  sea. These a r e  Locally suf f ic ien t  t o  make small-boat 
navigation d i f f i c u l t  against the  s e t  of t i d a l  currents. 



Even l e s s  is known of temperature and other conditions within t h e  
a t o l l  lagoons, though the re  i s  some evidence t h a t  temperature and s a l i n i t y  
a r e  l i a b l e  t o  extreme fluctuations within t h e  enclosed Turneffe lagoons. 
Smith (1941) quotes surface temperatures i n  August 1939 within the 
Southern Lagoon of 29.5°-310~. Sa l in i ty  within t he  Southern Lagoon dur- 
ing June 10-20th 1939 reached 70°/oo, compared with 4O0/oo a t  Calabash 
Cay on the  eastern reef .  By Awust t h e  lagoon s a l i n i t y  was back t o  
36-38O/oo; t h e  June high i s  explained by lack of r a i n f a l l  and high tem- 
peratures. Measurements i n  1938 a t  Man of War Cay (southern entrance of 
Southern Lagoon) averaged 37.6O/oo i n  June-August. These fluctuations 
i n  part  a t  l e a s t  may explain t he  absence of corals i n  t h e  Turneffe la-  
goons. The lagoons of Lighthouse and Glover's Reefs, open t o  t h e  sea, 
probably do not suf fe r  from these extremes. 

Surface temperatures measured i n  t h e  Southern Lagoon, Turneffe, i n  
June-July 1961 averaged 29'~, and i n  I&hthouse Reef lagoon 28.5OC. 
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IV. THE REBFS OF THE ATOLLS 

Species-composition --- of t h e  reefs  

It is proposed t o  t r e a t  the  reefs  of t h e  a t o l l s  together, ra ther  
than deal  with them under t he  more de ta i led  accounts of individual a t o l l s ,  
t o  avoid repe t i t ion  and aid  comparison. So f a r  as  i s  known, there  a r e  no 
previ@us descriptions of t h e  reef fauna o r  ecology of any of these a to l l s .  
A preliminary account of the d i s t r ibu t ion  of corals  on the  Rendezvous Cay 
reef-Patch, Barrier Reef, has been given by Thorpe and Bregazzi (1960), 
who list the  following species of stony corals. From work elsewhere on 
the Barrier Reef it appears that t h i s  l i s t  is r e ~ r e s e n t a t i v e  of t he  fauna 
of t h e  Barrier Reef in-general: only Meandrina meandrites was not found 
Eat. Rendezvous Cay, but was collected nearby. 

Table 1. Corals found a t  Rendezvous &y -- 
(Thorpe and Bregazzi 1960) 

Seriatoporidae: 
Madracis decactis  Lyman 

Acroporidae: 
Acropora cervicornis Lamarck 
Acropora palmata Lamarck 
Acropora pro l i fe ra  Lamarck 

Agariciidae: 
Agaricia agar ic i tes  Linnaeus 
Agaricia nobi l is  V e r r i l l  

Siderastreidae: 
Siderastrea radians Pa l las  
Siderastrea siderea E l l i s  and Solander 

Porit idae : 
Porites astreoides Lamarck 
Pori tes  divar icata  Lesueur 
Pori tes  furcata Lamarck 
Pori tes  por i tes  Pa l las  

Faviidae: 
Favia fragwn Esper - 
Diploria clivosa E l l i s  and Solander 
Diploria labgrinthiformis Linnaeus 
Diploria s t r igosa Dana 
Colpophgll: 
Xanicina 
Cladocora ~~'busc' i l la Lesueur 
Solenastrea bom~& Milne-Edwards and Haime 

- 
i a  natans Huller 
G o ~ i n n a e u s  

Nontastrea annular is  E l l i s  and Solander 
Nontastrea cavernosa Linnaeus 
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Trochosmiliidae: 

Dendronyra cvl indrus  Ehrenberg 

Mussidae: 
angulosa P a l l a s  

I sophy l l a s t r ea  r i g i d a  Dana 
Mycetophyllia lamarckana Milne-Edwards and Haime 
I sophy l l i a  m u l t i f l o r a  V e r r i l l  

Caryophyllidae: 
Eusmilia f a s t i g i a t a  p a l l a s  

Milleporidae: 
Millepora a . lcicornis  Linnaeus 
i 5 l l e p o r a  complanata Iamarck 

The reef  fauna of t h e  t h r e e  a t o l l s  i s  c l o s e l y  comparable with t h i s  
l i s t  from t h e  Barr ie r  fleef, but  not a l l  t h e  spec ies  found a t  Rendezvous 
were seen  on t h e  a t o l l  r e e f s .  Conversely, Meandria meandrites,  which is  
r a r e l y  seen l i v i n g  on t h e  k r r i e r  Reef and i s  r a r e l y  found i n  t h e  d e b r i s  
of sh ing le  r idges  on t h e  Bar r i e r  R e e f c a p ,  is a prominent cons t i tuen t  of 
sh ing le  r idges  on t h e  a t o l l s ,  e s p e c i a l l y  on Glover's and Lighthouse 
Reefs. No l i v i n g  colonies  have been seen on t h e  a t o l l s ,  however, which 
suggests  t h a t  it is r e s t r i c t e d  t o  deeper,  rougher w a t e r o n  t h e  seaward 
s lopes  of reefs .  

The Rendezvous Cay fauna corresponds c l o s e l y  with t h a t  of o ther  
r ee f  a reas  5.n t h e  Caribbean, though t h e  number of genera, excluding 
Millel>ora, whi.ch i s  20, and species  (28),  is l e s s  than  i n  Jamaica (25 and 
41 respect ive ly :  Goreau 1959). Table 2 summarises spec ies  records f o r  a 
number of Caribbean l o c a l i t i e s ,  including Alacran Reef (north of t h e  
Yucatan Peninsula) la or nicker and others1959), Rendezvous Cay (Thorpe and 
Bregazzi 1960), Pedro Sank ( ~ a n s  1958), Jamaica (Zans 1959; Goreau 1959), 
and Bimini, Bahamas (Squires  1958). The records made i n  1959-60 and 1961 
a t  Turneffe, Glover 's  Reef and Lighthouse Reef a r e  included, and though 
t h e  record f o r  t h e s e  a t o l l s  i s  by no means complete, t h e  most numerous 
and important species  a r e  probably included. Many of t h e  gaps a r e  un- 
doubtedly due t o  omissions i n  c o l l e c t i n g  r a t h e r  than  t o  non-occurrence. 
24 species  (excluding iti.llepora) a r e  common t o  t h e  a t o l l s ,  taken together ,  
and Rendezvous Cay. 5 spec ies  have been recorded a t  Rendezvous and not on 
t h e  a t o l l s ,  while  no species  i s  recorded f r o m t h e  a t o l l s  which i s  not a l s o  
seen a t  Rendezvous. The spec ies  not recorded from t h e  a t o l l s  a r e  a l l  
minor reef-builders:  Piadracis decac t i s ,  Acropora p r o l i f e r a ,  i igaricia  
n o b i l i s ,  I sophy l l i a  mul t i f lo ra ,  Cladocora arbuscula and Solenastrea 
bournoni. The comparison with t h e  records f r o m t h e  two nea res t  r ee f  
areas--Alacran and Pedro Bank--is a l s o  i n t e r e s t i n g .  Species recorded 
from t h e  t h r e e  a t o l l s  and not  from Alacran inc lude  P o r i t e s  d i v a r i c a t a ,  
Colpophirllia natans, Meandrina meandrites,  I sophy l l a s t r ea  r ig ida ,  and 
Nycetophyll ia  lamarckana; Colpophyllia amaranthus is recorded from 
Alacran but not  t h e  a t o l l s .  % a n s l s  records f r o m t h e  Pedro aank a r e  



Ta.ble 2 -- 
8 9 10 1 2 _ d - 4 - 2 - - -  

'tephanocoenia michelini - - - - - - - x x x  
Pfadr~cis decactis  - - - x - - - - x - 
Acropora cervicornis - X X X X X X X X -  
Acropora palmata x x x x x x x x x x  
Acropora pro l i fe ra  x - - x - - X X -  

Agaricia agar ic i t  es - - X X X X X X X X  

Agaricia f r a g i l i s  - - - - ... - X X -  

Agaricia nobi l i s  - - x -  - X X -  

Siderastrea radians 3 x x x  - - x x x  
Siderastrea siderea - x x x -  x x x x x  
Pori tes  astreoides x - x x x x x x x x  
Pori tes  branneri - - - - - - - x - - 
Por5.t es divar icata  - - - X X -  - - - x 
Porit es furcata  X X X X -  - x - - x 
Pori tes  por i tes  - - x x x x x  - x x  
Pavia fragum - - x x x x  - x x x 
Diploria clivosa x x x -  - x x x x  
Dip lo r ia labyr in th i fo rmis  x x x x x - x x x - 
Diploria s t r igosa x x x x x x x x x x  
Colpophyllia amaranthus - - x - - - - x x .. 
Colpophyllia natans - - - x - - x x x -  
Nanicina areolata  - - x x - x -  x x x  
Cladocora arbuscula - - - x - - - - x - 
Solenastrea bournoni - - - x - - - - x -  
Montastrea annularis x x x x x x x  X X X  

Montastrea cavernosa 7 x x  x x x x x  x x 
Oculina diffusa ? - - - - - - x x x  
Meandrina meandrit es - - - x x x  X X X -  

Meandrina bras i l i ens i s  - - .. - - - - x -  
Dichocoenia s tokes i i  - - - x - x - x x x  
Dendrogyra cylindrus - - - x x x  x x -  
Mussa angulosa - x x -  X X X -  

Isophyllastrea rigida - - x x  x x x x  x 
Mycetophyllia lamarckana - x - X X X X -  x - 
Isophyllia sinuosa - - - - - - - X X X  

Isophyllia multiflora - - - x - - - x x - 
Eusmilia. f a s t i g i a t a  - x x -  - x - x x 
Millepora sp. - - x x x x  X X - x  

1. Vera Cruz (Heilprin 1890) 
2. Rlanquilla (Koore 1960) 
3.  iilacran (Kornicker and others 1959) 
4,. Rendezvous Cay (Thorpe and sregazzi 1960) 
5. TurneCfe 
6. Lighthouse Reef 
7. Glover's Reef 
8. Pedro Bank (Zans 1958) 
9. Jamaica (Coreau 1959) 

10. Rimini, Bahamas (Squires 1958) 



based on boulder ma te r i a l  from t h e  cays only. Species recorded here and 
not on t h e  a t o l l s  inc lude  ~ teohanocoen ia  michel ini ,  Acrooora p r o l i f e r a ,  - 
Agaricia  f r a g i l i s ,  Anaricia  n o b i l i s ,  P o r i t e g  branneri ,  Colpophyllia 
amaranthus, Oculina d i f fusa ,  I s o p h y l l i a  s inuosa and I, mul t i f lo ra .  
Eecorded f r o m t h e  a t o l l s  and not from Pedro Bank a r e  P o r i t e s  p o r i t e s ,  
F o r i t e s  fu rca ta ,  Dendrogyra cgl indrus  and $lycetophyllia lamarckana. 

The a t o l l  fauna i s  t h u s  t y p i c a l l y  Caribbean, and agrees  i n  composi- 
t i o n  wi th  Goreau's hypothesis of a  species-maximum f o r  Caribbean c o r a l s  
i n  t h e  Jamaica-Puerto Rico-Florida-Bahamas area.  Thir teen spec ies  a r e  
common t o  a l l  t h r e e  a t o l l s ,  and they  a r e  a l l  conspicuous c o n s t i t ~ e n t s  of 
l i v i n g  r ee f s .  The l i s t  w i l l  probably be extended t o  include most, if not 
a l l ,  of t h e  Rendezvous Cay fauna, when t h e  a t o l l  r e e f s  a r e  b e t t e r  known. 
These t h i r t e e n  common species  a re :  

Acropora cervico- 
A c r o ~ o r a  palmata 
Agaricia  a n a r i c i t e s  Dendronyra cyl indrus - 
P o r i t e s  a s t r eo ides  I s o o h y l h s t r e a  r i g i d a  
P o r i t e s  p o r i t  es  
Diplor ia  s t r i g o s a  
Montastrea annu la r i s  

-- 

Nycetophyllia lamarckana 
Plillepora a l c i c o r n i s  

Zonation of t h e  r e e f s  

Much &ten t ion  has been devoted i n  r ecen t  years  t o  s t u d i e s  on t h e  
zonation of co ra l s  on r ee f s ,  both of a t o l l s  (on q i k i n i ,  Tracey, Ladd and 
H o f f m e i s t e ~  19k8, and Ladd, Tracey, !sells and Ehery 1950; and on Amo, 
Wells 1951 and Hia t t  1957) and o the r  reef-types ( f o r  example, Caribbean 
f r ing ing  r e e f s  i n  t h e  Barbados, Lewis 1960, and Jamaica, Goreau 1959). 
During t h e  1961 Expedition an  e f f o r t  was made t o  obta in  d a t a  on reef 
zonation on t h e  windward and leeward s i d e s  of each a t o l l ,  and a s e r i e s  of 
t r a n s e c t s  ( f i g s .  11, 12) were made by swimming across t h e  r e e f s  accom- 
panied by a boatman i n  a  doreg o r  dugout canoe. 1)oubtful specimens were 
c o l l e c t e d  f o r  l a t e r  i d e n t i f i c a t i o n ,  and f u l l  notes were made immediately 
on leaving t h e  water.  In  cases of doubt a  second t r a v e r s e  was made near  
t h e  l i n e  of t h e  first.  Unfortunately t ime only allowed one t r a v e r s e  on 
each s i d e  (windward and leeward) of each a t o l l ,  and t h e r e  i s  t h e  possi- 
b i l i t y  t h a t  t h e  l i n e  of t r a n s e c t  chosen is not  t y p i c a l .  Aqualungs were 
not used, and t h e  t r a n s e c t s  could not  t h e r e f o r e  be ca r r i ed  i n t o  depths 
g r e a t e r  t h a n  c. 30 f e e t .  F ina l ly ,  on t h e  windward s ides  of a t o l l s ,  it 
genera l ly  proved jmpossible t o  pene t ra t e  seaward of t h e  breaker  zone: 
t h e  t r a n s e c t  was continued u n t i l  turbulence  made v i s i b i l i t y  n i l .  The 
t r a n s e c t  a r e a s  were subsequently flown over a t h e i g h t s  of 1-200 f e e t  
f o r  observat ion of t h e  zone beyond t h e  breakers ,  and photographed. 
Depths and d i s t ances  a r e  e s t i m t e d .  The l i m i t a t i o n s  of t h e s e  t r a n s e c t s  
a r e  t h e r e f o r e  c l e a r :  never the less ,  s i n c e  i n  most cases zonation i s  
c l e a r l y  apparent ,  and s ince  t h e r e  i s  a b s o l u t e l y  no p b l i s h e d  informa- 
t i o n  on these  r e e f s  ava i l ab le ,  t h e  t r a n s e c t s  a r e  included here. 



I. The windward reefs  ( f i g .  11) - -- -- 
A, East reef,  Turneffe Islands 

The Turneffe Islands a r e  surrounded by a reef which on the  eas t  
s ide i s  narrow, well-defined, breaks surface, and i s  l ined by surf,  and 
on t h e  west s ide i s  wider, more diffuse,  and generally submerged. Small 
boats can cross t h e  %rest reefs  a t  alnost  any point, but can only cross 
t he  east  reefs  by a number of narrow reef gaps. The east  reef was in- 
vestigated a t  Calabash Cays: the  weather was calm, and the t ransect  was 
swum from L i t t l e  Calabash Cay across the  reef  cres t  in to  deep water be- 
yond. The following zones were recognised: 

A 1. Seaward shore of cay. 

A 2. Sand and rubble platform adjacent t o  t h e  cay. This i s  covered 
with 6-12 inches of water and i s  some 200 feet  wide. It i s  carpeted with 
Thalassia and small green algae, including Halimeda. The sand content of -- 
the f l a t  diminished seaward, and near i t s  outer edge the platform consists 
of b r i t t l e  Pori tes  rubble. 

A 3. Reef f l a t .  A sandy area sloping gradually seaward, under 
12-18 inches of water, 20-30 yards wide. Small corals (- fragum, 
Porites divar icata)  and sea-urchins (~iadema) a r e  scattered i n  t h e  
t u r t l e  grass.  

A 4. Inner reef zone. A sandy bottom under two f ee t  of water, 
with scat tered colonies up t o  a foot i n  diameter of Montastrea annularis, 
Pori tes  astreoides and Dendromra cylindrus, with small colonies of 
Siderastrea radians. Sea fans and sea-whips a r e  a l so  found. 

A 5. Cervicornis zone. Same a s  zone 4, but with a ground cover of 
Acropora cervicornis, much of it dead. The Xontastrea and Porites colo- 
nies a.re larger (up t o  2 feet  diameter), but sea fans and sea-whips a r e  
not important. 

A 6. Annularis zone. This is located immediately t o  landward of 
t he  breaker zone: t he  dominant colonies a r e  l a m e  massive blocks of . L, 

Montastrea annularis, Pori tes  astreoides,  Dendrogyra cylindrus and 
Siderastrea siderea. Minor consti tuents include both encrusting and 
foliaceous Agaricia, scattered Acropora cervicornis,  and massively-built 
but scat tered Acropora palmata with branches current-swept lagoonward. 
The l a rge r  colonies a r e  intersected by deep winding channels 6-8 f ee t  
deep, fioored with coarse, often rippled sand. The zone i s  10-15 yards 
wide. 

A 7. Reef-crest ( ~ ~ a r i c i a )  zone. This consists of massive blocks 
of largely dead coral, covered on the upper surface almost exclusively 
with Aaaricia agar ic i tes .  Channels between the blocks are  up t o  10 fee t  
deep. The zone has a width of only a few yards. 

A 8. Outer slope. A platform 10-15 f ee t  deep, and deepening sea- 
ward. Colonies a r e  ra ther  small, perhaps averaging 2 feet  i n  diameter, 
and very varled (Montastrea, Porites,  Siderastrea) . Between the boulder- 
l i k e  forms a re  scattered lou colonies of Acropora palmata and Acrooora 
cervicornis. 



B. &st reef ,  Lighthouse Reef - -- 
Lighthouse Reef is surrounded on a l l  s ides  by a well-defined reef 

f l a t  edged with l iving coral ,  r i s ing  on t h e  one s ide  f romthe  lagoon 
f loor  and on the other plunging s teeply down in to  greatdepths. The reefs 
a r e  thus  more c lear ly  defined than those of Turneffe. Several t ransects  
were swum i n  the Half Moon Cay area: immediately southeast of t he  cay, 
half a mjle t o  the north, and two miles t o  t h e  north. That southeast of 
t he  cay was i n  deep water beyond the  reef c r e s t ,  and follows on natural ly  
from t h a t  half a mile t o  t h e  north, which ends a t  t he  breaker zone. The 
two traverses may be combined as  follows; Zones B1-5 are  f romthe  bran- 
sec t  half a mile north of t h e  cay, B6 from t h a t  southeast of t he  cay, 
while 85 is common t o  both. 

B 1. Reef f l a t .  3-6 feet  deep, and deepening lagoonward; covered 
with large patches of Thalassia over a sandy bottom, d . t h  very large 
specimens of Nanicina areolata  and occasional Favia fragum and Siderastrea 
radians. 

B 2. Lithothamion pavement: a rocky bottom 2&3& fee t  deep, 
covered with pink encrusting Lithothamion and numerous unattached nodules 
2-4 inches long of Lithothamnion. Occasional boulders of Porites 
astreoides,  Dioloria s t r igosa and Montastrea annularis. Width 20-30 
yards and over. 

B 3. Palnata zone. Bottom carrying 2-3 fee t  of water, with massive 
colonies of Acropora palmata current-swept lagoonward, and smaller colo- 
nies  of Porites astreoides.  

B 4. Nixed reef zone: similar i n  depth t o  zone 3, but more diverse: 
i n  addition t o  A, palmata and P, astreoides there  a r e  elongate colonies 
of Pori tes  por i tes  and smaller colonies of &ar ic ia  agar ic i tes .  Vodular 
Lithothamnion i s  strewn on t h e  floor between the  colonies. 

B 5. Elevated reef-rock zone: dead, eroded reef-rock, well cemen- 
ted but highly f re t ted  and bored, r i s ing  i n  small outcrops 12-20 inches 
above sea level.  The s ides  a r e  fringed with gi l lepora  and algae, and 
a r e  undercut below sea-level. The la rges t  of t h e  emerged ~ a t c h e s  i s  only 
about 4. fee t  long; and i n  t he  intermediate sections there  i s  often a zone 
of dead reef-rock, s imilar  i n  appearance but submerged, with clumps of 
Millepora. 

B 6. Outer slope. Beyond t h e  elevated reef-rock zone the f loor  
f a l l s  steeply from 3-4 f ee t  t o  over 20 fee t ,  where it levels  out t o  form 
a deep platform, covered with large and very massively bu i l t  Acropora 
palmata, which i s  completely dominant. These a r e  by f a r  the largest  
specimens seen anywhere on t h e  reefs,  fonning t r e e s  10-20 fee t  ta.11. 
getween the  A. p a lmta  there  i s  a carpet of o~en-branched Acropora 
cervicornis_, interrupt,ed here and there by large blocks of dead reef-rock . . 
topped wl.th _Aniirj ci.a a,qat-; ci.tes . ~ i  M i l l g ~ o r +  complanak%. Between the  
coral  coloni r.s the  f l oo r  i s  ful.:rieii of white rippled sand. 



C, East  r e e f ,  Glover ' s  Reef - - 
Like Lighthouse Reef, Glover 's  Reef i s  surrounded on a l l  s i d e s  by 

a sharply  defined r e e f ,  edging a wide r e e f - f l a t ,  which i n  t h e  case of 
Glover's Reef i s  much more sharply def ined  lagoonward than  on Lighthouse 
Reef. The r e e f s  a r e  s t e e p t o  round t h e  whole a t o l l  perimeter.  The wind- 
ward reef  t r a n s e c t  was made save ra l  hundred yards nor th  o f  Northeast Cay, 
about one-third of t h e  d i s t ance  along t h e  e a s t  reef  from i t s  southern 
end. The following zones were recognised: 

C 1. Reef f l a t .  A sand f l a t  3-5 f e e t  deep, covered with a low mat 
of yellow a lgae ,  Kalimeda, and Pen ic i l lu s ,  with very s c a t t e r e d  colonies of 
P o r i t e s  p o r i t e s  o f  b r i l l i a n t  blue colourat ion.  

C 2. %ri t ,es  zone. The f l o o r ,  which c a r r i e s  3 f e e t  of water ,  i s  
covered with broken branches of -- Acropora ce rv ico rn i s ,  with s c a t t e r e d  l i v e  
colonies  of -- P o r i t e s  d iva r i ca ta .  Algae a r e  unimportant. 

C 3. Annul-aris zone. The r e e f - f l a t  deepens s l i g h t l y  t o  3-4 f e e t ,  
and t h e  dominant c o r a l  i s  14ontastrea annu la r i s  i n  l a r g e  colonies. Also 
present  a r e  boulders of P o r i t e s  -- - J  a s t r e o i d e s  Diplor ia  s t r i g o s a ,  Diplor ia  
c l i v o s a  and S ide ras t r ea  s iderea .  

C 4. Porites-Lithotbamnion zone. Seaward of zone 3, t he  l iontastrea 
annu la r j s  ceases abruptly,  t h e  sea  f l o o r  shoals  s l i g h t l y ,  and i s  covered 
with Acropora ce rv ico rn i s  - rubble and very abundant nodules of pink 
Li thothamion.  The only l i v i n g  c o r a l  present  i s  P o r i t e s  =reoides, i n  
small co lonies  spaced a p p r o ~ ~ a t e l y  s i x  f e e t  a p i r t  ( c f .  B2, ~ 4 ) .  

C 5. Reef c r e s t .  Beyond t h e  Porites-Lithothammion zone the  f l o o r  
begins t o  f a l l  away seaward, a s  seen i n  t h e  narrow and i n t r i c a t e  passages 
between t h e  g r e a t  blocks of dead reef-rock f o r m h g  t h e  reef-crest .  
These blocks appear t o  be formed mainly of iicropora p a h a t a ,  and r i s e  t o  
wi th in  a few inches of t h e  surface.  They a r e  encrusted with Lithothamnion, 
and near  t h e i r  upper sur face  with i igasicia  a g a r i c i t e s  ( c f .  ~ 7 ) .  P o r i t e s  
p o r i t e s  and Millepora a r e  present  i n  smal l  amounts. KO l i v i n g  Acropora 
palmata was seen, and only very occasional  K. cervicornis .  There i s  a 
f a i r l y  dense growth of Halimeda on t h e  walls of t h e  reef-rock masses, 
and a considerable population of zoanthids. The bottoms of t h e  channels 
c o n s i s t  of coarse Lithotha- rubble. 

( C  6. From a i r  reconnaissance i t  seems t h a t  seaward of t h e  breakers 
t h e r e  i s  a well-developed groove-and-buttress zone, cons i s t ing  mainly of 
Acropora paknata, and probably c lose ly  comparable with zone B6 a t  
Lighthouse Reef. Unfortunately it could not  be d i r e c t l y  observed here.) 

11. The Leeward reefs ( f i g .  12)  - 
t iest  r e e f ,  Turneff e I s l ands  D. - - 
By c o n t r a s t  t o  t h e  e a s t  reef  ( t r a n s e c t  A), t h e  west reef  of Turneffe 

does not  break su r face  o r  r i s e  t o  a well-marked c r e s t .  Reef growth 
r a t h e r  begins a considerable d i s t ance  from t h e  mangrove f r i n g e ,  from 
which it i s  separated by a ' lagooni 15-2 fathoms deep, seve ra l  hundred 
yards  wide, and f loo red  with Thalassia .  The bottom of t h i s  lagoon slopes 



gradua l ly  from t h e  mangrove f r i n g e  t o  deeper water and c o r a l  co lonies  
1 i a r e  Xiinply d i s t r i b u t e d  on t h i s  s lope,  beginning %-z mile from t h e  man- 

grove, and continuing se~viard  f o r  3-400 yards and more. The t r a n s e c t  
i s  taken i n  t h e  l a t i t u d e  of Znglish C q ,  t h a t  i s  about ha l f  way along the 
length  of t h e  e a s t e r n  r ee f .  The fo l lowing zones a r e  recognised: 

D 1. Lagoon, 9-12 f e e t  deep, with a sandy f l o o r  t h i c k l y  covered 
with Thalass ia  and gorgonians. 

D 2. Tha1.assia-Gorgonisn zone, 5-10 f e e t  deep, s i m i l a r  t o  zone D l  
but  shallower, with sca t t e red ,  mainly small colonies of 1"intastrea a n n u h r i s  
and P o r i t e s .  The most conspicuous element i s  t h e  pop .~ la t ion  of l a r g e  and 
var ied  gorgonians. No l a r g e  a l g a e  were seen. 

D 3. Gorgonian zone. This  i s  i n  a l l  respects  s i m i l a r  t o  zone D2, 
except t h a t  t h e  Thalass ia  ca rpe t  i s  absen t ,  and t h e  bottom i s  formed of 
white sand. 

D 4. 'iain reef  zone. This  has depths of 10-15 f e e t  and a f a i r l y  
f 13% bottom. The dominant c o r a l s  .are pontas t rea  annular i s ,  Diplor ia  
l a b y r i n t h i f  ormis and Din lo r i a  s t r i g o s a ,  with P o r i t e s  p o r i t e s  and naaricia_ 
a g a r i c i t e s ,  and. small  co lonies  of Dendrop:vra cylindrus, i 'iontastrea 
cavernosa, and occas ional ly  $&cetophgllia lamarckana and Isoplmllastre-1 
r i d  Three subzones, from lagoon t o  sea, may be recognised: 

a )  the  c o r a l  co lonies  a r e  larrze and sca t t e red .  and in t e r spe r sed  
with gorgonians and some sponges from zones D2 and D3. 

b) the  c o r a l  co lonies  a r e  l a r g e  and c l o s e l y  spaced, with a con- 
t inuous  undercarpet,  no t  more than  2 f e e t  high, of open-branched Hcronora 
cerv icornis .  Gorgonians and sponges a r e  of small  importance. 

c )  c o r a l  colonies a r e  spa r se r ,  and t h e  cerv icornis  carpet  g ives  
~ a y  t o  a sandy bottom, populated with very  l a r g e  gorgonians, 4-5 f e e t  
high, and sponges. 
Subzone (b)  i s  c l e a r l y  t h e  main reef  zone. Only a s i n g l e  small  colony of 
Acropora palmata was seen i n  t h i s  t r a n s e c t .  

D 5. Here t h e  bot-tom s lopes  s t e e p l y  i n t o  the  blue, and i s  covered 
with much rubble. It i s  s c a t t e r e d  with var iousemal l  c o r a l  co lonies  n o t  
i d e n t i f i e d .  

E. West r e e f ,  L- Reef - -- 
The leeward reef of L,ight,house Reef d i f f e r s  g r e a t l y  from t h a t  of 

Turneffe. Al-ong t h e  g r e a t e r  F a r t  of t h e  west s i d e  of t h e  a t o l l  t h e r e  i s  
a continuous r i m  of l i v i n g  reef  a t  t h e  surface,  edging a wide sandy reef-  
f l a t ,  and f a l l i n g  f.airly r ap id ly  from t h e  r ee f -c res t  i n t o  deep water on 
t h e  o u t e r  s ide .  Because of i t s  leeward loca t ion  t h e  r ee f  i s  r a r e l y  
l i n e d  by breakers o r  su r f ,  except dur ing  winter  "northers",  and then 
never t o  t h e  same ex ten t  a s  t h e  e a s t e r n  r ee f s .  The reef  r i m  i s  so con- 
t inuous  t h a t  small  f i s h i n g  boats can on ly  c ross  a t  one o r  two poin ts :  
t h e  most important of these  gaps l i e s  on t h e  west s i d e  of Long Cay and 
continues northwards a l a o s t  t o  t h e  l a t i t u d e  of Saddle Cay. It i s  c l e a r l y  
shown on a i r  photographs and c a r r i e s  1-2 fathoms water. A t  occas ional  
po in t s  on t h e  r e s t  of t h e  r ee f  it i s  poss ib le  f o r  f i s h i n g  boats  t o  f i n d  
a passage between the  c o r a l  heads i n  4-5 f e e t  of water; one such poin t  
l i e s  almost ha l f  way along t h e  r ee f  between t h e  main gap and Northern Cay. 
These po in t s  a r e  known t o  l o c a l  fishermen. 



The transect was made half way along the east  reef ,  near the  pas- 
sage referred to .  The following zones a r e  c lear ly  recognised a t  t h i s  
point: 

E.1. Reef f l a t .  A wide expanse of barren white sand, 4-5 f e e t  
2eep and more than 200 p r d s  wide, lackj.ng corals,  gorgonians, sponges 
and algae. The sand i s  f a i r l y  coarse, and dead Halimeda i s  important. 

E 2. Gorgonian zone, This i s  a narrow zone, about 10 yards wide, 
where the reef-f la t  i s  covered with sea fans  and sea whios. and swarselv 
scattered with small colonies of i b n t t a t r e a  annularis. i l & e  are 'not  of 
conspicuous importance. 

E 3. Cervicornis zone. Seaward of the gorgonian zone, the reef- 
f l a t  i s  covered exclusively with a carpet of l iv ing loose-branched 
Acropora Cervicornis, i n  which no other colonial  organisms a re  of impor- 
tance. The zone i s  f a i r l y  continuously developed l a t e r a l ly ,  though only 
a few yards wide, and d i f fe rs  markedly from the zones on e i ther  side. 

E 4. Reef-crest. A t  the  outer edge of zone E3, the sea f l oo r  be- 
gins t o  f a l l  from 4-5 f ee t  i n  depth t o  8-10 f e e t  over a distance of 20-40 
yards. The dominant coral  i s  Plontastrea annularis i n  large compound 
colonies many f e e t  i n  diameter. Towards the outer edge are  large wave- 
swept colonies of I icropra palrnata; i n  and around Knem there  are  abun- 
dant encrusting and upright colonies of Mllepora complanata and g. 
alcicornis .  Between the iiiontastrea a r e  globular clumps of Porites 
por i tes ,  and on the sides of t h e  la rger  Eontastrea blocks smaU subsi- 
diary colonies of l~lycetophyllia lamarckana and Isophyllastrea rifiida. 
Encrusting Lgaricia - agar ic i tes  i s  abundant, but no foliaceous iigaricia 
was seen. Small boulders of iiontastrea cavernosa and Dendromra 
cylindrus were also noted, b u m r i a  o r  Siderastrea.  There a r e  
numerous sea fans and sea whips i n  t h i s  zone, but quite subsidiar~r i n  
number t o  the stony corals. 

E 5. Zone El+ ends qu i te  abruptly on the seaward side,  C O ! ! U I I O ~ ~ ~  

a s  an interrupted ve r t i ca l  wall of Piontastrea, with i t s  base a t  about 10 
f e e t  depth. From t h i s  point the bottom f a l l s  f a i r l y  uniformly t o  depths 
of LO-50 f e e t  i n  100 vards. and i s  l o s t  i n  the blue. The bottom is  com- " 
posed of loose white sand t ~ i t h  much FJalineda, and occasional small colo- 
nies  of Kontastres annu la r - ,  3. cavernos ,  Siderastrea siderea, and 
Dichocoenia s tokesi i .  There a r e  no gorgonians. ~ i r  reconnaissance shows 
the absence along the leeward reefs  of any groove-and-buttress system. 

. -- West reef ,  Glover's Reef 
The general form of the leeward reefs  of Glover's Reef resembles 

t h a t  of ~ i & t h o u s e  west reef ;  it i s  continuous, h i t h  very few openings, 
none of them sui table  fo r  sa i l ing  vessels  drawing more than 5 fee t .  it 
i s  steep-to on the seaward side,  and edges a wide shallow reef - f la t ,  
which f a l l s  away steeply lagoonward t o  a deep lagoon f loor .  The only im- 
portant gap i s  near the old s i t e  of Rushy Cay, bearing Northeast Cay 
130°, Southwest Cay 11 180° (uncorrected compass bearing): it i s  not a 
gap i n  the usual sense, but simply a narrow zone of reef-f la t  where t he  
edging corals grow l e s s  profusely, and cannot be found without l oca l  
knowledge. The transect i s  made immediately north of t h i s  point: 



F 1. Reef f l a t ,  a t  l e a s t  100 ya rds  wide, coarse white sand, with 
much dead Halimeda and Foraminifera, but  devoid of l a r g e r  organisms. It 
i s  4-5 f e e t  deep, and c lose ly  comparable t o  zone E l  a t  Lighthouse Reef. 

F 2. Hixed ce rv ico rn i s  zone. A s l i g h t l y  shallower f l o o r  s u p p r t -  - 
a ca rpe t  of Acropora cerv icornis ,  l i b e r a l l y  in t e r spe r sed  with small  

boulders of P o r i t e s  a s t r e o i d e s  and iiiontastrea annular*, with much up- - 
standing Ni l lepora  a l c i c o r n i s .  The zone i s  some 10 yards wide, and grades 
seawards i n t o  

. . . F 3.  mxed  pahnata zone. This is much t h e  same a s  zone F2, but 
deepens seaward from 5 t o  8 f e e t .  Large bu t  s c a t t e r e d  iicropora palmata 
Colonies r i s e  from a c3rpet  of A. ce rv ico rn i s ,  I i i l lepora ,  Agaricia 
aJaricites, and many sea, whips. This  zone forms t h e  r ee f  c res t .  

F 4. Annularis zone. A zone 30-40 ya rds  wide, f a l l i n g  seawards t o  
15-16 f e e t ,  with a f a i r l y  continuous cover of low, small boulder-like 

F 5. This i s  a continuat ion downslope of zone F4 i n t o  depths Of 
over 30 f e e t .  The l i m i t  of t h e  zone was no t  seen but it i s  a t  l e a s t  
30-40 yards wide. iis t h e  water deepens t h e  colonies  become more massive 
and t a l l e r .  Long b u t t r e s s e s  of Nontastrea a.nnularis a r e  a l igned down- 
s lope,  and. p i l l a r s  of Dendroggra cg l ind rus  r i s e  conspicuously between 
them. Dip lo r i a  s t r i g o s a ,  Fiycetoph;ylLia lamarckana, I sophyl las t rea  a, and conspicuous clumps of Eusmilia f a s t i g i a t a  a r e  a l s o  t o  be 
seen. 

General f e a t u r e s  of t h e  reef  t r a n s e c t s  --- 
These t r a n s e c t s  r e v e a l  a considerable v a r i e t y  i n  t h e  a t o l l  r e e f s  

- - i f ,  indeed, they a r e  r ep resen ta t ive  of more than  l o c a l  conditions-- 
though a number of common c h a r a c t e r i s t i c s  may be seen. The windward 
r e e f s  of Lighthouse and (;lover's Reefs both show extens ive  pavements of 
nodular and encrus t ing  Litfmthamnion, which a r e  conspicuously lacking  on 
the  windward r e e f s  of Turneffe, t h e  leeward r e e f s  of a l l  t h r e e  a t o l l s ,  
and over much of t h e  b a r r i e r  reef .  The presence of massive Hcropora 
p a h a t a  on t h e  o u t e r  s lopes  beyond t h e  breakers  i s  common on the  windward 
reefs .  Eontas t rea  annu la r i s ,  with I 'or i tes  and A&arj..cia., a r e  the  chief  
co lonisers  of t h e  windward reef f l a t s  on Lifihthouse and Glover 's  Reefs. 
The windward ree f  of Turneffe, ~ r o t e c t e d  frgn t h e  e a s t e r l i e s  by Lighthouse 
Reef, i s  q u i t e  d i f f e r e n t :  g. annu la r i s  i s  again important,  but 5. p a h a t a  
much l e s s  so, and t h e  reef-crest  c o n s i s t s  only o f  A ~ a r i c i a  a # r i c i t e s .  
This  i s  s t rongly  reminiscent  of t h e  reef -cres t  on t h e  b a r r i e r  reef  nor th  
of Gladden S p i t ,  where a subsequent t r a n s e c t  showed a c r e s t  again com- 
posed of A m  a g a r i c i t e s  over dead cora l .  

The leeward r ee f s  a l s o  show h p o r t a n t  d i f f e rences  and s i m i l a r i t i e s .  
Turneffe i s  unj.que i n  having no well-defined reef -cres t  o r  even a t r u e  
r e e f - f l a t ,  which may be explained by i t s  doubly-protected location--with- 
i n  a few mi les  of the  b a r r i e r  reef  t o  leeward, and protec ted  by long man- 



grove banks t o  windward. Lighthouse and Glover ' s  leeward r e e f s  a r e  more 
c l o s e l y  comparable. I n  both cases t h e r e  i s  a wide, shallow barren reef 
f l a t ,  f r inged  with a r ee f  complex cons i s t ing  mainly of f i ion tas t r z  
annularj.5, kcropora ce rv ico rn i s ,  o the r  boulder-like co ra l s ,  and a l i t t l e  
A. p a h a t a  i n  t h e  wave zone. The main apparent  d i f f e rence  i s  i n  t h e  - 
deep extension seaward of I?ontastrea and D e n d r m  on Glover 's  Reef, - 
compared with t h e  dwindling seawards of r ee f  c o r a l s  from t h e  reef c r e s t  
on Lighthouse Reef. 

The reef  complexes i l l u s t r a t e d  i n  t h e s e  six t r a v e r s e s  can be i n t e r -  
pre ted  l a r g e l y  as responses t o  d i f f e r i n g  degrees of exposure t o  waves, 
winds, and wave- and wind-generated cu r ren t s ,  a f f e c t i n g  b t h  t h e  p h p i o -  
g r s ~ h y  of t h e  r e e f  and i t s  composition. This l a t t e r  can bes t  be i l l u s -  
t r a t e d  by t h e  d i s t r i b u t i o n  of c e r t a i n  i n d i c a t o r  organisms, such a s  
Acropora p l m a t a ,  Lithothamnion, and gorgonians. The windward r e e f s  
of Lighthouse and Glover 's  Reefs a r e  most exposed; the  leeward r e e f s  and 
t h e  windward r e e f s  of Turneffe next so; while t h e  most pro tec ted  of 311 
t h e  a t o l l  r e e f s  i s  t h e  leeward reef  of Turneffe. Sec t ions  of t h e  leeward 
reef  of Turneffe i n  f a c t  bear a s t r i k i n g  resemblance t o  the  northern 
reef-complex of t h e  Rendezvous Cay patch-reef,  descr ibed  by Thorpe and 
Bregazzi (1960). Taken as a whole, t h e  r e e f s  of Lighthouse Reef and 
Glover 's  Reef a r e  c l o s e l y  comparable i n  t h e i r  form; while t h e  r e e f s  of 
Twnef fe  show s u f f i c i e n t  d i f ferences  from these  t o  s tand i n  a c l a s s  by 
themselves. 

Lagoon Reefs 

Remrks have so f a r  been confined t o  t h e  pe r iphe ra l  r e e f s  of the  
a t o l l s ,  and nothing has  been s a i d  of r e e f s  s i t u a t e d  wi th in  t h e  lagoons. 
I n  t h e  case of Turneffe no growing c o r a l  was seen a t  any poin t  within t h e  
i n t e r i o r  lagoons, though it i s  at  l e a s t  poss ib le  t h a t  t h e  Thalassia  beds 
of t h e  lagoon f l o o r s  inc lude  unattached colonies  of Pianicina a r e o l a t a  
and Cladocora arbuscula. The shallow lagoon of Lighthouse Reef inc ludes  
a number of patch-reefs reaching surface ,  of small  a rea  and without pro- 
nounced zonation; - the  dominant c o r a l  i s  iicropora pahnata on t h e  upper 
p a r t s  of t h e  patch. I n  t h e  Glover 's  Reef lagoon, however, t h e  wtches  
a r e  l a r g e r  i n  a rea ,  r i s e  from much deeper water, and a r e  very numerous. 
Many were s e e n a t  c l o s e  qua r t e r s  front the  a i r ,  and one was inves t iga ted  
i n  d e t a i l  under water. 

The patch i s  loca ted  bearing Long Cay 700, Piiddle Cay 135O, and 
Southwest Cays 2150 (uncorrected compass bearings);  it r i s e s  s t eep ly  from 
the  lagoon f l o o r ,  here l y i n g  a t  a depth of 48 f e e t  ( 8  fathoms). It i s  
roughly c i r c u l a r  i n  shape, withamaximum diamnie-ter of about LOO yards,  and 
t h e  mean depth over  t h e  g r e a t e r  p r t  of t h e  t o p  of t h e  patch of 4-5 f e e t .  
There i s  a very pronounced zonation of c o r a l s  on t h i s  patch, repeated 
( a s  seen from t h e  a i r )  on many o t h e r s  of t h e  Glover 's  lagoon patch-reefs. 
Approximately h a l f  t h e  r i m  of t h e  patch on t h e  e a s t  and nor theas t  s i d e s  
cons i s t s  of a zone of dominantly compact, close-branched Acropora 
ce rv ico rn i s ,  2-3 f e e t  i n  th ickness  and 5-10 yards  wide. Scat te red  colo- 
n i e s  of massive A. nalrnata r i s e  from t h e  c e r v i c o r n i s  at, i n t e r v a l s ,  es- 
p e c i a l l y  near  t h e  wave-break zone. Towards t h e  l a t e r a l  ex t remi t ies  of 
t h e  cerv icornis  zone, ~ r v i c o r n i s  becomes l e s s  dominant, and t h e r e  a r e  
l a r g e  pztches of Pos i t e s  p o r i i e s  and I-iontastrea annulariz .  On the  



upper surface of t he  patch, sheltered by the cervicornis zone and close 
t o  it, and extending i n  d i f fuse  lobes round the  patch margins, a r e  large 
boulder-corals, mainly Montastrea annularis, with a lso Siderastrea 
siderea, Colpophyllia natans, 1soph;yllastrea rigida, Fori tes  astreoides,  
Diploria str igosa,  and encrusting ugaricia. l';ussa angulosa i s  present 
i n  small but conspicuous clwnps, nest l ing i n  hollows of la rger  colonies. 
The centre of the patch, 4-5 f e e t  deep and with a sandy bottom, has 
l i t t l e  coral, apar t  from some straggling,  loose-branched Acropora 
cervicornis and small colonies of Xontastrea annularis and Pori tes  
astreoides,  No Nontastrea cavernosa was seen on the reef ,  and l i t t l e  
IvIillepora. 

This zonation suggests tha t  t he  reefs  within the lagoon on Glover's 
Reef a r e  s t i l l  suf f ic ien t ly  exposed t o  respond t o  the influence of the 
ea s t e r l i e s ,  probably i n  pa r t  because of the depth of t he  water (10-20 
fathoms over much of the  bottom); whereas on Lighthouse Reef, t he  e f fec t  
of wind and waves i s  damped down by the  shallowness of t h e  lagoon. 

Relative importance - of species - i n  reef-building 

The zonation and r e l a t i ve  importance of t he  corals i n  building the 
a t o l l  reefs  agrees well with what i s  known from IZendezvous Cay and other 
!&lest Indian reefs. Taking the prof i les  as  a whole, the  dominant coral  
on the reef f l a t ,  and i n  l e s s  turbulent areas of the  seaward slope, i s  
hontastrea annularis, followed by other corals of similar habit  of the 
genera Siderastrea and Diploria. In turbulent water and on the seaward 
slope of windward reefs  Acropra  p l m a t a  i s  overwheh~ingly dominant. It 
should be noted t h a t  i n  no case was t h i s  outer palmata zone pursued t o  
depths of more than 30 f e e t ,  and tha t  Newell, drawing on Bahaman experi- 
ence, described an even lower zone of Piontastrea annularis a t  depths of 
30-60 f e e t  (Newell, 1951, 251). u t  the  same time, though he spoke of 
West Indian reefs;', he c lear ly  had i n  mind  aha am an examples where the 
l i v ing  reefs  a r e  s e t  b c k  from the edge of the seaward slope, a condi- 
t i on  which does not occur i n  Br i t i sh  Honduras, t o  which his  generalisa- 
t ions  do not necessarily r e f e r  (Newell and others,  1951). 

The primary importance of ic annularis a s  a reef-builder i n  the  
Caribbean area has been stressed-in Jamaica by Goreau (1959, 84-85), i n  
Barbados by Lewis (1960), and i n  the Bahamas by Newell (Newel1 and others 
1951, 23; Newell and others 1959, 213; Newell and lmbrie 1955; Newell 
and Rigby 1957). Along t h e  upper seaward slopes of windward reefs ,  how- 
ever, the  Montastrea dominance i s  replaced by massive branching colonies 
of kcropora palmata up t o  1 5  f e e t  high (except on the "protected" wind- 
ward reef of Turneffe), with some A. cervicornis and scarcely any globu- 
l a r  colonies. Newel1 and co-workers noticed s imilar  conditions a t  
iindros, Bahamas ( ~ ~ e w e l l  and others,  1959, 213), and Zans (1959) was in- 
cl ined t o  rank A. palmata - . .. ixfore ---- l~lontastrea as  t he  most important reef- 
building coral Ef: Jamaica. Ginsburg suggested t h a t  on the Florida reefs  
A .  palmata i s  "the primary s t ruc tu ra l  element of the  reef mass.. . . ( i t )  - 
provides both a framework, around and on which d e t r i t a l  material  can ac- 
cumulate, a s  well as  considerable cobble- and boulder-like debris" 
(1956). H i s  description of the  Flor ida reefs  accords well with windward 



reefs  i n  Bri t ish  Honduras, but taking the reefs  a s  a whole, the palmata 
community is a res t r ic ted  one, and the globular corals more important. 
Goreau suggests t h a t  the palmata community "probably indica.tes a reef 
conmunity i n  the l a t e r  stages of development. To provide the shallow 
conditions necessary f o r  the growth of t h i s  coral  however, a sui table  
platform must f i r s t  be formed; i n  many cases t h i s  i s  accomplished by the 
a c t i v i t i e s  of other cora l  species.. . .predominantly by Hontastrea 
annularis" (Goreau 1959, 85). This reason, and the ecological res t r ic -  
t i o n  of ;eaImata t o  cer ta in  areas ,  indicate  t h a t  &fontastrea is the gene- 
r a l l y  most important reef-builder i n  Br i t i sh  Honduras. 

Role Of encrusting algae i n  reef-building 
7- - 

!<any recent papers (Ladd, Tracey, Cjells and Emery, 1950; Tracey, 
Cloud and Emery, 1955; Wells, 1957, 614-5) have stressed the importance 
of encrusting algae i n  atoli-reef formation, par t icular ly  following de- 
t a i l ed  work i n  the  Karshall Islands. One of the most conspicuous fea- 
tures  of reefs  i n  t h i s  group i s  a ridge of pink encrusting algae 
("Zithothamion Ridge" or ltiilgal Ridgen) a t  the outer edge of t he  reef 
f l a t ,  exposed a t  low t ide ,  and best developed on the windward s ide of 
a t o l l s  (Tracey, Ladd and Hoffmeister, 1948; Emeqy, Tracey and Ladd, 
1954, 25-27). Darwin had long ago recognised t h i s  feature,  which he 
termed a "breakwater", a t  Tahi t i  and Cocos-Keeling, and i t  has subse- 
quently been described from Funafuti (Finckh, 190L+), Raroia ( ~ e w e l l ,  
1956, 344-6) (where it i s  developed on both windward and 1eewa.rd s ides) ,  
and elsewhere. Some writers,  notably Howe and Setchell,  have been SO 

impressed by the importa.nce of encrusting calcareous alzae t h a t  they con- 
s ider  t h a t  modern coral  reefs  could not ex i s t  without them i n  t h e i r  ppe- 
Sent form. Conversely, Gardiner (190%) does not specif ical ly  mention 
an a l g a l  ridge i n  h i s  account of ginikoi,  Ffaldive Islar:s,and it i s  
known t o  be absent over much of the  East Indies (Kuenei-1. 1950, 430-1/33), 
A s imilar  conclusion has generally been reached i n  the  ( ,a4i?bean area,  
though Zaneveld (1958) describes a Lithothamion reef f:."sn f;;;:? Dutch 
Nest Indies.  Thus Chapman (Steers  anci others., 1940, 312-3) found 
Lithothamion t o  be "more o r  l e s s  ins ignif icant"  i n  Jamaican reefs, 
while Professor Stephenson (1950, 38%) found "a very def in i te  dearth of 
encrusting species between t i d e  marks" i n  Florida, though he Carefully 
qual i f ied h i s  remarks so a s  not necessari ly t o  include the whole Florida 
reef t r a c t .  

In  Br i t i sh  Honduras the  t ransects  show tha t  calcareous pink algae 
form a low pavement on the windward reefs  of Glover's and Lighthouse Reefs, 
which may be a pale, anaemic analogue of the  Marshall Island ridges. 
The pavement i s  covered with encrusting and nodular forms, with l i t t l e  
coral ,  and i s  always submerged. The nearest  approach i n  the  l i t e r a t u r e  
t o  these pavements i s  the  IILithothmion-l i i l lepora ridge" a t  Andros, 
Bahamas (Newe3.l and others,  1951, 22), "not exposed a t  normal low t ide ,  
though it may reach within a few inches of the  surface." One cannot a t  
t h i s  stage assess the significance of t h e  encrusting algae i n  Br i t i sh  
Honduras reefs ,  except t o  note t h e i r  dominance over res t r ic ted  shoal 
areas o:E the windward reef .  They never seem t o  occur on leeward reefs,  
and a r e  probably only poorly developed on protected windward reefs ,  such 
a s  t h a t  of Turneffe and much of the bar r ie r  reef.  
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Groove-and-spur systems 

Groove-and-spur systems ( f i g .  3 occur round a l l  t h r e e  a t o l l s  on 
t h e i r  windward s i d e s ,  irrespec-Live of whether land baclts t h e  reef  edge o r  
not.  The only c r i t e r i o n  seems t o  be exposure t o  wave ac t ion .  The sys- 
tems a r e  developed on t h e  upper s e c t i o n s  of seaward s lopes  of r e e f s  on 
t h e  north- and east-facing s ides  of a t o l l s .  Thei r  d i s t r i b u t i o n  i s  sh0.m 
i n  t h e  map, compiled raainly from ].ow a l t i t u d e  obl ique  photographs taken 
i n  1961, and from t h e  v e r t i c a l  a i r  photo cover. This  d i s t r i b u t i o n  agrees  
with d a t a  from t h e  P a c i f i c ,  where groove-spur systems accord well  with 
i n t e n s i t y  of wave a c t i o n  (i'iunk m d  Sargent ,  1948). There i s  some contro- 
versy a s  t o  whether they a r e  growth o r  e ros ion  f ea tu res .  !,Torkers a t  
B ik in i  (Emery, Tracey and Ladd, 1954, 26-7) be l ieve  them t o  r e s u l t  from 
slow gr0wt.h of alg-le-covered spurs,  forming "a most. e f f e c t i v e  b a f f l e  t h a t  
d i s s i p a t e s  t h e  d e s t r u c t i v e  energy of t h e  waves and a t  t h e  sane time brings 
3. constant  supply of f r e s h  water.. . . t o  a maximun su r face  area." Cin t h e  
o t h e r  hand, s i m i l a r  f e a t u r e s  have been described where growth of t h e  
spurs  i s  not  t ak ing  place,  i n  b a s a l t  o r  o o l i t e  country rock, and here  
eros ion  of t h e  grooves must be t h e  chief  f a c t o r  (Newell and o the r s ,  1951, 
2 5 .  Cloud r e l a t e s  them (1954, 201-4) t o  erosion,  following a f a l l  i n  
sea l e v e l  from a 6 f t .  s t i l l s t a n d ,  i t s e l f  leading  t o  reef  emergence and 
i s l a n d  formation. "The surf-driven water p i l e s  up a g a i n s t  t h e  b a r r i e r  
and escapes by flowing seaward beneath t h e  incoming current....Wherever 
grooves.. . .are wel l  developed without a n  immediately inboard i s l a n d  t h e  
former presence of an i s l and ,  o r  o ther  b a r r i e r  t o  cross-reef water move- 
ment, i s  suggested, and evidence of the  missing i s l a n d  i s  t o  be looked 
fo r "  (203-4). It i s  unli!tely t h a t  land o r  e levated  r ee f  have ever  com- 
p l e t e l y  surrounded t h e  B r i t i s h  Honduran a t o l l s  on t h e i r  windward s ides :  
i f  so, no t r a c e  remains ( s e e  Sect ions  VIII and IX). The co r re l a t ion  with 
wave-direction i s ,  however, c l e a r ,  and it i s  i n t e r e s t i n g  t o  note t h a t  
t h e  spurs  a r e  not  inva r i ab ly  a t  r ight -angles  t o  the  reef  edge, as usual ly  
described,  but p a r a l l e l  t o  t h e  wave orthogonals.  Hence, a t  the  north end 
of Turneffe and Lighthouse Reef, spurs  t r e n d  a t  an  angle of 60° t o  t h e  
reef  i n  places. 

The blanketing o f  the  spurs  by slow-growing calcareous al-gae i s  
much emphasised i n  P a c i f i c  s-tudies (i.:'i.ens, 1959; Cloud, 195L+, 199), 
sometimes a s  evidence of t h e  e ros iona l  o r i g i n  of t h e  systems. However, 
wherever seen from t h e  a i r  a t  an a l t i t u d e  of 100-200 f e e t ,  t h e  spurs  seem 
t o  c o n s i s t  of vigorous bra.nching c o r a l s ,  chiefl;: Acropora p a l i n ~ g ,  with 
no i n d i c a t i o n  of a l g a l  blanketing. Thus t h e s e  arguments w i l l  not apply 
i n  B r i t i s h  Honduras. Goreau has r epor t ed  very s i m i l a r  spurs ( " b u t t r e s s e s  
and canyons") from t h e  nor th  coas t  of Jamaica (1958; 1959, 76-79), which 
seem t o  be undoubtedly growth fea,tures. The upper su r fece  of these  
Jamaican spurs  i s  covered with Agaricia a g a r i c i t e s ,  Acropora p a h a t s  and 
Piontastrea annu la r i s ,  while t h e  s i d e s  c o n s i s t  of g i g a n t i c  colonies of 
Piontastrea annu la r i s  and P o r i t e s  as t reoides .  
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The dimensions of t h e  Turneffe block ( f i g .  14)  have a l ready been 
given; it has a maximum leng th  of 30 miles ,  and v a r i e s  i n  width up t o  a 
m a x i m u m  of 1 0  miles. It i s  roughly lens-shaped, with i t s  maximum width 
s i t u a t e d  some two-thirds of t h e  d i s t ance  along t h e  bank from t h e  north- 
e a s t  end. Seen from the  s e a  o r  b a r r i e r  r e e f  on t h e  west s ide ,  and from 
t h e  sea  on t h e  e a s t  s ide ,  Turneffe appears a s  a long, low continuous 
l i n e  of mangroves extending from i t s  southern extremity nor th  of Cay 
Bokel f o r  a l l  but  5-6 mi les  of i t s  t o t a l  length.  The sketch-section 
( f i g .  49) shows t h e  main f e a t u r e s  of the  physiography of Turneffe. 

On t h e  e a s t ,  windward s ide ,  t he re  i s  a well-defined narrow r e e f ,  
described i n  t r a n s e c t  ii. The reef-crest  zone i s  narrow, and f r i n g e s  t h e  
o u t e r  edge of a r e e f - f l a t  gene ra l ly  l e s s  than  2. mile i n  width. The reef  
i t s e l f  i s  highly segmented, and has some 23 reef-gaps, mostly l e s s  than 
50 yards wide, ca r ry ing  1-2 fathoms water. On t h e  inne r  edge of t h e  
r ee f - f l a t ,  which i s  usua l ly  submerged by 1-2 f e e t  of water,  and in t e r -  
m i t t e n t l y  covered with Thalassia ,  a lgae  and small  co ra l s ,  there  a r e  small  
sand Cays, some with sh ing le  r idges ,  l oca ted  p a r t i c u l a r l y  but  no t  invari-  
ab ly  a t  t he  reef-gaps. From south t o  nor th ,  t h e s e  sand cays inc lude  Cay 
Bokel, Deadrnanls Cays ( I ) ,  L i t t l e  and Big Calabash Cays, with two small  
cays e a s t  of Big Calabash, S o l d i e r  Cay and Blackbird Cay, and a l a r g e  
number of small  cays near  t h e  nor theas t  corner ,  which have n o t  been 
v i s i t e d .  They inc lude  Dog-flea Cay and Cockroach Cay, but  only the  l a t -  
t e r  has been mapped. Aer ia l  obl ique  photographs of a11  these  cays were 
taken i n  1961, but  unfor tunate ly  the  US&F v e r t i c a l  a i rphoto  cover of 
Turneffe does n o t  extend t o  t h i s  segment of t h e  r e e f .  Each of t h e  Cays 
v i s i t e d  w i l l  be described i n  d e t a i l  below. 

I n  places t h e  r e e f - f l a t  g ives  way t o  a deeper moat between the  
f l a t  and the  mangrove, with depths of 4-6 f e e t ,  which may i n  p a r t  be 
current-eroded. The f l o o r  of t h e  moat i s  sandy and r ippled .  The 
g r e a t e r  p a r t  of t h e  eas t e rn  s i d e  of Turneffe i s  f r inged  no t  d i r e c t l y  
with mangrove, but  r a t h e r  with a dry sand r idge ,  r i s i n g  up t o  5 f e e t  
above sea-level,  and with a maximum width of some 200 yards. The r idge  
has a s t e e p  sandy shore,  colonised by Ipomoea and Sesuvium, and i ts  f l a t  
c r e s t ,  decreasing i n  he ight  away from t h e  sea, i s  normally covered with 
coconut p l an ta t ions  ( coca l s )  and an  undercarpet of t h e  l i l y ,  H.ymenoca1lis 
l i t t o r a l i s .  The thin-of coconuts i s  c l e a r l y  v i s i b l e  on a i r  photo- 
graphs. A s  t he  r idge  s inks  westwards the  coconuts g ive  way t o  very t a l l ,  
o ld ,  s t i l t - r o o t e d  Rhizophora and some Avicennia, now s tanding on dry  land. 
The nangrove growth i s  very dense and impenetrable; a t  some small but 
unknown d i s t ance  t h e  d r y  Rhizophora-ilvicennia assemblage i s  replaced by 
a broad b e l t  of Rhizophora mangle s tanding i n  water. This zone of "wetf1 
r ed  mangrove, o f t e n  hollow and contain in,^ a r e a s  of unvegetated mud, .< 

forms t h e  eas t e rn  margin of t h e  inter ior" ' lagoons,  and d iv ides  them from 
the  eas t e rn  r ee f - f l a t .  It reaches i t s  maximum width near  So ld ie r  Cay 
( 2  miles)  and n o r t h  of Northern Bogue (25 miles) .  The gaps i n  t h e  eas- 
t e r n  mangrove wal l  a r e  few but wide: they  a r e ,  (from south t o  north)  
Southeast  Entrance ( n e a r l y  3,000 yards wide), Grand Bogue (1100 ya rds ) ,  
Calabash Entrance (1700 yards)  and Northern Bcgue (1100 yards ,  narrowing 
t o  400 yards) .  Northern Bogue and Grand Bogue a r e  f r e e  of l i v i n g  reef  
a t  t h e i r  entrances,  and a r e  much used by fishermen; Calabash Entrance 



has more r ee f ,  bu t  i s  a l s o  used. I n  places Rhizophora has extended eas t -  
wards of t h e  eas t e rn  sand r i d g e  (showing t h a t  it i s ,  a t  l e a s t  i n  p a r t ,  a 
f o s s i l  f e a t u r e ) ,  and i s  beginnin:: t o  encroach on the  r e e f - f l a t ,  a s  i n  t i e  
long sec t ion  between Northern Eogue and So ld ie r  Cay. Pe l ican  Cay, de- 
tached from the  main body of mzngrove southeast  of Northern Bogue, i s  i n  
f a c t  a mangrove, no t  a sand c q ,  with a dry  c l ea red  i n t e r i o r .  

The mangrove r i m  descr ibed  bounds the  i n t e r i o r  lagoons of Turneffe 
on t h e i r  e a s t  s ide ;  a second r i m  bounds them on t h e i r  west s ide ,  bu t  of 
r a t h e r  d i f f e r e n t  nature.  Generally speaking the  western mangrove f r i n g e  
i s  narrower and more in t e r rup ted  than  t h e  eas tern ,  and i s  genera l ly  only 
500-700 yards  wide, and o f t e n  much l e s s .  It i s  widest a t  t h e  northwest 
p a r t  o f  Southern Lagoon, reaching a width of over 2,000 yards.  The gaps, 
too,  a r e  very d i f f  w e n t  i n  chs rac te r  : whereas t h e  l'boguesll ( S p n i s h ,  
boca z riouth) on t h e  e a s t  s i d e  a r e  wide, t he  "creeks" o r  " r ive r s"  on - 9  

t he  west a r e ,  a s  t h e i r  names imply, narrow, o f t en  sinuous, sometimes bi- 
f u r c a t i n g  channels genera l ly  l e s s  than  50 yards wide, and varying i n  
depth up t o  10 f e e t .  There are 13 o f  these  creeks en te r ing  Southern 
Lagoon n o r t h  of Cay Bokel; t h e  most important  a r e  Blue Creek, J o e ' s  Hole 
(according t o  Winzerliny; (1945) a corrupt ion  of t h e  p i r a t e ' s  name ' J o l ' ) ,  
L i t t l e  J o e ' s  Hole, Grand Bogue Creek, Crooked Creek, Ambergris Creek, 
and Crickozeen o r  Grigyson Creek ( s p e l l i n g  uncertain) .  Grand Bogue Creek 
i s  most o f t e n  used: it gives  ready access  t o  Grand Bogue, and a l s o  t o  
Cakbash  Cays by way of Northern Bogue. It i s  very no t i ceab le  t h a t  each 
of these  creeks i s  prolonged both seaward and la~*oonward by narrow s t r i p s  
of mangrove, so t h a t  i n  t h e  case  of Grand Rogue Creek, f o r  example, t he  
channel i s  approximately twice a s  long  as t h e  in tervening mangrove i s  
wide. The creeks a r e  probably kept  open by the  s t rong  t i d a l  cu r ren t s  
which s e t  through them, which a r e  so s t rong t h a t  fishermen o f t e n  beat  
around Cay Bokel r a t h e r  than - ~ . t t e c p t  them. They a r e  i n  f a c t  drainage 
channels f o r  Southern Lagoon, t o  d ispose  of t h e  g r e a t  q u a n t i t i e s  of water 
poured i n t o  it through t h e  eas t e rn  bogues. The west rim of Northern 
Lagoon i s  much narrower (1-300 y a r d s ) ,  than t h a t  of Southern Lagoon, and 
h a  t h r e e  small  gaps. 

The eas t e rn  mangrove f r i n g e  c o n s i s t s  e n t i r e l y  o f  t h e  r e d  mangrove, 
Rhizophora mangle. From the  sea t h i s  presents  a seemingly unbroken low 
hr3.l.l of vegetat ion,  and r e q u i r e s  a p rac t i sed  eye t o  pick o u t  t h e  promon- 
t o r i e s  which mark the  creeks from d i s t ances  of more than  a mile. The 
e a s t e r n  f r i n g e  is,  however, hollow, f o r  a i r  reconnaissance shows t h a t  
within a pe r iphe ra l  zone o f  mangrove t h e r e  a r e  o f t e n  a r e a s  of unvegetated 
red  mud and s tagnant  pools, with dead mangroves l i t t e r e d  on t h e  sur face :  
a deso la t e  landscape. The sand r idge  prominent on t h e  e a s t  s i d e  of 
Turneffe i s  here absent ,  except f o r  a small  segment i n  t h e  extreme north- 
west, with coconuts. There a r e  no beaches on t h e  e a s t  s i d e ,  except a t  
t h e  f o o t  of t h i s  r idge ,  and one o r  two minute sandy a reas  i n  t h e  south  
between Blue Creek and Cay Bokel. This  i s  f u l l y  i n  accordance with t h e  
she l t e red  pos i t ion  of the  west s ide .  

North of t h e  main mass of mangroves i n  Turneffe, which encloses the  
i n t e r i o r  lagoons, t he re  a r e  one o r  two detached mangrove i s l ands ,  not- 
a b l y  Three Corner Csy, Crawl Cay and l.iauger Cay. t j i th  t h e  exception of 
Nauger Cay, none have any rlvy land,t,l>ey c o n s i s t  of Rhizophora s tanding 
i n  water. 



In t e r io r  lagoons 

The mangrove rims, which seem so continuous from the sea, and which 
a re  shown on many maps a s  rirrming a so l id  land area extending across the 
%$hole bank, enclose two lagoons: Southern Lagoon, some 17 miles lone;, and 
Northern or  Vincentts Lagoon, one-sixth the area of Southern Lagoon, and 
separ-ited from it by a lthollow~l mangrove wall, 1-2,000 yards and more i n  
width. Northern Lagoon was not v i s i ted ,  and was seen only from the a i r .  
It has but one small entrance on the windward side, which must great ly  
r e s t r i c t  the  c i rculat ion of water and have considerable e f fec t s  on plant 
and animal l i f e  therein. The depth of Northern Lagoon i s  not known, but 
i s  probably 1-2 fathoms a t  most. 

Southern Lagoon was crossed i n  many directions i n  1960 and 1961. 
vermeer found t h a t  the depth ranged from 4-8 fee t ,  but elsewhere he says 
t h a t  it i s  "never more than one fathom deep" (Vermeer, 1959, 1 ,  93). 
Soundings i n  1961 i n  the southern par t  averaged from 1-24 fathoms, aver- 
aging just  over 2 fathoms. The greates t  sounded depth was i n  the  channel 
between Pelican Cay and Southeast Bight, carrying 3 fathoms: t h i s  i s  pro- 
bably a scour channel draining the main body of Southern Lagoon south- 
wards. It seems l i ke ly ,  from observations i n  1960, tha t  over most of the 
northern pa r t  of Southern Lagoon, t i e  bottom l i e s  a t  2-2& fathoms depth, 
and t h a t  it i s  shoaler on t h e  west s ide than the east .  Smith (1941) 
quotes depths of 1-3 fathoms. kccording to  loca l  informants the maximum 
depth i n  the whole lagoon i s  21 f e e t  (38 fsthoms) in the northern paart. 

Wherever seen the b t t o m  i s  composed of calcareous sand and si l t ,  
covered over huge areas with Thalassia. No stony corals were seen, but 
gorgonians and sponges a r e  found i n  grea t  numbers. Green algae, chiefly 
Iialimeda, a r e  scattered through the t u r t l e  grass, and the most conspi- 
cuous animals on the f loor  a r e  the Large star-fish Oreaster, and hob-  
thurians. "The f loor  of the lagoon consis ts  of calcareous mud with ad- 
mjxed s h e l l  and coral  sand predominant near the  eastern entrances, and 
with organic matter formed from the d e t r i t u s  of eel-grass and mangrove 
roots  present i n  varying degree throughout the  lagoon1' (Smith, 1941, 
415). It i s  almost impossible t o  c o l l e c t  good sediment samples from the 
lagoon f loor ,  since clouds of f i ne  de t r i t u s  r i s e  and obscure v i s i b i l i t y  
a s  soon a s  the bottom i s  disturbed, while the subsurface lWerS a re  
t i g h t l y  bound together by the roots  of grasses and algae. Some of the 
Thalassia leaves a r e  a foot long. 

The lagoon contains a number of is lands,  a l l  of red mangrove, with 
no dry land seen. Tney are  s t r ik ing ly  concentrated i n  north-south l i nes  
i n  the centre and southern par t s  of the  lagoon, where they form "ranges1' 
o r  groups of cays, such as  Crayfish Range. Cross Cay and Pelican Cay 
(not t o  be confused with the Pelican Cay on the east  reef of ~u rne f f e )  
a r e  la rger  individual cays i n  the  south. The cause of t,his l ineat ion i s  
notkncw. Most of the lagoon is lands,  a s  Vermeer noted (1959, 95), r i s e  
f a i r l y  abruptly from the lagoon f loor ,  and do not seem t o  be spreading 
l a t e r a l l y  by colonisation of shoal areas w i t h  seedlings; though there 
a r e  exceptions t o  t h i s  general rule.  The or igin  of the a t o l l s  i s  b r ie f ly  
discussed i n  section VIII, but it may be suggested here t h a t  the  islands 
stand on solid-rock eminences, on the c r e s t s  of karst  ridges developed on 
an emergent bank during g l ac i a l l y  low sea-levels; that ,  i n  f a c t ,  they 



have a sol id-rock core,  much a s  envisaged by /i-:gassiz (1894) f o r  some of 
t h e  cays and r e e f s  of t h e  b a r r i e r  r e e f  lagoon. Some such basement i s  
r e w i r e d  t o  expla in  mangrove i s l a n d s  r i s i n g  from a f l o o r  too deep f o r  
mangrove colonisa t ion .  An a l te rn t l . t ive  suggest ion i s  t h a t  they  a r e  based 
on o l d  patch-reefs developed before t h e  growth of t h e  eas tern  mangrove 
r i in ,  when seawater had u n r e s t r i c t e d  access  t o  the  cen t re  of t h e  bank, 
t h e  r e e f s  being asphyxiated a s  t h e  nangrove rim developed. However t h e  
s i z e  of some of t h e  i s l a n d s  compared with e x i s t i n g  p t c h - r e e f s  i n  o the r  
a t o l l  lagoons argues a g a i n s t  t h i s .  On the  o t h e r  hand, comparable tine-2- 
t i o n s ,  of patch-reefs  r a t h e r  than of i s l a n d s ,  w i l l  be noted i n  t h e  ac- 
counts of Lighthouse and Clover ts  Reefs. 

The Southern h g o o n  sponge beds formerly supported a t h r i v i n g  in- 
dus t ry ,  a l r eady  well-developed i n  1896. "These were f i shed  in termi t -  
t e n t l y  and i n  1919 were almost completely wiped ou t  by a disease.  An a t -  
tempt t o  r e s tock  a p r t  of tlne Turneffe lagoon i n  1926 f a i l e d  completelyt' 
(itomney a.nd o thers ,  1959, 256). No r e p o r t s  on t h i s  m o r t a l i t y  seem t o  
have been published, b u t  t h e  beds were again  f l o u r i s h i n g  when badly 
damaged i n  1936. D r .  C.L. Smith v i s i t e d  Turneffe a t  t h a t  time, and con- 
cluded t h a t  m o r t a l i t y  was caused by very high r a i n f a l l  leading  t o  lowered 
s a l i n i t y  i n  t h e  seni-enclosed lagoon bas ins .  No r e p o r t  was published. 
The beds recovered., but  were again decimated i n  1939 by some kind of 
fungus in fec t ion ,  inves t iga ted  by D r .  Walton Smith of the  Marine 
Laboratory (now I n s t i t u t e  of $iarine s c i e n c e ) ,  i4iami (Smith 1941). tic- 
cording t o  Smith, t h e r e  were i n  1939 700,000 c u t t i n g s  planted ou t  i n  t h e  
Turneffe lagoon, inc luding 225,000 sheepwool  sponges (Hi~pioslmngi-1. 
-), 474,000 velve t  sponges (4. gossypina), and smaller  q u a n t i t i e s  
of o ther  commercial sponges, such a s  S p n f i l a  barbara, 2. and 2. 
graminea. The d isease  f i r s t  appeared i n  t h e  Bahamas i n  1938 (Galksoff, 
Brown, Smith and Smith, 1939), and then  spread t o  Cuba and t h e  F lo r ida  
Keys, appearing i n  So ld ie r  F ight  (Calabash ~ n t r - m c e ) ,  Turneffe, i n  June 
1939, k i l l i n g  8. --- lachne. Within seven weeks it had spread t o  t h e  whole 
Southern Lagoon, and a t  t h e  end of Ju ly  ;y. lachne was e v e r y ~ ~ h e r e  dead 
and - H. ~ o s s y p i n a  dying. I n  tiugust came a second a t t ack ,  i n  t h e  southern 
p r t  of Southern Lagoon, k i l l i n g  only Ii. gossypina, and i n  September a 
t h i r d  outbreak, k i l l i n g  a l l  t h e  sponges a t  Long Ridge (between Joe ' s  Hole 
and Grand Nogue Creek). Noncommercial s p n g e s  were not  a f f ec ted ,  but  95% 
of t h e  comnercial ones were k i l l e d .  Smith concluded t h a t  t h e  mor ta l i ty  
was caused by a water-born fungus, c a r r i e d  by cu r ren t s  through the  
Calabash entrance and then  d i s t r i b u t e d  throughout t h e  Southern Lagoon, 
being most v i r u l e n t  i n  more s tagnant  a reas .  He a l s o  noted t h a t  t h e  out- 
break occurred a f t e r  a per iod  of no r a i n f a l l  and high t e m p e r a w e s ,  lead- 
ing  t o  high s z l i n i t y  i n  t h e  lagoon (Smith, 1939, 1941). 

The i n d u s t r y  never  recovered from t h i s  d i s a s t e r ,  p a r t l y  because of 
t h e  war, p i r t l y  because of competition from t h e  syn the t i c  sponge indus- 
t r y .  P i l e s  of t h e  smal l  concrete p l a t e s  used t o  ~ l a n t  ou t  the  sponges 
a r e  s t i l l  found a t  Calabrrsh Cays, where one of t h e  r e s i d e n t s  was i n  1960 
s t i l l  c u l t i v a t i n g  a few sponges. There i s  some t a l k  of r ev iv ing  the  in- 
dus-try, but  i n t e r e s t  i s  s l i g h t .  



Land fauna o f  Turneffe --- 
The land fauna of t h e  a t o l l ,  with t h e  poss ib le  exception of the  

avifauna,  i s  very imperfec t ly  known. R few l i z a r d s  and snakes have been 
recorded: Schmidt (1941, 492-7) l i s t s  only  Anolis sajirei Dumeril and 
Bibron (found a l s o  on t h e  o t h e r  two atolls),the common boa, 
Cons t r i c to r  c o n s t r i c t o r  imperator Daudin, bu t  g ives  no l o c a l i t i e s .  R 
s ing le  specimen of C. c. imperator was taken on Cockroach Cay on t h e  e a s t  
s i d e  of the  a t o l l  i n  1960 (Thorpe and Bregazzi, 1961, 29),  and i s  thought 
t o  be very common throughout t h e  mangrove cays. iiccording t o  Bond 
(1954, 2) "lin iguana-like l i z a r d  (probably Ctenosaura), drab  i n  colour 
with black bars  ac ross  t h e  back was noted on seve ra l  occasions near  
Rendezvous Po in t  a t  t h e  northern end of t h e  a t o l l . "  

The b i rds  a r e  b e t t e r  known. Devas (1953) has prepared a b r i e f  
handbook of B r i t i s h  Honduras b i rds ,  but  t h e  well-known t e x t  by Bond (1960) 
i s  the  bes t  f i e l d  guide. On t h e  b i r d s  of t h e  Gulf of Honduras general ly,  
see  Sa lv in  (1888, 1889, 1890)) Chapman (1896), Griscom (1926). These re- 
marks apply t o  t h e  sec t ions  on avifauna of Lighthouse and Glover 's  Reef 
a l s o  . Osbert  Sa lv in  v i s i t e d  Turneffe, Lighthouse Reef and Glover's 
Reef i n  i i p r i l  and Fiay 1862 (Salvin, 1864); and James Bond spent  two days 
a t  t h e  nor th  end of Turneffe and Cockroach Cay i n  January 1954 (Bond, 
1954). Sa lv in  recorded 1 5  species  and Bond a f u r t h e r  23 species from 
Turneffe, of which many a r e  undoubtedly passing migrants. iimong t h e  com- 
mon b i r d s  a r e  the  brown pel ican ,  Pel icanus ; t he  111an-of -war 
b i rd ,  Freca ta  magnificens kiathews; and t h e  osprey, Pandion h a l i a e t u s  
ridgwayi iiaynard ( n e s t s  seen by Bond). Other  n e s t i G P e c i e s  a r e  
leucogas ter  leucopc~ster  ( t h e  brown booby, s a i d  t o  breed on Nauger Cay by 
Salv in ;  no t  seen by Bond; not  seen on itfauger Cay i n  e a r l y  1960); Egre t ta  
thula  thu la  E~iolina (Man-of-war Cay, Sa lv in ;  n o t  seen by Bond); Sterna -- 
a l b i f r o n s  an t i l l a rum Lesson (Grassy Cay, Sa lv in ;  not  seen by Bond); and 
Chaledrius wilsonia wilsonia Ord (Grassy Cay, Sa lv in) .  The most abundant 
spec ies  seen by ~ond-ndroica patechia b ryan t i  Ridgway, Seiurus  
noveboracensis subsp., Quiscalus mexicanus mexicanus Gmelin, and I c t e r u s  
oryzivorus L, 

Piany of t h e  e a s t e r n  c ~ y s  a r e  inhab i t ed  and have domesticated mi- 
mals, mainly chickens, dogs and pigs. The l a r g e s t  piggery i s  a t  Calabash 
Cays, where the  animals have the  engaging h a b i t  of wandering between t h e  
Big and L i t t l e  Cays ac ross  the  reef - f la t ,  up t o  t h e i r  b e l l i e s  i n  water, 
grubbing f o r  food on t h e  sub1ner:ed sandy f l o o r .  It i s  no t  known whether 
t h i s  i s  usual  behaviour f o r  p igs  on reef i s l ands .  There a r e  some pigs  a t  
So ld ie r  Cay, Cocltroach Cay and Cay Bokel, but  no t  a t  Deadman's Cays, 
Pe l i can  Cay o r  ihuger Cay, though obviously t h e  loca t ion  of t h e  p igs  
changes with t h e i r  owners. Rats ( ~ a t t u s  r a t t u s ? )  a r e  a major pes t  i n  t h e  
cocals ,  both on t h e  e a s t e r n  cays and a long t h e  e a s t e r n  sand r idge,  from 
Rope Walk t o  Northern Bogue. 

Cay Bolcel 

Cay Bolcel ( f i g .  15)  i s  t he  southernmost sand cay on t h e  Turneffe 
bank. Speer descr ibed  it a s  a "small  s h o r t  Key .... very near  joined by a 
Reef t o  Turnueff" (1771, 19 ) ,  and i t  has probably remained f a i r l y  cons tan t  
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i n  s i z e ,  though s h i f t i n g  i n  pos i t ion ,  f o r  seve ra l  cen tu r i e s .  It is loca- 
t e d  a t  t h e  extreme southern end. of t h e  eas t e rn  sur face  r ee f  of Turneffe, 
which here  edges a shallow r e e f - f l a t  500 yards wide. The cay s tands  a t  
t h e  inne r  edge of t h e  flst, near  i t s  narrowest poin t ,  about  150 yards from 
t h e  reef  i t s e l f .  biestwards, t h e  water  deepens and t h e  r e e f l e s s  bottom 
l i e s  depths of 13-3 fathoms, forming a broad she l t e red  bay g iv ine  
good anchorage f o r  sh ips .  This she l f  o r  bay i s  500 yards  wide, and t h e  
f l o o r  f a l l s  r ap id ly  from i t s  western edge t o  depths o f  up t o  197 fathoms 
wi th in  909 yards. It was f i r s t  sounded by Owen i n  1830, and subsequently 
surveyed i n  d e t a i l  by Captain R.W. Glennie, HrIS itfutine, i n  1921 (cf.  West 
Ind ies  P i l o t ,  I, 1956, 461, and c h a r t s ) .  The cay i t s e l f  has not  been 
previous ly  described i n  d e t a i l .  

The i s l a n d  is  roughly t r i a n g u l a r  i n  shape, with s i d e s  about 35 
yards  i n  length,  and has a t o t a l  a r e a  of only 1,000 s q u i r e  yards. Its 
surface  is  low and sandy-.+ coarse sand, with much Halimeda s h e l l  frag- _----..-~ 
ments, and b r i t t l e  p ieces  of c o r a l ,  mostly of small  s i ze .  Along t h e  
eas t e rn  s ide ,  a l i t t l e  smal l  sh ingle ,  mainly iicrocora cerv icorniz ,  has 
been thrown up on t h e  shore, bu t  has no t  formed a r idge.  No p a r t  of t h e  
Cay r i s e s  more than 2 f e e t  above t h e  sea:  i t  i s  h ighes t  on i t s  south ;md 
e a s t  s i d e s ,  and slopes vestwards. The leeward shores a r e  f l a t  and s a d y ,  
t h e  windwar< shores r a t h e r  s t eepe r .  The wdve r e f r a c t i o n  pa t t e rns  a f -  
f e c t i n g  t h e  cay a r e  c l e a r l y  seen  from t h e  l ighthouse:  t h e  main e a s t  reef  
i s  l i n e d  by breakers,  and. water flows t ransverse ly  ac ross  tine r ee f - f l a t  
t o  t h e  eas t e rn  shores,  while a much l e s s  powerful but well-iilariced set of 
waves r e f r a c t s  round t h e  south end of t h e  reef  and approaches t h e  cay 
from t h e  south and southwest. 

I n  r e c e n t  years  t h e  ca,y has been r e t r e a t i n g  northwards and probably 
westwards away from t h e  r e e f .  This  i s  shown by the  s t e e p  seaward shores 
and t h e  lower prograding lagoon shores  (note  t h e  s p i t  a t  t h e  nor th  poin t ) ,  
and a l s o  by beachrock. No beachrock i s  seen on the  cay i t s e l f ,  but 
t h e r e  is  a s i n g l e  l i n e  55 yards  southwest of t h e  cay, extending f o r  
about  10 yi;rds. The rock d i p s  seawards and must mark a former shorel ine.  
Between it and t h e  cey !;he bottom is shallow, with sniall c o r a l s  i n  th ick  
T h a l m s i a ,  and ra.nges i.2 depth from 1 f o o t  near shore t o  18 inches near  
t h e  beachrock. I n  orcj'i-:c t o  c o n t r o l  t h i s  r e t r e a t ,  r e s iden t s  have attemp- 
t e d  t o  p ro tec t  the  sea!,;-ard shores with conch-shell ramparts, b u t  t o  
l i t t l e  e f f e c t .  Conchs a r e  taken from Turneffe t o  S e l i z e ,  and p i l e s  of 
t h e i r s h e l l s  a l s o  l i e  llear t h e  p i e r  on t h e  north s i d e  of t h e  i s l and .  How 
f a r  t h i s  r e t r e a t  i s  dce t o  long-term changes and how much t o  catastro]?hic 
hurr icane  damage i s  no-i. c l e a r ;  but Cay Eokel bears  the  narks  of t h e  spec- 
t a c u l a r  and i n t e n s e  powar of hurr icanes.  The present  lighthouse--a Steel-  
frame tower--stands near  t h e  south shore  of t h e  cay: it i m e d i a t e l y  over- 
looks  t h e  foundiltions of a second l ighthouse ,  now 7-12 yards froin t h e  
shore,  washed by waws and s tanding i n  water 1-2 f e e t  deep. F i f t e e n  
yards t o  t h e  north,  on t h e  cay i t s e l f ,  a r e  t h e  ren1ai.n~ of a t h i r d  l igh t -  
house foundation, p3.rtly obscured by sand. The l ighthouse  base now 
awash i s  a subs- tant ia l  concre te  s t r u c t u r e ;  and between it and t h e  cay a r e  
t h e  remains of a concre-te-block seawall ,  presumably b u i l t  s ince  t h e  base, 
and now much bmken and i t s e l f  awash. This l i g h t  was destroyed by the  
1931 hurricane. The o t h e r  base, a l s o  of concrete,  has  been strongly 
t i l t e d ,  and i s  now only p a r t l y  exposed; t h i s  was destroyed i n  t h e  hurri- 



cane of 194.5 ( information from t h e  l ighthouse  keepers).  Whether t h e  
beachrock da tes  from the  period when t h e  f i r s t  of these  l ighthouses was 
b u i l t  on dry  land i s  unknown; i f  it does, then t h e  cay was formerly 
l a r g e r  than  now. k l l  t h e  evidence, however, i nd ica te s  continuing re- 
t r e a t  i n  t h e  same genera l  d i r ec t ion .  

Of vegetat ion,  l i t t l e  remains. J e f f e r y s  noted "Low Bushes1' i n  
1775, and Glennie I'bushes and coconut palms, about 50 f e e t  highu i n  1921, 
but  t h e  bushes have now disappeared. Coconuts a r e  the  only l a r g e r  p l a n t s  
on t h e  cay, and t h e r e  a r e  some two dozen of them. The ground surface  i s  
bare, save f o r  a patchy cover of Ambrosia h isp ida  toward t h e  leewdrd 
s i d e ,  and a few l i l i e s ,  , t o  seaward. There a r e  
a few smal l  Rhizophora seedlings on t h e  southeast  shore, beneath t h e  
conch rampart, but  no mature mangroves; they  a r e  probably shor t - l ived  
s t r a y s  from t h e  r9ain Turneffe mangrove a r e a s  t o  t h e  north. 

The 36 f o o t  high l ighthouse  tower i s  tended by a keeper with a sub- 
s t a n t i a l  hurricane-proof house; he keeps some pigs. Apart from t h i s  t h e r e  
a r e  no permanent inhab i t an t s .  The cay i s  so srnall t h a t  i t s  continued 
exis tence  i f  s t ruck  by a major hurr icane  i s  not  without quest ion.  I t  i s  
s a i d  t o  have been named by t h e  Dutch buccaneer Cornel i s  J o l  i n  t h e  seven- 
t e e n t h  century (hence a l s o  t h e  bogue known corrupt ly  a s  I1Joe1s ~ o l e l l ) ,  
from t h e  Dutch word f o r  elbow o r  corner ,  i .e.  t he  cay a t  t he  southern e l -  
bow of t h e  Turneffe bank (:!inzerling, 1946, 29). 

The Deadman - 
This i s  a group of f i v e  small  cays s tanding on t h e  e a s t e r n  r e e f - f l a t ,  

between t h e  reef-edge and t h e  e a s t e r n  mangrove rirr., some four  mi les  from 
t h e  southern end of Turneffe. They a r e  loca ted  toward t h e  southern end 
of a ree f  segment, bounded by gaps g iv ing  access a t  nor thern  and southern 
ends t o  Rope bJalk and t o  t h e  cays. The eas t e rn  mangrove r i m  behind t h i s  
s e c t i o n  of t h e  eas t e rn  reef  laclcs t h e  sand r idge  so wel l  developed f a r t h e r  
nor th ,  and c o n s i s t s  of pure Rhizophora with l i t t l e  o r  no dry  land. The 
r e e f - f l a t  a long t h i s  reef-segment v a r i e s  i n  depth, bu t  genera l ly  c a r r i e s  
l e s s  than 2 f e e t  of water, and between some of the  cays (such a s  11 and 
IV) much l e s s  than  a foo t .  The reef  i tself i s  steep-to; t he  main water 
cu r ren t s  a r e  t r ansve r se  t o  t h e  reef  with l i t t l e  r e f r a c t i o n ,  and a r e  de- 
f l e c t e d  nor th  and south by the  mangrove wall.  The pouch-shaped depres- 
s i o n s  back of t h e  reef-gaps a r e  scour-channels associa ted  with t h e  outflow 
of water d ra in ing  h t e r a l & y  along t h e  r e e f - f l a t  and through t h e  gaps. 
Because of t h e  s teepness of t h e  reef-front ,  waves break heavi ly  on t h e  
r e e f ,  and a heavy swe l l  comes through t h e  gaps, making them dangerous for 
small boats without l o c a l  knowledge. The cays were v i s i t e d  i n  )fay 1960, 
and a r e  here described from south t o  nor th ,  numbered f o r  convenience 
I t o  V. 

Deadman 3 ( f i g .  16)  
heasured a long  i t s  main axis, Deadman I i s  110 yards long,  and var ies  

i n  width from 20 t o  32 yards. It i s  a l igned t ransverse  t o  t h e  main r e e f s .  
I t s  physiography i s  r e l a t i v e l y  simple: t h e  cay i s  everywhere low, but 
r i s e s  a t  i t s  eas t e rn  end t o  no t  more than 3 f e e t  above sea-level,  where 



it  i s  composed o f  small  blackened shingle.  I n  t h e  middle sec t ion  of t h e  
cay t h e  sh ing le  i s  l e s s  widespread and intermixed with coarse dark sand, 
while st the  western end, t h e  sh ingle  disappears  and the  cay i s  w h o & l ~  
composed of sand. The western end i s  l i t t l e  more than a f o o t  above t h e  
sea. Westward of t'ne cay a submarine s p i t  extends f o r  10-20 yards,  com- 
posed of f r e s h  white sand, p a r t s  of it drying a t  low t i d e ,  and colonised 
by seve ra l  Rhizophora seedlings.  The cay i s  c l e a r l y  extending lagoon- 
ward a t  i t s  western end, though ?,here i s  no corresponding evidence of 
r e t r e a t  a t  the  s e a m r d  end. Along t h e  south shore, beachrock i s  e x p s e d  
f o r  nea r ly  20 yards:  it i s  a s o f t ,  poorly indura ted  rock, passing in land 
under t h e  cay sands. It i s  12-18 inches  wide, shows no marked dip,  and 
i t s  surface  i s  covered with a spongy mat of b lackish  algae. The wdter 
immediately of fshore  i s  she l t e red  and sub jec t  t o  considerable overheat- 
ing;  numerous Rhizophora. seedl ings  grow here. 

tliost of the  cay has been c l ea red  f o r  *, and a p a r t  from an i n t e r -  
m i t t e n t  ground-cover of Sesuvium, Euphorbia and grasses ,  vegetat ion i s  
very sparse.  A t  t h e  low-western end t h e  new sand has been colonised by 
Sesuvium and a couple of Tournefort ia  bushes. Rhizophora seedlings a r e  
f 0 ~ d  round t h e  whole cay margin i n  sha l low water,  but  t h e  only matare 
mangrove i s  a gnarled ~ v i c e n n i a  on t h e  seaward shore. The cocbnuts which 
cover t h e  i s l a n d  r i s e  t o  a height  of about  30 f e e t .  

The i s l a n d  i s  no t  inhabited,  though a t  t h e  time of our v i s i t  i n  
e a r l y  1960 t h e r e  was a palm-leaf s h e l t e r  a t  t h e  west end of the  cay. 

Deadman 2 ( f i g .  16)  
Deadnzn I1 i s  loca ted  150 yards  nor th  of Deadman I, and r a t h e r  more 

d i s t a n t  from t h e  seaward reef-edge. It approaches a c i r c u l a r  shape, 
with N S  and E-W diameters of 80 yards .  It, too,  i s  low: the  seaward 
shore i s  composed of medium t o  f i n e  sh ing le  r i s i n g  t o  a c r e s t  2-3 f e e t  
above the  sea. From t h i s  m a x i m u m  he igh t  t h e  su r face  dec l ines  eastwards 
t o  t h e  leeward shore, which i s  wide, low and sandy, and f a c e s  a broad 
shallow bay between t h e  cay and t h e  mangrove rim. The bay has depths 
of only 1-2 f e e t ,  and near  t h e  cay i s  much colonised by Rhizophora seed- 
l ings .  There i s  no man,-rove zone on t h e  cay i t s e l f ,  and only a few t a l l  
Avicennia. &agunculari.n racemosa (white  mangrove) was i d e n t i f i e d  on t h e  
leeward shore by i t s  d iGt inc t ive  club-roots.  

The cay i s  planted  t o  coconuts, but  unl ike  Deadman I the  under- 
growth has no t  been cleared. Round most of t h e  cay margins the  upper 
beach i s  covered with Sesuvium and Euphorbia (on t h e  leeward beach by 
Ssorobolus and o t h e r  g m s s e s ) ,  pass ing  in land under a dense zone of 
Conocarpus and Suriana bushes, from which t h e  coconuts r i s e .  As f a r  a s  
seen, t h e r e  a r e  no remnants of broadleaf f o r e s t  on these  cays. 
Tournefort ia  gnaphalodes was seen a t  one poin t  on the  northwest shore. 
The cay i s  uninhabited,  and we foound t h e  s a n d f l i e s  troublesome. 

Deadnan - I11 ( f i g .  18)  
This cav l i e s  about 170 vards n o r t h  of ileadrran 11. and i s  t h e  . ., 

smallest, of t h e  group, having maximuni dimensions of but  50 yards (E-W) 
and 35 yards  (N-S). Though 100 pards back from t h e  reef-edge, t h e r e  i s  
s t i l l  small  sh ingle  on t h e  seaward shore ,  r i s i n g  about  l& f e e t  above 



t he  sea. The r e s t  of t h e  i s l and  i s  sandy,and one has t h e  impression t h a t  
it i s  growing westwards f a i r l y  rapid ly .  Ii f r e s h  sand s p i t  a t  t h e  west 
end i s  colonised by small  Rhizophora and Avicennia. The vegetat ion re- 
sembles t h a t  of Deadrmn 11: t h e  main ground cover i s  Sesuvium, with some 
Ipomoea and S r o r s b o h  s. Tournefort ia  i s  found on t h e  sh ing le  r idge,  and 
Conocarpus forms a d e n s e  zone on the  leeward side.  Between t h e  sh ingle  - 
r idge  a rd the  Conocarpus zone a r e  a number o f  low coconuts. Avicennia i s  
a l s o  found a t  t h e  n o r t h  point .  There i s  no beachrock o r  habi ta t ion .  

Deadman 2 ( f i g .  17 )  
Deadman I V  i s  the  l a r g e s t  of t h e  group, separated from Deadman 111 

by a shallow channel  20-30 yards wide, ca r ry ing  bnly a f o o t  of water o r  
l e s s ,  with a s o f t  sandy f l o o r  s c a t t e r e d  with worm mounds. The i s l and  i s  
oval-shaped with i t s  longes t  a x i s  a l igned north-south; i t s  maximum dimen- 
s ions  a r e  125 yards (3-3) and 95 yards  (E-W), and i t s  t o t a l  a rea  only 
two-fif ths of an  acre. It i s  loca ted  c l o s e r  t o  t h e  e a s t e r n  reef  than 
t h e  o the r  Deadman's Cays, and hence t h e  seaward shose c o n s i s t s  of coa r se r  
material-- less  sh ingle ,  but  more c o r a l  rubble,  some of it l y i n g  i n  
shallow water offshore.  Back of t h e  rubble  zone the  cay surface  i s  
sandy, and the  nor th ,  south and west shores c o n s i s t  of f i n e  sand. There 
i s  a l i t t l e  sh ing le  forming lobes t o  nor th  and south of t h e  main seaward 
rubble zone. The seaward shore overlooks a rubble-strewn r e e f - f l a t  with 
depths of 1-2 f e e t ;  t h e  leeward shore f aces  a very shallow, she l t e red  
sand bay, with r e s t r i c t e d  c i r c u l a t i o n ,  and many young Rhizophora seed- 
l i n g s .  

The vegeta t ion  cover i s  dense and n o t  easy t o  penet ra te .  Along t h e  
southern p a r t  o f  t h e  seaward shore t h e r e  i s  a hedge of T ~ ~ n e f o r t i a ,  and 
elsewhere on t h e  windward s i d e  t h e  upper shore i s  covered with Sesuvium 
and Euphorbia. On the  leeward shores Sesuviwn i s  again widespread, with 
a l i t t l e  Euphorbia and much Sporobolus and o t h e r  grasses .  The cen t re  of 
the  cay i s  covered with a dense th ic l te t  of coconuts and bushes, mainly 
Conocarpus; no t a l l  bro3,dleaf t r e e s  were seen. The Rhizophora c o l o n i s t s  
i n  t h e  leeward bay have been mentioned, and i n  add i t ion ,  the  low leeward 
shore i s  l i n e d  b:r s ca t t e red ,  more mature Rhizophora, Avicennia and 
Laguncularia, with many dead t r e e s  and branches, p a r t i c u l a r l y  of 
Avicennia. The mangrove does not ,  however, form a d i s t i n c t  zone sepa ra te  
from the  sand cay. 

Deadman V ( f i g .  18) 
~ezdman V i s  t h e  most no r the r ly  of t h e  group: i t  s tands  about l+OO 

yards  nor th  of Deadman I V ,  and l i l te  it i s  c l o s e  t o  t h e  r e e f .  I n  s p i t e  of 
t h i s ,  however, t h e  i s l a n d  i s  almost wholly b u i l t  of sand, with only a 
v e r y . l i t t l e  sh ingle  a t  t h e  extreme e a s t e r n  end, and some small  p i t t e d  
c o r a l  blocks l y i n g  on t h e  r e e f - f l a t  of fshore .  No part of the  i s l a n d  
r i s e s  more than  2 f e e t  above t h e  sea. 

The cay fa l ls  i n t o  two sec t ions .  The e a s t e r n  one i s  low and formed 
of r a t h e r  grey humic sand. I t  i s  t r i a n g u l a r  i n  shape, with t h e  apex fac-  
i n g  e a s t :  i t s  maximum E-W l eng th  i s  a l i t t l e  more than 50 yards,  while 
t h e  base of t h e  t r i a n g l e ,  a long the  [west s i d e ,  i s  70 yards  long. The 
vegetat ion has been c l ea red  f o r  coconuts, and a p a r t  from these  and a 
small  a r e a  of Sesuvium c o n s i s t s  mainly of Sporobolus v i rg in icus  and 



Cyperus planifol ius  beneath the palm trees.  The second section of the 
cay lies immediately adjacent t o  t he  sand area on i t s  west side;  it con- 
s i s t s  solely of Rhizophora mangle, with l i t t l e  o r  no dry land. This 
forms a zone elongated i n  a north-south direction,  ivith approximate 
dimensions of 70 x 35 ya,rds. Along the south shore of the sand a rea  
there are  a number of small Rhizophora seedlings, with a single mature 
t r e e  a t  the east  point, and the shore i t s e l f  i s  l ined with the dead roots 
and branches of a more extensive mangrove zone. iiost of t h i s  cay pro- 
bably originated a s  a mangrove island, and owes i t s  present height above 
sea-level to  more intense sedimentation near the ea s t  reefs.  The dry 
areas may have been cleared f o r  coca1 i n  recent times. It is  of inte- - 
r e s t  t ha t  Owen's 1830 MS chart  shows two small cays a t  t h i s  point, sug- 
gesting the existence of a narrow channel between the two segnents of 
the  cay, which has been f i l l e d  i n  by rnangrove growth i n  the l a s t  130 
years. 

The Deadman's Cays a r e  ra ther  d i f fe ren t  i n  aspect and or igin  from 
other sand cays on t h i s  coast. They do not occur i n  association with 
reef gaps and refract ion patterns,  a s  i s  generally the case, and they 
3.re located where the eastern mangrove r i m  approaches c loses t  to  the 
eastern reefs,  t ha t  i s ,  where the "reef-flatrf  i s  narrowest. !As noted, 
the eastern sand ridge of Turneffe does not occur a t  t h i s  point. The 
eas t  reef here is exposed to  considerable wave action, and much debris 
i s  washed across it and f inds  no means of escape. Some i s  undoubtedly 
flushed through the gaps--hence the llpouchesfi--but most must acc~unulate 
i n  f ron t  of the mangrove r i m .  This accounts f o r  the general shallow- 
ness of the inter-cay area on the reef-flat ,  and the cays themselves 
probably represent only incidental ,  loca l ,  greater accun~ulations of 
sediment. The cays near the  reef have some shingle, those f a r the r  back 
none ( there  are  exceptions). The purely sandy areas may have originated 
as  mangrove-capped shoals (Cay v ) ,  which, producing a fu r the r  obstruc- 
t ion ,  would help to  t r c p  more sediment on the windward side. This 
would lead t o  ecological changes and colonisation by dry-land vegetation. 
This t rans i t ion  from mangrove has undoubtedly been aided by ma.nrs inter-  
vention i n  clearing for  coconuts. None of these cays show evidences of 
erosion so common elsewhere, presumably because of the  great  supply of 
debris. The cays a r e  probably growing both toward the mangrove r i m ,  and, 
more slowly, l a t e r a l l y  towards each other. Currents across the reef-flat  
w i l l  probably long keep open the present channels between the cays, but 
once they coalesce suf f ic ien t ly  to  form a continuous l ine ,  then the in- 
tervening leeward depression between cays and mangrove would soon f i l l  
in ,  and a continuous sand-rimmed mangrove area be formed. This m y  i n  
par t  expla.in the formation of the main eastern sand ridge of Turneffe. 
Finally,  the s t ructure  of the  cays-their lack of height, abundance of 
sand, small development of shingle ridges--can only reasonably be as- 
cribed t o  the protective influence of Lighthouse Reef ag l in s t  the  pre- 
vai l ing eas te r l ies .  This and other questions concerning the Deadman's 
Cays a r e  discussed i n  Section VIII. 



Calabash 

Northward of t h e  Deadman Group t h e  e a s t  r ee f  extends with many 
i n t e r r u p t i o n s ,  inc luding t h e  Grand Bogue entrance,  t o  Calabash Cays, a 
d i s t ance  of about 7 miles.  Calabash Cays a r e  loca ted  toward the  south- 
w n  end of an  a rcua te  segment of reef  1; miles  long, which extends 
a c r o s s  t h e  g r e a t e r  p a r t  of t h e  Calabash Zntrance ( t o  t h e  i n t e r i o r  la -  
goon). The Entrance i t s e l f  i s  a wide gap i n  t h e  eas t e rn  mangrove rim, 
which i s  here  rimmed by a sand r idge  on i t s  windward s ide .  The group 
inc ludes  f o u r  cays (Owen char ted  3 i n  1830), two of which (Big and 
L i t t l e  Calabash Cays) a r e  named. The mouth of t h e  Zntrance i t s e l f  car- 
r i e s  a t  l e a s t  1 fhthon of water,  and i t s  f l o o r i s  sandy, with l a r g e  north- 
south o r i e n t a t e d  r ipp les .  Near t h e  r ee f ,  p a r t i c u l a r l y  where backed by 
t h e  mangrove rim, t h e  water i s  shallower, and though access  t o  t h e  two 
main cays can be obtained i n  about a fsthom of water, by keeping Close t o  
t h e  mangroves, t h e  cays themselves s tand on a r e e f - f l a t  ca r ry ing  l e s s  
than a f o o t  of water. 

Little -.- Calaba,sh !h~ ( f i g ,  19)  
L i t t l e  Calabash i s  t h e  most sou the r ly  of the  group, and i s  loca ted  

a t  t h e  southern end of t h e  r ee f  segment ( c f .  Transect A ,  Sec t ion  IV). 
It has been much a l t e r e d  by man and now has l i t t l e  of i n t e r e s t .  The 
cay i s  regu la r  i n  shape, with nl-zximun dimensions of 95 x 60 yards.  It 
i s  h ighes t  on i t s  nor theas t  s i d e  where a sand beach with much Halimeda 

i r i s e s  t o  a c r e s t  a p p r o ~ q a t e l y  22 f e e t  above t h e  sea. The su r face  s lopes  
gen t ly  t o  t h e  low leeward shore,  with no marked i r r e g u l a r i t y .  There i s  
a l i t t l e  evidence of marginal erosion,  i n  t h e  undercutt ing of coconut 
t r e e s  on t h e  nor theas t  shore, but  t h i s  i s  probably much re tarded and 
even out~*reighed by human agencies.  The cay i s  t h e  cen t re  of t h e  
Turneffe coconut export t r ade ,  and a t  t he  north end t h e r e  i s  a marked 
peninsula, about 15 yards long, c o n s i s t i n g  of nothing but  s p l i t  C O C O ~ U ~ S .  

Conchs a r e  exported, too, and t h e i r  s h e l l s  form the  shore near  t h e  p i e r  
and a l s o  along the  seaward s ide ,  where they  have probably been dumped t o  
g ive  protect ion.  Erosion along t h e  south and southelist shores ( f ac ing  
t h e  r ee f  gap) has been s u f f i c i e n t  i n  t h e  p a s t  t o  n e c e s s i t a t e  the  building 
of a pi le-wall  on t h i s  s ide ,  backed with conch s h e l l s .  This appears t o  
have completely ha l t ed  any n a t u r a l  e ros ion  on t h i s  s ide .  NO beachrock 
is  exposed near  the  cay. The seaward shore  overloolcs a r e e f - f l a t ,  
covered with Thalassia ,  and ca r ry ing  only 6-8 inches of v~ater .  The p i e r  
on t h e  leeward s i d e  gives anchorage i n  7-8 f e e t  of water. 

The p i e r  i t s e l f  i s  30 ya rds  long, and has a t  i t s  end a t ransverse  
landing s t age  40 ya rds  long, with a l a r g e  warehouse. This can accomo- 
d a t e  a t  l e a s t  two coconut boa t s  a t  a time, and these  r a t h e r  ungainly, 
deep-hulled vesse ls ,  inc luding t h e  Corozal Packet, make regu la r  runs t o  
Belize. L i t t l e  Calabash r ep resen t s  a c l e a r i n g  house f o r  t h e  Turneffe 
coconuts, which a r e  brought here  i n  small  boats  from a s  f a r  a s  Rope !dalk 
f o r  transhipment. There a r e  s e v e r a l  smal l  sheds on t h e  i s l a n d ,  and one 
s u b s t a n t i a l  hurricane-proof house. The bui ld ings  include a small  commis- 
sa ry ,  where a l imi t ed  amount of supp l i e s  can be obtained on about t h r e e  
days a week, Black pigs a r e  numerous here. The vegetat ion c o n s i s t s  
e n t i r e l y  of some l$ dozen coconut t r e e s ,  with a s c a t t e r e d  ground cover 
of grasses  and a low blue-flowered p lan t .  



Calabash ( f i g .  20) 
Big Calakesh Cay l i e s  about 300 y3y-lrds nor theas t  of L i t t l e  Calabash, 

with which it i s  connected by a very shal low sandy r e e f - f l a t ,  p a r t l y  
covered with Thalass ia ,  axross  which, as noted, t h e  p igs  wander f r ee ly .  
The cay i s  aligned. NNE-SSW, p a m l l e l  t o  t h e  r e e f ,  and i s  about 170 yards 
long. Its width v a r i e s  from 35 t o  55 yards,  and i t  i s  u n i f o m l y  low and 
sandy. The maximum height  i s  reached on t h e  e a s t  s i d e ,  and l i e s  between 
2 and 3 f e e t  above t h e  sea. There i s  no sh ing le  on the  i s l and ,  but  i n  
seve ra l  p laces  t h e r e  a r e  banks of conch-shells,  and a t  one poin t  a con- 
s ide rab le  accu:,nulation of t h e  small  concre te  p l a t e s  formerly used f o r  
c u l t i v a t i n g  commercial sponges, iit t h e  south end of the  cay t h e r e  i s  a 
s p i t  of f r e s h  sand. 

The vegetat ion has been removed f o r  coconuts, and nothing remains 
a p r t  from these  and a sparse  gro'nrth o f  coarse grasses ,  except f o r  some 
pe r iphe ra l  mangroves--cniefly Rhizophora seedl ings  c lose  inshore,  and a 
couple of t a l l e r  Avicennia t r e e s  near  t h e  nor th  end. The coconuts form 
a ragged canopy only 20-30 f e e t  high. This i s l a n d  ha.s been s e t t l e d  f o r  
many years ,  and has s e v e r a l  houses, e s p e c i a l l y  one s u b s t a n t i a l  bui ld ing  
a t  the  southeas t  poin t ;  rainwater  i s  obtained from vats .  The Big Calabash 
se t t lement  was formerly more important,  e spec ia l ly  between 1900 and 1939, 
when it was t h e  c e n t r e  of t h e  sponge indus t ry ,  but  s ince  then L i t t l e  
Calabash has handled the  coconut indus t ry  on account of i t s  deeper an- 
chorage. There a r e  s e v e r a l  s m d l  wooden j e t t i e s  round the  i s land,  and 
the  leeward bay g ives  anchorage of 4-5 f e e t .  

Eas t  One and Two - --- 
East  and north of Big Ca.labash a r e  two smaller  i s l ands ,  here nmed 

i n  order  of proximity t o  it, Big Calabash Eas t  One and Zast Two Cays. 
East  One ( f i g .  20) i s  separated from t h e  main cay by a shallow channel 
only 14 yards wide, car ry ing  up t o  1 2  inches of water, with numerous 
Rhizophora seedlings.  The cay i t s e l f  i s  smal l  and rgunded, with a dia- 
meter of 40-50 yards. Its eas t e rn  shore  l i e s  c lose  t o  t h e  r ee f ,  i s  
s t r a i g h t ,  and formed of coarse blackened c o r a l  rubble; it has l i t t l e  worn 
sh ingle  and no sand. The r e s t  of the  i s l a n d  i s  sandy with varying amounts 
of sma.11 sh ing le ,  and nowhere does it r i s e  more than 3 f e e t  above t h e  sea. 
It i s  covered with bushes, mainly Sur iana  mari t ima and Conocarpus e rec tus ,  
with s e v e r a l  low Rhizophora and t a l l e r  Avicennia t r e e s  round i t s  margins. 
Two d i s t i n c t  clumps o f  coconuts, t o t a l l i n g  l e s s  than a dozen t r e e s ,  rise 
towards t h e  cen t re  of t h e  cay. 

Big Calabash East  Two ( f i g .  19) i s  smaller ,  and i s  loca ted  about 90 
yards nor th  of East  One. It c o n s i s t s  of a narrow s t r i p  of land 50 yards 
lone  and genera l ly  l e s s  than  10  wide, with some shingle  a t  i t s  e a s t  end. 
The g r e a t e r  p a r t  i s  loci and sandy, and does not  r i s e  more than 1 8  inches 
above t h e  sea. It i s  prolonged westwards by a f r e s h  sand s p i t .  The 
vegetat ion i s  low and windswept, and c o n s i s t s  only of per iphera l  mangroves 
(Avxn? and Rhizophora, with many shore l ine  Rhizophora seedl ings) ,  a 
c e n t r a l  t h i c k e t  of Suriana maritima and coarse  t a l l  grasses,  and two o r  
t h r e e  low young coconuts. 

On none of these  cays was any beachrock seen. 



S o l d i e r  and Blackbird C ~ E  - - 
riather l e s s  than 3 miles  nor thof  CalabashCays, t h e  e a s t  reef  of 

Turneffe swings eastwards i n  a prominent elbow t o  i t s  most e a s t e r l y  p i n t .  
North of t h e  elbow t h e  reef  i s  wide and s t rong ly  developed, with a wide 
sandy ree f - f l a t ,  and well-marked groove-spur system on i t s  seaward slope; 
South of it, t h e  r ee f  and sandy f l a t  a r e  narrow, but  t h e  reef  growth i s  
no l e s s  vigorous than t h a t  t o  t h e  north. Immediately south of the  elbow 
i t s e l f ,  two cays a r e  loca ted:  t h e  southernmost and l a r g e s t  i s  known a s  
So ld ie r  Cay; t h e  northernmost i s  unmarked on c h a r t s  but  i s  known l o c a l l y  
(accoroing t o  fishermen a t  Calabash Cays) as Blackbird Cay. 

So ld ie r  % ( f ig .  21) 
S o l d i e r  Cay i s  l 4 5  yards  long and has  a maximum width of 55 yards. 

It s tands  some 50 yards back from t h e  reef-edge, and p a r a l l e l  t o  it. The 
cay i s  f a i r l y  r egu la r ly  shaped, and of simple physiography. The seaward, 
southeast  shore, 110 yards long, i s  formed by a s t e e p  r idge  of grey 
sh ingle ,  we l l  in ter locked,  r i s i n g  t o  a f a i r l y  constant  c r e s t l i n e  5.5 
f e e t  above sea-level.  I n  t h e  sov.th and c e n t r e  of the  cay the  sur face  
s lopes  gradual ly  from t h i s  r idge  c r e s t  t o  t h e  shore on the  e a s t  s ide ;  t h e  
i n t e r i o r  sur face  is  of f i n e  grey sand with s c a t t e r e d  c o r a l  fragments, 
tight-packed, and. with t h e  upper l a g e r s  discoloured with humus. The l e e  
shore i t s e l f  i s  formed of f i n e  white sand. l i t  t h e  nor theas t  end o f  t h e  
C a y  (which f aces  t h e  sea nor th  of the  main reef  elbow) t h e  sh ingle  r idge  
continues round t h e  shore, decreasing i n  he igh t  and. i n  s i z e  of const i-  
t u e n t  mater ia l ,  and appears along t h e  nor thern  p a r t  of t h e  l e e  shore a s  
a d i s t i n c t  r idge  r i s i n g  3-4 f e e t  above t h e  sea. This leeward beach r idge  
i s  broad, with a rounded p r o f i l e ,  and conta ins  more sand than medium 
shingle;  t h e  cay su r face  between it and t h e  seaward sh ingle  r idge  con- 
sists of grey sand with s c a t t e r e d  f i n e  shingle.  The two cross-sect ions 
( f i g .  22) of the  cay show these  f ea tu res  p la in ly .  There is  no evidence 
of erosion round t h e  cay margins, except a t  t h e  south end, where t h e  o ld  
grey sand a r e a  i s  bounded by a d i s t i n c t  low c l i f f - l i n e .  Nowever, a f r e s h  
sand peninsula 20 yards wide p r o j e c t s  up t o  15 yards i n  f r o n t  of t h e  
undercut zone, and i s  now being colonised by vegetation. 

The most d i s t i n c t i v e  f e a t u r e  of t h e  physiography of the  cay i s  t h e  
platform on which it s tands ,  f o r  here,  uniquely i n  B r i t i s h  IIonduras, i s  
a segment of dry ing  r e e f .  This begins nea r  t h e  nor th  end of t h e  cay, 
borders i t s  seaward s ide ,  and extends southwards f o r  over 200 yards. Its 
average width i s  about 20 yards. It c o n s i s t s  of detached loose  boulders, 
gene ra l ly  l e s s  than 2 f e e t  i n  diameter,  much blackened and p i t t e d ,  
p i l e d  on a rock pavement which l ies s l i g h t l y  above low t i d e  l eve l .  The 
platform i t s e l f  i s  thus submerged a t  high t i d e  but  many of t h e  blocks 
remain exposed-many of them a r e  so weathered as t o  be no longer iden t i -  
f i a b l e .  None a r e  i n  t h e  pos i t ion  of growth, and a l l  a r e  probably thrown 
up from the  reef - f ront  by wave a c t i o n  i n  time of storms: the  loca t ion  a t  
t h e  eas t e rn  elbow, where r e f r a c t i o n  would be g r e a t e s t ,  may help expla in  
t h e  f ea tu re .  The su r face  of t h e  rock platform i s  i r r e g u l a r  (though cur i -  
ous ly  unl ike  such poss ib le  emerged reef-rock su r face  a s  a t  Half i4oon 
Cay), and a t  low t i d e  conta ins  i s o l a t e d  pools  of water sub jec t  t o  g r e a t  
overheating. Small f i s h  and morays a r e  seen i n  t h e  deeper pools,  mol- 
l u s c s  a r e  very abundant, but s tony co ra l s  a r e  absent .  Large a l g a l  



growths a r e  not  common. The su r face  seems t o  s lope  lagoonward and t o  be 
h ighes t  near  i t s  seaiward edge; the  number of blocks i s  a l s o  g r e a t e s t  near  
t h e  brave-break l i n e ,  and d imin i shes  lagoonwards. Neither nor th  nor  south 
of t h i s  small  a rea  i s  any drying  ree f  t o  be found. 

The whole cay i s  planted thickly- ce-th coconuts, and t h e  n a t u r a l  
vegeta t ion  has been almost e n t i r e l y  removed. The cay i s  s a i d  ( ~ o ~ t m e y  and 
o thers ,  1959, 245) t o  have been p lanted  a t  one time with sapod i l l a  
( ~ c h r a s  sapota L.) and mahogany (Swietenia macronhylla ~ i n g ) ,  hu t  no 
t r a c e  of t h e s e  o r  any o t h e r  broadleaf t r e e s  remains. The s t e e o  seaward -. ~ . ~~~ 

shingle  r idge  bears  oval-shaped patches of Sesuviwn portulacastrum, and 
low Spray-swept bushes of Tournefort ia  gnaphalodes, with a l i t t l e  scat- 
t e r e d  &&orbiz.. k t  t h e  nor th  end of t h e  cay a r e  bushes 4-5 f e e t  high 
of -- s u r i a n a  maritima, and an  undercover of ~esuv ium and Euphorbia, but 
a p a r t  from t h i s ,  a ~ ~ t c h  of Sesuvium on t h e  new southern sand s p i t ,  and 
sparse  Sporobolus underneath t h e  coconuts,  t he  cay su r face  i s  bare. Most 
of t h e  coconuts a r e  about 40 f e e t  hinh: but one a t  t h e  south end i s  about 
15 f e e t  higher  then t h e  r e s t .   here‘-%re numerous Rhizophora seedl ings  i n  
shallow water near  t h e  cay, along t h e  west and south shores. 

There a r e  seve ra l  houses and sheds on the  i s l and ,  none s u b s t a n t i a l ,  
but no-one was l i v i n g  t h e r e  a t  the  time of our  v i s i t  i n  1960. There i s  
a smal l  wooden j e t t y  a t  t h e  sc;uth end of t h e  cay, and i n  shallow water 
t o  westrmrd two palm-leaf f i sh- t raps .  

Bl.ac?<bird a ( f i g .  23) 
Blackbird Cav i s  s i t u a t e d  about 100 vards NNE of S o l d i e r  Cay: it is 

a small ,  crescent-shaped i s l and ,  t r ansve r se  t o  t h e  r e e f - f l a t  a t  t h i s  
poin t ,  some 70 yards long. It i s  widest at  i t s  seaward s ide ,  where i t  
f r o n t s  a d r y  zone of c o r a l  blocks, mainly massive plmata s labs.  The cay 
i s  h ighes t  on t h i s  s ide ,  r i s i n g  from a beach of Malimeda sand t o  a core 
of l a r g e  s h i ~ g l e  3 f e e t  high, This core  has a diameter of 25 yards. TO 
leeward the  sh ingle  i s  f i n e r ,  and t h e  i s l a n d  is  prolonged southwestwards 
by a s p i t  of f r e sh  sand with f i n e  shingle.  The north s i d e  of the  cay, 
which f a c e s  t h e  open sea ac ross  t h e  r e e f  nor th  of t h e  main elbow, i s  
a l s o  f ron ted  with palmata s l abs .  The channel between S o l d i e r  and Blackbird 
Cays has a rnaximwn depth of 15 inches. 

The southeas t  seaward shore i s  f r i n g e d  by -1 zone of mangroves, 
unusual i n  so exposed a loca t ion ,  inc luding both Avicennia and Rhizophora 
about  15 f e e t  hish.  Three s o l i t a r y  young coconuts r i s e  t o  a he ight  of 
20 f e e t  t o  leeward of t h e  mangroves, from a ground cover of Sesuvj.um. 
Between coconuts and mangrove a r e  a number of low but dense Conocarpus 
bushes. iin unident i f ied  black bird w s s  nes t ing  on the  cay a t  t h e  time 
of our  v i s i t .  

Pe l i can  9 

From the  So ld ie r  Cay elbow, t h e  eas t e rn  reef  t r ends  s l i g h t l y  north- 
westwards f o r  near ly  seven mi les  t o  Northern Bogue. The eas t e rn  mangrove 
r i m  l i e s  600-700 yards back from t h e  reef-edge; and though t h e  eas t e rn  
sand r idge  i s  here well-developed, it i s  divided from t h e  reef  f l a t  by a 



narrow f r i n g e  of Rhizophora. Only a s i n g l e  cay i s  found along t h e  whole 
o f  t h i s  sec t ion  of t h e  reef .  Owen i n  1830 (8f.S N57) marked two d i s t i n c t  
cays,  "Pel ican Caysv, one small  island. some d i s t ance  south of a l a r g e r  
one, and t h e  two cays a r e  both marked, and so named, on l a t e r  char ts .  
The cay was v i s i t e d  i n  1960 and photographed from t h e  a i r  i n  Ju ly ,  1961, 
when only a s i n g l e  cay ex i s t ed ,  \Me were unable t o  a s c e r t a i n  whether t h e  
former two cays have grown together ,  o r  whether one has been destroyed, 
perhaps i n  a hurr icane;  t h e  l a t t e r  view seems most l i k e l y .  

The cay ( f ig .  23) i s  rec tangular  i n  shape, and a l igned with i t s  
long axis p a r a l l e l  t o  t h e  r e e f ,  i . e .  north-south. The dry  land a r e a  
has maximum dimensions of 100 y a r d s  N-S, and v a r i e s  from 40 t o  60 yards  
i n  width E-W. When v i s i t e d  i n  1960 t h e  whole dry land a r e a  was sur- 
rounded by a b e l t  of Rhizophora mangle, with a l i t t l e  Avicennia and 
Conocarpus on i t s  dry-land margin. This  mangrove r i m  was in t e r rup ted  
only i n  t h r e e  p laces ,  two of them a r t i f i c i a l  boat harbours rimmed by 
conch s h e l l s .  The cay surface  probably does no t  r i s e  more than 18 
inches  above t h e  sea;  it i s  f l a t  and f e a t u r e l e s s ,  composed of grey sand 
with no sh ingle .  The i n t e r i o r  of t h e  cay has been completely c leared  and 
p lanted  t o  coconuts, and has only  a scanty  undergrowth, mainly of grasses  
with a l i t t l e  Sesuvium. When photographed from t h e  a i r  i n  Ju ly ,  1961, 
however, t h e  Rhizophora r i m  of the  nor theas t  s i d e  had been completely 
c l ea red ,  reveal ing  a narrow, white-sand shore. Southeast of the  dry  sand 
a r e a  t h e r e  p r o j e c t s  a rounded mass of t a l l  bushy Rhizophora, forming a 
peninsula about 35 yards i n  diameter. 

The cay i s  inhabi ted  and has two huts ,  one occupied i n  1961 by a 
Car ib  fisherman. I t  i s  q u i t e  poss ib le  t h a t  t h i s  i s l a n d  o r ig ina ted  a s  a 
mangrove cay, and t h a t  i t s  present  appearance i s  almost wholly man-made. 

The Cockroach Group - 
Between Northern Bogue and t h e  nor thern  end of the  main mass of the  

Turneffe lagoon mangroves, betlgeen t h e  e a s t  reef  and t h e  eas t e rn  mangrove 
r i m ,  a r e  a number of mnangrove-sand cays and sand cays he re  termed "the 
Cockroach Group" ( f i g .  24). Cockroach Cay i s  one of t h e  l a r g e r  i s l a n d s  
in.  t h e  group, t h e  only one' i nhab i t ed ,  and t h e  only one v i s i t e d  and map- 
ped. The group extends from Dogflea Cay i n  t h e  north f o r  a d i s t ance  of 
3 miles ,  ending i n  t h e  south a t  a l a r g e  mangrove cay about 500 yards  
long,  s e t  a t  an angle t o  t h e  r ee f .  Cockroach Cay and t h e  cays t o  the  
nor th  were v i s i t e d  o r  seen a t  a very e a r l y  s tage  i n  t h i s  inves t iga t ion ,  
but  t h e  ex ten t  of t h e  group t o  t h e  south ,of  Cockroach Cay was not  r e a l i s e d  
u n t i l  they  were flown over and photographed a t  the  c lose  of t h e  second 
expedit ion.  Zach cay was photographed, looking west, from a height  of 
200 f e e t ,  and t h e  following reinarks a r e  based on these  photographs. The 
a.rea. has never been mapped i n  d e t a i l  o r  shown on cha r t s ,  and unfortun- 

. a t e l y  only  t h e  southernmost p a r t  i s  included i n  the  a i r  photograph cover. 
'1 very -gene ra l .  ske tch  map has been p r e p r e d  showing these  i s l ands ;  it i s  
hoped t h a t  they may soon be f u l l y  mapped, and our  record o f  t h e  B r i t i s h  
Honduras cays so completed. 



The group includes 28 cays a l toge the r ,  of which f i v e  a r e  longer than 250 
yards, 15 a r e  between 20 and 100 yards long, and the  remaining 8 are mere 
specks of land, mostly mangrove. The smaller  cays, especia l ly  i n  t h e  
sbuth, a r e  mainly and sometimes e n t i r e l y  mangrove; the  l a r g e r  cays, with 
the  exception of the  southernmost, show a d i s t i n c t  zonation i n t o  seaward 
sandy beach, sand a rea  with bushes, and leeward red mangrove zone. Coco- 
nu t s  a r e  not  general ly found, except on Cockroach Cay, which has been 
cleared and given over t o  N. Altogether, four  cays, including 
Cockroach and Dogflea, l ack  mangrove e n t i r e l y ,  and of the  r e s t ,  8 have 
l a r g e  sandy a reas  covered with bushes, with mangrove r e s t r i c t e d  t o  the  
leeward s ide ,  and the  remaining 18 a r e  wholly o r  mainly mangrove, many 
with only very small a reas  of dry sand. Perhaps half  a dozen of these  
cays would rep ly  de ta i l ed  mapping. To some ex ten t  they resemble the  
Deadman's Cays f a r t h e r  south, but otherwise they form a d i s t i n c t i v e  cay- 
type on the  B r i t i s h  Honduras a t o l l s ,  n o t  being associated with reef-gaps. 
The chief  dry  land vegetat ion seems t o  c o n s i s t  of bushes such as Suriana 
and Conocarpus. 

Cocltroach ( f i g .  25) 
Cockroach Cay i s  situat,ed near t h e  northern end of the  group, with 

six cays t o  the  north.  It i s  a long narrow i s l and ,  al igned p i r a l i e l  t o  
the  reef  edge, here in ter rupted by a gap immediately. south of the  cay. 
The i s l a n d  has a maximum length of 310 yards,  and va r ies  i n  width from 
55-60 yards. Along i t s  seaward shore f o r  a dis tance  of 180 yards t h e  
beach i s  formed by a shingle  r idge r i s i n g  t o  a c r e s t  3 f e e t  above sea 
l eve l .  Back of the  r idge  the  cay surface  declines t o  the  leeward shore 
and i s  composed of sand with l a rge  ainounts of blacltened and broken cora l ,  
xuch of it s t i l l  recognisable. The g rea te r  p a r t  of t h e  northern sec t ion  
of the  cay, however, i s  sandy; and a f r e s h  sand peninsula i s  a l s o  build- 
i n g  southwards from the  southern end of the  i s l and ,  The leeward shore 
i s  everywhere low and sandy, fac ing a shallow bay with l a rge  numbers of 
Rhizophora seedlings c lose  inshore. 

The vegetat ion has been almost wholly c leared f o r  coconuts, now 
planted i n  order ly  rows, with l i t t l e  ground vegetation a p a r t  from grasses  
and Euphorbia. A t  t he  southeast  end of the  leeward shore, however, the re  
i s  a t h i c k e t  of o ld  mangrove and low bushes, from which we obtained a 
specimen of the  common boa, so  widespread i n  the  Turneffe mangroves. 

Dogflea Cay, the  northernmost i n  the  group, i s  low and sandy, with 
a narrow sand bench. I t  i s  covered with a t h i c k e t  of Suriana bush, from 
which r i s e  f o u r  low coconuts. 

The Northern - 
Three prominent cays stand t o  t h e  north of the  main mass of the  

Turneffe lagoon mangroves: 'Three Corner Cay, Crawl Cay and Eauger Cay. 
The f i r s t  two were seen from close  range, and the  last v i s i t ed .  Crawl 
Cay and Three Corner Cay a r e  almost wholly mangrove, with l i t t l e  dry  
land. Three Corner Cay i s  shaped. a s  i t s  name implies;  Crawl Cay i s  elon- 
@ted east-west and i s  convex t o  the  north.  Mauger Cay i s  a l s o  orien- 
t a t e d  ea.st-west and i s  convex northwards, and it i s  the  only one with dry 



land. Unfortunately the dry land area i s  so small, the vegetation so t a l l  
and dense, and the def lect ing influence of the  cast-iron lighthouse so 
great ,  t ha t  no map could be made, i n  s p i t e  of some effor t .  The eastern 
and western lobes of the cay consist  of Rhizophora with no dry land. The 
cen t ra l  par t ,  which has been cleared, i s  low and sandy, with prominent 
clumps of Rhizophora along both i t s  north and south shores. The cay has 
c lear ly  suffered some erosion (though it i s  located nearly 14 miles 
south of the reef-edge and well within the lzgoon), since the whole of 
the  north shore of the cleared area i s  bounded by a thick masonry wall. 
The cay surface does not r i s e  more than 2 f e e t  above the sea. The 
cleared a r e a i s  small and irregularly-shaped; it has l e s s  than a dozen 
coconuts, a l l  l e s s  than 15 f e e t  high. The sandv areas a r e  covered with " " 
Sesuvium, Ageratum maritimum, and Cyperus planifol ius .  A very wide- 
spread shrub, 2-3 f e e t  hizh,  with fleshy leaves. cannot unfortunately be 
ident i f ied.  Towards the weit end of thk clearedl area i s  the 64 foot 
high open-frame light-tower, with three subs tan t ia l  houses f o r  i t s  
keepers. According to  Winzerling (1946, 59) the cay received i t s  name 
from the women prisoners (mugeres) which p i r a t e s  brought here a f t e r  the  
sack of Bacalar i n  1648, The Indies - P i l o t  re fe rs  t o  a prominent 
"portion of a stranded wreck on the northern edge of the  reef, about 
1 3/4 miles north-north-eastward of lviauger Cay" (1956, 462)) and t h i s  
was seen again i n  1960. 

The Eastern Sand Ridge 

As already stated,  the  eastern side of the eastern mangrove rim of 
Turneffe i s  fringed f o r  much of i t s  length by a sand ridge. This forms 
the seaward shore on the south s ide of Northern Bogue, both sides of the 
Calabash Entrance, and on both sides of Grand Bogue. I t  was e i ther  
v i s i ted  o r  seen a t  c lose  quarters a t  Northern Bogue, Harry Jones (north 
s ide of Calabash Entrance), Calabash Cays, and Rope Walk ( i t s  most southerly 
extent). Between Northern Bogue and Rope Lialk i t  fonns a f a i r l y  continu- 
ous feature,  though often hidden from the sea by a narrow bel t  of man- 
grove. It generally r i s e s ,  with some loca l  shore undercutting, t o  a 
c r e s t  3-L, f e e t  i n  height, consis ts  of sand with l i t t l e  coarser material, 
and declines westward t o  pass under the inner  b e l t  of lagoon-fringing 
mangroves, Rhizophora and Avicennia. The ridge i s  almost en t i re ly  planted 
t o  coconuts, wi th  an intermit tent  undercover of H~ymenocallis and grasses, - -  - - 

and along the shore a l i t t l e  Tournefortia, Suriana, Immoea, S e S u v i ~ ,  
and i n  places Coccoloba uvifera. It has c l ea r ly  been b u i l t  up along the 
seaward edge o F t h e  mangrove by the great  amounts of debris being washed 
across the eastern reefs ,  which cannot otherwise be disposed of. It i s  
thus analagous with the formation of such mangrove-sand cays a s  Cay 
Caulker and Long Cay on the  coastal  shelf ,  though on a much larger  Scale. 
\\!hether i t  grew a t  a uniform ra t e  along i t s  whole length, or  consists 
of several  d i s t i n c t  patches subsequently united, i s  not known; and whether 
i t  i s  currently undergoing growth o r  not i s  questionable. The widespread 
growth of mangroves i n  f ron t  of the  ridge, and i t s  undercutting else- 
where, suggest t h a t  it i s  i n  f ac t  a f o s s i l  feature.  

Dixon (1956) i n  h i s  memoir on the g e o l o ~ y  of southern Br i t i sh  
Honduras figured a section of elevated beachrock from t h i s  ridge, which 
he described a s  marking a former shoreline 7 f e e t  above the sea. He did 



n o t  g ive  i t s  loca t ion .  Vermeer, however, though he d id  n o t  f i n d  t h i s  o r  
any o t h e r  r a i sed  beach on Turneffe, quotes Dixonls b r i e f  capt ion  and re- 
produces h i s  photograph (1959, 07, 95, 96)( in both cases  t h e  photograph 
i s  reversed l e f t  t o  r i g h t ) .  The ex i s t ence  of t h i s  beach, toge the r  with 
o t h e r  " ra i sed  beaches" on fkmbergris Cay and Long Cay, Lighthouse Reef, 
which Vermeer described,  led. him t o  c o r r e l a t e  them a l l :  "Each of these  
was on separate geomorphological u n i t s  and each stood a t  a height  of 5 
t o  7 f e e t  above sea  l e v e l .  ... The uniformly ra i sed  beaches c l e a r l y  
poin t  t o  a negr t ive  e u s t a t i c  change i n  sea l eve l "  (1959, 67) .  One of 
t h e  conclusions of t h e  p resen t  study i s  t h a t  no such f l u c t u a t i o n  can 
y e t  be demonstrated, and i s  i n  f a c t  on present  evidence extremely 
doubtfu l ;  this may be i l l u s t r a t e d  by reference  t o  t h e  Turneffe example. 

Harry Jones i 'oint ( f i g .  26), nor thern  s i d e  of Calabash Entrance, 
was v i s i t e d  i n  Apr i l  1960, and t h e  ex i s t ence  of t h e  r a i s e d  beachrock 
noted. The a r e a  was mapped, ~ J i t h  s p e c i a l  re ference  t o  t h e  beachrock 
outcrop, which was subsequently recognised as t h a t  f igu red  by D r .  Dixon. 
I am g r a t e f u l  t o  Dr. Dixon f o r  sending me some f u r t h e r  photographs and 
comments on it. Dr. Dixon v i s i t e d  t h e  a r e a  with the  B r i t i s h  Honduras 
Land Use Survey Team, and D r .  Romey has a l s o  given me h i s  comments. I n  
@ia.y 1966 the  a rea  was again v i s i t e d ,  l eve l l ed ,  and augered. 

Beachrock outcrops only along t h e  north-south t rending shore of 
Harry Jones, f o r  a t o t a l  d i s t ance  of 220 yards. To t h e  nor th  the  shore 
sweeps westward i n  a broad bay; t o  t h e  south t h e  shore becomes loiar, trend- 
i n g  westward i n t o  Calabash Entrance. The sand r idge  i s  here 30-50 yards 
wide, and i s  covered with coconuts, ending abrupt ly  a t  t h e  margin with 
. ta l l  Rhizophora - and Avioennia. The undergrowth beneath the  coconuts con- 
sists of Sesuviun, Euphorbia, Hymenocallis, grasses,  and I r e s i n e  ce los ia .  
A t  the  easternmost b luf f  ( i .e .  t he  most no r the r ly  extent  of t h e  beachrock) 
a r e  a number of Tournefort ia  and Suriana bushes, and t h e  whole of t h e  
east-facing shore,   here t h e  beachrock outcrops, i s  clothed with dense, 
overhanging Cocoo lob~  uv i fe ra .  The c r e s t  of the  sand r idge  v a r i e s  i n  
he ight ,  but i s  gene ra l ly  3-4 f e e t  above sea l eve l .  It r i s e s  h ighes t  a t  
t h e  eas t e rn  b l u f f ,  reaching 5.5 f e e t  above approx imte  low t i d e  l eve l .  
The surface of t h e  sand a rea  s lopes  back towards t h e  mangrove r i m ,  and I 
doubt whether any p a r t  exceeds h f e e t  i n  height  i n  the  Marry Jones area. 

The beachrock a l s o  v a r i e s  i n  he ight .  It i s  h ighes t  a t  the  eas t e rn  
b lu f f ,  where t h e  o u t e r  edge of i t s  upper sur face  l i e s  1' 8" t o  2 f e e t  
above approximn+ite low water l e v e l ;  it s lopes  southwards along the  shore, 
and f o r  t h e  g rea te r  p a r t  of i t s  exbent  l i e s  only s l i g h t l y  above mean sea 
l e v e l .  The southermnost s e c t o r  l i e s  a t  about low water l e v e l ,  and is 
covered with beach sands and banks of dead Thalassia.  The outcrop is 
being eroded, e s p e c i a l l y  a t  t h e  e a s t e r n  b luf f ,  and many blocks have been 
undercut,  broken o f f ,  and now l i e  on the  shore. I t  i s  d i f f i c u l t  a t  t h e  
b luf f  i t s e l f  t o  determine o r i g i n a l  d ip :  the  sur face  of t h e  beachrock, 
roughened and p i t t e d  by erosion,  seems approximltely hor izonta l ,  though 
D r .  Dixon thi.nks i t  s lopes  upwards from the  sea. Away fro111 t h i s  b lu f f ,  
t h e  beachrock d ips  seaward l i k e  any o t h e r  beachrock, and indeed looks 
much the  same. t i t  t h e  bluff i t s e l f  t h e  beachrock i s  ove r l a in  by t h e  
r idge  sands, here  r i s i n g  t o  r a t h e r  more than 5 f e e t  above sea  l e v e l ,  and 
t h e  ques t ion  a r i s e s ,  how far does t h e  rock extend beneath t h e  sand, and 



and how high does it become? I n  t h i s  connection, Dr. Dixon wri tes  (per- 
sona l  communication, 1960) : 

"....the beachrock s lopes  upwards away from t h e  sea  and disap- 
pears  under a t h i n  covering of grass  and sand. .... S t a r t i n g  
about 1 0  yards o r  so back from t h e  t o p  of t h e  bank we put  down 
some hand auger holes t o  examine t h e  s o i l s ,  and j u s t  below the  
su r face  t h e r e  was a l a y e r  much more compact than t h e  s o f t  
m a t e r i a l  below it. This compact l a y e r  go t  s o f t e r  a s  t h e  water- 
logged mangrove a rea  a t  t h e  west s i d e  of t h e  cay was approached. 
we assumed t h a t  it was t h e  same beachrock, r o t t e d  perhaps by 
t h e  f r e s h  water i n  t h e  s o i l ,  but  the  height  was only a rough 
guess. 

I n  1961 we put  down two auger holes,  one 5 yzrds  in land from t h e  bluff ,  
s t r i k i n g  beachrock a t  2 f e e t  depth, one 1 0  y w d s  in land,  no t  s t r i k i n g  
beachrock a t  a l l .  The beachrock t h u s  r i s e s  a t  t h i s  poin t  t o  2-2& f e e t  
above approximate low t i d e ,  and a s  t h e  sand surface s t e a d i l y  dec l ines  
westwards, cannot g e t  much higher  t h a n  t h i s .  

The t r u e  beitchrock a t  Harry Jones thus  has a v e r t i c a l  ex ten t  of 
about 3 f e e t ,  does no t  r i s e  more than  3 f e e t  above t h e  ses ,  i s  5-10 
ya rds  wide a t  most, and ext,ends f o r  over 200 yards. The l a t e r a l  ( a s  
d i s t i n c t  from normal t ransverse)  g rad ien t  I bel ieve indice-tes t i l t i n g  Of 

t h e  whole exposure, s i n c e  pronounced l a t e r a l  d i p  i s  no t  a f e a t u r e  of 
i n t e r t i d a l  beschrocks. L a t e r a l  t i l t i n g  has r a i sed  t h e  north end t o  give 
abnormally high beachrock a t  t h e  b lu f f ;  i n  t h i s  connection we can r e f e r  
t o  t h e  drying reef  a t  S o l d i e r  C a y  a few hundred yards t o  the  north. This 
i s  t h e  oc ly  exposed reef  i n  B r i t i s h  Honduras, and might reasonably have 
been involved in--indeed, caused by--the Harry Jones t i l t i n g .  

The s o f t e r  rock a few inches  below the  su r face  described by Dr. 
Dixon from augering i s  not ,  I bel ieve,  r o t t e d  beachrock, bu t  "C3,Y sand- 
stone" (Kuenen 1933; see Sect ions  VIII, IX), t h e  indura t ion  r e s u l t i n g  
from f r e s h  water percola t ion  and evaporation. If the  t r u e  beachrock and 
t h i s  sandstone a r e  continuous, then  they must form a p l a t e  200 yards long 
and up t o  $0 yards wide: a l t o g e t h e r  improbable f o r  beachrock formed by 
i n t e r t i d a l  cementation on medium-gradient beaches with small  t i d a l  range. 
Unfortunately time d id  not  a l low a f u l l  programme of augering i n  1961 t o  
t r a c e  t h e  ex ten t  of t h i s  "cay sandstone" indurat ion.  

I n  my viel'i, t h i s  beachrock owes i t s  appearance t o  t ec ton ic ,  no t  
e u s t a t i c  ca,uses; but even if it can be shown t o  be e u s t a t i c ,  then it can- 
n o t  be r e fe r red  t o  a sea-level  higher  than 3 f e e t  above the  present ,  and 
cer-tainly n o t  t o  any 6 f o o t  s t i l l s t a n d .  

































VI.  LIGHTHOUSE REEF 

Lighthouse Reef ( c f .  Vermeer, 1959, 18-19, 95-103), witin an overal l  
length of 25 miles, width of 4$ miles, and approximate area of 78.5 
%quare miles, i s  the smallest of the  three a t o l l s  i n  area (though longer 
than Glover1 s Reef), and the most i r r egu la r  i n  out l ine  ( f ig .  17). The 
main par t  of the  a t o l l  measures some 17 miles i n  length, and t o  the  south- 
west corner O f  t h i s  i s  appended an arc-shaped reef segment some % miles 
long and only 2 miles wide. The cause of t h i s  great  southeastern bight 
between Half Moon Cay and the south end of the  a t o l l  i s  not known, but 
the suggestion made by Fairbridge (1950) t ha t  s imilar  i r r egu la r i t i e s  on 
Pacific a t o l l  rims may r e s u l t  from submarine s l m p i r ~ g  could apply here, 
especially i n  vieb! of the great  depths off the eas t  reefs  near Half 
Hoon Cay. Published charts of the a t o l l  a r e  extremely rudimentary, and 
the airphoto cover only extends t o  some two-thirds of the a t o l l  area, So 
t h a t  our knowledge of the gross features of the reef and lagoon i s  in- 
complete. 

Lighthouse Reef i s  surrounded by a well-developed reef-rim, with 
only three major gaps: one a t  the north end, giving access to  Sandbore 
and Northern Cays; another west of Half Noon Cay, along the north side 
of Southeast Bight; and the th i rd  and l a rges t  on the west side of the 
a to l l ,  immedia.te1.y north of Long Cay. These never carry more than 1-2 
fathoms water and a re  interrupted by scattered co ra l  heads. In addition 
i t  i s  possible f o r  small boats (maximum draught 5 f ee t )  t o  cross t he  
western reef a t  several  points by threading between the coral  colonies; 
but loca l  knowledge i s  required f o r  t h i s .  

The eastern reefs  a r e  remarkable f o r  the  breadth of the zone of 
l i v ing  reef and the breadth of the reef-flat .  The outer edge of the  reef 
i s  s h a l l ~ ~ i l y  sinuous i n  plan, and s t e e p t o ;  it i s  l ined b ~ r  a well-developed 
groove-and-buttress system similar t o  t ha t  reported i n  Jamaica by 
Goreau (195%) and on exposed reefs  i n  many par t s  of the Pacific (e.g. 
Emery, Tracey and Ladd, 1954; Munk and Sargent, 1954; Ne~gell, 1956). The 
average width of the windward reef-flat ,  from a i r  photographs, varies from 
1,000 t o  2,000 yards, and averages 1200-1500 yards. The width of the  Zone 
of l iv ing reef on the outer 'edge of the reef f l a t  averages 500 yards. As 
was seen i n  t ransect  B, much of 'chis area consis ts  of a submerged pa,a.irement 
of encrusting and loose nodular Lithothamnion, with only sparse growth of 
stony corals. Sea.ward of the a lga l  pavement the dominant coral  i s  massive 
Acrozora palmata on the  seaward slope, and lagoonrfard, I'fontastrea annulark  
on the reef-flat .  The eas t  reefs  a r e  continually pounded by surf,  and 
the reefs  a r e  fur ther  remarkable i n  the strength of the  current Continu- 
a l l y  flowing across the reef-flat  under the  influence of prevailing winds 
and waves. This i s  estimated a t  2-3 knots, and loca l ly  possibly more, 
and i s  so powerful t ha t  it is impss ib l e  i n  many places to swim against  
i t ;  i t  may ind ica te  the existence of a higher sea-level outside the reefs  
than i n  the lagoon. No such current is  experienced on the windward reefs  
of Turneffe, though the d r i f t  there i s  a l so  westwards. 

The reef-f la t  forms a broad shoal area  carrying as  much as  5-10 
f e e t  of water. Froill the a i r  and from the sea it i s  seen a s  a broad 
swath of translucent green water, i n  sharp contrast  w i t h  the ultramarine 



of the sea beyond. It consis ts  f o r  t he  most part of loose d e t r i t a l  sands, 
with much a l g a l  and foraminifera1 material. The a i r  photographs show sub- 
merged sand r ipp les  on t h i s  f l a t ,  especially north of Saddle Cay, and on 
the west s ide  of the  southeast bight, aligned transversely t o  prevailing 
winds, generally about 1,000 yards long and 2-300 yards apart .  These 
were seen from the a i r  i n  1961, but no opportunity arose t o  inspect them 
under water. They a re  qui te  i nv i s ib l e  from the sea, and may, even i n  
shallow water, be crossed without being noticed. They appear very simi- 
lar t o  the much more s t r i k ing  r ipp le  formations of the Bahama Banks 
(iiich 1948; Newell and others,  1951; Newell and Rigby 1957). Ripples a r e  
a l so  well-developed on the barr ier  reef  f l a t  between Cay Glory and Gladden 
Spit .  So f a r  a s  i s  known,reef-flat r ipples  have not received much atten- 
t ion  i n  previous a t o l l  o r  bar r ie r  reef studies,  perhaps because most 
Pacif ic  a t o l l s  a r e  too exposed t o  permit t h e i r  formation on reef-flats.  
Hence such ripples may be res t r ic ted  t o  more sheltered a t o l l s  and reefs,  
and it would be in te res t ing  t o  see whether they a r e  developed on the 
a t o l l  reef-f la ts  of the easternmost East Indies. 

The somewhat anomalous location of Saddle Cay on the inner edge 
of the eastern reef-f la t  deserves notice. 

The western, leeward f l a t s  and reefs  a r e  of a qu i te  d i f fe ren t  
character. Towards the north end of the a t o l l ,  the  western reefs  a r e  
backed by great  lobe-shaped accumulations of barren white sand up t o  
1,000 yards i n  width, the  l iv ing  reef forming an extremely narrow fringe. 
Transect E was i n  such an area. Farther south the sand lobes disappear, 
and the narrow reef f r inges  a shallow reef f l a t  4-8 f e e t  deep, which 
merges almost imperceptibly i n to  the lagoon f loor .  Groove-and-buttress 
systems a r e  not developed on these reefs ,  except i n  the  extreme north, 
west of Northern Cay. 

The lagoon enclosed by the two reefs  i s  of unequal depth, and i s  
generally shallower on the west side, where i t  grades in to  the reef f l a t ,  
and deepens eastwards; the  slope from the eastern reef-f la t  t o  the  lagoon 
f loor  i s  steep and well-defined. No systematic sounding has been carried 
out since Owen recorded depths of 1-2 fathoms between the Long Cay reef- 
gap and Half Moon Cay, but it can be s ta ted t h a t  the average depth of 
the lagoon on the eas t  s ide of the a t o l l  i s  2-3 fathoms. On the west 
s ide it i s  shallower, and averages 1-1& fathoms. These differences i n  
depth can be c lear ly  seen on the a i r  photographs (e.g. ~ ~ ~ - 6 - 1 8 6 ) ,  where 
the shallow western sector appears t o  end f a i r l y  abruptly along a north- 
south l i n e  i n  the middle of the  lagoon, the junction being fringed with 
patch-reefs. This feature  i s  known loca l ly  a s  Widdle Reef", and cer- 
t a in ly  extends some distance north of the area covered by a i r  photographs. 
Numerous small patch-reefs r i s e  t o  the  surface from the shallow western 
sector of the lagoon f loor ;  those t h a t  r i s e  from the deeper f loor  t o  the  
ea s t  a r e  la rger ,  more widely spaced, and be t te r  defined. They do not, 
however, approach the density of patches i n  the  Glover's Reef lagoon. 
1iccord.ing to  r e l i ab l e  local  informants the maxlnum depth of the whole 
lagoon i s  found on the ea s t  s ide some 8-9 miles north of Half Moon Cay, 
where the bottom car r ies  l&-5 fathoms water. 



Perhaps the most remarkable feature  of the  Lighthouse Reef lagoon 
i s  the deep depression i n  the lagoon f loo r  4 miles north of Saddle Cay 
and some 2200 yards from the eastern reef  edge. This i s  shown on a i r -  
photograph CAEb-186: it i s  a perfectly round, reputedly bottomless p i t ,  
rimmed by l iv ing  coral ,  known loca l ly  a s  the "Blue Holeu. The reef-rim 
i s  most extensive on the southeast side, and on the south and southwest; 
there a r e  two small gaps on the north side,  giving access t o  the hole 
i t s e l f ,  which has a diameter of 500-600 yards. The surrounding reef con- 
s i s t smain lyof  Montastrea annularis, with one o r  two colonies of Acropora 
palmata on i t s  inner edge. Other corals  present include Agaricia 
a ~ a r i c i t e s ,  Pori tes  as t reoides ,  NLycetophyllia lamarckana and Isoptryllastrea 
rigida.  No Acropora cervicornis o r  f inger  Pori tes  was seen. The reef- 
r i m  r i s e s  t o  sea-level, and the two reef-gaps carry 2$ fathoms water. 
Two leadl ine soundings were made i n  the Blue Hole, one of 464 f ee t ,  the 
other of 472 feet .  The f i r s t  brought up a l i t t l e  very f i n e  calcareous mud, 
impalpable, c r ew-g rey  i n  co.lour, and smelling strongly of hydrogen 
sulphide, thus suggesting conditions of res t r ic ted  c i rculat ion i n  the 
depths. Attempts t o  obtain large samples with improvised equipment 
failed.  

The most reasonable explanation of t h i s  feature i s  t h a t  it i s  a 
subaer ia l ly  eroded sinkhole cut  i n  limestones during a period of ka r s t  
erosion i n  the  time of g l ac i a l  low sea-levels (cf.  Pearse, Creaser and 
Hall, 1936). The f a c t  t h a t  only a s ingle  instance i s  known from a l l  
three outer  banks i s  dis turbing f o r  t h i s  hypothesis, especially i n  view 
of the  s i ze  and depth of the  single instance known. Similar depressions, 
known a s  "ocean holes", have long beenknown,and thus interpreted,  i n  
the Bahamas (Agassiz, 1894, 42; Newell and Rigby, 1957, 28), and others 
have been recently described by Jordan (1954) from the Florida S t r a i t s .  
Doran (1955, 10-12, Map 3)  has detailed t h e i r  occurrence i n  c lus te rs  in 
the Bight of Acklins, Southeast Bahamas. Here 17 holes have depths rang- 
ing from 11 t o  198 fee t ,  and a r e a l  dimensions of from 20 t o  285 fee t :  
a l l  of them much smaller than t h a t  on Lighthouse Reef. Doran has des- 
cribed another hole, however, ( ibid .  12, Map l l ) ,  located south of 
Grand Caicos, which i s  "round and about half a mile i n  diameter, i t s  
depth i s  unknown but greater  than 100 fee t .  This hole i s  many times 
grea te r  than others described i n  the l i t e r a t u r e  and i s  strangely symmetri- 
c a l  i n  plan. Although probably a l so  due t o  subaerial  erosion it does not 
f a l l  i n to  the same pat tern a s  a l l  other ocean holes." The Grand Caicos 
hole seems very similar t o  the Blue Hole. I have not been able t o  dis- 
cover references t o  similar holes i n  Pacif ic  a t o l l  lagoons, though deep 
depressions of l e s s  regular out l ine  do i n  f a c t  occur, f o r  example on 
Clipperton almost-atoll (PI.-H. Sachet 1962). The term "ocean hole" i s  
well-established i n  the l i t e r a t u r e  dealing with the Bahamas, but "blue 
holeu seems t o  me preferable: the holes need have nothing t o  do with the 
ocean, while the  term "blue holer1 confers an immediate impression of 
t h e i r  most s t r ik ing  character is t ic .  

Land fauna of Lighthouse eeef --- 
The land fauna of Lighthouse Reef i s  ra ther  be t te r  known than tha t  

of t he  other two a t o l l s ,  and t h i s  i s  par t icu la r ly  t rue  of the  avifauna. 
Salvin (1864) v i s i t ed  Half i4oon Cay, Saddle Cay, and Northern Two Cays 



i n  April and May 1862; Bond (1954) spent a day on Northern Cay i n  January 
1954; while Verner has v i s i ted  Half Moon Cay twice, and more br ie f ly  
Northern Two Cays, during h i s  study of the pink-footed booby colony 
( ~ e r n e r ,  unpublished thesis ,  1959). I n  addition t o  Mr. Verner, now of 
the University of Nashington, Half i4oon Cay has been br ie f ly  v i s i t ed  by 
other members of the  14useum of Natural Science, Louisiana S ta t e  University, 
under D r .  G.W. Lowery, Jr. Verner makes use of unpublished notes on the 
birds i n  the  Carnegie Museum of Pittsburgh. 

Less is  Laown of the other land fauna. Half ?loon Cay was v i s i t ed  
by the Field  Museum IQm,del Caribbean Expedition i n  1940, which collected 
the l i za rds  -- Anolis sagrei  Dumeril and Bibron, Anolis a l l i son i  Barbour, 
I ~ u a n a  iguana rhinolopha Wiegmann, and Ctenosaura s imi l i s  Gray (~chmidt ,  
1941, 492-494). Verner (1959) records 5 .  sae;rei, 6 .  a l l i son i ,  Iguana, 
and Ctenosaura, and adds P h y l l ~ d a c t ~ l u s  sp. Bregazzi again collected the 
anolids and the two larger  l i za rds  i n  1960  home and Bregazzi, 1960, 
29). Schmidt comments on the r e s t r i c t ed  distrib;tion of & a l l i son i ,  
which i s  not appa-ently found on the mainland, but i s  confined to  island 
locations, i t s  next nearest  record being i n  the Bay Islands. Schmidt 
a lso draws a t ten t ion  t o  the l oca l  name of "wish-willy" for  Ctenosaura 
s imil is ,  which does not seem to  be used elsewhere. It may be suggested 
here t h a t  t h i s  name derives from the Nosquito (?) word I l l i s h l e ,  f o r  
Young (1842, b y ) ,  speaking of the cays around Bonacca, Bay Islands, says 
t ha t  "a species of guana, cal led i l l i s h l e ,  i s  to  be found i n  abundance on 
every key." I have not been able t o  t race  any other reference t o  t h i s  
word. Ctenosaura grows t o  lengths of 3-4 f e e t  on Half Pioon Cay; it i s  a 
drab yellow colour, with black bars on i t s  back. Iguana iguana, loca l ly  
known a s  lliguanan o r  "bamboo chicken", i s  esteemed f o r  i ts  f lesh ;  it 
grows rather  la rger  than Ctenosaura, and i s  a drab red colour, with black 
bars. Local fishermen capture both Ctenosaura and Ip,uana with the a id  of 
a s t r i n g  noose on the end of a s t i ck ,  creeping up behind the animal and 
sl ipping the noose over i t s  neck. The swimming a b i l i t y  of Igu-zna, which 
excited Oviedots a t ten t ion  (1526, t rans la t ion  1959, 18), i s  remarkable. 

No snakes a r e  knorm fmm HaLf pioon Cay, and apar t  from hermit crabs 
( ~ e r n e r ,  1959, 8) ,  the only other la rge  land animal i s  the r a t ,  
ra t tus ,  common i n  the wooded eastern p r t ,  where it i s  a serious Coconut 
pest. According t o  fishermen, t h i s  is the main reason why no attempt i s  
made to  cu l t iva te  f r u i t  t rees  on the cay, though it i s  questionable 
whether they would thr ive i n  the poor s o i l  anyway. It was probably acci- 
dentally introduced by shipwreck i n  t he  nineteenth century. Rats a r e  a lso 
common on Northern Cay. Here Bond (1954, 2) noted ltsome iguana-like Liz- 
ards , .  sooty black, but otherwise l i k e  those mentioned above ( i .e .  
Ctenosaura), and a small black l iza rd ,  probably of the ,genus -." 
Land crabs reach enormous s izes  on Northern Cay, and are  said to  invade 
the houses when rain  threatens. No mention seems to  be made i n  the  l i t e r a -  
t u re  of the crocodiles of the i n t e r i o r  lagoon of Northern Ca.y; they a r e  
unique on the a t o l l s ,  and have not been ident i f ied.  They a re  suf f ic ien t ly  
numerous t o  be hunted. The common crocodile of the Belize area i s  
Grocodilus moreleti i  (Romey and others,  1959, 319). 

The birds of Half Fioon Cay a r e  famous, and moreis said i n  the des- 
cr ipt ion of t h i s  cay of the colony of pink-footed boobies, Sula sula  Sula, 
f i r s t  recorded by Salvin, and studied by Verner. Besides the booby, 



Verner recorded F r e e t a  magnificens a s  nest ing on Half Moon Cay, and 
11 probably1' a l so  Columba leucocephala (bald-pate pigeon) and Croto~hag.2 

su l c i ro s t r i s  l a t e r  i n  the year; he Zoubts t h a t  other  suecies breed there. 
K nest  with three ospreys (Pandion hal iaetus)  was seen.on Saddle Cay i n  
1960, and by Bond on Northern Cav i n  19%. Accordine t o  fishermen. the  ., ~- --,, .r- -. .- " -~ ~ , 
brown pelican, Pelicanus occidentalis ,  breeds on Hat Cay, but no nests  
were seen there  when tha t  cay was v i s i t ed  i n  1961. Salvin saw 4C--50 p d i -  
cans on Saddle Cay i n  1862, and thought they were breeding there. 

V W W ~  "recorded 98 species nf birds  on Half Moon Cay, . . . and a t  
l e a s t  77 nf these were migratory forms. Seventeen of the migratory Species 
were reoorded regularly enough t o  indicate  t h a t  they winter on o r  near 
the my" (1959, 7). Salvin recorded 10  species from Half Noon, from 
Saddle Cay, and 3 from Northern Two Cays. Bond i n  a day's col lect ing ob- 
served 24 species a t  Northern Cav. of which the most abundant were 
F ~ e ~ a t a  magnificens Mathews, ~ l o r i d a  caerulea L., Thalasseus maximus 
maximus Zddaert-endroica petechia bryant i  Ridgway, Seiurus no~ebn~aCensiS - 
subsp., and Quiscalus me,xicanus mexicanus Gmelin. The hummingbird 
Anthracot*horax r evos t i i  p e v o s t i i  i s  recorded from Half Pioon Cay by 
Todd (1942, 2 9 . ! + $ ? x c o r d i n g  t o  Bonci there  i s  a specimen of the fly- 
catcher E1aenia martinica chinchorrensis Griscom from Half Noon in +& 
Bri t ish  Museum, This species i s  known elsewhere only from Middle Cay, 
Glover's Reef, and from Chinchorro Bank. 

Tiere a r e  a number of pigs, chickens and dogs on Half Moon Cay, 
dngs on Long Cay, and pigs, chickens and dogs on Sandbnre Cay and Northern 
Cay. There a r e  no domesticated anbnals on Hat Cay o r  Saddle Cay. 

The of Lighthouse Reef - - 
There a r e  a t  present s i x  c a p  on Lighthouse Reef, and no posit ive 

indication of the former existence of others.  Speer (1771) marks four a t  
the north and four a t  the south end of t h e  reef ,  but no subsequent char t  
c f i n f i m  th i s .  In addition, i n  his  s a i l i n g  directions,  he describes the 
existence ?f f i ve  cays a t  t he  southern end (1771, 18):  

"when you f i r s t  make the Southern Four Kays, you w i l l  see two 
Kays bearing about N.W. half N. o r  N.N.W. The southernmost is 
a long Kay, cal led Half Moon Kay; t h e  northernmost i s  a short 
Kay, cal led the N.E. Kay. As you near them you w i l l  see a 
small Kay between t h e s e  two Kays, and a s m l l  Kay t o  the south 
end of Half Won Kay; and some -distance t o  the southvrard of 
t ha t  Kay, there  i s  a v e v  small round Kay called Hay Kay; and 
i s  joined by a Reef t o  Half Moon Kay." 

The Half Moon Kay he re re fe r r ed  t o  i s  not t he  cay now- so called,  but the 
modern Long Cay ( t h i s  confusion w a s  noted i n  Section I). The passage 
taken l i t e r a l l y  seems t o  indicate  the  existence of a tlsmaU. Kayt1 be- 
tween modern Long Cay and Hat Cay, and if t h i s  i s  so, then it seems  st 
l ike ly  tha t  t h e  cay-in.question i s  t he  roundedmangrove appendage a t  the 
southern end of Long Cay, the intermning.sect ion having been f i l l e d  with 
mangroves in the . l as t two.centur ies .  The 1tN.E. Kay" which Speer re fe rs  
to  is rnwiem-Half Koon Cay. Jeff  erys (1775), i n -  t he  various edi t ions  of 
his  chart, marks IfNorth Two Lqmtt, s t i l l .  so. called,  including Itthe 



Bushy Spottf (Sandbore Cay) and T a l l  Trees Key (Northern Cay), and Southern 
Four Keys. These inc lude  "Half ?Goon Key" ( tong Cay), tfEasternmost Keytf 
(Half Noon Cay), Hat Cay, and a l a r g e  cay north of t h e  present  Long Cay, 
termed IfNorth Keytt. This  i s  presumably modern Saddle Cay. 1111 these  
were charted by Owen i n  1830, and s t i l l  e x i s t .  

These cays vary g r e a t l y  i n  s i z e ,  from Saddle Cay, only a few y m d s  
i n  diameter,  t o  Northern Cay, which covers over 2$ square miles.  
Northern Cay and Long Cay a r e  l a rge ,  and have considera.ble swampy a reas ;  
Half Pioon Cay i s  a l a r g e  sand and sh ing le  cay; and Saddle and Hat Cays 
a r e  smal ler  sandy cays with varied vegetat ion.  Vernieer s t a t e s  t h a t  Iton 
Lighthouse Reef bank, t h e  o t h e r  deep s e a  bank which I vis i ted , ,  only sand 
cays occurred. I n  t h i s  case ,  i n s u f f i c i e n t  pro tec t ion  of any p r t  of t h e  
bank appears t o  account f o r  t h e  absence of mangrove caystf (1959, 40). 
This may apply t o  Half Pioon Cay and Sandbore Cay, but no t  t o  t h e  cays of 
t h e  a t o l l  taken a s  a whole. Rough ca lcu la t ions  based on t h e  d e t a i l e d  
maps show t h a t  of a t o t a l  l and  a r e a  on the  a t o l l  of r a t h e r  more than 
2,000 a c r e s ,  l e s s  than  one-f if th i s  dry  'land, and t h e  r e s t  high man- 
grove swamp, lagoon, and dead and dying mangrove. The percentage of dry 
land i s  g r e a t e s t  on the  smal ler  cays, while t h e  g r e a t e r  p a r t  of t h e  two 
l a r g e s t  cays i s  mangrove swamp. ~ l l  six cays were v i s i t e d ,  some seve ra l  
t imes, i n  1960 and 1961. They a r e  here  described,  with d e t a i l e d  maps, 
which i n  t h e  case of t h e  two l a r g e  cays have been p a r t l y    lotted from 
a e r i a l  photographs. 

Sandbore Cay 

Sandbore Cay ( f i g .  28) i s  t h e  most no r the r ly  i s l a n d  on Lighthouse 
Reef, and the  sma l l e s t  of the  Northern Two Cays. It i s  loca ted  a t  t h e  
nor thern  end of the  long  e a s t e r n  r ee f ,  a t  t h e  Northern Entrance of the  
lagoon, and i s  s i t u a t e d  a t  t h e  leeward edge of the  r e e f - f l a t ,  about 
1,000 yards back from t h e  reef-edge. It i s  unfor tunate ly  obscured by 
clouds on a v a i l a b l e  a i r  photographs. Sa lv in  v i s i t e d  it i n  1862, Verner 
i n  1958, and our  pa r ty  i n  Apri l ,  1960, and Ju ly ,  1961. 

The cay has a more complex shape than usual  i n  t h e  B r i t i s h  
Honduras sand cays, and t h i s  probably r e s u l t s  from t h e  speed of water cur- 
r e n t s  sweeping ac ross  t h e  r e e f - f l a t  and r e f r a c t i n g  through t h e  northern 
entrance,  and t h e  q u a n t i t y  of d e b r i s  supplied from t h e  exposed eas tern  
r e e f .  I n  o u t l i n e ,  t h e  i s l a n d  c o n s i s t s  of two s p i t s  extending lagoonhrard 
from a t'core" a t  t h e  eas temend;  the  northernmost s p i t  i s  shor t  and wide, 
t h e  southernmost long and narrow. They enclose a lagoon 4-5 f e e t  deep 
nea r  i t s  mouth, shoal ing  shorev~ard, p a r t  of which has been enclosed t o  
make a f i s h  t r a p ,  thus  f u r t h e r  r e s t r i c t i n g  c i r cu la t ion .  The gross  out- 
l i n e  of t h e  cay i s  t r i a n g u l a r :  t h e  n o r t h  s i d e  of t h e  i s l and ,  ignoring ir- 
r e g u l a r i t i e s ,  i s  some 400 yards long, t h e  south shore 500 yards,  and the  
t h i r d  s i d e  of t h e  t r i a n g l e ,  formed by t h e  open mouth of t h e  lagoon on t h e  
west s ide ,  about 390 yards  long. The southern split v a r i e s  i n  width from 
20 t o  65 yarss ,  wh3.le t h e  nor thern  s p i t  forms a r e c t a n g u h r  block of 
l and  some 150 yards square. H t h i r d ,  small peninsula extends i n t o  the  
lagoon from t h e  nor th  s ide .  



The whole i s l a n d  i s  b u i l t  o f  sand, and none of it r i s e s  more than 
t h r e e  f e e t  above t h e  sea. The g r e a t e s t  e levat ions  a r e  found along t h e  
sou-theask margins of t h e  south  shore (3  f e e t )  and t h e  nor th  shore of t h e  
n o r t h  s p i t  (2-3 f e e t ) ;  t h e  r e s t  of t h e  i s l a n d  Lies between 1 and 25 f e e t  
above sea-level.  A l i t t l e  sh ing le  i s  found i n  p laces  on t h e  c r e s t  of t h e  
south shore sand-ridge, but i t  i s  q u a n t i t a t i v e l y  of smal l  importance i n  
t h e  bu i ld  of t h e  cay. The sand i s  a medium t o  coarse c o r a l - a l g a l  sand, 
with f i n e  sa.nd and s i l t  round t h e  margins of the  lagoon. Beachrock i s  
exposed a t  two poin ts :  one, on t h e  south shore, c o n s i s t s  of a s i n g l e  
l i n e  about 50 yards long and 18 inches wide, dipping s l i g h t l y  seaward, 
j u s t  exposed a t  low t i d e ,  on a very shallow sandy bottom, and d i f f i c u l t  
t o  see ;  t h e  o the r  c o n s i s t s  of two, perhaps th ree ,  subdued l i n e s  of rock 
a t  t h e  e a s t  end of t h e  cay, both dipping north. Both rocks a r e  moderately 
krell cemented c a l c a r e n i t e s  forming a r a t h e r  t h i n  su r face  l aye r ,  and t h e i r  
s ign i f i cance  i s  discussed l a t e r .  

The vegeta t ion  of t h e  cay i s  of i n t e r e s t ,  f o r  while  J e f f e r y s  (1775) 
c a l l e d  it " t h e  Bushy SpotN, and though much has been c leared  f o r  coconuts, 
l a r g e  a r e a s  a r e  s t i l l  covered by l i t t l e - d i s t u r b e d  growth, e spec ia l ly  on 
the  s p i t s .  A t  t h e  eas t e rn  end of the  south shore i s  a t a l l  growth of 
%riana m a - i t h a  and some Avicenula, with an undercover of Euphorbia. 
Fur the r  west along t h e  sam-ournefortia gnaphalodes, Conocarpus 
erec tus ,  t a l l  grasses  and Euphorbta occupy t h e  r idge  c r e s t ,  and Suriana 
i n  p a r t i c u l a r  occurs  sporad ica l ly  r i g h t  t o  t h e  end of t h e  s p i t .  Kuch of 
t h e  nor th  shore a t  i t s  eas t e rn  end has been cleared,  but  along t h e  r e s t  
Suriana i s  again  domin-znt, with low Tournefort ia  bushes along t h e  north- 
west shore. --- Suriana i s  s c a t t e r e d  over t h e  i n t e r i o r  of t h e  northern s p i t ,  
but  t h e  only o the r  a r e a  of high woody vegeta t ion  i s  near  t h e  head of the  
lagoon on i t s  nor th  s i d e ,  where t h e r e  i s  a th i cke t ,  mainly of Conocarpus 
e r e c t u s ,  with some Suriana and Coccoloba uvi fera ,  The Conocarpus reaches 
a he ight  of 20-25 f e e t .  The r e s t  of t h e  vegetat ion i s  i n  broad view sim- 
p l y  d i s t r i b u t e d .  Along the  southern s p i t  we f i n d  patches of t a l l  grasses ,  
Ipornoea, hehorbi .a ,  -- and towards t h e  end a l a r g e  a-ea of Ambrosia hispida,  
passing seaward i n t o  a mixud zone of Ambrosia, Ipomoea and grasses.  On 
t h e  broad northern s p i t ,  t h e r e  i s  an  m a s t e r n )  zone of iimbrosia, 
t a l l  grasses  such a s  Andropogon glomeratus, and lower grasses  such a s  
Sporobolus v i rg in icus ;  and i n  t h e  o u t e r  (western) zone, an a r e a  i n  which 
Andropogon i s  t h e  dominant member, with some Ambrosia, Ipomoea being 
l o c a l l y  dominant along t h e  shore. The ex ten t  of Ambrosia found here i s  
somewhat unusual on t h e  sand cays. 

There i s  some evidence of e ros ion  and aggradation of t h e  shores of 
t h e  cay. Thus t h e  e a s t e r n  p a r t  of t h e  nor th  shore i s  marked by f a l l e n  
and leaning coconut t r e e s ,  and s l i g h t  c l i f f i n g  extends westwards beneath 
t h e  Suriana hedge. On t h e  south shore, s l i g h t  r e t r e a t  i s  shown by t h e  
beachrock described. The ends of both s p i t s  seem t o  be expanding lagoon- 
ward, particular1.y so i n  t h e  case  of the  nor thern  s p i t .  Jiere t h e  north- 
western and western shore i s  formed by a broad sand beach, 10-20 yards 
wide, thrmm up i n  concent r ic  r i d g e s ,  colonised at i t s  inne r  edge by low, 
young Tonmefor t ia ,  and with t e n d r i l s  of Ipomcea beginning t o  extend 
a c r o s s  it. The two ppomineni; "tonguesu e m i n g  soutiwards from t h i s  
s p i t  r ep resen t  e a r l i e r  s t a g e s  i n  i t s  growth westwards. 



The most s t r ik ing  evidence of erosion, however, i s  a t  the e a s t  end 
of t he  cay. Here a lighthouse was b u i l t  on dry land i n  1885. Since tha t  
time, the  shore has been gradually pushed back u n t i l  now the base of the 
lighthouse stands 75-80 yards out from the shore-an average r e t r e a t  
over 75 years o f a t  l e a s t a  yard a year.  How f a r  back from the sand shore 
of the  cay stood the lighthouse when it wasbui l t  i s n o t  known. However, 
a s  a r e su l t  of t h i s  r e t r e a t  a concrete walk was b u i l t  t o  connect l ight-  
house and cay. This extension i s  20 yards long, an average r e t r ea t ,  
over the  l a s t  15 years, of 4 f e e t  per year, o r  ra ther  f a s t e r  than the 
average f o r  1885-1945 ( s l i gh t ly  under a yard a year). The beachrock 
previously mentioned a t  the  eas t  end of the island, jus t  north of the  
concrete walk, c lear ly  dates from the l a s t  half century. The out l ine  of 
the now-eroded cay i s  c lear ly  seen from the top of the lighthouse as  an 
area of shoal sand, marked on the map. There i s  a h in t  of more beach- 
rock immediately east  of the l i gh t ,  but the waves break with some force 
on i t s  foundation and fur ther  invest igat ion was not possible. 

This i s  the  only instance on t h i s  coast where the almost universal 
lagoonward r e t r e a t  of sand cays can be dated with accuracy. It i s  note- 
worthy t h a t  on Owen's 1830 MS char t ,  Sandbore Cay i s  shown a s  a long 
th in  is land,  without any prominent recurved s p i t s  o r  enclosed lagoon, and 
thus the present out l ine  has probably developed en t i re ly  since t h a t  time. 
The r e t r e a t  of the  eas t  shore and progradation of the  two western s p i t s  
would be in te res t ing  to  observe over a period of years. One may suggest 
tha t ,  while t h i s  r e t r e a t  has been i n  progress f o r  some considerable time, 
it may short ly  come to  an end, f o r  t he  cay has very nearly reached the 
lagoonward limit of the reef-flat  on which it stands, and w i l l  soon have 
t o  advance in to  deeper water. This w i l l  a t  l e a s t  re tard the western ex- 
tension of the sandspits, and i f  erosion continues on the eas t  side, then 
the eastern par t  of the cay w i l l  gradually be pushed fur ther  and fur ther  
onto the remains of the  sandspits, t he  lagoon w i l l  disappear, and u l t i -  
mately the cay i t s e l f  w i l l  be washed off the f l a t  i n to  the lagoon, leav- 
ing the  so l i t a ry  lighthouse a s  i t s  lone memorial. This could well happen 
within the next 500 years, i f  present trends continue. This cay, there- 
fore,  though by no means a small one compared to  other sand cays on the 
reefs ,  vividly i l l u s t r a t e s  the  ephemeral nature of the simple accumula- 
t ions  of unconsolidated reef debris, which basically, i s  a l l  t ha t  sand 
cays are. 

Northern 

Northern Cay ( f ig .  29) i s  by f a r  the l a rges t  island on Lighthouse 
Reef, and though of quite d i f fe ren t  shape and larger ,  it has several  fea- 
tures  of physiography i n  common with Long Cay, a t  the southern end of 
the Reef. With the exceptions of the ornithologists Salvin and Bond, 
Northern Cay has not been v is i ted  by na tu ra l i s t s  and has never been de- 
scribed. It has a maximum east-west extent (along i t s  south s ide)  of 
over 3300 yards, and a maximum north-south extent (toward the eas t  s ide 
of the island) of a l i t t l e  over 3,000 yards. The t o t a l  area of the  cay 
i s  a l i t t l e  over 7 mill ion square yards (1460 acres o r  2 i  square miles);  



Of this,  approximately mill ion square yards, or  a l i t t l e  more than 3 
f i f t h ,  i s  i n t e r i o r  lagoon and standing m t e r ;  approximate.ly 3.8 mill ion 
Square yards, o r  about three-fif ths,  i s  under mangrove and swamp; and 
the r e s t ,  only one f i f t h  of the whole, i s  dry land, main.ly under c c ~ ~ ~ u t s .  

The north and west s ides  of the  is land aaproach close t o  the west 
reef of the  a t o l l ,  which here trends ? 3 E S W .  The reef c r e s t  l i e s  a t  an 
amrage distance of 600 yards from the cay, and the reef-flat  a t  i t s  
narl'04fest i s  s t i l l  over 400 yards wide. It i s  shallow and sandy, gene- 
r a l% c a r v i n g  l e s s  than half a fathom of water, and very shoal f o r  some 

from the ca.y. The reef i t s e l f  is marked by small breaking waves 
and a number of projecting blocks of dead coral ,  which serve t o  locate  it 
accU'ately from the shore. The reef-facing shore i t s e l f  consis ts  of a 
number of broad embayments and promontories, the deepest emba.yment being 
the most northerly, where the shore begins t o  diverge eastwards from the 
reef. This shore i s  sandy throughout and overlooks (except i n  the north- 
ern embayment) a broad low i n t e r t i d a l  ridge, covered with Thalassia and 
worm mounds, and exposed a t  low t ide.  A s imilar  feature i s  a l so  found t o  
the south of the island, fr inging the mangrove shore. The sand shcre 
i t s e l f  i s  so extensive tha t  it wi l l  be described i n  three parts:  the 
VEstern sand shore, the  sand shore of the  northern embayment, and the 
eastern sand shore. 

The western sand shore, overlooking the drying Thalassia ridge, ex- 
tends fo r  2600 yards from the southwest corner of the cay. It i s  under- 
cut by wave action f o r  almost the  whole of i t s  length, thus fornling a 
c l i f f  whose height depends on the height of the cay surface inland from 
the beach. Near the southwest corner, t he  c l i f f  i s  subdued, and the cay 
surface only 2-3 f e e t  above the sea; the Thalassia ridge i n  f ron t  of the 
c l i f f  i s  scattered with small Rhizo~hora seedlings. As the beach i s  
followed northwards, however, the height of the c l i f f  increases, reach- 
ing a maximum of 7-8 f ee t  near t he  middle of i ts  extent, and not f a l l i ng  
below f i v e  f e e t  north of t h i s  p i n t .  The 'llcliff" i s  not always an abrupt 
feature. Generally a beach of f resh  sof t  sand r i s e s  gently from low 
water l e v e l  t o  the base of a steeper slope 3-5 yards away; and while the 
c l i f f  i s  i n  places a ver t ica l  wall of sand, it i s  more usually a rounded, 
subdued feature. It i s  doubtful whether much erosion i s  now going on 
along t h i s  sheltered shore, and the c l i f f  a t  the present time may be a 
f a i r l y  s t ab l e  feature.  The most in te res t ing  feature of t h i s  shore i s  i t s  
r e l i c t  beachrock (BR I), intermit tent ly  outcropping along it f - r  about 
1500 yards. A l l  t h i s  beachrock maintains a constant a l t i t ude  of about 1 
foot  above low t i d e  l eve l  a t  the base of i t s  outer edge. It varies in 
thickness from 6-9 inches, and i s  deeply p i t t ed  and eroded. Its surface 
i s  blue-black i n  colour ,  presumably through a lga l  encrustation, and 
p'dsses landwards under the c l i f f  sands f o r  an unknorvn distance. Because 
of the depth of the overlying sand i t  was impossible to  trench and find 
out how f a r  it extended, ~t many places along i t s  outcrop the underlying 
sands have been sapped away, and broken s labs  several f e e t  long l i e  on 
the beach. The surface of the rock reca l l s ,  on a much smaller scale, 
the  sharp i r regular  topography of exposed reefrock, such a s  t h a t  on the 
north Jamaican coast. The rock i t s e l f  i s ,  fo r  the most part, a well-con- 
solidated calcarenite,  ringing t o  the hammer, but much of the induration 
i s  su r f i c i a l ,  and the sandstone within ra ther  f r iab le .  This i s  the most 



extensive outcrop of beachrock found on the Br i t i sh  Honduras coast. Be- 
cause of i t s  extent, and on account of i t s  s l i g h t  raised elevation above 
the  sea, the question a r i s e s  a s  t o  whether it i s  a t rue  i n t e r t i d a l  beach- 
rock o r  a cay sandstone. Host of the  outcrops show some dip t o  seaward, 
and it is thus thought t o  be a beachrock, possibly developed during a 
very s l i gh t ly  higher sea-level than the  present ( i .e.  predating a small 
u p l i f t  of Lighthouse Reef i t s e l f ) ,  

The sand shores of the  northern bay a re  gentler than those on the 
west side; c l i f f i n g  i s  generally absent on the west side of the bay, and 
the beach of f resh white sand r i s e s  gently t o  a c r e s t  about 7-8 yards from 
the sea. The nearshore Thalassia ridge is  not developed i n  t h i s  bay, 
but submerged Thalassia and other plants  a r e  common on the bay floor. 
The height of t he  beach c re s t  varies,  but averages 5-6 f e e t  above sea- 
level. The extensive ra ised beachrock of the west shore i s  not found i n  
t h i s  bay; the only example of beachrock occurs in a small indentation 
on the east  s ide of the bay, where it i s  c lear ly  now i n  the process of 
formation. A t  the  head of the indentation, and s l i gh t ly  above low t i d e  
leve l  (drying a t  low t ide) ,  i s  a small area of f i n e  indurated sand some 
2 f e e t  long and 1 foot wide, passing landward under beach sands. The 
induration i s  superf ic ia l ,  forming a c rus t  of so f t  beachrock 1-2 inches 
thick. The layer  can be traced under the beachsands f o r  over a foot,  
where it appears t o  be ra ther  harder than i n  the  exposed area. The in- 
duration i s  suf f ic ien t  to  hold the layer  as  a whole together, but once a 
specimen i s  broken off ,  it i s  d i f f i c u l t  t o  prevent it crumbling. The 
beachrock has a s l i g h t  d ip  t o  seaward, but l e s s  than t h a t  of the  beach 
i t s e l f .  

The eas t  s ide of t h i s  bay, l i k e  the west coast, i s  being undercut. 
The shore i t s e l f  bounds on one s ide a triangular-shaped peninsula, jut- 
t i ng  out Lo the North Point (here so cal led)  of the  cay. This peninsula, 
a s  w i l l  be described, i s  largely b u i l t  of dune sands, and the shore 
c l i f f i n g  exposes sections of f ine ,  cross-bedded dune-sands, permeated by 
f i n e  roots,  and suf f ic ien t ly  cohesive t o  maintain a ve r t i ca l  wall a s  the  
c l i f f  cuts back. The c l i f f  can be traced a s  a continuous feature  r i gh t  
round the peninsula, but i s  not everywhere exposed t o  erosion. I n  de- 
t a i l ed  form, the  beach consis ts  of a number of cusps of new white sand, 
a l ternat ing with shallow embayments, a t  the  head of which the sea i s  
attacking the c l i f f .  \!here the  cusps occur the  c l i f f  i s  telnporarily pro- 
tected from wave attack.  I t s  average height i n  t h i s  area i s  3-4 feet .  

A t  North Point i t s e l f ,  the  c l i f f  seems t o  have been protected f o r  
some time. Several concentric ridges of f resh  sand. have bu i l t  out below 
the c l i f f  (here only 1-l$ f e e t  high), and a i r  photographs show tha t  a 
broad tongue of sediment extends reefward f o r  some distance from the 
Point i t s e l f .  The ridges of new sand a r e  only 12-2 f e e t  high, though 
broad, but it i s  in te res t ing  t o  note t h a t  s imilar  ridges form part  of the  
peninsula i t s e l f ,  inland from the l i n e  of c l i f f i ng ,  which roughly deline- 
a tes  the vegetatod area,  A t  l e a s t  three d i s t i n c t  concentric ridges can 
be traced inland from the c l i f f ,  and another two seaward from it. The 
ridges pass landward in to  the peninsula dune-sands. 



The eas turn  sand shore extends aloni: t h e  eas tern  s i d e  of the  north- 
ern  peninsula, and then southxnrds f o r  itbout 1100 p r d s  al toeethcr.  I n  
t h e  north t h e  peninsula i s  low (where b u i l t  of the  concentric r id-es) ,  
c l e a r l y  defined by an old  c l i f f  l i n e ,  with a bank of c lean white sand 
forming the  present  shore. The a rea  immediately t o  seaward i s  th ick ly  
covered with Thalassia.  Fur ther  south, beyond the  limits of the  peninsula, 
the  cay surface l i e s  a t  a higher l e v e l ,  t h e  shore i s  c l i f f e d  (3-4 f e e t  
high) and the  beach below it very narrow (2-3 f e e t  wide). Offshore the  
bottom i s  very t h i c k l y  covered y i t h  grasses  and algae, with many small 
black s n a i l s  ( B a t i l l a r i a ? ) ;  a s  one moves south, the  number of Rhizo~hora  
seedlings near t h e  shore increases.  There a r e  two a reas  of beachrock 
along t h i s  sec t ion of the  coast.  BR 111 occurs j u s t  south of the  small 
p i e r  on t h i s  s i d e  of t h e  i s land.  It c o n s i s t s  of t h r e e  small outcrops of 
well-cemented sand, 1-2 f e e t  wide, dipping seaward, and j u s t  submerged 
a.t low t ide .  The surrounding a rea  i s  t h i c k l y  covered with Thalassia, and 
the  beachrock i s  not  easy t o  see from t h e  shore. The second outcrop, BR 
I V ,  i s  found near t h e  southern lifnit of t h e  eas tern  beach, and i s  remark- 
ably  s imi la r  t o  BR I, so extensively exposed on the  opposite  shore of t h e  
i s land.  For a d i s t ance  of &-5 yards the  ro-k outcrops i n  the face  of t h e  
eroded sand-c!.iff, 12-15 inches above t h e  sea;  it i s  well-cemented, r i n g s  
t o  the  hammer, and i s  much eroded. The exposure i s  6-9 inches i n  thick- 
ness. The resemblance between RR I and BR I V  i s  probably s ign i f i can t :  
and t h e  two a r e  probably of the  same age and mode of development. BR I V  
has no d i sce rn ib le  dip, lending support t o  the  cay sandstone explanation 
of i t s  o r i g i n -  

L i t t l e  can be sa id  of  the  r e s t  of the  eas tern  coas t  and the  whole 
southern coast  of the  i s l and ,  f o r  though they were seen a t  close quar te r s  
on many occasions i n  1960 and 1961, they c o n s i s t  wholly of Rhizophora 
man&, standing i n  water 1-2 f e e t  deep. They could no t  be mapped, and - 
the  o u t l i n e  shown on the  map of the  cay i s  taken from a i r  photographs 
CAE-6-199 and 200. A t  no point  on t h i s  mangrove coast  i s  any sand beach 
t o  be seen, and no landing was made along i t ;  a t  one point  near the  south- 
e a s t  corner, two lone  coconut t r e e s  r a i s e  t s e i r  heads above the  mangrove 
some t e n  yards froia the  shore, so t h a t  a drying r idge some yards within 
the  mangrove probably separates the  sea from the  cay i n t e r i o r  over much 
of the  mangrove shore. The mangrove is  nature ,  and 20-25 f e e t  high. 

Northern Cay covers such a l a rge  a r e a  t h a t  it was impossible t o  see 
]nore than a f r a c t i o n  of i t s  i n t e r i o r  i n  t h e  time avai lable .  In  p a r t i c u l a r ,  
no v i s i t  was made t o  t h e  i n t e r i o r  lagoons, though they were seen from t h e  
a i r .  These a r e  sa id  t o  be 5-7 f e e t  deep, and can be approached through 
the  mangrove from the  e a s t  coast  with very shallow draught boats (dor ies ) ,  
o r  from t h e  northern sand area. They a r e  inhabi ted  by an unident i f ied  
crocodile.  Yar too l i t t l e  i s  known a l s o  of t h e  i n t e r i o r  of the  northern 
sand rim, and i t s  vegetat ion cover. I t  has an average width of about 200 
yards,  reaching a maximum width on the  west s i d e  of t h e  i s l and  of over 
400 yards. The whole sand a rea  has been planted a t  some time, del iber-  
a t e l y  o r  natura l ly ,  with coconuts, but i n  recent  years  l i t t l e  attempt 
has been made t o  keep the  cocals  clean, and ground vegetation p ro l i f e r -  
a t e s ,  e spec ia l ly  along the  west s i d e  of t h e  cay remote from the  s e t t l e -  
ment i n  the  northern embayment. The impenetrable t ang le  of vegetat ion 
combines with a l a rge  number of b i t i n g  s a n d f l i e s  t o  r e s t r i c t  access t o  



t h e  i n t e r i o r .  On the  cleared,  low-lying a reas ,  such a s  t h e  northern pen- 
insu la ,  p r o s t r a t e  creepers and grasses (Euphorbia, Sesuvium, Sporobolus) 
a r e  most important. Ambrosia hispida a l s o  covers considerable areas.  
Round t h e  exuosed western margin of t h e  sandv a rea .  one f i n d s .  i n  addi- - - 
t i o n  t o  coconuts and t a l l  grasses  (Androwgon), ~ o & e f o r t i a  Laphalodes,  
Suriana maritima, Conocarpus e rec tus ,  and very inf requent ly  Coccoloba 
uv i fe ra .  On t h e  eas tern  shore, i s  much more widespread, though 
o f t e n  s tunted ,  and with Suriana and Conocarpus it i s  t h e  dominant t r e e  of 
t h e  sand-cl iff  top. Rhizophora mangle, s t r ay ing  from t h e  main mangrove 
a reas ,  and Avicenniaarefound i n  places along the  sand a rea  margins, 
p a r t i c u l a r l y  c lose  t o  t h e  mangrove zones. 

Because of l ack  of time, no d e t a i l e d  l e v e l l i n g  could be done, ex- 
cep t  on t h e  northern peninsula. A s  mentioned, t h i s  c o n s i s t s  of a number 
of concentr ic  r idges ,  t h e  innermost vegetated with creepers and grasses,  
surrounding an i n t e r n a l  a rea  of vegetated f ixed  dunes. Huch of t h e  pen- 
i n s u l a  i s  c leared  of a l l  except ground vegetation, and t h e  i r r e g u l a r  
s t eep  hw.unocks of t h e  dunes can be c l e a r l y  seen. The l i n e  of sec t ion ,  
through t h e  middle of t h e  peninsula from north t o  south, includes four  

dune r idges ,  r i s i n g  respec t ive ly  t o  e levat ions  of 5, 5, 75 and 105 f e e t  
above sea-level.  These a r e  maximum e leva t ions  f o r  t h e  p a r t i c u l a r  r idge ;  
t h e  four th  r idge  i s  t h e  h ighes t  on t h e  peninsula, and it i s  un l ike ly  
t h a t  any higher point  i s  found on t h e  i s l and .  The outermost of t h e  dune 
r idges  has dammed up a small  l e n t i c u l a r  pool of s tagnant  water on i t s  
landward s ide .  With the  exception of Ambergris Cay on t h e  Bar r i e r  Reef 
(no t  a t r u e  cay, i n  the  s t r i c t  sense,  b u t  a peninsula) ,  t h i s  a rea  of dune 
development a t  t h e  nor theas t ,  windward s i d e  of the  Northern Cay i s  unique 
on t h e  B r i t i s h  Honduras r e e f s ,  f o r  dunes do not  normally occur on these  
sand cays. 

There a r e  two o r  t h r e e  small hu t s  a t  t h e  nor theas t  s i d e  of the  is- 
land,  used by the  coca1 care takers ;  one of these ,  near t h e  p i e r ,  i s  i n  
ru ins ,  and t h i s ,  combined with the  unusual bare dune hwvnocks, gives a 
deso la te ,  abandoned appearance a t  f i r s t  s ight .  Mell-water i s  ava i l ab le ,  
but  t h e  men r e l y  mainly on rain-water co l l ec ted  i n  drums and vats .  The 
owner of t h e  cay, Mrs. Ben S t u a r t  of Belize,  t o l d  us of h i s t o r i c a l  re- 
mains i n  t h e  form of l a r g e  earthenware containers  (?) about 4 f e e t  t a l l  
on t h e  cay, but  unfor tunate ly  these  were no t  seen during our v i s i t .  The 
p o s s i b i l i t i e s  f o r  f u r t h e r  work on t h i s  cay, both f o r  physiographers and 
zoologis ts ,  a r e  immense, and more than any o ther  i s l a n d  on t h e  t h r e e  
B r i t i s h  Honduras a t o l l s ,  IVorthern Cay would repay more d e t a i l e d  inves t i -  
ga t ions  than we had the  time t o  make. 

Saddle Cay -- 
Saddle Cay i s  s i t u a t e d  on t h e  e a s t  reef  of Lighthouse Reef, 2 3/4 

miles nor th  of Half Noon Cay, a t  the  i n n e r  edge of t h e  main ree f - f l a t ,  
here over 1500 yards wide. I t s  locn t ion  i s  r a t h e r  inexpl icable ,  f o r  the re  
a r e  no g3ps i n  t h e  e a s t  r e e f  a t  t h i s  point ,  and no p a r t i c u l a r  reason w h y  
a cay should form here. It may r e s u l t  from some i r r e g u l a r i t y  i n  t h e  rock 
f l o o r  da t ing  from g l a c i a l  t i m e s ,  and serving a s  a bas is  f o r  debr i s  accumu- 
l a t i o n .  The present  cay i s  now only a remnant of a fo rne r  l a r g e r  i s l and ,  



and in f a c t  i s  too small to  be usefully shown on a map. It stands on a 
la rger  arcuate sand shoal, convex t o  t he  north, and a s  seen on a i r  photo- 
graphs over 200 yards long. The dry land area i s  roughly c i rcu la r  and 
has a diameter of 10 yards; it i s  sandy with some small shingle, and does 
not r i s e  more than 2 f ee t  above sea-level. There are  two small areas of 
sandy beach, thickly covered with Sesuvium, and with mounds of dead 
Thalassia cast  up a t  the limit of wave sction.  Sesuvium blankets the 
greater  par t  of the cay area. To a very large extent the is land consis ts  
simply of half a dozen mangrove t rees ,  par t ly  on dry land, par t ly  i n  
water. On the eas t  and south sides these include Rhizophora mmgle; and 
on d r i e r  land on the ea s t  side,  t a l l  gnarled iivicennia. The vegetation 
on the west s ide of the  sand patch i s  lower and l e s s  dense-Avicennia and 
Conocarpus, w i t h  a ground mat of Sesuvium, and two t a l l  coconuts. A 
t h i rd  coconut only a few years old i s  growing near the shore. 

The cay was formerly more extensive, and has been much eroded i n  
recent years. Before 1931 it was some 50 yards long, but was reduced t o  
half t h i s  length i n  the 1931 hurricane, and by half again i n  1942. Other 
hurricanes have progressively destroyed the land area u n t i l  only a clump 
of t r ee s  remains. A large hurricane passing over the cay now would pro- 
bably destroy it altogether. I t  i s  s t i l l  possible t o  t race the extent 
of the older cay i n  a submerged sand shoal. This extends f o r  about 50 
yards i n  a broad curve eastwards from the cay, and normally car r ies  6-12 
inches of i e t e r .  The bottom i s  very so f t ,  covered with worm mounds, and 
one o r  two t r ee  trunks are  stranded on it. West of the cay there i s  a 
similar but much shorter submerged s c i t ,  a deeper scour hole, and one o r  
two remants  of a submerged sand-flat beyond. On t h i s  western s p i t  two 
large tree-trunks have been washed up, and ospreys had bu i l t  a nest  
there and were breeding i n  1960. The nes t  was nearly 3 f e e t  across, b u i l t  
of s t i cks  and some coral  rubble. 

One of the f i r s t  accounts of the  Br i t i sh  Honduras cays concerns 
Saddle Cay, f o r  it appears t h a t  Nathaniel Uring spent several  days here 
a f t e r  being shipwrecked i n  February 1720. He does not name the cay, and 
it i s  impossible to  be certain,  but Jeffe:rys (1775) marks the wreck of 
Uring's ship, the Rang?-?, on Lighthouse Reef, and Saddle Cay i s  the 
nearest  cay t o  this .  Uiing's account i s  here quoted; the  cay on which 
he l ived i s  thought t o  be Saddle Cay, and tha t  v i s i ted  f o r  water Half 
Moon Cay. It is  i n t e r e s t h g  to  note t h a t  on Jefferys '  map Saddle Cay i s  
shown a s  an is land comprable i n  s i z e  t o  Half iwon Cay. 

Urinp's _ account _-_ of _ _  Sadrilt? &y, 1720 
"Tihen :it grew ligkc,  we found ourselves upon a Shoal of Rocks 
about Two h i l e s  from any dry k n d ,  there being a small f l a t  
Island o r  Key a t  t h a t  Distance, and fa r ther  off  we saw seve- 
r a l  more l i t t l e  low Islands. There was near a Foot Water 
upon the Reef where we were l o s t ,  the Surge of the  Sea leav- 
ing it bare a t  time, some perched Rocks appearing above 
Water... the shoalest  Par t  of it being a b u t  One Hundred and 
F i f t y  Yards broa.d, and then the Vater deepen'd. . . . 



@e got ashore some Goods and Provisions, and put them 
i n t o  the  Long-Boat, and ca r r i ed  them t o  the  neares t  Island. . . . In  the  Korning, we searched t h e  Is land f o r  f r e s h  Water: 
and by the  Footing of Birds we discovered a small Pool under 
the  Cover of a Tree, a t  which we were exceeding glad; but it 
being only Rain Water, we drank it out  i n  a very few Days. ... 

When we had been about Ten Days, and f inding our Vater 
grew scant,  we went t o  the  next Is land,  where we found Plenty, 
with which we f i l l f d  our Cask; and we l ikewise found the re  
severa l  Cocoa Nut Trees f u l l  of F r u i t ;  we gathered some of 
t h e  Nuts, and returned t o  our I s l and  again, where I planted 
several .  \;e found one Tree growing on it when we landed, but 
too young t o  bear F ru i t . "  

Ti r ing of h i s  "desar t  Island", Uring decided t o  make a r a f t ;  " there  being 
a g rea t  many dry Trees on the  Is land,  we went h e a r t i l y  t o  work t o  cu t  
them down; but being FIangroves which is  hard and heavy, I suspected they 
were no t  f i t  f o r  our Purpose, and the re fo re  put one of them i n t o  t h e  
Water t o  see i f  it would f l o a t ,  and found it would hardly swim." He 
then used wreckage from t h e  Bangor, completed the  r a f t ,  and departed, 
"leaving on the  Is land f i v e  laying Hens rind a Cock t o  breed, we s e t  for-  
ward on the  Afternoon, and by Night reached the  next  Island,  where we 
remained a l l  Night, and i n  the  Yiorning s e t  forward again, but found a 
good d e a l  of D i f f i c u l t y  i n  passing between t h a t  I s l and  and a Reef of 
Rocks, till we came onto the  open Sea. .. (and) made Tournef." (Uring, 
1726; from the  1928 ed i t ion ,  pages 234-240). Uring reached Belize 
safe ly ,  and i n  h i s  book includes many u s e f u l  t i p s  on raft-building f o r  
mariners i n  s imi la r  d i s t r e s s i n g  s i t u a t i o n s .  

Half Moon -- 
Half Moon Cay ( f i g .  30) is  the  l a r g e s t  simple sand cay on Lighthouse 

Reef and one of the  l a r g e s t  on the  B r i t i s h  Honduras coast .  It i s  loca ted  
on the  almost unbroken eas tern  reef of Lighouthouse Reef, a t  the  point  
where t h e  reef  tu rns  sharply westwards i n  a prominent elbow, sweeping 
southwestwards t o  form the  half-moon-shaped Southeast Bight. To the  nor th  
of the  ca,y t h e  e a s t  reef  extends uninterruptedly,  with a sinoothly scal- 
loped plan, f o r  18 miles; immediately westwards, t h e  e a s t  reef  i s  broken 
by two gaps each a thousand yards wide. The cay l i e s  with i t s  long a x i s  
p r a U e 1 t o  the  reef  forming the  northern edge of t h e  southeast bight ,  
and hence t ransverse  t o  the  main eas tern  reef- f la t ,  here some 2,000 
yards wide. Immediately southeast of t h e  cay, the  bank is  prolonged by 
a submarine spur, v i s i b l e  on a i r  photographs (CAE-6-176), carrying 7 
fathoms of water, but  the  vigorously growing reef  on t h i s  spur does not  
reach the  surface a s  a continuous ree f .  

It has been v i s i t e d  by the  o rn i tho log i s t s  Salvin  and Verner on 
account of i t s  pink-footed booby colony, and Verner i n  pa r t i cu la r  (1959, 
3-8) has given a f a i r l y  f u l l  and valuable descr ip t ion of it, with part i-  
cu la r  reference t o  vegetation. He a l s o  produced a. sketch-map of the  
cay on a sca le  of 1:6000, showing the  l o c a t i o n  of broadleaf f o r e s t  and 
t h e  booby colony. Vermeer a l s o  v i s i t e d  the  cay i n  1957, and gives a 



brief general description (1959, 97-103). Ten days were spent on t h i s  
cay i n  April 1960, and a similar period i n  Kay-June 1961. The cay was 
mapped i n  de t a i l ,  32 l i nes  of l eve ls  were surveyed across it, and sub- 
se&ently used f o r  a contour map, plants  were collected on both occa- 
sions, mainly from the area outside the high broad-leaf fores t ,  and 130 
sediment samples were taken f o r  l a t e r  analysis. Reef t ransects  made 
near the cay have already been described ( t ransect  C, Section I V ) .  Much 
of t h i s  material, especially the sediments, has .yet  to  be studied, and 
t h i s  account i s  thus a general one, similar i n  purpose t o  the other cay 
descriptions i n  t h i s  paper. It i s  hoped t o  produce a more detai led re- 
port  on Half Noon Cay a t  a l a t e r  date. The cay was photographed from 
the a i r  i n  July 1961. 

While the is land may be thought of a s  forming a crescent or  half- 
moon shape concave towards the lagoon, it may be described more eas i ly  
i n  terms of two units. The southwest segnent of the cay consists of a 
quadri la teral  700 yards long, with a uniform width of 200 yards. The 
south, west and north shores of t h i s  quadri la teral  a r e  l i nea r  in plan. 
&tending northeastwards from t h i s  par t  of the cay i s  a tapering penin- 
sula 650 yards long and over 250 yards wide where it adjoins the f i r s t  
segnent. This peninsula trends northeastwards f o r  a l l  but the l a s t  200 
yards of i ts length,where it curves towards the east ,  and comes t o  an 
end i n  a s e r i e s  of steep shingle ridges overlooking the eastern reef. 
While these two segments are distinguished primarily f o r  ease i n  des- 
cr ipt ion and imply no physiographic o r  s t ruc tu ra l  dis t inct ion,  they are  
c lear ly  evicient t o  the  student of veoetation: the  f i r s t ,  rectangular 
segmeni, i s  covered with dense low broadleaf f o r e s t  and coconut thicket ,  
whils %he second peninsular segment has been completely cleared f o r  
coconut plantations. 

Beaches 
The cay i s  highest a.long i t s  south and southeast shores, fronting 

the ocean, and both of these shores overlook expanses of beachrock and 
conglomerate ( f i g .  31). Of these shores, t h a t  facing southeast (form- 
ing the south shore of the  peninsula) is  11,ost exposed t o  the prevailing 
eas te r l ies ;  while the  shore facing s l i gh t ly  west of south (forming the 
south shore of the main body of the cay) i s  accessible ?nly t o  the 
southeasterl ies and t o  waves refract ing round the eas t  reef elbow. The 
l e a s t  expocedsouthernslore i s  hence lower than the  southeastern. A t  
the same Lime, since it overlooks f a i r l y  shallow water immediately off- 
shore, with a profuse growth of rough water corals (Acropora p l m a t a ,  A. 
cenricornis, &j.,?s_ne:, on which short  period waves continually break; - 
the lower shore ir; b u i l t  of coarser material  than the higher southeast- 
ern shore, The e f fec t s  of exposure a r e  a lso c lear ly  vis ible  i n  the 
changing nature of the shingle ridge along the shore i t s e l f ,  f o r  wave 
action i s  strongest  a t  i t s  eastern end, and decreases westwards. Most 
observed waves on t h i s  southern shore approached from the southeast a t  
an angle of 4 5 O  t o  it, and had l o s t  much of t he i r  force by the time 
they reached the western end. Thus, while the  whole south shore i s  
bu i l t  of shingle, it r i s e s  t o  a height of 7 f e e t  near the eastern end 
and declines eastwards t o  heights of 4 f e e t  and less .  A t  l e a s t  three 
"populations" of sediments const i tute  t he  ridge: an upper zone of 
blackened, p i t t ed  coral  blocks, 6-15 inches i n  diameter; an intermediate 



zone of white ,  r e l a t i v e l y  unweathered, f i n e r  c o r a l  debr i s ,  1-6 inches 
i n  longes t  diameter; and a lower zone with many l a r g e r  blocks, o f t e n  
1-2 f e e t  across ,  of yellow broken co ra l ,  l y i n g  a t a n d  above sea-level. 
These zones a r e  d is t inguished,  no t  only by s i z e  d i f f e rences ,  bu t  by 
colour,  f o r  the  yellow, white and black zones occur constant ly.  A 
f o u r t h  tlpopulationll  c o n s i s t s  o f  small pockets of coarse sand a t  t h e  
f o o t  of t h e  sh ingle  r idge ,  t h e  l a r g e s t  being loca ted  near  t h e  middle of 
t h e  south shore. The c o r a l s  of t h e  white zone a r e  a l l  r e l a t i v e l y  f r e sh  

wards, t h e  proport ion of coa r se r  m a t e r i a l  lessens ,  and t h e  species-compo- 
s i t i o n  of t h e  r idge  changes, presumably r e f l e c t i n g  changes i n  t h e  off- 
shore r e e f .  A .  palmata, f o r  example, becomes l e s s  important,  and t h e  
smzl ler  coral: (S ide ras t r ea ,  P o r i t e s ,  u) more so. The upper psrt of 
t h e  r idge  throughout i t s  length  i s  covered by a low, spray-swept "hedge" 
of broadleaf t r e e s .  Inward from t h e  vegeta t ion  margin t h e  r idge  r i s e s  
t o  a c r e s t ,  and s lopes  gen t ly  backwards; t h e  uppermost sec t ion  of t h e  
r idge ,  and t h e  backslope, c o n s i s t s  mainly of coarse grey sand and 
s c a t t e r e d  l a r g e  blocks. 

Sediment composition of t h e  more exposed southeas t  shore v a r i e s  
from coarse sand through small  c o r a l  sh ingle  t o  coarse shingle and 
l a r g e  blocks s e v e r a l  f e e t  across .  The f l o o r  of t h e  southeast  bay shelves 
s t eep ly  t o  depths of more than a fathom, and a few hundred yards from 
shore reaches cons tant  depths of 7 fathoms on thesoutheas t  submarine 
spur. Coral  growth i n  t h e  bay i s  patchy, though l o c a l l y  profuse. Kost 
of t h e  bay i s  sand-floored, and t h e  water nearshore i s  so tu rb id  with 
suspended sand t h a t  v i s i b i l i t y  i s  n i l ;  t he  nearshore reef  patches, which 
a r e  concentrated near  t h e  western end of t h e  bay, c o n s i s t  mainly of 
iicropora cerv icornis ,  massive &. palm&a and P o r i t e s  a s t r eo ides ;  while 
seawards i n  deeper water t h e  reef  c o n s i s t s  of very l a r g e  t r ee - l ike  A. 
palmnata. The absence of a continuous f r i n g e  of r e e f ,  i n  c o n t r a s t  t o  the  
south shore, probably r e s u l t s  from t h e  amount of sand i n  suspension. 
Sediment d i s t r i b u t i o n  on t h e  beach i s  l a r g e l y  cont ro l led  by t h e  d i s t r i -  
but ion of beachrock a t  i t s  base; general ly,  where beachrock i s  well- 
exposed, t h e  beach c o n s i s t s  of sand and small  sh ingle ;  where it i s  not 
developed, the  waves have access  t o  t h e  beach i t s e l f  and have thrown up 
r idges  of l a r g e r  sh ingle .  I n  places t h e  beachrock i t s e l f  has been to rn  
up and thrown up t h e  beach i n  l a r g e  blocks, The d i s t r i b u t i o n  of these  
types  of sediment i s  shown on t h e  map. The sediment composition r e f l e c t s  
t h a t  of t h e  r e e f s :  t h e  f i n e r  sh ingle  is overwhelmingly shor t ,  cy l indr i -  
c a l  s t i c k s  of &. ce rv ico rn i s ,  t h e  l a r g e r  sh ingle  s labby p l a t e s  of &. 

. . p a h a t a .  I n  places Strombus s h e l l s  form 30-4% of t h e  larger-shingle 
r idge .  Taken a s  a whole, however, t h e  beach i s  sandy, e spec ia l ly  a t  t h e  
southeas t  corner of t h e  cay, where a double sand r idge  r i s e s  t o  a maxi- 
mum height  of 9 f e e t  above sea-level.  According t o  Vermeer, " the  cay 
r i s e s  t o  a he ight  of from 15 t o  1 8  f e e t  along t h e  seaward face" (1959, 
97), but  t h i s  i s  only an est imate.  The southeas t  r idge-cres t  i s  almost 
everywhere more than 7 f e e t  above t h e  sea,  and towards i t s  southwest and 
nor theas t  ends everywhere above 8 f e e t .  From t h i s  genera l  c r e s t l i n e  



i s o l a t e d  mounds r i s e  higher,  and can c l e a r l y  be seen i n  p r o f i l e  from the  
backslope of the  ridge. Two a reas  r i s e  above 9 f e e t  ( a  t h i r d  i s  located 
a t  the  extreme southern po in t ) ,  and the  highest  prt of t h e  i s land,  10.5 
f e e t  above the  sea, i s  found on one of these ,  approximately 120 yards 
west of t h e  lighthouse. 

A t  t he  eas tern  end of the  i s land,  exposed t o  t h e  e a s t e r l i e s  and 
f r o n t i n g  the  eas te rn  ree f ,  t h r e e  concentric  shingle  r idges (yellow, 
white and grey-black zones) r i s e  t o  a height of 6 f e e t  above the  sea. 
This shingle complex extends f o r  80 yards from the  e a s t  point  along the  
southern shore of the  peninsula, and f o r  250 yards along i t s  north shore, 
r e f l e c t i n g  the  unequal exposure of nor th  and south sides.  The f u l l  
s u i t e  of th ree  r idges  i s  found only near  t h e  e a s t  point  i t s e l f :  along 
most of the  north shore, the  r idge  i s  a s ing le  f e a t u r e  gradually being 
pushed back across  a lower sand shore; it has a height  of 2$-3 f e e t  
only. The s i z e  of the  shingle  a t  t h e  e a s t  point  i s  broadly comparable 
w i t h  t h a t  on the  south shore, and may have s imi la r  or ig ins .  It i s  
thought tha.t t h e  white zone cons i s t s  of small ma te r i a l  cont inual ly  
thrown up by day-to-day wave a c t i v i t y  and storm act ion;  t h e  l a r g e r  
blocks of the  yellow zone cons i s t  of dead c o r a l s  to rn  loose by l a r g e r  
waves which can r o l l  them across  t h e  ree f - f l a t  but  lack the  power t o  
throw them up the  beach; while t h e  l a r g e  eroded fragments of t h e  black 
zone a r e  c a s t  up beyond t h e  reach of day-to-day waves by exceptional 
storms and hurricanes,  and subsequently a r e  exposed t o  weathering and 
degradation. 

InJith the  exception of the  low shingle  r idge along i t s  extreme 
eas te rn  end, the  northern s i d e  of the  cay i s  formed by a wide, gent le  
sand beach, overlooki.ng a bay with 1-2 fathoms water. This bay continues 
northwards a s  the  main eas tern  ree f - f l a t ,  across which s t rong currents  
flow tpznsversely. Except i n  time of northers,  when mate r i a l  i s  thrown 
up along the  beach, t h e  bay i s  calm and sheltered.  Most of i t s  f l o o r  is 
covered with t h i c k  Thalassia, with abundant sca t t e red  colonies of l a r g e  
Iqanjcina a reo la ta ,  and very occasional  po:i$i fu rca ta  and g ide ras t rea  
radians.  Holothurians a r e  numerous toward the  e a s t  s ide ,  near the  main --- 
r e e f .  The most abundant reef  i n  the  bay, paradoxically, i s  at i t s  west 
s ide .  where waves r e f r a c t  round from t h e  south s i d e  of t h e  is land.  Mere 
small reef-patches a r e  developed, consis t ing  of P o r i t e s  as t reoides ,  
Itiont,astre_+ annular is ,  g. cavernosa and Sideras t rea  siderea. The water 
i n  t h e  bay i t s e l f ,  where c i r c u l a t i o n  i s  r e s t r i c t e d ,  becomes much over- 
heated, and i n  pl&es near t h e  shore is scum-covered and r a t h e r  stag- 
nant ,  with l u x u r i m t  bottom growths of green algae. The beach round t h e  
bay is everywhere low and sandy, and no beachrock i s  exposed. The north- 
west-facing shore of t h e  bay (most protected) appears t o  be prograding; 
but  t h e  northeast-facing shore, though a l s o  low, i s  suf fe r ing  wave ero- 
s ion,  f o r  it i s  f r inged by f a l l e n  and dangerously leaning coconut t r ees ,  
t h e  beach i s  narrow, and a c l i f f  has been formed about a f o o t  high. 

Final ly ,  t h e  western shore, exposed only t o  re f rac ted  waves pro- 
duced by the  southeas ter l ies .  It i s  highes t  a t  i t s  south end (2-3 f e e t ) ,  
where it i s  formed by the  taper ing end of the  south shore ridge, and de- 
c l i n e s  northwards. The shore forms a s l i g h t  bay, containing a broad 
beach of f resh ,  unconsolidated sand, on which vegetat ion i s  jus t  begin- 
ning t o  encroach. 



Cay su r face  
I n  view of t h e  he ight  of t h e  seaward r idges .  t h e  s r e a t e r   art of ., - ,  .> 

Half I;oon Cay l i e s  a t  a su rp r i s ing ly  low l e v e l ;  t h e  narrowness of t h e  
b e l t  r i s i n g  above 6 f e e t  i s  apparent  from t h e  map--it genera l ly  forms 
l e s s  than one qua r t e r  the  width of t h e  cay. It i s  perhaps misleading 
t o  term the  s lope of the  cay su r face  "gradual", a s  Vermeer does, as 
t h i s  may imply s t ra ightness .  The backslope of t h e  r idges  i s  i n  f a c t  
concave: l a r g e  a reas  on t h e  leeward s i d e  l i e  below 3 f e e t ,  and the  sur- 
f a c e  r i s e s  s t eep ly  from t h i s  lower l e v e l  t o  t h e  r idge  c r e s t  wi th in  an 
average d i s t ance  of 30 yards.  The contouring of t h e  cay surface ,  ,while 
l i a b l e  t o  e r r o r  i n  the  vegetated a reas ,  shows a p a t t e r n  of a l t e r n a t i n g  
lobes ,  extending back from t h e  r idges ,  and in tervening depressions;  
though it i s  probably too  s impl i f i ed  a view t o  regard t h e  lobes  simply 
a s  growth s t ages  i n  the  l a t e r a l  extension of the  cay, as i n  t h e  evolu- 
t i o n  of sand s p i t s .  The in tervening depressions o f t en  form closed ba- 
s i n s ,  c u t  of f  from t h e  northern bay by t h e  low sand mound along i t s  
shore. One of these  depressions,  l o c a l l y  known a s  "mudhole", permanently 
holds wet s o i l  and water; another  (nea r  t h e  middle of t h e  main segment 
of t h e  cay) conta ins  water only a f t e r  heavy r a i n .  Verner (1959, 4) maps 
both as mudholes, but  a t  t h e  time of ou r  v i s i t s  t h e  western one was dry. 
On t h e  o t h e r  hand, small a r e a s  of s tanding water have been seen i n  o the r  
p a r t s  of t h e  leeward s i d e  of t h e  cay, bu t  p e r s i s t  f o r  only a shor t  tirne 
a f t e r  r a i n .  The main mudhole i s  now some 10 yards long and 6 yards wide, 
and it seems t h a t  an e f f o r t  has been made t o  f i l l  it i n  i n  r ecen t  yea r s  
with coconut t r a s h  and husks. The u s o i l "  i n  t h e  hole i s  an extremely 
black orgznic ma te r i a l  ( i n  American usage, a "muck"), which augering i n  
s e v e r a l  p laces  showed t o  be only 6 inches i n  thickness,  under la in  by 
r a t h e r  evil-smelling, white, unal te red  coarse  sand. 

The cay surface ,  a p a r t  from t h e  sediment va r i a t ions  on t h e  beaches, 
c o n s i s t s  only of coarse coral-algal sand, with g r e a t e r  o r  l e s s  admixture 
of f i n e  c o r a l  d e b r i s  ( see  Sect ion  VIII f o r  notes  on q u a n t i t a t i v e l y  unim- 
por t an t  non-limestone cons t i tuen t s ) .  A d i s t i n c t i o n  may be made between 
t h e  eas t e rn  c leared  a rea  and t h e  western wooded one. The e a s t  end i s  
under coconuts with no ground cover; t h e  s o i l  i s  a sca rce ly  a l t e r e d  c o r a l  
sand with added humus, forming a brown l a y e r  25-30 inches th i ck ,  gradu- 
a l l y  grading i n t o  c o r a l  sand with no added humus. The s o i l  l o s e s  much 
of i t s  colour on drying,  and seems coniparable t o  t h e  Shioya S e r i e s  of the  
p a c i f i c  (Stone 1951, Fosberg 1954). The s o i l s  of t h e  western end have 
a higher  hums content  and contain more l a r g e  c o r a l  debris .  I n  p laces  
t h i s  i s  s u f f i c i e n t  t o  form an  a c t u a l  r idge.  The p a t t e r n  of su r face  
sh ing le  on t h i s  p a r t  of t h e  cay cannot be t r aced  u n t i l  t h e  higher  vege- 
t a t i o n  i s  removed, but  it must e i t h e r  r e l a t e  t o  an e a r l i e r  period i n  
t h e  c a y ' s  development and mark a former shore l ine ,  o r  be a form of "ram- 
p a r t  washlt. I ts  d i s t r i b u t i o n  i s  shown a s  f a r  a s  poss ib le  on the  map; it 
l i e s  a t  3-5 f e e t  above t h e  sea. 

Specimens of' t h e  more humic s o i l  were taken on t h e  nor th  and south 
s ides  of t h e  vegetated a r e a  and await  ana lys i s .  Near t h e  geographical 
cen t re  of a he cay occurs y e t  a t h i r d  inain s o i l  type. Here, under a 
small a r e a  of high t h i c k e t ,  t h e  s o i l  i s  a r i c h  brown humus, i n  p laces  
only a few centimetres th ick .  Wherever excavated, it revea l s  an  i r regu-  
l a r  su r face  of yellow, speckled, seemingly r a t h e r  decayed rock of 



uncer t a in  o r i g i n .  This l a y e r  seems continuous and s o l i d ;  it i s  impos- 
s i b l e  tar de l imi t  it because of t h e  very dense vegetat ion,  but  it pro- 
bably covers an a r e a  of a t  l e a s t  100 yards  i n  length  and 50 yards  i n  
width, The matr ix  of t h e  rock inc ludes  a number of recognisable c o r a l s  
s i m i l a r  t o  those  s c a t t e r e d  over t h e  adjacent  cay surface ,  mainly 
Nontastrea annu la r i s ,  lj. cavernosa and a Diploria .  The cay su r face  -- 
here  l i e s  a t  approximately L, f e e t  above t h e  sea.  The hardpan i s  e i t h e r  
t h e  upper surface of a block of upra ised  reefrock,  i n  which case  it 
would have important impl ica t ions  f o r  t h e  h i s t o r y  of t h e  cay, o r  it i s  
a subsequent a l t e r a t i o n  product of t h e  cay surface  i t s e l f .  I n  t h i s  con- 
nec t ion  i t  bears a t  l e a s t  a s u p e r f i c i a l  resemblance t o  Fosberg's Jemo 
S e r i e s  (Fosberg 1954, 101-1061, where t h e  indura t ion  r e s u l t s  from phos- 
pha t i c  cementation, a s soc ia t ed  with su r face  guano s ta in ing .  The western 
woodlands on Half PJoon provide a nes t ing  ground f o r  many thousands of 
b i rds ,  and t h e  ground i s  s t a ined  over l a r g e  a reas  with guano. However, 
i n  a r e a s  where guano s t a i n i n g  i s  heav ies t ,  no cementation i s  found. 
Verner comments (1959, 8 ) :  "The Hermit Grabs and So ld ie r  Crabs f i g u r e  
prominently i n  the  booby colony... They e a t  everthing. .. a s  wel l  as t h e  
excrement of t h e  b i rds .  This l a t t e r  a c t i v i - t y  combined with t h e  porous 
s u b s t r a t e  and high annual r a i n f a l l  on Half Noon Cay, accounts f o r  t h e  
absence of guano accumulation i n  t h e b o o b y  colony.1t Analyses of t h i s  
rock a r e  awaited with i n t e r e s t .  

I n  the  c leared  eas t e rn  part of t h e  i s l and ,  wind eros ion  of t h e  
sand su r face  seems impor tmt .  Ifany of t h e  boles of t h e  coconuts a r e  ex- 
pose6 uL t h e  sur face ,  and s tand above i t s  genera l  l eve l ,  and i n  many 
placc. a mat of f i n e  coconut r o o t s  can be  seen. A moderate ground cover 
woula probably h a l t  t h i s ,  though it would undeniably d e t r a c t  from the  
g r e a t  Seauty of the  cay i t s e l f .  

Coast beachrock - and conglomerates 
The a r e a s  of beachrock and conglomerate on t h e  seaward s i d e  of t h e  

cay a r e  shown i n  d e t a i l  on t h e  map. They were noted by Vermeer (1959, 
who d is t inguished 
"a c o r a l  platform (which) extends f o r  a s  much a s  100 yards  
( t o  windward of t h e  cay).  On t h e  platform, pieces of reef  
rock a r e  exposed a t  low t i d e ,  and i n  some cases broken 
p ieces  of reef  rock thrown up on the  platform and i n  o t h e r  
cases  an  exposed part of the  platform i t s e l f .  None of 
these  p ieces  i s  more than six o r  e igh t  inches above t h e  
water l e v e l " ;  and 
1 t . r .  . ~ v e  s c p x i t e  a reas  of a greyish  sandstone o r  beach rock 
. . . (lii15cil) ccr i s i s t s  of sepa ra te  s l a b s  of poorly cemented 

but c l e a r l y  s t r a t i f i e d  beds of sandstone. Ind iv idus l  s l a b s  
of beach rock a r e  genera l ly  from 4 t o  6 f e e t  long and 
about a f o o t  t h i c k  and compare i n  hardness t o  a poorly 
cemented sandstone." ~~~ ~ 

These a r e  i l l u s t r a t e d  i n  Vermeerls Figures 24 and 22, 23 and 26 respec- 
t i v e l y .  I n  t h i s  sec t ion  the  exposures w i l l  be described, and t h e  d i f f i -  
c u l t y  of drawing very c l e a r  d i s t i n c t i o n s  w i l l  be a p p r e n t .  Seymour 
Sewell, among o the r s ,  has s t r e s sed  t h e  importance of c l e a r l y  d i f feren-  
t i a t i n g  between s e v e r a l  types of l i t h i f i e d  ma te r i a l  on reef  i s l ands ;  and 
it i s  one of t h e  more vexing problems of Half Moon Cay t h a t  (with the  ex- 
cept ion  of t h e  more extreme members of t h e  spectrum of rock types)  it i s  
d i f f i c u l t ,  i f  no t  impossible, t o  do t h i s .  



The most ex tens ive  a r e a  of rock i s  a t  t h e  southernmost poin t  of 
the  cay, where it extends i n  a continuous exposure f o r  over 200 yards,  
and p r o j e c t s  f o r  75 yards seaward of t h e  cay shore i t s e l f .  I t  here forms 
a p la t fo rn ,  with a maximum width of 30 yards ,  i t s  upper sur face  s l i g h t l y  
above low t i d e  l e v e l ,  on brhich waves break heavily. It i s  separated 
northwards by channels a t  l e a s t  5 f e e t  deep from s i m i l a r  a reas  of rock, 
l y i n g  a t  t h e  same l e v e l ,  again pounded by waves. This i s  t h e  exposure 
described by Vermeer as the  "co ra l  platform" and shorn i n  h i s  F igure  24. 
The upper sur face  of t h e  rock i s  deeply p i t t e d  and eroded i n t o  sharp 
r idges  and depressions;  it i s  coloured yellow-green and i s  s l ippe ry  
underfoot.  I t s  o u t e r  edges, i n  t h e  zone of wave ac t ion ,  support a pro- 
f u s e  growth of orange, brown tind green a lgae .  Vermeer mentions t h e  
"p ieces  of r ee f  rock. .. six o r  e i g h t  inches above t h e  water level I t ,  but  
i n  some cases  these  a r e  considerably higher .  One such patch i s  found on 
an i s o l a t e d  platform nor th  of the  main exposure. Levell ing showed t h a t  
t h e  upper su r face  of t h i s  remnant was 1.8 f e e t  above low water l e v e l ,  
and i n  d e t a i l e d  s t r u c t u r e  it cons i s t s  of a s l a b  of blackened, well-ce- 
mented ca lca ren i t e ,  dipying seaw3.rds, over ly ing  a s l i g h t l y  undercut 
l a y e r  of f i n e r  calc- lrenl te  r i s i n g  from t h e  gene ra l  l eve l .  The i n t e r -  
face between t h e  upper block and i t s  basement d i p s  seawards some 2 
inches i n  24 f e e t .  A second example i s  found r i s i n g  from t h e  main p la t -  
form i t s e l f  on t h e  southwest s i d e  of t h e  cay c lose  inshore. This too  
r i s e s  1.8 f e e t  above low t i d e  l e v e l ,  and c o n s i s t s  of a seaward-dipping 
block of hard rock over ly ing  a s l i g h t l y  undercut base r i s i n g  from t h e  
genera l  l e v e l ;  again the  seaward d i p  i s  about 2 inches i n  25 f e e t .  
These remnants both c o n s i s t  of very we l l  indurated sands, s imi l a r  t o  
beach sands, i n  which some a l t e r a t i o n  of cons t i tuen t  g ra ins  has taken 
place.  The rocks of both t h e  r e l i c t  beds and t h e  platform i s  d i s t i n -  
guished by itis s t rength ;  it r i n g s  t o  t h e  hammer, and very heavy blows 
a r e  necessary t o  secure specimens. Severa l  o the r  pinnacles approach 
c lose  t o  the  l e v e l  of the  t abu la r  outcrops, but  do no t  show seaward dip. 
The platform i t s e l f ,  however, i s  no-t e n t i r e l y  hor izonta l ,  f o r  where i t  
p r o j e c t s  from t h e  cay t h r e e  d i s t i n c t  low escarpments, 2-4 inches high, 
can be seen p a r a l l e l  t o  t h e  present  outcrop, with apparent  d i p  t o  sea- 
ward, i n  the  same d i r e c t i o n  a s  t h a t  of t i e  second t a b u l a r  remnant de- 
scr ibed.  

Is t h i s  then an exposed reef  conglomerate, o r  a beachrock, now de- 
graded, properly so ca l l ed?  The dipping s t r u c t u r e s  might suggest t h e  
l a t t e r ,  though t h e r e  i s  a remote p o s s i b i l i t y  ( e spec ia l ly  f o r  the  small  
scarps  of t h e  platform i t s e l f )  t h a t  they  r e s u l t  from j o i n t i n g  and tilt- 
ing. The high t a b u l a r  r e l i c t s  a r e  almost c e r t a i n l y  a beachrock--they 
c o n s i s t  of beach sands and d i p  seawards (on the  southwest shore t o  the  
southwest, on t h e  southeas t  shore t o  t h e  southeas t ) .  The widespread 
evidence of e ros ion  shows t h a t  formerly t h e  whole su r face  must have 
stood a t  a l e v e l  c lose  t o  t h a t  now represented by the  beachrock rem- 
n m t s :  was t h i s  sur face  wholly formed of t h i c k  beachrock, o r  d id  it over- 
l i e  reef rock at, no g r e a t  depth? The surface  of t h e  lower platform bears  
a very g r e a t  resemblance t o  r a i sed  reef rock su r faces  seen by t h e  w r i t e r  
on t h e  north coas t  of Jamaica, but t h e  example s t r e s s e s  t h e  importance 
of p rec i s ion  and ca re  i n  applying l a b e l s  t o  l i t h i f i e d  outcrops on cays. 
The rock i t s e l f  c o n s i s t s  of much-recrystallised d e t r i t a l  mater ia l ,  with 
Homotrema, s i m i l a r  t o  t h a t  now found on t h e  beaches, together  with 



l a r g e r  fragments,  mainly broken Strombus s h e l l s  (usua l ly  worn) and cora ls .  
Piany of t h e  smaller  pinnacles a r e  formed by out-weathered c o r a l  heads 
and a r e  s t i l l  i d e n t i f i a b l e ,  though it i s  impossible t o  say whether they 
a r e  i n  t h e  pos i t ion  of growth. The i n c l u s i o n  of c o r a l s ,  o f t en  r e l a t i v e l y  
numerous, i n  t h e  rock does no t  necessa r i ly  have much bearing on i t s  o r i -  
gin,  f o r  equal  amounts of c o r a l  m a t e r i a l  a r e  found i n  rock which i s  
demonstrably beachrock, elsewhere on t h i s  cay. 

huch of t h e  southwest shore i s  f r inged  by a narrow ou.tcrop of 
s i m i l a r  rock t o  t h a t  a t  t h e  south poin t ,  forming a low r idge  1-2 f e e t  
wide, r i s i n g  s l i g h t l y  above low t i d e  l e v e l  (thouch cont inual ly  wetted 
by breaking waves), and o f t e n  separated from t h e  shore by a narrow 
shallow moat. The presence of t h i s  moat i n  places g ives  t h e  rock an  
apparent su r face  d i p  t o  landward, where it i s  obscured by t h e  sh ing le  
r idge;  but excavation i n  t h e  r idgeshows tha t  t h e  rock reappears  t h e r e  
f o r  a t  l e a s t  a small  ex ten t ,  a t  a s l i g h t l y  higher  l e v e l  than t o  seaward, 
and hence t h e  t r u e  d i p  ( i f  such e x i s t s )  i s  from land t o  sea, t h e  moat 
being e ros iona l .  The c r e s t  of t h e  exposed r i d g e  c a r r i e s  a very luxuri-  
a n t  growth of brown and green algae, which g ive  i t  a d i s t i n c t i v e  appear- 
ance; on t h e  seaward s i d e  it i s  undergoing severe erosion by grooving 
and potholing. It i s  impossible t o  specula te  on t h e  o r i g i n  of t h i s  ex- 
posure, except  t o  say  t h a t  it i s  probably l inked  t o  t h a t  a t  t h e  south 
poin t ,  and i s  no t  now i n  t h e  process of formation. 

The southeas t  bay conta ins  a number of outcrops of l i t h i f i e d  
ma te r i a l ,  mostly i n t e r t i d a l ,  though descending a t  t h e i r  o u t e r  edge be- 
low low t i d e  l e v e l ,  and i n  one o r  two cases  r i s i n g  landward above high 
t i d e  l e v e l ,  but  s t i l l  within t h e  reach o f  swash and spray. These in- 
clude Vermeer's " f i v e s e p a r a t e a r e a s  of a greyish  sandstone o r  beach 
rock", comparing i n  hardness t o  a poorly cemented sandstone, and "com- 
posed no t  only  of cemented sand but  conta in( ing)  s h e l l s ,  pieces of c o r a l  
and c o r a l  rock" (Verrneer 1959, 99). 1)iuch of t h e  rock i s  very much harder  
than Vermeer suggests;  t h i s  i s  p a r t i c u l a r l y  so of the  cemented beach 
conglomerates, but even f i n e r  beach c a l c a r e n i t e s  a r e  cons i s t en t ly  so 
wel l  l i t h i f i e d  t h a t  repeated heavy blows a r e  needed t o  secure specimens. 
The b e s t  gene ra l  view of t h e  rock i s  obta ined  from t h e  t o p  of t h e  l i g h t -  
house a t  t h e  e a s t  end of t h e  i s l and .  There a r e  two main outcrops: t h e  
f i r s t ,  a long t h e  nor th  shore of t h e  bay, i s  mainly a c a l c a r e n i t e ;  t he  
second, along t h e  west s i d e  of the  bay, a l s o  inc ludes  ca lca ren i t e s ,  but  
with a l a r g e  propor t ion  of conglomerates. Generally, t h e  proport ion of 
pure ly  sandy beachrock i s  g rea te r  i n  t h e  middle of t h e  bay than towards 
i t s  ext remi t ies .  The coa r ses t  m a t e r i a l  i s  found c l o s e  t o  t h e  south 
poin t ,  where it has been much d is rupted  by wave ac t ion ,  and now l i e s  i n  
a jumble of s l a b s  up t o  10 f e e t  long, some obviously inver ted ,  p i l e d  on 
t h e  s t e e p  beach r idge .  Immediately seaward and t o  t h e  north,  enough 
of t h i s  rock remains i n  i t s  o r i g i n a l  seaward-dipping i n t e r t i d a l  loca- 
t i o n  t o  i d e n t i f y  i t  a s  a t r u e  beachrock. Strombus s h e l l s  a r e  very pro- 
minent i n  t h e  rock, a s  i n  t h e  beach depos i t s  of t h i s  bay, together  with 
i d e n t i f i a b l e  c o r a l s  (mostly Montastrea and Dip lo r i a ) ,  and s t i c k s  and 
p l a t e s  of ~ c r o p o r a ) .  The s h b s  have a maximum thickness  of about 18 
inches,  they a r e  extremely tough, and comnp3re i n  hardness t o  the  south  
poin t  rocks. 



Northward the  proport ion of coarse  m a t e r i a l  decreases,  and seve ra l  
d i s t i n c t  l a y e r s  of rock (up t o  5)  outcrop on t h e  beach, dipping seawards, 
forming :niniature escarpments up t o  9 inches  i n  height .  They o f t en  show 
a d i s t i n c t  v a r i a t i o n  i n  content ,  l a y e r s  of f i n e  c a l c a r e n i t e  a l t e r n a t i n g  
with l a y e r s  of conglomerate, containing few r e c o p i s a b l e  c o r a l s  but  much 
cobble mater ia l .  Some s o r t i n g  i s  a l s o  t o  be seen within the  i n d i v i d u a l  
c a l c a r e n i t e  l aye r s ,  between f i n e  sands wi th  liomotrenia, and coarser  sands 
with much Halimeda. ii l a y e r  of pure Halimedg sand about  ha l f  an inch 
t h i c k  o f t e n  tops  t h e  c a l c a r e n i t e  l a y e r ,  much a s  on uncemented modern 
beaches. I n  genera l  t h e  coa r se r  sands tend t o  be l e s s  w e l l  l i t h i f i e d  
than t h e  f i n e r .  The beachrock i n  t h i s  bay reaches a maximum th ickness  
of 10 yards.  

The exposures d o n g  t h e  nor th  s i d e  of t h e  bay a r e  narrower, but  
s i m i l a r  i n  composition. The rocks  a r e  more sandy,with s c a t t e r e d  patches 
of coarser  fragments within t h e  sand l aye r s .  D i s t i n c t  conglomerate lay- 
e r s  a r c  found occasional ly.  The beachrocli round t h e  whole bay i s  being 
eroded by t h e  formation o f  minia ture  groove-spur systems on i t s  seaward 
s ide ,  and these  o f t e n  develop i n t o  potholes containing l a r g e  cobbles. 
The o u t e r  lower p a r t s  of t h e  beach rock a r e  covered with a r i c h  growth 
of green and brown a lgae ,  d i s t i n c t l y  zoned ( t h e  i d e n t i f i c a t i o n s  a r e  
awaited);  t he  inne r  zones a r e  f r e e  from l a r g e r  a l g a l  co lon i s t s ,  but  a r e  
coloured. blue-black o r  yellow, presumably byencrust ingmicroscopic 
a lgae .  l i t  s eve ra l  places a long the  shores  o f  the  bay, i r o n  bars  can be 
seen incorporated i n  t h e  rock, and a r e  now much rus t ed  and decayed; a t  
l e a s t  5 examples were seen. Hence t h e  indura t ion  da tes  from l a t e r  than 
about 1700, when t h i s  coas t  f i r s t  began t o  be colonised and v i s i t e d ,  and 
q u i t e  probably s ince  1830, when t h e  f i r s t  l ighthouse  came i n t o o p e r a t i o n .  
&par t  from these  bars ,  no inorganic mzteri.al, such as pumice, was seen 
i n  the  beachrock. 

But perhaps t h e  most i n t e r e s t i n g  f a c t  about the  southeas t  bay beach- 
rock i s  t h a t  t h i r t y  yea r s  ar:o none of ?% & be seen. P r i o r  t o  t h e  
1931 hurricane,  the  sea*~ard beach of t h i s  p r t  of t h e  cay stood 20-30 
yards f u r t h e r  seaward than  it does now, and was sandy throughout. The 
hurr icane  destroyed t h i s  sand beach, and i n  e f f e c t  bodily pushed t h e  cay 
back t h a t  d i s t ance ,  exposing t h e  present  beachrock v i r t u a l l y  overnight.  
The amount of t h i s  exposure seems t o  have been g r e a t e s t  i n  t h e  cen t re  of 
t h e  bay and l e a s t  towards i t s  ends: northeastwards t h e  beachrock s t i l l  
passes under t h e  cay sands, but i n  t h e  middle of t h e  cay t h e  rock has 
been subsequently obscured by a covering of f i n e  s o f t ,  cons tant ly  s h i f t -  
i n g  sand. The pre-1931 sandy shore seems t o  have been i n  exis tence  f o r  
many years .  J e f f e r y s  i n  611 h i s  imps (1775 and l a t e r )  marks a prominent 
')Sandy Bayv on t h i s  s i d e  of t h e  j.sland, with, it i s  s i g n i f i c a n t  t o  note, 
a conspicuous southern lobe  along t h e  l i n e  of t h e  present  rock platform 
a t  t h e  south  point .  Owen's 1830 LS c k r t ,  too,  shows a s i m i l a r  configu- 
r a t i o n .  It i s  a t  l e a s t  poss ib le ,  t he re fo re ,  t h a t  a l l  t h e  rock now ex- 
posed developed b r i n g  a previ-ous more seawzrd extension of t h e  cay, 
and has been r e l a t i v e l y  r ecen t ly  exposed. Gne cmuld g ive  much f o r  de- 
t a i l e d  maps of t h i s  cay i n  1930 and e a r l i e r !  

No beachrocli i s  found on t h e  nor thern  shores of t h e  cay. 



Evolution of t h e  cay 
It i s  thus  i m ~ o s s i t  ders tand t h e  present  physiography of 

t h e  cay without reference  t o  t h e  1931 hurr icane.  A t  c e r t a i n  p laces  
aloni?. t h e  south shore,  blocks of beachrock and conglomerate a r e  found 
perched on t h e  beach r idge  809 f e e t  above t h e  sea ,  and some a r e  even 
found a shor t  d i s t ance  down i ts  backslope. Residents descr ibe  see ing  
t h e s e  blocks being r o l l e d  up t h e  s t e e p  seaward beach a t  t h e  height  of 
t h e  storm i n  1931. The o r i e n t a t i o n  and depth of t h e  southeast  bay 
g ives  l a r g e  waves access  t o  t h e  beach i t s e l f ,  and t h e s e  normally break 
heav i ly  i n  g rea t  clouds of spray  on t h e  beachrock, o r  where t h i s  i s  
absent ,  on t h e  beach i t s e l f ,  t h e  swash wet t ing  t h e  sand f o r  some dis -  
t a n c e  above high water  l e v e l .  I n  tj.mes of v i o l e n t  storm and hurr icane,  
t h e  swash i s  so  g r e a t  t h a t  it overt-ps t h e  r idge  c r e s t  (7-9 f e e t  high),  
depos i t ing  f r e s h  sand t h e r e  and on t h e  upper p a r t  of t h e  backslope. 
This  occurred r e c e n t l y  during t h e  comparatively minor hurr icanes  AbSy 
i n  1960 and Anna i n  1961. Sediment a l s o  accumulates i n  t h e  northern 
bay by r e f r a c t i o n  c h i e f l y  r w n d  t h e  e a s t  noin t ,  but whether t h e  aggra- 
d a t i o n  has ye t  made up t h e  1931 n e t  l o s s e s  i s  not known. The continu- 
i n g  progradation of t h e  lagoon shore  may account f o r  t h e  apparent o r  
r e a l  absence of beachrock on t h i s  shore.  

Verner makes t h e  poin t  t h a t  t h e  present  b r i ck  l ighthouse  base 
was b u i l t  i n  1845 %idway between t h e  nor th  and south  s ides".  If t h i s  
i s  so ,  then  a s  he says ' thurr icanes have a c t u a l l y  moved Half Moon Cay 
northward while  not a f f e c t i n g  t h e  p o s i t i o n  of t h e  Lighthouse" (1959, 9, 
12) .  The base of t h e  l ighthouse  now r e s t s  immediately overlooking t h e  
seaward s lope  of t h e  r idge ,  and any f u r t h e r  r e t r e a t  w i l l  l ead  t o  i t s  
undermining, though t h i s  i s  un l ike ly  without t h e  in t e rven t ion  of an- 
o the r  major hurr icane.  

Vegetation 
Our knowledee of t h e  uresent  vegeta t ion  on Half Moon Cav i s  ., 

f a i r l y ~  f u l l ,  while of i t s  development; though d a t a  a r e  meagre" i n  t h e  
extreme, we at  l e a s t  know more than  f o r  any o ther  cay. I n  t h e  account 
of Saddle Cay it was shown t h e  coconuts were a l r eady  es t ab l i shed  on 
Lighthouse Reef i n  1720, and it seems t h a t  Uring found a number on 
Half Moon Cay i n  t h a t  year  (Uring 1726; 1928 e d i t i o n ,  236). Alone of 
t h e  B r i t i s h  Honduras cays we have an  e a r l y  sketch of Half Moon, made 
i n  1828 o r  1830 from t h e  south.  This  is redrawn and given here  ( f ig .  
32); it shows t h e  absence of a l l  except low bushes and shrubs a t  t h e  
eas t e rn  end of t h e  cay, while f u l l y  two-thirds i.s occupied by high 
f o r e s t ,  Only ha l f  a dozen o r  s o  coconuts a r e  indi-cated i n  t h i s  sketch 
a t  t h e  margin of t h e  high bush and c leared  a rea .  (I a% indebted t o  
Chart Branch I X ,  Hydrographic Department, Admiralty, f o r  allowing me 
t o  search  t h e i r  volumes of views and f inding  t h i s  ske tch  f o r  .ne; it is 
i n  Volume 1, No. 362). The sketch  was made i n  1828-9, s h o r t l y  a f t e r  t h e  
bu i ld ing  of t h e  f i r s t  l ighthouse;  t h e  Honduras Almanack f o r l 8 3 0 ,  repor t -  
i n g  t h i s  event, descr ibes  (on p. 150), a Itluxuriant growth of t h e  wild 
plum and sal t -water  palmetto, over which t h e  cocoa-nut t r e e  may be seen 
towering i n  majes t ic  grandeur." 



h-. George Young, r e s i d e n t  on t h e  cay s ince  1928, informs me t h a t  
when he f i r s t  came, the  high bush extended t o  a poin t  ha l f  way along the  
nor theas te rn  peninsula,  and thus  it cannot have been much l e s s  extens ive  

. . 
i n  1928 than  i n  1830. During t h e  f o u r  decades s ince  1928, P i r .  Young and 
h i s  fanlily have slowly c leared  t h e  high bush from the  whole of t h e  penin- 
s u l a  ( f i g .  33),  and it i s  now r e s t r i c t e d  t o  the  western por t ion  of t h e  
cay, e s p e c i a l l y  along i t s  southern s i d e .  Nearly a l l  t h e  peninsula i s  
now planted t o  coconuts and i s  devoid o f  ground vegetat ion;  while the  
high bush a r e a  i s  surrounded by a f r i n g e ,  p a r t i c u l a r l y  on i t s  northern 
s i d e ,  of low ground vegetat ion and bushes, intermixed with coconuts. 
It i s  i n t e r e s t i n g  t o  note t h a t  a s  t h e  lagoon beach bui lds  outwards, 
i.ir. Young i s  p lant ing  a d d i t i o n a l  rows o f  young coconuts i n  l i n e  with 
t h e  o l d ,  so  t h a t  as one approaches t h e  lagoon shore from t h e  c r e s t  of 
t h e  seaward r idge ,  t h e  coconuts become lower and younger. It cannot 
be too s t rong ly  emphasised t h a t  t h e  e x i s t i n g  p a t t e r n  of vegeta t ion  on 
inhab i t ed  cays l i k e  Half Noon i s  ephemeral, and indeed t h e  vegeta t ion  
of some cays v i s i t e d  i n  1961 was almost unrecognisable a s  t h a t  seen 
four teen  months e a r l i e r  (e.g. Tobacco Cay, B a r r i e r  ~ e e f ) ,  simply be- 
cause of t h e  a c t i v i t i e s  of man. The vegeta t ion  i s  pe r iod ica l ly  c u t  
back, and sometimes rooted ou t  a l t o g e t h e r .  Mr. Young's prograrnxe of 
systematic  c l e a r i n g  i s  a t  p resen t  being continued by Kr. P h i l i p  Young, 
who is  c u t t i n g  o u t  t h e  Cordia bush a t  t h e  southern poin t ,  and t h e  mixed 
Cordia-Conocarpus bush behind, f o r  cocals .  The vegetat ion of t h i s  -- - 
middle p a r t  of t h e  cay was i n  1961 covered only with low bushes and 
ground vegeta t ion ,  whereas i n  1960 when f i r s t  seen, it was a confused 
t ang le  of t a l l  Conocmpus and o t h e r  bushes. A s m ~ l l  amount of vegeta t ion  
s t i l l  covers t h e  sh ingle  r idges  a t  t h e  e a s t  end of the  i s l and .  

Verner g ives  a desc r ip t ion  of t h e  composition of t h e  broadleaf 
a rea ,  a s  follows (1959, 3-8): 

"The p r i n c i p a l  t r e e ,  both i n  numbers and i n  u t i l i s a t i o n  by 
t h e  boobies, i s  t h e  red-flowered Cordia sebestena. I t  i s  
t h e  only t r e e  t h a t  occurs i n  a l l  s ec t ions  of the  (booby) 
colony, and t h e  only one growing next  t o  the  shore. Kost 
ind iv idua l s  a r e  about twenty t o  twenty-five f e e t  high, but 
some a t t a i n  th i r ty - f ive  f e e t .  Rursera simaruba occurs  gene- 
r a l l y  i n  a l l  a r e a s  of the  colony except along the  shore, 
and Rurnelia r e tusa  occurs i n  a l l  a r e a s  except along the  
t h e  shore and i n  approximately t h e  eas t e rn  f i f t h  of t h e  
colony. - Ficus  sp. i s  d i s t r i b u t e d  l i k e  Bursera but  i s  much 
l e s s  common. Pi thecel lobiwn kegense grows only i n  t h e  cen- 
t r a l  por t ion  of t h e  colony. ... - Neea chorioph- i s  a very 
r a r e  spec ies  i n  the  colony. .. I was aware of not  over  f i v e  
ind iv idua l s  of the  species  on t h e  i s l a n d ,  and a l l  but  one 
of these  were i n  t h e  eas t e rn  f i f t h  of t h e  booby colony. 
Ximenia americana i s  a l s o  r a t h e r  uncommon, and i s  r e s t r i c t e d  
t o  t h e  northwest corner  of t h e  colony. Pouter ia  campechiana 
i s  one of t h e  p r i n c i p a l  spec ies  along the  north border of t h e  
eas t e rn  ha l f  of t h e  colony, where it occurs i n  a s soc ia t ion  
mainly with Bursera and Ficus.  Those three  species  reach 
he ights  of f o r t y  t o  f i f t y  f e e t  i n  t h a t  s ec t ion  of t h e  colony, 



and they a r e  the  p r i n c i p a l  spec ies  composing the  remainder 
of the  broadleaf grove where t h e  boobies do no t  r e s t . "  

He a l s o  noted t h e  abundance of the  night-flowering bush Capparis f lexuosa,  
forming "dense tangles  of stems throughout most of t h e  c e n t r a l  s ec t ion  
of t h e  n e s t i n g  c01ony.'~ 

I can add l i t t l e  t o  t h i s  account.  The whole of the  south  shore of 
t h e  cay i s  l i n e d  with Cordia sebestena,  forming a low, spray-swept hedge, 
most no t i ceab le  ( t i l l  - d i n  a t  t h e  south point .  Verner 
(1959, 57) th inks  t h i s  shear ing  i s  due t o  b i r d s  c o l l e c t i n g  n e s t  ina ter ia ls ,  
and he quotes jir. George Young a s  saying Ifhe had seen a number of 
boobies p r a c t i c a l l y  s t r i p  a small bush t o  t h e  trunk before l eav ing  it 
t o  ga ther  s t i c k s  elsewhere." He cons iders  fr igs. te  b i r d s  and ospreys, 
a s  we l l  as boobies, t o  be t h e  c u l p r i t s .  I consider  t h a t  t h e  shear ing  re- 
s u l t s  from s a l t  spray and wind-trimming (Boyce, 1954), r a t h e r  than from 
t h e  b i rds .  Verner s t a t e s  t h a t  l tneighbouring cays exhib i ted  no such 
trk;nling of shoreward ve,:etation1', but  t h i s  i s  t r u e  only of t h e  cays 
l ack ing  broadleaf f o r e s t  ( t h e  major i ty) .  Wherever one s t i l l  f i n d s  cays 
with broadleaf f o r e s t  on t h e  windward s i d e ,  then one f i n d s  shearing even 
i n  t h e  absence of b i rds .  Examples a r e  seen on Northeast Cay and o t h e r  
cays on Glover 's  Reef, and s e v e r a l  of t h e  S a p d i l l a  Cays, B a r r i e r  Reef. 

Host a t t e n t i o n  i n  my v i s i t s  was given t o  t h e  lower vegeta t ion  
cover surrounding t h e  b r o a d l e a f . f o r e s t ,  and 30 p lan t s  were c o l l e c t e d  
here  and s e n t  t o  Dr. Fosberg f o r  iden t i f i - ca t ion .  h map ( f i g .  34) has 
been constructed showing t h e  d i s t r i b u t i o n  of the  main species  i n  t h i s  
a rea .  Tournefort ia  gnaphalodes occurs  around t h e  cay margins on both 
sh ing le  and sand, p a r t i c u l a r l y  i n  exposed places. It i s  dominant on 
t h e  extreme eas t e rn  sh ingle  r i d g e s  (wi th  s tunted  Cordia, some coconuts, 
H.ymenocallis and Sesuvium), and a l s o  occurs  on high ground a t  t h e  south 
poin t ,  near  the  northwest corner  of t h e  cay, and i n t e r m i t t e n t l y  along 
t h e  southwest shore below the  Cordia hedge. Sporobolus v i rg in icus  i s  a 
sand-binding grass  found i n  s i m i l a r  exposed loca t ions  on sand beaches: 
aga in  it i s  important near  t h e  south noin t ,  a long t h e  south shore, a t  
t h e  northwest corner,  and a long t h e  beach r idge  of the  lagoon shore. 
Sur iana  maritima i s  another  shrub of exposed shores, r a t h e r  oddly re- 
s t r i c t e d  here t o  t h e  northwest poin t .  Other colonising s t r and  p l a n t s  
such a s  Sesuvium and Ipomoea a r e  no t  w e l l  developed on the  Half Moon 
beaches, except a t  t h e  \.rest end of t h e  i s land.  

The a r e a  surrounding t h e  high bush f a l l s  i n t o  t h r e e  vegeta t ional  
zones: t h e  eas t e rn  zone. t h e  centr.31 zone. and the  western zone. 
Nedelia t::ilob3ta, with Caki le  l anceo la t a  and Ipomoea, forms t h e  ground 
cover i n ? &  west zone, behind a f r i n g e  of Tournefort ia  and Sur iana;  and 
Verner records Calonyction aculeatum from t h i s  a r e a  a lso .  The c e n t r a l  
zone, round t h e  western mudhole, i s  composed mainly of Wedelia, scat-  
t e r e d  -. Stachytarpheta ,jamaicensis, low bushes such as Rivina humilis, and, 
shorewards, a broad b e l t  of t h e  l i l y ,  Hymenocallis l i t t o r a l i s .  The eas t -  
e r n  zone extends alona t h e  e a s t  s i d e  of the  hiah bush zone from t h e  - 
south shore t o  t h e  north. I n  t h e  south,  on t h e  c r e s t  and backslope of 
t h e  windward r idge,  t h e r e  i s  a narrow zone of Tournefort ia ,  succeeded 
in l and  by a broad b e l t  with l i t t l e  but  Hymenocailis. The middle of t h e  
cay i n  t h i s  zone, south and west of t h e  inain mudhole, i s  covered with 



extens ive  patches of Wedelia t r i l o b a t a ,  Cyperus p l a n i f o l i u s ,  Alternanthera 
ramosissima, + r a  r o s t i s  c i l i a r i s ,  hgeratum mar i thum (recorded by Verner), 
S ida  acu ta  (Verner 2nd bushes such a s  Rivina humilis,  Ernodea l i t o r a l i s ,  -- 97 
Hamelia pa tens ,  E r i t h a l i s  f r u t i c o s a ,  and Conocarpus e rec tus .  liccording 
t o  Verner, Sida and Iiamelia "are confined t o  the  moist,  shady a r e a s  
bordering t h e  broadleaf t r e e  s tandscc .  The mudhole i t s e l f  s tands  i n  t h e  
middle of an almost exclus ive  mat of Wedelia t r i l o b a t a ,  while t o  the  
nor th ,  between t h e  Ciedelia s tand and t h e  Sporobolus-covered lagoon beach- 
r idge ,  i s  an a rea  of mixed Wedelia, Euphorbia, Cyperus and Sworobolus. 

iilmost one-third t h e  a rea  of tile cay i s  s t i l l  covered with high 
bush, but it i s  c l e a r  t h a t  t h e  period of extensive c l e a r i n g  from 1928 
onwards i s  coming t o  a c lose .  F i r s t ,  much of what i s  l e f t  i s  a pro tec ted  
booby colony and cannot be c leared ,  and much of t h e  remainder i s  under- 
l a i n  -1.t very small  depths by hardpan o r  reef rock and cannot support coco- 
nuts .  Were t h e  vegeta t ion  cleared here,  t h e  su r face  humus would soon 
disappear  and a barren pavement would be exposed. The main change t o  be 
expected i s  t h e  complete ground-clearing of t h e  coconut undergrowth on 
t h e  f r i n g e s  of t h e  high bush, involving t h e  p a r t i a l  disappearance of 
species  such a s  Wedelia, S tachytarpheta ,  Euphorbia and t h e  grasses.  

Occupance and land use 
The g i a n t  l i z a r d s  (Iguana and Ctenosaura) and t h e  smaller  ano l ids  

and t h e  ra- t s  on t h i s  cay have a l ready been mentioned, a s  have Verner's 
o rn i tho log ica l  r e c o r d s .  I n  h i s  study o f  t h e  colony of boobies (Sula - 
s u l a  su la )  i n  1948, he counted 1389 n e s t s  (more than a ha l f  i n  Cordia 
-7 

sebestena, about 8% i n  Cordia, Bursera and Bumelia combined), G i n g  
r a t h e r  more than two n e s t s  t o  t h e  t r e e ,  conta in ing  about 3500 pink-footed 
boobies, of whom 500 were immature b i rds .  Two percent  of the  boobies 
were bro.xn, but  each of these  was mmted with a white (1959, 1 5 ,  53). 
ik.iuch information on t h e  h a b i t s  of these  boobies i s  given i n  Verner's 
t h e s i s ,  which should be consulted by those  i n t e r e s t e d .  

The Young family has a t h r i v i n g  se t t lement  near  t h e  middle of t h e  
north shore, where they c a r r y  on boat bui ld ing .  George Young bu i lds  
boats from imported timber of up t o  1 5  tons  wholly by eye, without t h e  
a i d  of drawings o r  models, which is  unusual even among B r i t i s h  Honduran 
fishermen. Severa l  houses a r e  associa ted  with t h e  l ighthouse  a t  t h e  
e a s t  end of t h e  cay, toge the r  with a number of sheds and rainwater va ts .  
The l ighthouse keepers do no t  long remain a t  any s t a t i o n ,  but  i n  1961 
one of them was a l s o  bui ld ing  a f i s h i n g  boat on t h e  cay. The l i g h t -  
house houses a r e  s turdy,  hurricane-proof s h e l t e r s ,  l a r g e  and comfortable. 
The f i r s t  l ighthouse  was b u i l t  i n  1820, and a l i g h t  f i r s t  shown on 
December 1st t h a t  yea r  (Honduras Alinanack, 1830, 76); it was replaced by 
another  i n  184.5. The p resen t  b r i ck  foundation d a t e s  from t h i s  time. 
The present  steel-frame tower was b u i l t  on t h e  o ld  base i n  1933, and 
was s t i l l  unfinished a t  t h e  time of t h e  1931 hurricane.  lipart from t h e  
l ighthouse,  t h e  main occupation of the  dozen o r  so indiv iduals  on t h e  
cay i s  tending the  cocals ,  tak ing  t h e  n u t s  t o  Belize,  and fishing-for 
barracuda; grwaper, snapper, jacks and others--and t u r t l i n g ,  Tur t l e s  
a r e  taken i n  n e t s  ba i t ed  with small  b r i g h t l y  painted wooden decoys, 
and a r e  so ld  i n  Belize.  A nuiiber of t h e  coconuts a r e  used on t h e  cay 



f o r  coconut o i l  and water, which i s  f e d  t o  t h e  pigs. I n  add i t ion  t o  
pigs,  t h e  fishermen keep chickens and dogs, The i s l a n d  i s  occas ional ly  
v i s i t e d  by the  Harbourmaster and a Customs launch, bu t  i s  otherwise 
r a r e l y  v i s i t e d .  It i s  s a i d  t h a t  an a t tempt  was made a few years  ago by 
an  American syndicate t o  purchase t h e  cay f o r  development as a holiday 
r e s o r t ,  but permission was refused. 

L i t t l e  i s  known of t h e  h i s t o r y  o f  t h e  cay, though the  Honduras 
Almanack r e f e r r e d  t o  (1830, 151) t e l l s  t h e  s t o r y  of a v io len t ,  bloody- 
visaged spec t re  haunting t h e  i s l and  a t  n igh t ,  presumably t h e  ghost of 
some unfortunate p i r a t e .  The a p p r i t i o n  has now ceased t o  appear, and 
has been fo rgo t t en .  

Conclusion 
Half Xoon Cay has been described a t  g r e a t e r  length  than any o t h e r  

cay, p a r t l y  on account of the  length  o f  time spent  t h e r e  and mass of 
da ta  c o l l e c t e d  (much of it s t i l l  uns i f t ed ) ,  p a r t l y  because of the  g r e a t  
n a t u r a l  beauty of t h e  i s l and ,  p a r t l y  because of the  problems which it 
r a i s e s .  Severa l  conclusions emerge from the  study, including (1 )  t h e  
importance of major hurricanes,even on so l a r g e  a cay a s  t h i s ,  i n  the  
evolu t ion  of t h e  present  physiography; (2)  t h e  g r e a t  p r a c t i c a l  d i f f i -  
c u l t y  of d i s t ingu i sh ing  i n  t h e  f i e l d  between various types of l i t h i f i e d  
ma te r i a l  and hence t h e  d i f f i c u l t i e s  of drawing conclusions from them; 
and (3)  t h e  constantLy changing na ture  of cay vegetat ion,  even over so  
shor t  a period a s  30 years.  Vhen a s  much information i s  ava i l ab le  on 
o the r  cays a s  t h e r e  i s  now on Half Moon, t h e r e  i s  l i t t l e  doubt t h a t  
f e a t u r e s  which now seem simple and eirsy t o  expla in  w i l l  be revealed a s  
more complex and enigmatic; f o r  even such small  and apparently ins ign i -  
f i c a n t  f e a t u r e s  a s  sand cays a r e  bese t  with d i f f i c u l t i e s  and problems, 
few of which can y e t  be solved. 

Long Cay 

The g r e a t  German geographerCarlSapper v i s i t e d  Long Cay i n  t h e  
1890s but published no account of h i s  observat ions,  and no f u r t h e r  a t -  
t e n t i o n  seems t o  have been paid t o  it u n t i l  1958, when Vermeer c a l l e d  
t h e r e  and l a t e r  published a shor t  desc r ip t ion .  The i s l a n d  ( f i g .  35) i s  
loca ted  near  t h e  southern end of Lighthouse Reef, on i t s  long, narrow 
"half-moon" extension,  2& miles  west of Half hoon C a y ,  and some 35 miles  
from the  southern end of t h e  r ee f .  The s i t u a t i o n  of the  cay i s  some- 
what pecu l i a r :  i t  does no t  s tand on the  windward ree f - f l a t ,he re  about 
700 yards wide, sandy and s t rongly  r ipp led  with f l o u r i s h i n g  reef  on i t s  
o u t e r  edge; nor does it l i e  on t h e  leeward reef-f lat ,which s t r i c t l y  
speaking does n o t  here exis.t. Living ree f  i s  i n  f a c t  absent  on t h e  
whole of t h e  western, leeward s i d e  of t h e  cay, and t h e  gap continues 
some d i s t ance  n o r t h  of it, forming t h e  main entrance t o  the  a t o l l  la -  
goon. The cay occupies an intermedia.te pos i t ion ,  almost i n  t h e  cen t re  
of t h e  Nlagoonll ,  here  a t  i ts  narrowest and shoales t ;  t h e  water round 
t h e  cay averages 1-1& fathoms i n  depth. The deeper channel between t h e  
windward reef-flat and t h e  e a s t  s i d e  of t h e  cay may be due t o  subsequent 
cu r ren t  scour of t h e  bottom, a s  water surges  ac ross  t h e  r ee f ,  p i l e s  up 
aga ins t  t h e  cay obs t ruc t ion ,  and i s  d ive r t ed  southwards. 



Long Cay i s  a narrow i s l and ,  with i t s  long a x i s  p a r a l l e l  t o  t h e  
t r e n d  of t h e  r e e f s  and lagoon a t  t h i s  point.  I ts  maximum length  i s  
approximately 3640 yards,  and i t s  width v a r i e s  from a minimum of l e s s  
than  300 yards i n  t h e  south t o  a maximun of 1200 yards i n  t h e  north.  
Vermeer's desc r ip t ion  of t h e  cay i s  here  quoted, s ince  he found here  
f e a t u r e s  which he ascr ibed  t o  a r e c e n t  e u s t a t i c  f a l l  of sea-level: 

"ii sand cay with a swampy, depressed cent re ,  t h i s  cay has 
been almost completely planted t o  coconut palms. Long 
Cay appears s i m i l a r  t o  Ambergris Cay on t h e  c o a s t a l  she l f  
block i n  t h a t  it a l s o  gives i n d i c a t i o n  of g r e a t e r  age 
and s t a b i l i t y  than t h e  o t h e r  cays" (1959, 97). 

Af ter  f i n a i n g  a " ra i sed  beach" on iimberyris Cay, Vermeer described an- 
o t h e r  from Long Cay: 

" . . . . the e levated  beach was manifest  not  only on the  wind- 
ward s ide  but on t h e  leeward s i d e  a s  well. Long Cay has an 
enclosed elong-~ted lagoon toward t h e  cen t re  of t h e  i s land.  
From t h i s  lagoon t h e r e  i s  a r i s e  t o  the  r idge  which surrounds 
t h e  lagoon and which i s  the  h ighes t  p a r t  of t h e  cay. From 
t h i s  high p a r t  of t h e  cay, t h e r e  i s  a drop t o  the  e levated  
beach t e r r a c e .  The maximum width of t h e  r a i s e d  beach on 
Long Cay i s  sfimilar t o  t h a t  on iimbergris Cay, being no more 
than about 20 yards,  but  d i sp lays  l e s s  v a r i a t i o n  i n  width. 
From t h i s  e levated  beach-level t h e r e  i s  a drop of 5-6 f e e t  
t o  sea  l e v e l .  The e levated  beach on t h e  leeward s i d e  of 
Long Cay i s  much more c l e a r l y  defined and i l l u s t r a t e d  than  
it i s  on the  windward s i d e  of t h e  cay and than i s  t h e  case 
on Ambergris Cayt1 (1959, 51-2). "The con t ra s t  i n  colour  of 
t h e  s o i l  between t h e  r a i s e d  beach l e v e l  and t h e  higher  por- 
t i o n  of t h e  cay i s  not  a s  s t r i k i n g  a s  t h a t  found on Ambergris 
Cay, but  it remains very evident .  AS has been noted previously, 
t h e  r a i sed  beach l e v e l  i s  bes t  ev ident  on the  leeward s i d e  of 
t h e  cay but can a l s o  be observed on the  windward s ide"  (1959, 
97).  

The " ra i sed   beach^' i s  shown i n  Vermeer's Figure 21. 

Long Cay was v i s i t e d  i n  June 1961 and t h e  dry  sand a r e a s  mapped; 
both Piurray and I a r e  convinced t h a t  no r a i sed  beach a t  t h e  l e v e l s  de- 
sc r ibed  by Vermeer can be demonstrated. I n  the  f i r s t  place,  h i s  de- 
s c r i p t i o n  of the  i s l a n d  as ll  a sand cay with a swampy depressed cen t re  ... 3lmost completely planted t o  coconut palms" g ives  a misleading i m -  
p ress ion  of i t s  physiography. The t o t a l  a r e a  of t h e  cay i s  approxi- 
mately 2,525,000 square yards (525 a c r e s ) ;  of t h i s ,  only 6% i s  dry  land. 
The r e s t  i s  mangrove srmmp and s tanding water. I ts  physiography i s  
b a s i c a l l y  s imi la r  t o  t h a t  of Northern Cay: a small sandy a r e a  a t  t h e  
nor th  and northwest corner ,  covering 22 acres ,  with a v a s t  mangrove 
swamp t o  t h e  south, with a narrow f r i n g e  of sand on i t s  windward side.  
Like t h e  mangrove r i m s  of t h e  Turneffe lagoons, t h i s  swamp i s  lThollow'l. 
From t h e  sea one sees  an  unbroken wa l l  of t a l l ,  bushy Rhizophora mangle, 
but much of t h e  i n t e r i o r  c o n s i s t s  of open lagoon, mud, and dead and dy- 
i n g  t r e e s .  Some of t h e  lagoons can be seen on a i r  photographs, and one 
extens ive  lagoon a rea  near  t h e  middle of t h e  cay covers about  158,000 
square yards ( l a r g e r  than t h e  main sand area ,  and of t h e  t o t a l  cay 
a rea ) .  It i s  thought t h a t  t h e  a r e a  of open water i s  considerably 



grea te r  i n  the  i n t e r i o r  than i s  suggested by t h e  a i r  photogr:tphs, espe- 
c i a l l y  i n  the  northern pr-rt, where, a s  seen from the  sand a r e a  margin, 
the re  i s  zore  open water with dying t r e e s  than f lour i sh ing  mangrove. A 
d i s t i n c t i o n  i s  made i n  t h e  map between high inangrove and more open 
bush; but t h e  most f l o u r i s h i n g  high mangrove i s  probably r e s t r i c t e d  t o  
the  coast ,  and inland conta ins  innumerable pockets of dead t r e e s ,  open 
water and mud. 

The northern sand a r e a  was t raversed and mapped. It has an area 
of 22 acres  and i s  t rapezoidal  i n  shape: the  northwest shore, 200 yards 
long, p a r a l l e l s  t h e  southwest edge 01 t h e  sand a rea ,  where it adjoins 
t h e  mangrove ('700 yards from shore t o  shore) .  The nor theas t  shore is a 
l i t t l e  over 400 yards long, the  west-facing shore 300 yards i n  length. 
The nor theas t  shore i s  low and sandy; nor th  of t h e  p i e r  t h e r e  has been 
a l i t t l e  undercutting, producing a sand c l i f f  l e s s  than a foot, high. A 
few p r d s  offshore the re  a r e  l i n e a r  banks of sand, covered with 
Thalassia, drying a t  low t i d e ,  s imi la r  t o  those on the  west coas t  of 
Northern Cay. South of the  p i e r  the  s l i g h t  c l i f f i n g  continues f o r  a 
few yards, but i s  then succeeded by a broad beach of f r e s h  white sand 
l e s s  than a foo t  above sea-level ,  planted with young coconuts. The 
northwest shore of the  cay is  very low-lying and fr inged with a b e l t  of 
Rhizophora mangle severa l  yurds wide and 200 yards long. The western 
shore extends from t h i s  minor b e l t  of mangrove t o  the  main a r e a  which 
forms the  southern p a r t  of the  cay. A s u b s t a n t i a l  p i e r  has been b u i l t  
midway along t h i s  shore. North of it t h e  beach i s  sandy and r i s e s  t o  a 
c r e s t  2; f e e t  above the  sea ,  covered with Sporobolus virginicus.  
South of the  p i e r  the  beach r idge  reaches a maximum height of 35 f e e t  
above the  sea, and then dec l ines  southwards towards the  mangrove. The 
averige h e i ~ h t  of the  sand r idge  round the  northern p a r t  of Long Cay is 
thus between two and th ree  f e e t  above t h e  sea, and t h e  maximum height  
no t  more than 4 f e e t .  Nowhere does t h e  surface  r i s e  t o  Vermeer's 5-6 
foot  l eve l ,  and on no p a r t  of the  i s l and  was the  existence of "a drop of 
5-6 f e e t  t o  sea level"  from the  edge of the  " ra i sed  beacht1 confirmed. 
From the  low peripher-21 r idge  the  cay surface  decl ines  southwards t o  the  
mangrove and swamp a reas ;  near the  mangrove the re  i s  a f r i n g e  zone, a t  
o r  near sea-level, of s p n g y  water-soaked ground. Over most of i t s  
length,  t h e  sand areahangrove boundary i s  l ined  with open water, form- 
i n g  a narrow channel separat ing the  mangrove bushes from t h e  sand. 

Nothing was seen on the  cay surface  t o  ind ica te  t h e  existence of 
a r a i sed  beach. The surface  is. uniformly sandy-* coarse sand with much 
Nalimeda, s imi lar  t o  t h a t  now accumulating on present  beaches, and near 
the  northwest corner, she l t e red  by t h e  mangrove f r inge ,  it i s  thrown up 
i n  a s e r i e s  of arcuate  low r idges  convex landward. The view of the  
"ra ised  beach" i n  Vermeer's Figure 21 seems simply t o  be an a rea  under 
coca1 and s imi lar  views can be seen a t  many points  throughout the  is- --> 
land. There is  no marked break of s lope  on the  cay surface (such a s  an 
o ld  undercut c l i f f  l i n e ) ,  no ra i sed  l i n e s  of pumice o r  r a i s e d  beach- 
rock, and no ind ica t ion  i n  the  vegetat ion of such a ra i sed  beach. I f  
such a beach can be demonstrated, then it c e r t a i n l y  does not  l i e  a t  5-6 
f e e t  above sea-level; 2-3 f e e t  would be i t s  maximum elevat ion.  I 
s t rongly  doubt the  exis tence  of t h i s  r a i sed  beach and hence the  conclu- 
s ions  drawn from it. There i s  nothing a t  Long Cay which cannot be ex- 
plained by sand accumulation and mangrove coloniss t ion  a t  present  sea-level.  



The vegeta t ion  of t h e  sandy a r e a  i s  o f  l i t t l e  i n t e r e s t .  ?lost has 
been c leared  f o r  cocals ,  and a p s r t  from a few pbtches of Hyrnenocallis 
l i t t o r a l i s ,  Euphorbia, Sesuvium and mangroves, t h e r e  i s  l i t t l e  but  
grasses  (Tain ly  Sporobolus, but  some t a l l e r  grasses) .  I n  t h e  shallow 
water adjacent  t o  the  beach t h e r e  i s  a n  abundant growth of green a lgae  
--Hali,leda and P e n i c i l l u s  on t h e  west s ide ,  Halimeda and i ice tabular ia  
on t h e  e a s t .  

1,dith a s i n g l e  exception t h e r e  i s  no dry  land i n  the  xangrove a rea ,  
but  the  exception i s  important.  Owing t o  i t s  proximity t o  t h e  e a s t e r n  
r e e f ,  a na r rowf r ingeof  dry  sand has been thrown up along a l a r g e  p a r t  
of t h e  e a s t  coas t ,  with a t o t a l  l eng th  of about 1800 yards. This was 
t r ave r sed  f o r  most of i t s  extent ;  i t  nowhere r i s e s  more than 2 f e e t  
above t h e  sea, and i s  genera l ly  between 1 and 2 f e e t  high. I t  v a r i e s  i n  
width from 20 t o  40 yards ,  and averages 25 yards.  The sand i s  coarse,  
with many s h e l l  fragments and Halimeda, and abundant white pumice. Much 
of the  ca lcareous  m a t e r i a l  probably de r ives  from t h e  wide e a s t e r n  reef-  
f l a t ,  i s  t h r o w  up i n  time of storm, and s u f f e r s  l i t t l e  wave-sorting 
and abrasion,  hence t h e  number of l i t t le-damaged s h e l l s .  ~t one po in t  
on t h e  shore i s  a p i l e  of l a r g e  ver tebrae  of some un iden t i f i ed  marine 
animal. Tine r idge  i s  planted t o  coconuts,  with an undercover of 
Sporobolus and Euphorbia. It dec l ines  westwards t o  t h e  mangrove swamp, 
and i s  l i n e d  st i t s  i n n e r  edge by Conocarpus, Avicennia, and t a l l  
anc ien t  Rhizophora. :it many p laces  on t h e  seaward shore small Rhizophora 
seedl ings  a r e  abundant. Sophora tomentosa - and Suriana maritima were 
noted a t  one point .  

a ance Ii s i m i l a r  seaward sand r idge  extends f o r  a very s h o r t  d i - t  
southwards along t h e  e a s t  shore from t h e  northern sand area,  bu t  be- 
cause of a wide gap between it and t h e  inain sand r idge  it i s  n o t  poss- 
i b l e  t o  walk along the  e a s t  coas t  of t h e  i s l and .  Wear the  south end of 
t h e  cay t h e  eas t e rn  sand r idge  d isappears ,  and vigorous Rhizophora 
have b u i l t  eastwards towards t h e  r e e f :  t h e  p o s s i b i l i t y  t h a t  t h i s  man- 
grove sec t ion  formed a sepa ra te  cay i n  t h e  middle eighteenth century  
has a l r eady  been mentioned. The i s l a n d  was circumnavigated, and nowhere 
e l s e  was a c o a s t a l  sand r idge  seen f r i n g i n g  t h e  mangrove: but t h e r e  are 
two l a r g e  pockets of sand near  t h e  south end of the  western shore, not  
l a r g e  enough f o r  coconut colonisa t ion .  

The cay has a wooden p i e r  55 y a r d s  long on t h e  west s i d e  of t h e  
main sand a rea ,  with a warehouse a t  t h e  end, g iv ing  anchorage i n  r a t h e r  
more than 1 fathom of ?water. The p i e r  i s  used f o r  t h e  export of coco- 
nu t s  t o  Belize. The ca re t ake r s  l i v e  on the  nor theas t  shore of t h e  cay, 
where t h e r e  i s  a s ~ n a l l e r ,  o l d e r  p i e r  f o r  f i s h i n g  boats.  Long Cay i s  
c u r r e n t l y  owned by an iimerican, who has b u i l t  a l a r g e  house with a con- 
c r e t e  rainwater  v a t  near the  l a t t e r  p i e r .  There a r e  two small  houses 
on t h e  narrow eas te rn  sand r idge ,  occupied only during t h e  har- 
ves t ing .  

A n o t e  on t h e  man ---- 
The map of t h i s  cay ( f i g .  35) has been l a r g e l y  constructed from 

a i r  photographs CAE-6-178-179 and 188-190, from which de r ive  t h e  out- 
l i n e  of t h e  cay and d e t a i l s  of t h e  i n t e r i o r  mangrove area .  The s c a l e  



of  t h i s  de r iva t ion  i s  c o r r e c t  by comparison with o t h e r  land a r e a s  sur- 
veyed on t h e  same photographs (Half iv~oon Cay). The dry  land a reas  
were mapped by t r a v e r s e  i n  1961, and mxps drawn up on a s c a l e  of 
1:2,000. These were then reduced t o  a common sca le  with t h e  a i rphoto  
p l o t s .  I n  t h e  case  of the  e a s t e r n  sand r idge  an e x c e l l e n t  f i t  was ob- 
t a ined .  The northern p a r t  of t h e  cay on t h e  photographs is ,  however, 
obscured by c l ~ u d ,  and no @rt of t h e  main sand a r e a  can be seen. Hence 
t h e  loca t ion  of t h i s  ground map on t h e  a i rphoto  p l o t  i s  a b e s t - f i t  a p  
proximation, based on t h e  s t r a i g h t n e s s  of both e a s t  and west mangrove 
coas t s .  The probable e r r o r  i n  l o c a t i o n  of the  nor thern  surveyed por- 
t i o n  with reference  t o  t h e  r e s t  of t h e  cay i s  probably no more than 
p l u s  o r  minus 150 yards. 

' l i t h  t h e  s i n g l e  exception of Saddle Cay, only r e c e n t l y  diminished 
i n  s i z e ,  Hs-t Cay ( f i g .  36) i s  t h e  smaallest i s l a n d  on Lighthouse Reef. 
Speer  c a l l e d  it "a verj. small  round Kaytt i n  1771, and t h e  desc r ip t ion  
sti3.l app l i e s ;  according t o  l o c a l  informants t h e r e  has been no marked 
change i n  i t s  s i z e  o r  appearance f o r  over  t h i r t y  years.  

It i s  located about 2500 yards south  of t h e  southern end of Long 
Cay, a t  t he  i n n e r  edge of t h e  leeward r e e f - f l a t ,  here l e s s  than  500 
yards wide and l e s s  than 3 f e e t  deep. &gain, l i k e  Saddle Cay, t h e r e  i s  
no c l e a r  reason f o r  i t s  s i t u a t i o n  a t  t h i s  point .  The i s l a n d  i s  rec- 
tangular ,  and a l igned NESW; it i s  70 yards  long and 55-60 yards wide. 
The surface  i s  low and probably does n o t  r i s e  more than 2 f e e t  above 
sea- level ;  it has a s l i g h t  r idge  of Acropora cerv icornis  sh ing le  a t  t h e  
e a s t e r n  end. i l t  i t s  eas t e rn  arid western e n d s t h e r e  a r e  l a r g e  banks qf 
Rhizophora, p a r t l y  s tanding i n  water.  The r e s t  of t h e  cay margin i s  
c lo thed with Suriana maritima and Borr ichia  arborescens, except f o r  a 
narrow southern sand beach with Sesuvium. The cay i n t e r i o r  contains a 
number of l a r g e  black mangroves (i'.vicennia), Conocarpus e rec tus ,  and 
dead un iden t i f i ed  t r e e s ,  c h i e f l y  a t  t h e  northern end. There i s  l i t t l e  
open ground, and what t h e r e  i s  i s  covered with Sesuviwn (nea r  t h e  sea ) ,  
and H,ynenocallis and Sporobolus. The a r e a  immediately t o  leeward of 
the  low shingle  r idge  i s  low and ~narshy,  though without s tanding water, 
and colonised by tivicennia. 

The cay was uninhabited and devoid of wild l i f e  when v i s i t e d  i n  
1961. I 'e l icans a r e  sa id  t o  breed here.  

























V I I .  GUIVSR'S REEF 

The g r e a t e s t  length  of Clover ' s  Reef ( c f .  Vermeer, 1959, 19-20) i s  
1 5  x i l e s  and i ts  grea-test  width 6$ miles. With an approximate t o t a l  
a rea  of 81.6 squztre mi les  it i s  s l i g h t l y  l a r g e r  than Lighthouse Reef bu t  
much s r ~ ~ l l e r  than Turneffe. The a t o l l  ( f i g .  37) i s  surrounded by broad, 
well-defined r e e f s  of l i v i n g  c o r a l  breaking su r face  ( t r a n s e c t s  C and F ) ,  
i n t e r rup ted  by th ree  prominent gaps. The l a r g e s t  of these  i s  Southern 
Entrance, one mile wide and car ry ing  1-2 fathoms water; it provides good 
anchoraze f o r  small  boats.  Northern Zntmnce, on t h e  windward s i d e  of 
the  a t o l l  near  i t s  nor thern  extremity, i s  some 1400 yards  wide, with 
s imi la r  depths, opening i n t o  an extensive shoa l  a r e a  with numerous c o r a l  
heads. The t h i r d  and s n ~ a l l e s t  entrance,  a l s o  on t h e  windward s ide ,  l i e s  
between northern Cay and Long Cay. It i s  only a q u a r t e r  of a mile wide, 
and a heavy swell  surges through it continuously; no informa.tion can be 
given a s  t o  i t s  depth. iis o l ~ e a d y  noted, small  f i s h i n g  boats  can thread 
t h e i r  way between c o r a l  heads t o  c ross  t h e  leeward r e e f s  i n  one o r  two 
places,  but t h e r e  a r e  no i n t e r r u p t i o n s  of the  reef  platform on t h e  lee- 
ward s i d e .  This r e s t r i c t i o n  of t h e  gaps t o  t h e  windward s i d e  i s  anorna- 
lous ;  on many P a c i f i c  a t o l l s  the re  i s  a s t rong negat ive  c o r r e l a t i o n  be- 
tween wind-direction and reef-gap loca t ion ,  though t h i s  i s  no t  perhaps 
a s  widespread a s  might be supposed (Emery, Tracey and Ladd, 1954, 142- 
143; Mewell, 1956, 726-327). According t o  Newell, "The passes mark o l d  
gaps i n  t h e  a t o l l  r i m  where organic acc re t ions  evident ly  have not  kept  
pace with the  gene ra l  upward growth during subsidence....the d i s t r i b u t i o n  
of passes may i n  some way be con t ro l l ed  by p reva i l ing  winds." (1956, 
326-327). AS sho'rm i n  t h i s  paper, t h e r e  i s  no necess i ty  i n  the  case 
of t h e  B r i t i s h  Honduras a t o l l s  t o  invoke subsidence, though t h i s  i s  f a r  
frorii denying t h a t  it may have taken place; and it has been shown t h a t  
subsidence on a l a r g e  s c a l e  has taken p lace  on many P a c i f i c  a t o l l s  
(Emery, Tracey and Ladd, 1954, 74-91; Ladd and o t h e r s  1953), and i n  t h e  
Bahamas (Spencer, 1951). The i n t e r p r e t a t i o n  followed here  i s  t h a t  t h e  
r ee f s  hsve grown up i n  pos t -g lac ia l  times on s t ruc tu ra l ly -con t ro l l ed  
foundations. The reason why t h e  gaps should be confined t o  the  wind- 
ward reefs ,  during such development, vrhile t h e  leeward r e e f s  a r e  v i r tu -  
a l l y  continuous, remains unknown. 

On one poin t ,  however, t h e  r e e f s  agree  with genera l  a t o l l  experi- 
ence, i n  t h a t  t h e  zone of l i v i n g  c o r a l  on tine r e e f - f l a t s  i s  wider on t h e  
windward than t h e  leeward s ides .  The r e e f s  o f  Glover 's  Reef' may be con- 
s idered  t o  f a l l  i n t o  f o u r  groups, on t h e  bas is  of width and oi- ientat ion:  

( a )  t h e  northern r e e f ,  f ac ing  north: t h e  r e e f - f l a t  here has an 
average width of about 500 yards,  and judging from a i r  photographs it 
i s  coral-covered f o r  one-third of i t s  width. 

(b) the  eas t e rn  r e e f ,  between Northern Entrance and Sorthern ( o r  
Northeast) Cay, f ac ing  e a s t :  t h e  width of t h e  f l a t  vcrries here from 
5OO-l4OO yards, and averages some 1100 yards. The width of the  zone of 
grokring c o r a l  remains f a i r l y  consta.nt a t  about one-third of a mile. 

( c )  the  southeas t  r e e f s ,  from Long Cay t o  Southwest C q s ,  f ac ing  
southeast :  t h e  f l a t  t h e r e  i s  much narrower, from 200-500 yards  wide, 
with a f r i n g e  of c o r a l 1 0 0  yards wide a t  i t s  o u t e r  edge. 

(d) t h e  leeward r e e f s ,  fax ing  MNW, with a f a i r l y  cons tant  reef-  
f l a t  width of 4-500 yards, i nc reas ing  t o  6-700 yards i n  t h e  south. 



The width of zones (a )  and (b) i s  c lear ly  related t o  t he  prevail- 
ing north and east  winds. The southwest reefs  a r e  narrow, i n  view of 
t h e i r  windward location, but t h i s  may be explained by the f ac t  t h a t  they 
a re  aligned sub-parallel to  the  winds, ra ther  than transverse to them. 
Ecologically they are  more comparable t o  the  main eas t  reef ( t ransec t  C ) ,  
ra ther  than to  leeward reefs  of s imilar  dimensions ( t ransect  P) .  The 
reef-f la t  back of the zone of l i v ing  reef sinks lagoonward and ca r r i e s  
2-6 f e e t  of water. !:Jherever seen, i t s  surface consisted of loose fora- 
r i n i f e r a l ,  a lga l  and cora l  sand, sparsely covered with green algae and 
Thalassia. No rock platforms were seen back of the l iv ing  reef area. 

The bathwetry of the lagoon enclosed by the reefs  i s  very inade- 
quately known, though some soundings were made i n  the southern th i rd  
of the lagoon i n  1961. Plans to  sound down the centre of t he  lagoon 
were abandoned because of adverse weather. Taking the soundings, a i r  
photographs, and l o c a l  information together, t he  following picture 
emerges. The reef-f la t  i s  bounded lagoonward over most of i t s  extent 
by a submerged platform with an average width of one mile. The limits 
of t h i s  platform can be well seen on a i r  photographs, and a re  shown on 
the a t o l l  map. The platform appears sharply bounded lagoonward by a 
steep slope to  the lagoon f loor ,  and seaward by a steep r i s e  to  the 
present reef-flat .  Line soundings i n  the southern par t  of the lagoon 
showed-that on both windward and leeward sides it has a depth of 3-4 
fathoms. The significance of t h i s  platform a t  such a depth w i l l  be 
discussed l a t e r ,  but a t ten t ion  i s  here cal led to  the presence of a very 
s i n i l a r  feature,  h i ther to  undescribed, along the Br i t i sh  Honduras bar- 
r i e r  reef. Here a platform extends 1-4 miles lagoonward of the present 
reef-f la t  a t  depths of 2-4 fathoms. Mo comparable submerged platform 
i s  seen on Turneffe o r  Lighthouse Reef, since the lagoon f loors  do not 
f a l l  below these depths. 

The lagoon i t s e l f  i s  unique i n  the three a t o l l s  because of i t s  
depth and the very numerous p tck- reefs  and pinnacles r i s ing  to  i t s  sur- 
face. On the very limited data available,  the lagoon appears to  be 
basin-shaped, with depths of 10-12 fathoms near the sides and 17-20 
fathoms i n  the centre. Local informants, found i n  a l l  other instances 
t o  be accurate, s ta ted t h a t  t he  maximum depth of the lagoon, found near 
i t s  geogrt?phical centre, i s  24 fathoms. Some 700 reef p3tches r i s e  to  
the surface from the lagoon f loor ,  not counting those on the 2-4 fathom 
shelf o r  the reef-f la t  proper, and some of these a r e  a s  much as 5.00 
yards long. @iost a r e  roughly c i rcu la r ,  with coral  growth on the eas t  
and north sides ( t ransect  G); a number a r e  elongate, with apparently ran- 
dom orientation,  but similar living-reef dis t r ibut ion.  The basin-shaped 
lagoon shoals towards i t s  northern and southern parts,  and the grea tes t  
concentration of patches i s  found i n  the deepest cen t ra l  area. This 
i s  i n  apparent contradiction t o  the f ac t  t h a t  i n  the Pacif ic  most reef 
patches a r e  found i n  the  shallowest lagoons (Cloud, 1957; Nugent, 1946, 
'744-745). The nunber and density of reef pl-tches i n  the Glover's Reef 
lagoon i s  much higher than on Lighthouse Reef. Attention may be cal led 
to  the  'chainf of large patch-reefs orientated north-south near the  
lagoon centre, which r eca l l s  some of the north-south chains of patch- 
reefs  i n  the  Barrier Reef lagoon, t he  north-south i'iiddle Reef of 
Lighthouse Eleef lagoon, and the north-south f'renges" of cays i n  t he  
Turneffe lagoon. 



There i s  no information on the  na ture  of t h e  lagoon f loo r .  For 
some reason (poss ib ly  the  depth of t h e  f l o o r )  t h e  conspicuous downwind 
a t tenuat ior ,  of patch-reefs by debr is  t r a i l s  found, f o r  ex.mple, by 
Newell on Raroia (1956, 353-155, P l a t e s  29-30), i s  no t  seen on Glover 's  
Reef (though Raroia lagoon reaches g r e a t e r  depths than Glover! s Reef) . 
I n  no s i n g l e  ins t ance  was a patch-reef o r  o u t e r  reef  seen with dry ele-  
vated reef-rock, silmilar t o  t h a t  found i n t e r m i t t e n t l y  on Lighthouse 
Reef, which suggests  t h a t  whatever cuuse gave r i s e  t o  t h e  Lighthouse 
Reef drying patches \was l imi ted  t o  t h a t  Reef alone. 

Land fauna of Glover 's  Xeef --- 
Schmidt (19111) records only two r e p t i l e s  from Glover's Reef, col- 

l e c t e d  by t h e  F i e l d  Piuseurn Piandel Caribbean Expedi.tion i n  1940, bu t  
gives no loca t ion  d e t a i l s .  They a r e  Unolis s a g r e i  D m e r i l  and Bibron, 
and t h e  wish-willy, Ctenosaura s i m i l i s .  Ctenosaura was seen f r equen t ly  
i n  1961 on Northeast Cay, Long Cay and iIiddle Cay. Iguana i ~ u a n a ,  
known on Half Moon Cay, Lighthouse Reef, was no t  seen during our b r i e f  
v i s i t s  t o  Glover's Reef. 

Sa lv in  appears t o  be the  only o r n i t h o l o g i s t  t o  have v i s i t e d  
Glover's Reef, i n  1862, and he recorded (1864) Colunba leucocephala 
(bald-pate pigeon) on i-iiddle Cay, and Pel icanus occiciental is  (brown 
pel ican) ,  S te rna  an t i l l a rum ( l e s s e r  t e ~ ' T h a 1 a s s e u s  re;?ius ( a  
l a r g e r  ter-m Long Cay. On Southwest Cay 11, he found "Noddies 
everydiere..  ..many thousands i n  a l l " ,  while eggs of Sooty Terns "might 
be gathered by t h e  b+ssk8.t,ful" (1G64, 383). The nes t ing  b i r d s  on t h i s  
cay a r e  named a s  Anous s t o l i d u s  and l inok  min3utus by Bond, who d i d  no t  
however v i s i t  t h i s  r e e f .  He comments: "I was t o l d  t h a t  t h i s  colony had 
g r e a t l y  diminished i n  s i ze .  Since t h i s  i s l e t  i s  t h e  only known breed- 
i n g  ground of A. minutus i n  t h e  e n t i r e  Caribbean a r e a  and t h e  only 
l o c a l i t y  whereii. - minutus americanus kiathews has been reported,  it 
would see& advis-ble t o  e s t a b l i s h  a b i rd  sanctuary here" (1954, 6). 
This has no t  so f a r  been done. ~t t h e  r eques t  of D r .  G.H. Lowery of 
Baton Rouge, we confirmed the  exis tence  of t h i s  colony of white-capped 
brown noddies (&. stolidus??) on t h i s  cay i n  1961, but  c e r t a i n l y  n o t  i n  
the  profusion described by Salvin. The whole cay i s  under coconuts, 
and the  noddies appear t o  n e s t  i n  t h e i r  crowns. They a r e  seen i n  l a r g e  
numbers f l i t t i n g  over  t h e  water a t  dabm and dusk, bu t  i t  i s  d i f f i c u l t  
t o  approach them on t h e  cay. kccording t o  fishcrmen they  vary g r e a t l y  
i n  number throughout t h e  year.  

Other b i r d s  seen i n  1961 included a few brown pe l i cans  st Northeast 
and Xiddle Cay, a s i n g l e  osprey (?andion h a l i a e t u s )  a t  Northeast Cay, 
and a p a i r  of f r i g a t e  b i r d s  (Fregata m a g n ~ w a t  - Niddle Cay. Sa lv in  
recorded tha  brown booby, 9 1eucog:zster leucogas ter  Boddaert, between 
Glover's Reef and Cay Bokel. There a r e  two specimens of t h e  f l y c a t c h e r  

~~~ 

Elaenia mzrt inica chinchorrensis  Griscom from i',iiddle Cay i n  the  Carnegie 
liuseum, Pi t t sburgh (known from Lighthouse Xeef and Chinchorro ~ a n k ) ,  
and specimens of t h e  hummingbird Anthracothorax p r e v o s t g  p r e v o s t i i  from 
Niddle and Northeast Cays, a l s o  i n  the  Carnegie iiuseum (Todd, 1942, 
294). One species ( a  smal l  white g u l l ? )  was seen nes t ing  on the  smal l  



island northeast of Long Cay i n  biay 1961, laying i t s  eggs i n  small ex- 
cavations on bwe sand about tlwo f e e t  above the sea, a t  the leeward 
end of the cay. There were two eggs t o  each nest ,  each about 3/4 inch 
long, silver-grey i n  colour and speckled dark brown, extremely d i f f i -  
c u l t  t o  see against the sand background. Seven species of birds were 
thus seen by Salvin ( the seventh i s  the  mockingbird Mumus ~ i l w s  
leucophaeus ~idgway);  Elaenia and iinthracothorex make nine; and the -- 
osprey and f r iga te  birds seen i n  1961, eleven. 

Of domesticated animals, there  a r e  som black pigs and chickens 
on Long Cay, and piss  on Kiddle Cay. Hermit crabs a r e  found i n  largo 
numbers, especially on Northeast C a y ,  but it i s  not known whether r a t s  
a r e  a comnon pest to  coconuts on any of these cays. 

The cays of Glover's Heef --- - 
There a r e  a t  present six cays on Glover's Reef, a l l  on the south- 

east  side.  Five of these (Northeast, Long, I'iiddle, and Soutinwest I and 
11) a r e  of a l a r ee  s ize ,  ranging from 330 t o  1100 yards i n  length; while 
the s ixth ,  Long Cay North, i s  a smaller is land 160 yards long north of 
Long Cay. A l l  a r e  formed of e l a s t i c  reef material, and no solid rock, 
apar t  from beachrock, outcrops on any of them. Soiiie confusion has been 
caused by the inser t ion on published Adniralty charts of a fur ther  cay 
lying within the lagoon on the west side of the reef ,  4 miles from the 
northwest corner of the a t o l l  (Chart 1797 of 1929); it i s  described a s  
having t rees  20 f e e t  t a l l .  This cay i s  mentioned again i n  the 
Indies -. Pi lo t ,  1956, 459-60. kccording t o  Vermeer, who "viewed it a t  a 
distance from the a i r " ,  Ittowards the centre of the lagoon a so l i t a ry  
cay, which appears to be covered with mangrove, r i s e s  f romthe  bank 
t o  breach the otherwise continuous expanse of water" (1959, 19). This 
cay does not now exis t ,  and has not existed for  many years. No l o c a l  
fisherman with knowledge of these waters can remember seeing it, though 
the location of the  island i s  known (bearing Northeast Cay 130°, 
Southwest Cay I1 1800, uncorrected comnpss bearings), near a small gap 
i n  the l eewrd  reef.  The s i t e  was v i s i t ed  i n  1961, and carried 3-4 
f e e t  of water; occasionally an ephemeral sandbore breaks surface. The 
s i t e  i s  known as  "Bushy Spot" o r  "Bushy Cay". It i s  in te res t ing  t h a t  
Owen i n  h i s  &E chart  of 1830 (I157) shows no cay a t  t h i s  point: so t h a t  
the  cay marked on thechartsmust have accumulated, been vegetated, and 
swept amy, some time between approximately 1830 and 1930. It should be 
erased from charts.  

Detailed maps were made of t he  cays on the southeast rim, and de- 
scr ipt ions  of each of these cays a r e  given here. It might be noted t h a t  
i n  Owen's lf. \?O MS chart, two small sandbores a r e  marked between Middle 
Cay and Southwest Cays which have now disappeared. Vermeer (1959, 19) 
describes seeing "a t  the northern edge, two sand ridges, v i s ib l e  a t  
some distance"; these do not break surface, though they may occasion- 
a l l y  form ephemeral s t r i p s  of dry land, as i n  f a c t  happens i n  s imilar  
circumstances along parts of the Barrier Reef, fo r  example north of 
Tobacco Cay. 



Northeast 9 

Hortheast Cay ( f i g .  38) i s  s i t u a t e d  a t  t h e  southern end of t h e  un- 
broken e a s t  reef  of Glover's Reef, on the  nor th  s i d e  of the  entrance be- 
tween Northeast and Long b y s .  The cay i s  senu-circular i n  shape, 330 
yards long along i t s  near-straight  northern shore, and with a rmximwn 
north-south width of 200 yards. The physiography of the  i s l and  i s  
bas ica l ly  simple: a shingle  r idge r i s e s  s teeply  on the  south and south- 
e a s t  s ides,  protec t ing a gently-sloping surface of sand and gravel ,  
which f a l l s  away t o  the  north shore. The shingle  r idge begins i n  a 
few gards  from t h e  shore on the  e a s t  s i d e  of the  cay, about 100 yards 
from i t s  nor theas t  corner. Small coral-blocks and white rubble t o p  
the  sand beach on t h i s  s ide  of the  cay, but the  sand beach gives way 
southwards t o  a shingle shore. The shingle  r idge  on t h e  southeast  
s ide  i s  a double fea ture :  grey and blackened older  shingle and small 
coral-blocks form a l ayer  one foo t  and more i n  thickness, overlying an 
undercxt and eroded formation of grey sand a t  l e a s t  12 f e e t  i n  thick- 
ness. I n  f r o n t  of t h i s  l i e s  a f r e s h  r idge  of white, r e l a t i v e l y  unworn 
c o r a l  fragments, heavily encrusted with Homotrerna rubrwn. The newer 
r idge  i s  3-4 f e e t  wide, and r i s e s  t o  a height  of 2 f e e t ;  it can be 
t r aced  without in te r rup t ion  round t h e  base of t h e  o lde r  shingle r idge  
f o r  over 300 yards. It i s  separated from t h e  o lde r  r idge by a s l i g h t  
denression. and the re  i s  an undoubted di f ference  i n  composi-tion between 
the  two ridges.  The older  r idge  c o n s i s t s  mainly of grey and blackened 
s t i c k s  of iicropora cervicornis ,  s l abs  of - I? .  palmata, and small indivi -  
dual  c o r a i  colonies ,  general ly more than 4-5 inches long. The new 
ridge cons i s t s  of smaller core1 fragments, ch ie f ly  R .  cervicornis  
s t i c k s  comparable t o  those i n  the  o lde r  r idge,  thouzh f resher ,  to- 
gether with l a rge  q u a n t i t i e s  of  Nalimeda, including still-segmented 
fronds, a considerable proportion of &ithothannion nodules, well-pre- 
served conch s h e l l s  (Strombus sp.), and t e s t s  of echinoids. 

The whole shingle r idge  complex averages 5 f e e t  i n  height ,  with 
an estimated ~naxirauin of 6-7 f e e t  nea res t  t o  t h e  l i v i n g  reef  a t  the  
southeast  corner of the  is land.  Along the  south shore it i s  somewhat 
lower, decreasing t o  5 f e e t  i n  15.0 yards westwards, and then more 
rapidly,  t o  3-4 f e e t ,  along t h e  southres t  shore. 5'5th the  decrease i n  
height,  the  s i z e  of the  cons t i tuen t  ma te r i a l  decreases, and t h e  newer 
r idge becomes l e s s  important. The shingle  sec t ion  a t  the  southeast  
corner seems t o  show ccnsiderable erosion a t  t h i s  point  a f t e r  the  f o m -  
t i o n  of t h e  o ld  r idge and before t h e  formation of the  new. The g r e a t e r  
part of the  o ld  r idge  has here been removed, leaving only i t s  landward 
feather-edge overlying sand, ac ross  which t h e  shingle r idge  had been 
advancing a t  t h e  time of i t s  destruction.  

kt trwo places on the  south shore, beachrock extends seaward from 
beneath t h e  shingle  ridge. Both outcrops a r e  sandy, poorly consoli- 
dated, and d i p  seawards, ind icz t ing  a s l i g h t  s h i f t  of t h e  shore north- 
westwards, away from the  reef .  Small blackened, r o t t e n  c o r a l  blocks 
and s l abs  of small. s i z e  l i t t e r  the  r e e f - f l a t  along the  base of t h e  
shingle r idge  on the  southeast  s ide .  



The evidence of shore r e t r e a t  shown by t h e  sh ing le  sec t ion  and t h e  
beachrock i s  furt!?er re inforced  by t'ne cha rac te r  of t h e  nor theas t  shore, 
i m e d i a t e l y  nor th  of t h e  end of t h e  sh ingle  r idge.  The sandy shore here 
c o n s i s t s  of small  bays s e p r a t e d  by b l u f f s  1-2 f e e t  high, o u t j u t t i n g  
2-3 fee- t ,  and genera l ly  car ry ing  i n d i v i d u a l  coconut palms. The slnall 
headlands a r e  being gradual ly  undercut ,  and i n  some cases ,  a t  l e a s t  on 
t h e  sur face ,  appear t o  c o n s i s t  now of a t ang le  of r o o t s  with l i t t l e  
e l a s t i c  d e b r i s  a t  a l l ,  a l l  t h e  f i n e r  ma te r i a l  having been f lushed o u t  
by t h e  waves. Many of t h e  coconv.t t r e e s  have f a l l e n ,  with a remarkably 
cons tant  d i r e c t i o n  nonxal t o  the  shore (compass bearing 55-65O e a s t  of 
nor-th),  which may suggest  hurr icane  damage. Undercutting on t h i s  s c a l e  
i s  lii i i i ted t o  t h i s  segrcent of t h e  cay shore. 

The o the r  shores of t h e  c&y, t o  nor th  and northwest,  a r e  low and 
sandy, with intenn'ttent s c a t t e r i n g s  of f i n e  c o r a l  shingle.  Vegetation 
approaches c lose  t o  t h e  sea,  and no a c t i v e  progradation o r  degradation 
seems t o  be i n  progress.  il submerged sand-spit  i s  bui ld ing  o u t  
from the  nor theas t  poin t  i n t o  t,he shallow northern bay, t h e  bottom of 
which i s  l a r g e l y  covered with Thalassia .  Shor t  choppy seas  a r e  found 
i n  t h i s  bay during moderate e a s t e r l i e s .  

The i n t e r i o r  of t h e  cay has l i t t l e  of i n t e r e s t  physiographical ly,  
w i t h  t h e  exception of a niudhole toward the  e a s t  s i d e ,  loca ted  i n  t h e  
l e e  of the  higher  sh ingle  r idge.  No standing water was seen i n  t h i s  
hole i n  1961 (May and ~ u l y ) ,  and t h e  black s o i l  was l a r g e l y  covered with 
a ground mat of Wedelia tri1.obata. The g r e a t e r  p a r t  of t h e  cay surface  
c o n s i s t s  of grey sand and some fragmented c o r a l  colonies.  The 
windward shingle r idges  form a band some 10 yards wide on t h e  south and 
southeas t  shores, and i m e d i a t e l y  landward t h e r e  i s  another  zone, 10-15 
ya rds  wide with an i n d e f i n i t e  landward edge, of what McKee (1956, 8-9) 
urould term "rmprt  wash", o r  a su r face  l a y e r  of shingle-size debr i s .  

The vegetat ion of Northeast Cay i s  of i n t e r e s t .  P-iost of t h e  is- 
land i s  covered with coconuts, with a ground cover of Wedelia, Euphorbia, 
Ambrosia o r  grasses ,  but near  t h e  southeas t  s i d e  i s  an a r e a  of t a d 1  
broadieaf woodland, c o n p r a b l e  t o  t h a t  a t  Half Koon Cay, Lighthouse 
Reef. sear t h e  shore t h i s  c o n s i s t s  of Coccoloba overlooking Tournefort ia  - 1  
bwt in land,  i n  add i t ion  -to Coccoloba, t h e r e  a r e  t a l l  t r e e s  of Bursera 
siizaruba, r5.cus (?) ,  Neea chorioph:[lla, and a palmetto (Thrlnzx 
pzrviflora(?5?: The undergrovth i n  t h i s  a r e a  cons i s t s  of Axbrosia, 
WedeSia and the  grass  E r a ~ r o s t i s  do rn ingemi~ ,  which here reaches a 
--) 

heigh-t of 6-7 f e e t .  The seaward-faci.ng s h r e s  of t h e  cay a r e  l i n e d  
~ n a i n l y  with -.----..--) Tournefort ia  with a l i - t t l e  - ; c? i ana  ..,-- and a nwnber of sina.11 
t r e e s  of Cordia sebestena; t i le leeward shores a r e  covered with low 
S orobolus and Sesuviwn, with Conocarvds and E r i t h a l i s  bushes a t  t h e  _F--- 
northwest point .  

Long Cax Ncrth - -. -.- 

Between Lonf: Cay and South%est Cays t h e  southeas t  reef  of Glover ' s  
Reef extends without break i n  a ME-SW d i rec t ion .  Long Cay and Long Cay 
North a r e  locz ted  a t  t h e  nor theas t  end of t h i s  r e e f ,  south of t h e  gap 



between t h e  southeast  reef  and Northe.ast Cay. Looking towards Long Cay 
from Northeast C%y, one sees t h e  coconut covered area  of Long Cay pro- 
per, \with tivo low, bush-covered a r e a s  i n  f ront .  One of these  i s  a 
peninsula extending from t h e  nor theas t  corner of Long C q ;  t he  o the r  i s  
an i s l and ,  here designated "Long Cay North", separated from Long Cay by 
a narrow deep channel which allows heavy seas t o  r o l l  i n  from t h e  reef-  
f l a t .  This smaller i s l and  i s  Ifflown l o c a l l y  simply a s  "sandbore". 

Long Cay North ( f i g .  40) i s  approximately 160 yards long, widen- 
ing  reefwards to  a maxinlum width of over 50 yards. The m i n  body of the  
cay i s  prolonged westwards (lagoonwards) by a narrow, curving 50 yard 
long s p i t  of  b r i l l i a n t  white sand. !-iater 2-3 fathoms deep i s  found 
within a few yards of t h e  northwest po in t  on both i t s  nor th  and south 
sides.  The g rea te r  p a r t  of the  cay i s  b u i l t  of r idges of coarse, un- 
consolidated white sand. There a r e  no hard-packed shingle r idges ,  but 
f resh  white shingle i s  sca t t e red  over t h e  sand surface,  and forms a 
ground cover, pa r t i cu la r ly  -it the  e a s t  end. There a r e  no l a rge  blocks, 
e i t h e r  on t'ne cay o r  i m e d i a t e l y  offshore .  The beach r idges a r e  not  
more than 2 f e e t  high, and the  maximw, height  of  the  cay i s  probably 
not more than 3 f e e t  a t  any ~ o i n t .  The western sand-spit decreases i n  
height  lazoonwards u n t i l  it i s  washed over by waves approaching from 
each s i d e  a t  high t i d e .  The whole s p i t  i s  probably awash i n  storms. 
The shape of the  cay i s  adjus ted  t o  wave-refraction pa t t e rns  i n  the  two 
adjaceni; gaps, a s  shown by the  sketch-map of observed pat terns .  A t  t h e  
extreme e a s t  end of the  i s l and ,  the  i n t e r i o r  i s  formed by sniall rubble, 
fr inged by a new white sand beach a few f e e t  wlde. This i n  t u r n  i s  
margined sealwards by a 1oi.i r idge  of f i n e  white debr i s  compr3ble t o  
t h a t  described a t  Northeast Cay. The i s l and  bears no s ign of g rea t  
a n t i q u i t y ,  and cqas not  noted by Owen i n  1830 (iiS char t  1157). 

The main body of the  cay a t  t h e  eas tern  end i s  covered with a com- 
pacL th icket  of vegetat ion,  of which t h e  bay cedar, Suriana maritima, 
i s  the  dominant nie?nber, forming bushes 1 0  f e e t  high, which i n  pl3ces 
a r e  wind o r  spray trimned. The only o ther  t r e e s  a r e  a number of  
Conocmpus erectus  bushes, and oneor  two sra.11 coconuts on the  southeast  
shore. iit the  exposed eas t  end of the  cay, and in te rmi t t en t ly  along t h e  
north shore, a r e  clunips of Tournefort ia  qmphalodes., and i n  iiay 1961 a 
a number of t i n v  Tournefortia seedl ings  were advancing westwards along 
tine sand s p i t .   he ground beneath t h e  Suriana, and round t h e  f r i n g e s ~ ~  
of the  vegetat,ion th icket ,  i s  covered wiCtr,h -.-.- Sesuviwn -__-.--2~ ~ o r t u l a c a s t r w ?  some 
grasses, and Euphorhia. 11 s i n g l e  specimen of Soohor1 t ~ o r x i n t o ~  wzs seen 
on the  south shore, but not i n  flower. 

I'Jo beachrock i s  exposed round t h e  cay margins. 

Long Cay ( f i g ,  4i) i s  situa.ted near t h e  ilortheastzrn end of t h e  
southeast  r ee f ;  j.', i s  a long, narrow i s l and ,  alj.g!~ed w i h  i t s  long a x i s  
p a r a l l e l  t o  t h e  r e e f ,  and has many fea tu res  of i n t e r e s t .  The cW i s  
6g0 yards long along i t s  ]:lain a x i s ,  which ranks it among t h e  l a r g e s t  
sand cays on t h i s  coast ,  and i s  roughly hour-glass shaped: the  width 



decreases from 8 maximum of 130 yards  i n  t h e  west t o  70 yards  i n  t h e  
cent re ,  i nc reas ing  again t o  160 yards near  t h e  eas t e rn  end. The addi- 
t i o n  of a low, bush-covered peninsula, s i m i l a r  i n  appearance t o  Long 
Cay North, a t  t h e  nor theas t  end of t h e  cay, g ives  a maximw. north-south 
width of nea r ly  250 yards  a t  t h i s  end of t h e  cay. The south shore i s  
f a i r l y  s t r a i g h t  and overlooks a shallow, boulder-studded ree f - f l a t ,  with 
waves bresking on l i v i n g  r ee f  only 3O-hO yards  from t h e  shore. The 
nor th  shore forms a broad, a rcua te  embapnent, termineted by lagoonward 
p ro jec t ions  a t  both ends. 

The dominant physiographic f e a t u r e  of t h i s  cay i s  t h e  niassive 
development of sh ing le  ramparts on t h e  seaward s i d e ,  which cannot be 
matched on any o t h e r  i s l a n d  on t h i s  coast .  The main f e a t u r e s  of t h e  
rampart can be seen from t h e  map and sec t ion .  The r idge  begins a t  t h e  
southwest end of t h e  i s l a n d  a s  a mound of smal l  sh ing le  and s c a t t e r e d  
c o r a l  blocks up t o  2 f e e t  i n  diameter. ulready a t  t h i s  poin t  t h e  r idge  
i s  a double fea-ture-an i n n e r  mound of blackened debr i s ,  and an o u t e r  
lower r idge  of g l i s t e n i n g  white, Hornwtrema-encrusted small  c o r a l  and 
nodular - Lit,hothairinion. I n  t h e  s l i g h t  in tervening depression the re  i s  a 
cover of -- I-iyxenocallis l i t t o r a l i s  growing d i r e c t l y  on t h e  shingle.  The 
whole r idge  ~:/stem r s p i d l y  r i s e s  t o  a height  of 5 f e e t  on t h e  southeas t  
shore, where again t h e  seaward f a c e  of t h e  inne r  r i d g e  i s  formed of 
grey-white in t e r lock ing  sh ingle ,  c h i e f l y  iicropora ce rv ico rn i s  s t i c k s  
and H. ~ a l m a t a  s l abs ,  with a f r e s h  white r idge  a t  i t s  base. From i t s  
c re sx  t h e  sur face  d i p s  s l i g h t l y  in l and ,  and presents  a barren expanse of 
rough, blackened c o r a l  blocks, genera l ly  between 6 inches and 2 f e e t  i n  
diameter. Sone 30 yards  in land (20 yards from t h e  f i r s t  major c r e s t )  a 
second blackened r idge  of coarse,  broken blackened blocks r i s e s  above 
t h e  backslope of t h e  f i rs t  ( f i g .  43). The m a t e r i a l  composing it seems 
coa r se r  than thatcomposj.ngthe f i r s t  r idge,  and much coarser  than t h a t  
composing t h e  depression between t h e  two c r e s t s .  It i s  a l s o  consider- 
ab ly  o lde r ,  a s  shown no t  only by t h e  degree o f  blackening of t h e  con- 
s t i t u e n t  c o r a l  (Teicher t ,  19/47), but  a l s o  by t h e  breakdown of t h e  c o r a l  
blocks themselves. iciany of these ,  notably Montastrea annular i s ,  a r e  
breaking down by s u b a e r i a l  r a d i a l  f r ~ c t u r e ,  f irst  i n t o  l a r g e  segments of 
t h e  o r i g i n a l  colony, then  i n t o  cuboidal  fragrnents averaging 1 inch 
across ,  and then i n t o  cons t i tuen t  l imestone g r a i n s .  

!is these  two r idges  a r e  followed eastwards t h e  c r e s t s  move to- 
ge ther  and t h e  in tervening depression beconies l e s s  pronounced; t h e  two 
r idges  can, however, be c l e w l y  t r aced  along t h e  whole length  of t h e  
shore, both topographical ly and by d e b r i s  c h a r a c t e r i s t i c s .  The ou te r  
r idge  has a f a i r l y  cons tant  a l t i t u d e  of 5-6 f e e t  a t  i t s  c r e s t ;  t h e  in- 
ne r  r idge  a t  t h e  l i n e  of sec t ion  reaches nea r ly  9 f e e t  and may exceed 
10  f e e t  near  t h e  eas t e rn  end. North of t h e  second c r e s t  t h e  d e b r i s  de- 
c reases  i n  s i z e  f a i r l y  r a p i d l y  and g ives  way t o  grey sand. In places,  
t h e r e  i s  a d i s t i n c t  s tep- l ike  margin on t h e  nor th  s i d e  of t h e  inne r  
r idge,  a s  though .the sh ing le  had been pushed b w k  over a pre-exist ing 
sand surf3ce. The t o t a l  width of t h i s  sh ingle  complex averages 50 yards,  
and i n  places i s  near ly  twice t h a t  f i g u r e .  Local ly it occupies one 
t h i r d  o r  even one hzlf  t h e  width of t h e  cxy. hlong t h e  e a s t  shore, t h e  
r idge  s inks  r ap id ly  t o  2-3 f e e t  above sea-level,  and t h e  c a l i b r e  of t h e  
ma te r i a l  comprising it a l s o  decreases. 



Along most of the  length of the cay the surface f a l l s  re la t ive ly  
rapidly from the shingle zone t o  the north bay, and is  compsed of dark 
sand and small fragments of rot ted coral. i i t  the east  end, however, 
protected by both the  eastern and the southern shingle ridges, a de- 
pression has been formed i n  t he  center  of the island, occupied by a 
sheet of s t i l l ,  stagnant water approximately 80 yards lonz and 40 wide. 
This pond i s  surrounded by an apron of sof t ,  r ich brown hurnic so i l ,  
which may a t  t i ue s  be flooded. The whole of the  depression containing 
the  pond, which l i e s  approxirmtely a t  sea-level, i s  120 yards long and 
80 wide; it was impossible t o  survey it i n  d e t a i l  o r  t o  excavate be- 
cause of the intense mosquito infestation.  

Northwards, a s  has been noted, the island i s  prolonged by -1 low 
peninsula similar i n  appearance and s i z e  (120 x 50 yards) t o  Long Cay 
North. Long Cay has been inhabited by a single aged negro f o r  31 
years, and according t o  him the peninsula i s  only intermit tent ly  con- 
nected t o  the cay, but nothing was seen i n  the  physiography t o  support 
t h i s .  It i s  forraed mainly of coral  rubble, with a ridge s t ructure  on 
the east  side, shel ter ing an area of white sandy beach t o  the  west. The 
rnriximu~o. height of t he  ridge i s  2-3 f ee t .  Coconuts a r e  not found on t h i s  
peninsula, and the vegetation (f ig .  42) consis ts  of a thicket  of Suriana 
maritima, Conocarpus erec.Lus, and low bushes of Tournefortia gnauhalodes. 
&gain, the resemblance to  Long Cay IVorth i s  s t r iking.  K small pond has 
been da~tm~ed up a t  the  northern extremity of the peninsula by the shin- 
g l e  ridge. 

The whole of the north shore i s  low and sandy, fronting a shallow 
bay, the  f loor  of which i s  th ickly carpeted with Thalassia. !lith the  
exception of the  shingle ranparts and the northeast peninsula, t'ne 
natural  vegetation has been removed from the who1.e of -the cay for  coco- 
nut plantations. Over much of the is land,  beneath the coconuts, there  
i s  now only a sparse and intermit tent  ground cover of Euphorbia and 

. . 
grasses. r'iuch of the  shingle area  i s  completely barren, except f o r  

gnaphalodes and Coccol.oba uvifera on the seaward 
s ide,  and some patches of Hpenocal l is  l i t t o r a l i s .  The more divers i f ied 
vegetation of t,he northeast peninsula has already been described. Even 
the stagnant water and marshy f l a t  a t  the east  end of the island has been 
cleared of d i s t inc t ive  vegetation, except f o r  some small Conocarpus round 
i t s  edges. The :whole of the  c q ,  with these exceptions, i s  covered with 
dense a, with much coconut t r a sh  forming a patchy ground cover. R 
couple of pa lmt toes  were noted near the south end. 

There i s  an outcrop of beachrock a t  the southeast corner of the 
cay, where a rock promenade extends f o r  over 100 yards along the shore 
and continues beyond the cay shoreline f o r  another 40-50 yards. The 
exposure here i s  s t r ik ing ly  s imilar  i n  dis t r ibut ion t o  t h a t  a t  the  south- 
ea s t  corner of Half Moon Cay, Lighthouse Reef. The rock dips t o  the  
SSE, and varies i n  width from 3-5 f ee t .  Along i t s  landward edge there  
a r e  a nwnber of erosional remnants r i s ing  above the general l eve l  (which 
i s  close t o  mean sea leve l )  f o r  6-9 inches. There a r e  two l i nes  of t h i s  
beachrock, pa ra l l e l  t o  each other, with water 2-3 f e e t  deep between. 

There a r e  several  huts on the  cay, which i s  permanently inhabited 
by a caretaker who keeps the cocals cleared. Fresh vat water i s  available. 



Middle Cay - 
Middle Cay ( f i g .  43) i s  loca ted  near  t h e  cen t re  of t h e  southeas t  

reef  of Glover's Reef, without any marked reef  entrance o r  gap nearby. 
The i s l a n d  i s  of f a i r l y  simple o u t l i n e ,  and a l igned NCSW, p a r a l l e l  t o  
the  r ee f .  It i s  1150 y m d s  long, and inc reases  i n  width from 120 yards 
near  t h e  southwest end t o  2110 yards i n  the  nor theas t .  Recurved s p i t s  
a r e  found a t  both nor theas t  and southwest ends of t h e  i s l and ,  pro jec t -  
ing  lagoonward. 

The seaward shore r i s e s  above a narrow, shal low ree f - f l a t ,  extend- 
ing  outwards from t h e  cay f o r  30-40 y-zrds t o  l i v i n g  r ee f ;  it i s  l i t t e r e d  
with blackened uprooted blocks of co ra l ,  most of them of small s ize .  
The seaward shore i . t s e l f  i s  formed by a s t e e p  sh ing le  r idge,  which r i s e s  
northeastwards t o  a niaximum height  o f  5-6 f e e t  above sea-level ( f i g .  44).  
It i s  formed of white t o  grey c o r a l  rubble, i n  which Hcropora s t i c k s  and 
s l zbs  and small  i . iontastrea and o t h e r  g lobular  colonies  a r e  abundant. 
Banked along t h e  seaward s i d e  of t h i s  r idge  i s  a lower bank of f r e s h  f i n e  
debr i s ,  much encrusted with Homotrema, and conta in ing  abundant nodules 
of Li thothamion up t o  6 inches long. Lagoonwad of the  c r e s t  of t h e  w i n  
r idge ,  blackened and decayed rubble extends f o r  60-70 yards,  before 
g iv ing  way t o  sand and f i n e  debr is .  Along t h e  f o o t  of t h e  r idge  t h e r e  
i s  an extensive outcrop of beachrock. This begins nea r  t h e  nor theas t  
corner  of t h e  cay, i n  the  form of s e v e r a l  yards of i n c i p i e n t  beachrock 
a t  about mean sea l e v e l ;  t h e  beachrock here i s  l i t t l e  more than an in- 
durated c r u s t  on f i n e  sand. Following t h e  rock south!.~estwards, it 
appears a f t e r  a s h o r t  i n t e r v a l  a s  a d i s t i n c t  seaward-dipping r idge  of 
more consolidated rock, forming a platform 1-2 f e e t  wide, with a broken, 
p i t t e d  surface,  from which r i s e  s e v e r a l  higher fragments 6-9 inches 
above t h e  genera l  l eve l .  These pro;ections appear t o  be c o r a l  co lonies  
weathered ou t  of t h e  genera l  beachrock matrix. The beachrock t r ends  
pa ra . l l e l  t o  the  r e e f ,  and maintains t h i s  para l le l i s in  when t h e  shore r i d g e  
begins t o  t rend away from t h e  reef-edge southwestwards. The t o t a l  
length  of t h i s  more indurated rock i s  about 250 yards. 

Near t h e  southwest corner  of t h e  cay, t h e  seaward sh ing le  r idge  
becomes lower, and f i n a l l y  i s  replaced by a gen t l e  sand beach s c a t t e r e d  
with coarser  debr i s .  Beginning a t  t h i s  point ,  and extending northeast-  
wards i n  t h e  l e e  of t h e  sh ingle  r idge ,  i s  a zone of swamp and in termi t -  
tent standing water 200 yards long. I n  May 1961 t h e r e  was no connec- 
t i o n  between t h e  sea and t h e  swamp a r e a ,  because of the  low sand r idge  
colonised by a s tand of mature Rhizophora 25-30 f e e t  high. This colony 
now s tands  on dry  land 2 f e e t  a g v e  sea-level  round t h e  southwest mar- 
g ins  of t h e  swamp a rea ,  and by i t s  a t t i t u d e  appears t o  h&ve been advanc- 
i n g  seaward f o r  some time. This evidence of outba i ld ing  appears t o  con- 
f l i c t  with t h e  evidence of shore r e t r e a t  a t  t h i s  poin t  shown by t h e  
beach-rock. I n  May 1961 the  depression enclosed two inudholes with stand- 
i n g  i,mter, surrounded by extens ive  f l a t s  a t  about mean sea  l e v e l ,  with 
r i c h  brown hunic s o i l ,  probably a t  one time under rnangroves. Lagoon- 
ward of t h i s  depression r i s e s  a broad low sandy nound forming t h e  lagoon 
shore. Elsewhere t h e  cay surface  s i n k s  gradually f r o m t h e  edge of t h e  
sh ingle  zone t o  t h e  lagoon beach. 



S e d i w n t a t i o n  appears a c t i v e  a t  both NE and Siri ends of t h e  i s l and .  
A t  t he  south~west end a small  unvegetated sand-spit  has b u i l t  ou t  25 
yards i n t o  the  lagoon, and i s  continued by a broad submerged s p i t ,  with 
seve ra l  Rhizophora seedl ings  growing on it. l i t  t h e  nor theas t  corner  a 
hook-like s p i t  has b u i l t  ou t  westwards i n t o  t h e  lagoon, t o  enclose an 
extremely she l t e red  bay, containing a near-stagnant shallow pool of 
water. There i s  no evidence of undercut t ing  round t h e  cay ~nargins ,  ex- 
cept  f o r  one o r  two f a l l e n  coconut t r e e s  on t h e  nor theas t  shore. 

iis with t h e  r e s t  of t h e  Glover 's  Cays, most of t h e  vegetat ion ( f i g .  
45) has been removed f o r  coconut p l an ta t ion .  t i t  t h e  nor theas t  end of 
t h e  cay, and along most of t'ne sandy l e e  s i d e ,  t!lere i s  an extensive 
ground cover of iimbrosia h isp ida  and Stachytarnheta jamaicensis. The 
sh ingle  a r e a  supports  a few sraall bushes of Tournefort ia  gnaphalodes, 
whose seedlings h a w  invaded t h e  sand a r e a  t o  t h e  nor theas t ,  and more 
extensive ca rpe t s  of H,~nenocal l i s  - l i t t o r a l i s ,  s c a t t e r e d  bushes of 
Conocarpus erec tus ,  and coconuts. Large red  mangroves ( ~ h i z o ~ h o r a )  and - 
Conocarpus a r e  found round the  mudholes, e spec ia l ly  on the  seaward s ide ,  
but most of t h e  vegeta t ion  round t h e  i s l a n d  margins has been c leared .  
The lagoon beaches a r e  colonised only by low grasses ,  S t a c h ~ t a r p h e t a  
and similar p lan t s  i n  p laces ,  and occas ionai  Conocarpus bushes. The 
g rea te r  p a r t  of t h e  i s l a n d  i s  covered w i t h  coconuts, with l i t t l e  ground 
cover. The bottom of t h e  northern bay i s  t h i c k l y  covered with Thalass ia .  

There a r e  s e v e r a l  hu t s  on the  cay, which i s  genera l ly  inhabi ted ,  
and a s ing le  poor q u a l i t j  well. 

Southwest % I 
Southwest Cays a r e  s i t u a t e d  near  t h e  southwest extremity of t h e  

southeas t  reef  of G l o v e r f s  Reef, and a r e  t h e  inost souther1.y cays on t h i s  
a t o l l .  There a r e  two i s l a n d s  i n  t h e  group (iidmiralty cha r t s  dubiously 
mark a t h i r d  small  one t o  t h e  nor th  of t h e  two l a r g e  i s l a n d s ) ;  and these  
a r e  here termed, f o r  convenience, Southwest Cay I ( t h e  nor theas t  cay) 
and I1 ( t h e  southwest cay, S a l v i n f s  "Southwest-of-all cay"). To sone 
ex ten t  these  two cays form a u n i t ,  but  as they have very d ive r se  charac- 
t e r i s t i c s  they w i l l  be sepa ra te ly  described.  

Southwest Cay I ( f i g .  46) i s  loca ted  2$ miles  southwest of Kiddle 
Cay. It f r o n t s  a shallow r e e f - f l a t ,  60-70 yards  wide, studded with 
blackened c o r a l  blocks, much p i t t e d  and eroded, and i s  a l igned with i t s  
long a x i s  p a r a l l e l  t o  t h e  r e e f .  The i s l a n d  i s  t r apezo ida l  i n  shape: it 
has a maximum length  of almost exact ly  500 yards,  and decreases i n  
width f a i r l y  r egu la r ly  from 330 yards along i t s  southwest shore t o  
l i t t l e  more than 100 ya rds  along i t s  nor theas t  s ide .  The same physio- 
graphic u n i t s  a r e  present  on t h e  i s l a n d  as on t h e  o the r  Glover 's  Reef 
cays, bu t  t h e i r  degree of development d i f f e r s  and t h e i r  p a t t e r n  i s  more 
complex. E s s e n t i a l l y  t h e  cay f a l l s  i n t o  t h r e e  p a r t s :  a seaward rubble 
and sh ingle  a rea ,  an i n t e r i o r  swamp zone, and t h e  leeward sand area .  
The seaward sh ingle  and rubble zone does not  form a continuous d i s t i n c t  
r idge ,  a s  on t h e  o t h e r  cays. It c o n s i s t s  of l a rge ,  deeply weathered, 
jagged blocks of co ra l ,  forming a low rubble  carpet ,  gradual ly  becoming 



spa r se r  seawards and Tore continuous landwards. Many of t h e  blocks a r e  
no longer i d e n t i f i a b l e  on casual  inspect ion;  t h e r e  a r e  hardly  any f r e s h  
bl.ocks, and most of those  exposed a r e  coloured yellow, grey  o r  black, 
presumably by su r face  a lgae .  Near t h e  seaward edge of t h e  rubble zone, 
t h e  blocks s tand i n  water 3-4 inches deep, and t h e  f l o o r  here cons i s t s  
of n i t t e d ,  eroded yellow and grey rock.  The width of t h e  r ee f - f l a t  and 
shallowness of t h e  water make it l i k e l y t h a t  considerable v a r i a t i o n  i n  
temperature, s a l i n i t y  and pH t a k e  p lace  near  t h e  shore. A number of 
marine molLuscs a r e  very no t i ceab le  i n  and around t h e  blocks. The 
rubble zone over t h e  g r e a t e r  p a r t  of i t s  extent  ( i . e ,  f o r  some 300 yards 
from t h e  northern end :-f t h e  cay) does not r i s e  more than  twc f e e t  above 
t h e  sea: t h e  blocks si 'nply become more crowded landward, and a r e  covered 
with dense vegeta t ion ,  through which one catches glimpses, from t h e  sea- 
ward shore, of t h e  i n t e r i o r  s7wamps. Toward t h e  middle of t h e  seaward 
s i d e  of t h e  cay, however, a number of l a r g e  Avicennia t r e e s  have advanced 
ac ross  t h e  rubble zone almost onto t h e  r e e f - f l a t ,  and smthwest  of t h i s  
poin t ,  t h e  seaward shore changes i n  charac ter .  The amount of rubble i n  
f r o n t  of t h e  shore decreases,  t h e  shore  i t s e l f  s teepens,  and i s  formed 
by an a rcua te  sh ing le  r idge  5 f e e t  high,  overlooking a small sand beach 
containing much Halimeda. This t r u e  sh ing le  r idge  i s  about 150 yards 
long; it cons i s t s  of white  t o  grey  sma l l  c o r a l  sh ingle ,  s i m i l a r  t o  t h a t  
on t h e  o ther  cays. From t h e  c r e s t  of t h i s  r idge  t h e  cay su r face  dec l ines  
r ap id ly  a t  f i r s t ,  t hen  more gent ly ,  t o  t h e  leeward shore. 

The seaward shore does not t r end  p a r a l l e l  t o  t h e  r ee f  f o r  i t s  
whole extent :  f o r  t h e  g r e a t e r  p a r t  it does, and i s  here  f r inged e i t h e r  
by t h e  rubble zone o r  sh ingle  r idge ,  but towards t h e  southwest t h e  shore  
t u r n s  westwards, while t h e  reef  continues along i t s  NESW ax i s .  As t h e  
shore swings away from t h e  r e e f ,  t h e  r ee f - f l a t  widens and deepens, t h e  
f r i n g e  of blackened boulders d isappears ,  and t h e  sh ing le  r idge  gives way 
t o  a narrow sand beach. 

From t h i s  account and t h e  map, it, is apparent t h a t  t h e  seaward 
shore i s  backed by a zone of swamp and standing water ,  divided i n t o  
two p a r t s .  The f i r s t  extends from t h e  nor theas t  s i d e  of t h e  cay, i n  
t h e  l e e  of t h e  rubble zone, and i s  some 280 yards long and up t o  120 
yards wide. The second extends in l and  from t h e  southwest s i d e  of t h e  
i s l and  f o r  d i s t ances  of 120-180 yards.  It is  i n t e r e s t i n g  t o  note  t h a t  
t h e  marsh zone i s  in t e r rup ted  immediately i n  t h e  l e e  of t h e  t r u e  shin-  
g l e  r idge ,  where dry  land extends ac ross  t h e  whole width of t h e  cay, but 
it i s  impossible t o  s t a t e  with c e r t a i n t y  whether t h i s  i s  due t o  sedimen- 
t a t i o n  and drying out of t h e  mudhole a t  t h i s  poin t ,  o r  t o  higher  upbuild- 
i n g  of t h e  o r i g i n a l  cay surface .  The two swampy a reas  a r e  r a t h e r  d i f f e r e n t  
i n  charac ter .  The l a r g e r  one inc ludes  a number of pools of s tanding 
water,  but t h e  n a t u r a l  vegeta t ion  has been c leared ,  and an e f f o r t  i s  
being made t o  colonise almost t h e  whole of t h i s  low-lying a r e a  with coco- 
nut  palms. These a r e  planted out i n  rows a s  young seedl ings ,  s e v e r a l  
yards a p a r t ,  and banked up with f r e s h  sand from other  p a r t s  of t h e  cay. 
There a r e  s e v e r a l  dozen of these  con ica l  nio:mds of sand, each with a 
young coconut palm, o f t en  r i s i n g  out  of shal low stagnant  water. Along 
t h e  seaward margin of t h i s  l a r g e r  swamp, and along t h e  nor theas t  shore,  
a r e  a number of Rhizophora and Conocarpus t r e e s .  



The southwest swamp area  i s  wilder;  t h e r e  i s  l e s s  s t m d i n g  water, 
but t h e  ground i s  very s o f t  and muddy. There a r e  inany coconut t r e e s  i n  
t h e  slwampy area,  which do not seem t o  have been planted, while along 
t h e  southwest shore and i n  places throughout t h e  swamp a r e  t r e e s  of 
Conocarpus and Rhizophora. From the  seaward s ide  the  southwest shore pre- 
sen t s  an unbroken f r i n g e  of red miangrove, l@-15 f e e t  high, r i s i n g  out  of 
water up t o  2 f e e t  deep. There i s ,  however, no genera l  connection be- 
tween t h e  sea and the  swamp, f o r  on scrambling through the  Rhizophora 
r i rn  one reachesalow sand r idge  some yards back from t h e  seaward edge, 
forming a b a r r i e r  between sea and swamp. I so la ted  clumps of Rhizophora 
extend reefward from t h e  main body of mangrove, t o  p a r t i a l l y  enclose a 
small bay on t h e  seaward shore; t h i s  bay i s  very shel tered ,  has a low 
sandy shore, and i s  f loored with Thalassia and Penic i l lus .  

The a rea  between the  two swamp zones, and along t h e  north shore 
of the  cay, i s  b u i l t  of grey sand with l i t t l e  r e l i e f .  'iuch of t h e  la-  
goon shore i s  undercut, and i n  plan cons i s t s  of a number of small hays 
and proniontories, t h e  l a t t e r  o f t en  topped with leaning o r  f a l l e n  coco- 
nut t r ees .  Near the  nor theas t  end of the  lagoon beach, a l a r g e  num- 
ber of t r e e s  have f a l l e n  landward, and now l i e  i n  a roughly north-south 
d i rec t ion ,  probably ind ica t ing  storm action. The bottom i s  general ly 
shallorw on t h e  lagoon s ide ,  with a Thalassia bottom, and the re  i s  much 
f r e s h  white sand accumulation a t  t h e  foo t  of the  undercut c l i f f .  A t  t he  
southwest end of t h i s  shore, a small s p i t  i s  building ou t  i n t o  the  la- 
goon, and severa l  weed-covered sand-banks a r e  exposed a t  low t i d e .  

Nuch of the  vegetat ion ( f i g .  47), e spec ia l ly  of t h e  sand and swamp 
areas,  has been removed f o r  cocals, and much of what remains i s  mangrove 
--Rhizophora mangle on the  southwest and nor theas t  shores, Avicennia 
n i t i d a  and Conocarpus e rec tus  along the  seaward s ide ,  and associa t ions  
of these  t h r e e  i n  the  swamps themselves. There a r e  a number of 
Tournefortia gnaphalodes bushes on t h e  high shingle r idge,  and a l i t t l e  
Tournefortia and Coccoloba uvifera  on the  d r i e r  prts of t h e  rubble 
zone. The g rea te r   art of the  sand surface ,  under the  cocals ,  i s  
covered w i t ;  13uphorki.a, grasses ( inc luding ~ p o r o b o l u s  v-cus) , and 
coconut trash: 

There a r e  four houses on the  cay, which i s  genera l ly  inhabited. 
There a r e  no freshiwater wells,  and only small tanks f o r  rainwater. 

Southwest -- Cay I1 

Southwest Cay 111 ( f i g .  411) l ies  iriuilediately south and west of Cay 
I, but i s  very d i f f e r e n t  i n  physiography. Unlike Cay I it i s  not  al igned 
p a r a l l e l  t o  the  reef-front ,  but a t  an angle of some 45' t o  it, the  cay 
trending s l i g h t l y  e a s t  of north and the  reef  NE-S!J. Immediately west 
of Cay 11 i s  the  main southern entrance of Gloverfs  Reef. Cay I1 i s  
r a t h e r  longer than i t s  neighbour ( t o t a l  length 580 yards) ,  i s  widest i n  
the  south (near ly  250 yards) ,  and decrenses i n  width northiuards. The 
northern half  of t h e  cay maintains a f a i r l y  constant width of 80-100 
yards. 



Only a t  i t s  southern end does the  i s l a n d  approach t h e  r ee f ,  and 
thus  sh ing le  i s  absent  except on t h e  south and extreme southeast  shores. 
Nor i s  t h e  swamp zone found on every o t h e r  l a r g e  cay on Glover 's  Reef 
represented here. The cay i s  b u i l t  mainly of white t o  grey sand, with 
much -- Halimeda and sixall unrecognisable c o r a l  f r a g m n t s ,  wi th  an  a b k -  
t u r e  of l a r g e r  pieces of broken c o r a l ,  Strombus s h e l l s ,  nodular calcare-  --- 
ous a lgae  and o t h e r  calcareous ma te r i a l ,  g iv ing  a s t rongly  bimodal sedi- 
ment d i s t r i b u t i o n .  The sh ing le  r i d g e  a t  t h e  southeast  end does no t  
r i s e  higher than 3-5 f e e t  above sea-level,  and c o n s i s t s  of small  c o r a l  
fragmen-ts, mostly l e s s  than 6-9 inches  long. The r idge  overlooks a 
r e e f - f l a t  25-30 yards wide, l i t t e r e d  with blackened blocks and c o r a l  
rubble. The r e s t  of t h e  cay margins a r e  b u i l t  of sand, which r a t h e r  
anomalously forms a higher r i d g e  on t h e  leeward s i d e  th-m on t h e  windward. 
The windward beach i s  genera l ly  low, and shallow offshore,  w2th i n  
places a number of Rhizoph.ora seed l ings  colonis ing  within 5-10 yards  of 
t i d e  mark. The leeward shore i s  a l s o  sandy, but  narrow and s teep;  and 
t h e  f l o o r  of t h e  northern bay f a l l s  r a t h e r  s t eep ly  t o  depths of 4-5 f e e t .  
I n  p a r t  t h i s  d i f f e rence  i s  due t o  more severe  undercutt ing on t h e  nor th  
shore, but  it probably r e s u l t s  t o  some extent  Prom grea te r  exposure 
of the  lagoon shore. The seaward shore l i e s  froin 100-250 yards  from t h e  
reef-edge, t h e  only source of abundant coarse and sand-size debr is .  
Further ,  t h e  flat is  shallow, so t h a t  only i n  t imes of exceptional  wave 
a c t i v i t y  w i l l  ma te r i a l  from t h e  d i s t a n t  reef  be thrown up on t h e  seaward 
shore. The lagoonward shore, t r end ing  s l i g h t l y  e a s t  of north,  i s  pro- 
tec ted ,  it i s  t,rue, from t h e  p reva i l ing  e a s t e r l i e s  and n o r t h e a s t e r l i e s ,  
but i s  exposed both t o  nor thers  sweeping down t h e  deep lagoon, and t o  
l a r g e  waves r e f r a c t i n g  through t h e  southern e n t ~ a n c e .  

The undercut t ing  r e f e r r e d  t o  a f f e c t s  much of t h e  cay margins--along 
t h e  lagoon shore, and along the  c e n t r a l  p a r t  of t h e  seab~a~-d shore. On 
t h e  lagoon shore,  undercutt ing extends f o r  280 yards from t h e  nor th  end 
of t h e  cqy, and has produced a low, grey-sand c l i f f  be.tween 1 and 2 f e e t  
high, capped by vegetat ion and roo t s ,  and overlooking a very narrow white- 
sand beach. I n  plan t h e  shore forms a s e r i e s  of minor embayments, 
with coconut boles on t h e  promontories. Mny t r e e s  have f a l l e n  i n t o  t h e  
sea; o t h e r s  l e a n  a t  per i lous  angles.  Fur the r  evidence of recent  re- 
t r e a t  on t h i s  coas t  i s  found i n  r e l i c t  beachrock offshore.  There a r e  
t h r e e  separa te  a r e a s  of t h i s ,  comprising r e spec t ive ly  from south t o  north,  
two l i n e s ,  one l i n e  and four  l i n e s  o f  rock. The rock i t s e l f  i s  a well- 
cemented coarse sand, now r a t h e r  eroded and p i t t e d  on i t s  upper sur face  
and cavernous beneath. .till t h e  exposures show i n  sorne p a r t  a recognis- 
a b l e  d i p  lagoonward. Each of t h e  l i n e s  t r ends  nea r ly  north-south, some 
a l i t t l e  west of nort'n; t h e  coas t  i t s e l f  t r ends  a l x o s t  NKZ, and i s  
c l e a r l y  r e t r e a t i n g  eastwards. The amount of t h i s  r e t r e a t  seems, from 
t h e  ex ten t  of beachrock i n  each p lace ,  and i t s  d i s t ance  from t h e  pre- 
sen t  shore, t o  inc rease  northwards, and i n  f a c t ,  south of t h e  southern- 
most beachrock outcrop the re  i s  no evidence of coas t  erosion a t  a l l  on 
t h i s  s i d e  of t h e  i s l and .  This p a t t e r n  probably r e s u l t s  from t h e  ref rac-  
t i o n  of waves round t h e  south end of t h e  i s b n d ,  through t h e  southern en- 
t rance .  Along t h e  southern p a r t  of t h e  lagoonward shore t h e  
waves a r e  f u r t h e r  r e f rac ted  and advance t ransverse  t o  it: i n  t h e  south 
the  shore i s  s t a t i c  o r  even aggrading, i n  t h e  nor th  it i s  retrea.bing, 
and t h e  degree of r e t r e a t  i nc reases  northwards. 



The southern p a r t  of t h i s  lagoon shore i s  of i n t e r e s t .  Immediately 
south of the  undercut zone, the  shore i s  formed by a beach of hard-packed 
white sand, some 20 yards wide, and r i s i n g  2-3 f e e t  above sea-level. 
Vegetation begins a t  the  c r e s t  of t h i s  beach, though a few bushes of 
Conocarpus i n  places occur below it. A t  t h e  extreme southwest corner of 
the  cay, aggradation i s  now act ive .  The l i n e  of t h e  "core-island" can 
be traced a s  an undercut low c l i f f  of  grey sand, capped with coconuts, 
and p a r t i a l l y  obscured below by f r e s h  sand accumulation. This f r e s h  
sand extends lagoonward f o r  20-30 yards  from the  o ld  shore, and i s  
thrown up i n  th ree  niain ridges, approximately equidis tant ,  with a f o u r t h  
much smaller r idge  very recent ly  b u i l t  round t h e  present shore. That 
t h i s  whole accumulation i s  not seasonal  i s  demonstrated by t h e  vegeta- 
tion. On the  "core-island" above t h e  c l i f f ,  the re  i s  l i t t l e  but coco- 
nuts  a n d s o n e l i l i e s .  The succeeding depression i s  e i t h e r  bare o r  has a 
sparse cover of Sporobolus v i rg inicus ,  but  on t h e  f i r s t  sand r idge from 
the  c l i f f  t h e r e  a r e  a number of young coconuts. mobably l e s s  than 5 - . . 
vears  old. The backslone of the" second r idge  i s  covered with t v n i c a l  " - .. . 
s t rand pioneer colonisers ,  f o n ~ n g  a low mat, ch ie f ly  of Ipomc-a, 

f a r t h e r  north i s  b s l a n c e i  by aggrgdation i n  the  south, &tending back 
over severa l  gea r s  a t  l e a s t .  Between t h i s  zone of aggradation and t h e  
rvindward shingle r idge  i s  a f u r t h e r  s h o r t  extent  of undercut shorel ine,  
with a bay-proraontory plan, c l i f f s  1-2 f e e t  high, and some f a l l e n  coco- 
nut  t r e e s .  

The seaward shore possesses many points  of i n t e r e s t  too, but  i s  
more enigmatic. North of the  shingle  r idge (where t h e r e  i s  no s ign  of 
e i t h e r  erosion o r  aggradation),  the  shore i s  r e t r e a t i n g  f o r  a d is tance  
of 200 yards, a s  shown by undercut and outstanding coconut boles. But 
the  erosion i s  not so rapid a s  t h a t  on t h e  west s ide;  t h e  offshore a rea  
i s  g e n t l e  and colonised by many mangrove seedlings. Zrosion i s  c l e a r l y  
caused by waves t r avers ing  the  wide ree f - f l a t  almost normally. Beach- 
rock i s  exposed on t h i s  s i d e  of the  cay a l so ,  along t h e  present  shorel ine.  
There a r e  severa l  patches of poorly t o  moderately well-cemented sand 
with Malimeda, the  longest  extending f o r  1 5  yards. There i s  only one 
l i n e  of the  rock, about 2 f e e t  wide, passing under beach sands, not  
eroded on i t s  surface  (which i s  covered with a r a t h e r  slim! grey coat- 
ing) ,  and dipping lagoonward. This i s  the  only ex-ample of  beachrock 
with reversed d i p  on a seaward shore noted on t h i s  coast; though examples 
i n  o the r  p a r t s  of t h e  world a r e  numerous. The reverse d i p  of e x p s e d  
surfaces  was confirmed by pit-digging 1 and 2 yards up t h e  beach, when 
the  rock 'was found i n  both p i t s  a t  s l i g h t l y  lower e levat ions  than i t s  
seaward exposure. I f  the  beachrock now stands i n  i t s  posi t ion  and a t t i -  
tude of forr.$ation, then it seems t h a t  the  whole cay has migrated bodily 
a t  l e a s t  100 yards away from the  reef-edge and towards t h e  lagoon s ince  
it was formed, i n  s p i t e  of the  r e l a t i v e l y  c l e a r  evidence of present  
erosion on t h e  west, lagoonwarc! shore. I n  t h i s  case the  unweathered 
appearance of the  rock i s  explained by i t s  protec t ion beneath t h e  cay 
sands. Al ternat ively ,  the  islandward d i p  may r e s u l t  from soae a t  pre- 
sent  unexplained anornaly, and may have formed recen t ly  along the  present  
seaward shore. 



Far the r  nor th ,  t h e  evidence o f  erosion i s  l e s s ,  and t h e  shore i s  
margined by a b e l t  of t a l l  Rhizophora 2-3 yards from it, and comparable 
t o  t h e  s i m i l a r  b e l t  on t h e  southwest shore of Cay I ac ross  the  bay. 
Between t h e  Rhizophora b e l t  and t h e  nor th  end of t h e  i s l a n d  t h e  shore 
i s  low and sandy, with very numerous brown sea anemones i n  shallow 
water offshore,  and some surface  i n d a r a t i o n  of sands on t h e  beach it- 
s e l f ,  presumably almost contemporaneous i n  age and too f r i a b l e  t o  col- 
l e c t .  The she l t e red  s t a t e  of t h i s  s i t e  might be noted. k t  t h e  nor th  
end of t h e  cay, where it approaches c l o s e s t  t o  Cay I, a narrow sand- 
s p i t  some 40 yards long, exposed a t  low t i d e ,  i s  developing, growing 
outwardstowards a s i m i l a r  s p i t  a t  t h e  southwest end of Cay I. 

The n a t u r a l  vegeta t ion  of t h e  cay has been very l a r g e l y  removed 
f o r  -, which now cover almost a l l  t h e  i s l and .  One o r  two 
Conocarpus bushes a r e  found around t h e  cay margins, e spec ia l ly  a t  t h e  
nor th  end, but  otherwise vege ta t ion  i s  r e s t r i c t e d  t o  a ground cover of 
climbing p lan t s  and grasses ,  c h i e f l y  Sesuvium portulacastrum, Euphorbia 
sp., Ipomoea sp., and Caki le lanceola ta .  Sporobolus v i rg in icus  i s  wide- 
spread, with much Andropogon glomeratus a t  t he  nor thern  end. Towards 
t h e  southvrest end of t h e  cay, t h e  cocl has an undercarpet of t h e  l i l y ,  
Hynlenocallis l i t t o r a l i s .  

The colony of brown noddies (!4n0% - s t o l i d u s )  on t h e  i s l a n d  has 
a l r eady  been mentioned; t h e  number of these  b i rds  c o n t r a s t s  sharply  with 
t h e  r e l a t i v e l y  b i r d l e s s  appearance of most o the r  sand-cays. Pel icanus 
occ iden ta l i s  and Frep3tcl magnificens were seen here i n  J u l y  1961. There 
a r e  two houses on t h e  cay, f o r  cecal care takers ,  and a tank r a i n b ~ a t e r  
supply. 

It i s  i n t e r e s t i n g  t o  specula te  on t h e  r e l a t i o n s  between Cays I 
and 11, and t h e i r  very d i f f e r e n t  appearance. They have c e r t a i n l y  
ex i s t ed  i n  t h e i r  present  form f o r  a t  l e a s t  2 cen tu r i e s  ( c f .  Owen, H57, 
1 0 .  The wide, sand-floored bay on t h e  seaward s ide ,  between t h e  two 
i s l a n d s ,  i s  genera l ly  p lac id ,  and probably not more than 3 f e e t  deep i n  
any p a r t .  The channel between the  two cays i s  kept open by t i d a l  cur- 
r e n t s ,  which w i l l  probably prevent t h e  two s p i t s ,  now advancing toward 
each o the r  from t h e  southwest end o f  I and t h e  nor theas t  end of 11, 
from meeting. k l oba te  sand d e l t a ,  shown on a i r  photographs, has deve- 
loped on t h e  lagoonward s i d e  of t h e  gap between the  cays, and w i l l  
bu i ld  f u r t h e r  lagoonward a s  more m a t e r i a l  i s  supplied from t h e  r ee f - f l a t .  
Nhether t h e  two cays were ever  connected i s  a d i f f i c u l t  quest ion;  Cay I 
i n  particu1a.r looks l i k e  a cay i n  t h e  process of growth and consoli-  
da t ion  r a t h e r  than a remnant of a l 3 r g e r  i s land.  On t h e  o t h e r  hand, I f  
Cay I1 fonnerly stood 100 yards f u r t h e r  seaward, a s  perhaps ind ica ted  by 
t h e  lagoonward-dipping beachrock of i t s  seaward shore, then t h e  two 
cays would be appreciably c l o s e r  toge the r ,  and the  bay much smaller.  It 
i s  d i f f i c u l t  t o  envisage a bay of t h i s  s i z e  being eroded under p resen t  
condi t ions .  One may expect a progressive a t t enua t ion  of t h e  northern 
part of Cay 11, by eros ion  on the  lagoon s ide ,  which may u l t ima te ly  
widen t h e  gap between t,he two cays, while a t  t h e  same tilne t h e  southern 
p a r t  of I1 increases  i n  s ize .  The consol ida t ion  of Cay I, much of 
which is--or was-standing water, w i l l  be l a r g e l y  t h e  r e s u l t  of human 
a c t i v i t i e s .  



























VIII. FOF& i ihJ  DDEVWPItEMT OF THE CAYS 

It i s  not proposed i n  t h i s  section t o  give a f u l l  review of the 
physiography of sand and mangrove cays: t h i s  must alwait the completion 
of work on the 45 bar r ie r  reef cays mapped during the two expeditions, 
when the resu l t s  of both studies can be comyared. Certain types of cays 

A 

are  unreprescnted on the a t o l l s ;  while conversely, some problems a r i s -  
ing on the a t o l l  cays find no counterpart on the bar r ie r  reef.  This i s  
not, therefore, a. f u l l  analysis of cays and t h e i r  problems; ra ther  it i s  
an interim report on the a t o l l  a y s ,  i n  which a t ten t ion  is  especially 
directed t o  some of the main problems awaiting solution. 

Verrneer i n  h i s  study of the Br i t i sh  Honduras cays c lass i f ied  them 
in to  "1. The coral  sand cay. 2. The mangrove cay. 3. The mangrove- 
sand cay o r  t r ans i t i on  type cay" (1959, 29). kJhile t h i s  lilust be ex- 
tended f o r  the barr ier  reef cays, it i s  applicable t o  the a t o l l s ,  where, 
as  the detailed descriptions show, a l l  three  types a r e  t o  be found. 

14. The sand cays - --- 
Form of sand cays - - -.- -- 

Sand cavs a r e  develo~ed near the inner edges of reef f l a t s ,  gene- 
r z l l y  on the windward reefs  of a t o l l s ,  and a re  ;sually--but not invari-  
ably-associated with reef-gaps. They a re  not found on the most ex- 
posed reefs,  such as  the eas t  reefs  of Lighthouse and Glover's Reefs, 
nor on the most protec.ted. Ideally they a re  located a t  the  nortkern o r  
southern ends of l i nea r  eastern reefs ,  a s  on Lighthouse Reef, or  on the 
xore protected southeast reef of Glover's Reef. Turneffe i s  ra ther  a 
special  ca.se, since i t s  eastern reefs  are  protected from the prevailing 
vzinds by Lighthouse Reef; hence numerous small sand cays a r e  found close 
to  the reef-edge, i n  positions where they would cer ta inly be destroyed 
were the reef more exposed. 

Sand cays ]my range i n  s ize  from small epheneral unvexetated sand- 
bores a few yards i n  diameter, t o  forested islands several  hundred yards 
i n  length. The l a rges t  on the a t o l l s  i s  Half Koon Cay, 1100 yards long; 
the sand cays of Glover's Reef vary from 150 t o  nearly 700 pards i n  
length; while the  Turneffe cays are  much shorter,  being generally l e s s  
than 200 p r d s  long. kost  of the cays a r e  regular i n  shape, t h e i r  width 
being one-third t o  one-fifth t he i r  length: variations may be caused by 
shape of the reef basement (Half Iloon Cay) o r  accumulation patterns 
(Sandbore Cay). The cays are  highest on the i r  seaward side, where they 
overlook a shallow reef-flat ;  t h e i r  surface slopes from the c r e s t  of the 
seaward beach towards the leeward shore, which faces a sheltered bay 
carrying a t  l e a s t  1 fathom of water. 

Three main classes  of unconsolidated material  a r e  present i n  the  
cays: rubble, shingle and sand. Rubble includes coarse coral  blocks, 
dark-coloured and deeply weathered, v~hich a re  too heavy t o  be thrown up 
the seaward shore of the cay, and have accumulated a t  the foot  of the 
searward beach, In some cases (Southwest Cay I, some of the Deadman 
Group) it forms the beach i t s e l f .  Generally, however, the seaward beach 
i s  formed of shingle, chiefly small globular corals,  broken larger  



cora l s ,  and she l l s .  The mean diameter of the  mate r i a l  va r i es  with ex- 
posure of t h e  r idge,  and va r ies  from 1 t o  6 inches. Shingle r idges  may 
r i s e  t o  a height  of 1 0  f e e t  above sea l eve l ,  but usual ly  do not exceed 
5 f e e t .  Tney a r e  almost always s i n g l e  fea tu res ,  though two a r e  de- 
scr ibed,  one behind the  o ther ,  a t  Long Cay (Glover's Reef). A t  t he  foo t  
of each modern shingle r idge  t h e r e  i s  a smaller r idge  of f i n e  white 
shingle ,  2-3 f e e t  high, which c o n t r a s t s  s t rongly  i n  colour and grain-size 
with t h e  older,  higher r idge aga ins t  vihich it r e s t s .  The o lde r  r idges  
a r e  thought t o  be storm and hurricane constructions,  t h e  small. white 
r idges  t o  be formed by day t o  day wave act ion.  Final ly ,  t h e  a r e a  t o  
leeward of t h e  shingle  r idge  i s  fonned of coarse cora l -a lgal  sand, o f t en  
with a surface s c a t t e r i n g  of l a r g e r  blocks and shingle ("rampart wash"). 
Fresh sand s p i t s  a r e  f requent ly  found building lagoonward from t h e  ends 
of t h e  cay, t o  enclose a sandy leeward shorv?. Where no shingle i s  
found (some of t h e  Turneffe cays, Sandbore Cay), the  whole i s l and  i s  
b u i l t  from sand, r i s i n g  t o  a c r e s t  on the  windmrd s ide ,  and decl in ing 
gradually t o  leeward. 

Frequently the  cay surface  i s  not  smnooth, but descends t o  a cen- 
t r a l  depression, containing a n~udhole o r  lagoon, and r i s i n g  t o  a leeward 
beach r idge.  This f e a t u r e  i s  b e s t  developed on the  most exposed cays, 
where the  shingle  ridges a r e  h ighes t ,  notably on Glover's Reef (where, 
however, t h e  leeward beaches a r e  exposed t o  considerable lagoon waves). 
The c e n t r a l  depression i s  absent  from most of the  protected cays of the  
b a r r i e r  r e e f .  Soldier  Cay, Turneffe, has a p a r t l y  formed depression and 
leeward beach r idge a t  t h e  north end of the  cay. 

Or igin  of sand cays 
Sand cays a r e  typ ica l ly  developed a t  gaps i n  l i n e a r  r e e f s  
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(Northeast Cai, Glover 's  Reef; sandbore Cay, ~igli-Lhouse Reef), on small 
a r c u i t e  reef  s e g e n t s  (many examples known from the  b a r r i e r  r e e f ) ,  o r  
a t  prominent elbows o r  bends i n  r e e f s  (Soldier  Cay, Turneffe) ,  but t h i s  
r e la t ionsh ip  i s  not invariable.  Some cays e x i s t  on unbroken r e e f s ,  and 
t h e i r  o r i g i n  demands an explanation (Cockroach and Deadman's Groups, 
Turneffe; Saddle and Flat Cays, Lighthouse Reef; Hiddle Cay, Glover's 
~ e e f ) .  The presence of gaps o r  bends i n  r e e f s  ( i .e .  va r i a t ion  i n  bot- 
tom topography)loads t o  r e f r a c t i o n  of surface  waves (iiunk and Traylor, 
1947). Without r e f rac t ion ,  waves simply sweep surface debr i s  across  
ree f - f l a t s  and i n t o  the  lagoon, perhaps forming occasional  short-lived 
l i n e a r  sandbores, a s  reported along the  north s ide  of Glover's Reef. 
ibiith re f rac t ion  a t  gaps, however, and consequent opposed wave di rec t ions ,  
waves both help t o  wash debr i s  onto the  reef- f la t ,  and t o  keep it there .  
This was recognised i n  general  terms by Charles Darwin (1842, 26) ,  and 
l a t e r  by Davis (1928, 131, but it was l e f t  t o  S tee r s  t o  demonstrate it 
from f i e l d  s tud ies  i n  Aust ra l ia  (1929, 250; 1930, 12; 1937, 13) and 
Jamaica. The e f f e c t  of wave r e f r a c t i o n  on cay formation has been ex- 
perimentally ve r i f i ed  i n  the  wave tanks a t  the  Department of Geography, 
Cambridge. Here an arcuate  ' r e e f 1  was b u i l t  with bricks,  i t s  upper sur- 
f ace  r i s i n g  t o  water-level, and sand was fed  i n  along t h e  seaward edge 
of t h e  reef .  Waves approached normal t o  t h i s  edge and re f rac ted  
s t rongly  on e i t h e r  s ide.  Sand ms washed back across  the  reef and was 
hal ted  by the  re f rac ted  waves, t o  form an elongate drying 'cayT with 
i t s  long axis p a r a l l e l  t o  t h a t  of t h e  reef-patch. The stronger the  



the  waves s t r ik ing  the reef ,  the  f a r t h e r  from the reef-edge i s  the cay 
formed, u n t i l  with very strong waves a l l  the  material i s  washed off the  
patch i n t o  the lagoon. It i s  i n t e r e s t i ng  that ,  given uniform wave con- 
di t ions ,  no cay remains i n  existence perpetually: they tend t o  form and 
r e fom a t  20 minute in te rva ls  u n t i l  t he  lagoon i s  choked with sand. 
This s e r i e s  of experiments i s  proceeding. 

Patterns of refract ion i n  reef areas  a r e  well shown on a la rger  
scale f o r  Cocos-keeling by #ood Jones (1910) and for  Low I s l e s ,  Great 
Barrier Reef, by Stephenson and otherti (1931). The important point i s  
the occurrence of refract ion around the  reef i t s e l f ,  ra ther  than around 
the cay, and i n  theory the degree of refract ion and hence the location 
of the cay on the reef-f la t  ( the  f l a t  and bottom topography being assumed 
uniform) w i l l  depend on the degree of exposure and strength of wave action. 
k l l  other conditions remaining the same, the  cay w i l l  be formed fur ther  
from the reef edge on exposed reefs  than i n  l e s s  exposed areas,  on deeper 
f l a t s  than on shallower ones. Thus Sandbore Cay, Lighthouse Reef, stands 
several hundred yards from the reef edge, whereas most of the Turneffe 
cays l i e  within a hundred yards of it. The f a c t  t ha t  I t a l l  the sand cays 
are  located a t  the back edge of the reef f l a t t L  (Vermeer, 1959, 1 U )  
does not i n  i t s e l f  form evidence of refract ion,  a s  Vermeer argues: t h i s  
condition i s  widespread but not universal, and simply indicates the de- 
gree of refract ion involved, the s i ze  of the  reef f l a t ,  and other compli- 
cating factors  of cay evolution. 

Cays a r e ,  therefore, accuinu1ations of unconsolidated debris formed 
by t!le action of refracted waves. These wave patterns or iginate  under 
the influence of prevailing winds, which on the Br i t i sh  Honduras coast 
approach from the northeast, eas t  and southeast, and, during the winter 
months, froin the north (sect ion 111). kccording t o  Umbgrove it i s  "the 
wind, 2nd i n  a minor degree the breakers" which "forces the sand in to  a 
crescent-shaped sand bar" (1947, 73L)> but it i s  doubtful whether i n  
Br i t i sh  Honduras the wind plays any d i r e c t  par t  i n  cay formation: it 
ac-ts vjh01l.y through wind-generated surface waves. Nuch in te res t ing  
work has been done i n  Indonesia on changes i n  cay physiography result-  
ing from seasonal hcnd changes (lirempf, 1926, 1928; Umbgrove, 1929) and 
even longer-term climatic f luctuat ion (Verstappen, 1955), but i t  remains 
t o  be seen whether such changes can be demonstrated i n  Br i t i sh  Honduras. 
Since the time of Hague, however, i t  has been known tha t  r e l a t i ve ly  small 
seasonal changes i n  wind direct ion can lead t o  the growth of short-term 
sand-spits: some instances a r e  given by Vermeer (1959, 114-115). Unvege- 
ta ted cays, too, may appear and disappear seasonally: examples a r e  know 
from the Br i t i sh  Honduras barr ier  reef ,  and one i s  reported from Arrecife 
iilacran by Folk (personal cotmunicationj . 

There a r e  three important fac tors  l imit ing the influence of wave 
rcfrciction, assuming an abundant supply of debris. One i s  the t i d a l  
range, here no-t more than a foot. iNithout such a small range many sand 
cays on exposed reefs  simply could not ex is t ,  f o r  the large waves cross- 
ing the reefs  a t  high t i de  would wash a l l  debris in to  the lagoon. 
Hence on the Australian Great Barrier Reef, where the t i d a l  range may be 
over 10  f ee t ,  there are  very few cays indeed on the outer reefs.  High 
t i d a l  range helps ainirnise it. I n  t h i s  connection Br i t i sh  Honduras i s  



an i d e a l  a r e a  f o r  cay study on both p r a c t i c a l  and t h e o r e t i c a l  grounds. 
Secondly, t h e  exis tence  of a czy depends fundamentally on i t s  reef  base- 
ment--its depth and i t s  extent .  Cays can only be formed on r e e f s  which 
l i e  wi th in  t h e  v e r t i c a l  zone of wave a c t i o n  (Verrmer, 1959, 110-ll2), 
and B r i t i s h  Honduras experience suggests  t h a t  few cays indeed a r e  b u i l t  
on f l a t s  ca r ry ing  more than 3 f e e t  of water. I n  t h i s  connec-Lion, 
Spender ?.ttempted t o  show t h a t  t h e  type of sediment accwnulation on cays 
was connected with t h e  de-;.,th of t h e  r e e f - f l a t  (1930, 285-287), sh ing le  
r idges  only appearing on the  h ighes t  r e e f - f l a t s ,  and pure sand cays on 
much deeper ones. Colman (1937, 143) reached s i m i l a r  conclusions i n  t h e  
Dry Tortugas, but h i s  paper was never published. I n  B r i t i s h  I.!onduras, 
on the  o t h e r  hand, a l l  t h e  evidence seecis t o  favour S t e e r s ' s  content ion 
(1937, 137) t h a t  exposure i s  t h e  rmin cont ro l .  Vermeer (1959) ou t l ined  
more evidence f o r  t h i s  view, and more i s  given i n  these  r epor t s .  The 
f a c t o r s  governing cay physiogr.aphy a r e  so  colr~plex and i n t e r - r e l a t i n g  
t h a t  t o  i s o l a t e  one a s  a general  c o n t r o l  i s  t o  i n v i t e  e r r o r ,  but i f  one 
con t ro l  i s  t o  be named, within t h e  framework of wave re f ruc t ion ,  then, 
 with S t e e r s  and Vermeer, I would choose degree of exposure i n  i.ts widest  
sense. The a rea  of t h e  reef  patch i s  of importance a s  well  a s  i t s  
depth: i f  t he  patch i s  so small t h a t  t h e  locus of czy growth by w&ve re-  
f r a c t i o n  1.ies lagoonward of it, no cay w i l l  be formed. Zxperiments 
suggest t h a t  i n  exposed i r e a s  reef-patches need t o  be l a r g e r  f o r  cays t o  
form than i n  pro tec ted  areas--as i s  o f t e n  t h e  case. Yet a t h i r d  l i m i t i n g  
condit ion concerns t h e  d e b r i s  i t s e l f ,  which v a r i e s  g r e a t l y  i n  grain-  
s i z e  and ease of t r anspor t :  cotirse inat,erial i s  more d i f : ' i cu l t  t o  t rans-  
po r t  than f i n e ,  and hence w i l l  accumulate c l o s e r  t o  t h e  reef  edge, thus  
forming rubbly cays on even narrow r e e f - f l a t s .  The rcore e a s i l y  wave- 
t ranspor ted  f i n e r  sands w i l l  b,: e n t i r e l y  washed o f f  narrow pxtches and 
w i l l  accumulate only on wide ones. These y r i n c i ; ~ l e s  i n d i c a t e  some of t h e  
fac-tors  a f f e c t i n g  cay 1oc:ition under r e l a t i v e l y  s t a t i c  coridi.tions; 
l i t t l e  so f a r  has been done on e i t h e r  t h e  geometry of cays and as soc ia t ed  
r e e f s ,  o r  on t h e  processes a i  work on them, and t h e  sub jec t  may b e n e f i t  
by more ref ined  expeririien-tal work. 

One major problem,a l readys ta ted ,  concerns t h e  foriiiation of cays 
not loca ted  a t  gaps o r  bends, bearing i n  mind t h e  g r e a t l y  d imbished ,  
perhaps n e g i i g i b l e  r o l e  of r e f r a c t i o n .  It i s  a problem which cannot 
a t  present  be solved. The cays of e a s t e r n  Turneffe (Deadxan's and 
Cockroach Groups) form one c l a s s ,  where it can be suggested t h a t  cay 
growth i s  12-rgely random fol lowing t h e  accumulation of g r e a t  m o u n t s  of 
d e t r i t u s ,  with no o-ther o u t l e t ,  between the  r ee f  and t h e  mangrove r i m .  
I n  t h e  case of i:iidd.le Cay, Glover's Reef, however, t k e r e  i s  no b a r r i e r  
t o  t h e  vwashing of d e b r i s  i n t o  the  l a ~ o o n ,  and one can only s u g p s t  t h a t  
i n  c e r t a i n  cases cay growLh obeys no genera l  r u l e s ,  but depends on t h e  
chance accumulation of boulders on t h e  reef-edge, followed by sand accu- 
r!lulation t o  leeward of t h e  obs t ruc t ion .  Chmce accunulat ion may a l s o  
account f o r  such rtppxrently short- l ived cays as Saddle and Hat, Cays, 
Lighthouse Reef. 

Where a cay c o n s i s t s  of sand and sh ingle ,  t h e r e  seems some agree- 
ment ( ~ e l l s ,  1951, 3; Zans, 1958, 21) t h a t  t h e  sh ing le  r idge  appears 
f i r s t ,  and t h a t  the  embryonic cay then grows lagoonward by sand 



accumulation, especially a t  the  ends of the shingle ridge. Steers  has 
asked whether, i n  the case of the Low Wooded Islands of the  Oueensland 
coast , the prior developmen-t of the shingle ridge might not derive the 
sand cay t o  leeward of i t s  main source of debris supply, and t h i s  c~ues- 
t ion  i s  relevant a l so  f o r  some of the barr ier  reef cays of Br i t i sh  
Honduras. On the a t o l l s ,  however, the  sandy areas  of cays are  usually 
i n  such exposed locations t ha t  they could not survive without the pro- 
tect ion of the shingle ridge,  and hence could not have accunulated with- 
out i t s  pr ior  existence. No examples of shingle ridges without leeward 
sand areas are  known from the a t o l l s .  

Constituents of sand cays 
Having reviewed b r i e f ly  the form and main reasons f o r  development 

of sand cays, we may consider t h e i r  material  consti tution.  Since sedi- 
ment analyses a r e  not complete, t h i s  outl ine w i l l  be brief.  The materials 
of sand cays f a l l  i n to  two groups: the  loose, incoherent uncemented 
sediments, and the l i t h i f i e d  rocks. 

( a )  Un~onsolida~eci sediments. - 
On the a t o l l s ,  unconsolidated sediments of sand cays range from 

f ine  sand t o  boulders, with coarse sands (0.5-2mm) and shingle (20- 
100m) predominant. The sediments of a l l  s izes  a r e  usually well-sorted, 
but sometimes bimodal. They are  almost wholly organic i n  origin: and 
the mechanical properties of the  sediment a r e  closely associated with 
the type of organic materials !which const i tute  it. Shingle consists 
largely of stony corals--small globular corals  of the  genera Nontastrea, 
Siderastrea,  Diploria, Neandrina and others, and broken fragnents of - 
l a rger  branching corals, notably the kcropora and Porites.  T'ne grain 
s i z e  of the sediment depends largely on the proportion of par t icular  
corals  i n  it; thus the f i r s t  group a re  normally represented by abraded 
whole colonies, whereas the corals of the second group break dobn rapidly 
in to  and t lplates".  iicropora cervicornis breaks down in to  cylin- 
d r i c a l  s t i cks  2-3 inches long and $ inch i n  diameter, A. palmaka in to  
larger  more slabby plates  6 inches and more i n  leng.th. The shapes of 
these par t ic les  make cay sediments d i f f i c u l t  t o  analyse by normal methods, 
since conventional mesh sieves bear l i t t l e  relat,ion t o  ac tua l  s ize  and 
weight of coral  fragnents. Other consti tuents of shingle areas a r e  
calcareous a lga l  nodules, especially i n  exposed areas,  roughly cylin- 
d r i ca l  i n  shape and up t o  4 inches long; Strombus and other she l l s ,  
which loca.lly form up t o  4% of shingle ridges;  and of minor importance, 
horny skeletons of s o f t  corals,  clumps of cslcareous green algae, 
sponges, and drift~wood. Rubble d i f f e r s  from shingle i n  i t s  greater  
sine (opten i n  excess of 50cm diameter) arid more i r regular  shape. It 
consists chiefly of the  more massive coral  heads (Diploria, Nontastrea), 
subject t o  weathering ra ther  t h m  abrasion. 

Cay sands similarly derive t h e i r  charsc te r i s t ics  froin contained 
organisms sorted by wave action. The most important s ingle  consti tuent 
i s  the green alga, Halimeda. I n  the  Pacif ic  t h i s  alga i s  a niajor sedi- 
ment contributor on deep lagoon f loo r s  ( ~ u n a f u t i :  David and Sweet, 1904, 
151; PIarshalls: Emery, Tracey and Ladd, 195l+; Kapingamarangi: McKee, 
Chronic and Leopold, 1959), whereas i n  the Caribbean evidence seems t o  
be accumulating t h a t  it is  of grea tes t  importance i n  shallow water a s  a 



beach consti tuent (Porto Rico: Van Overbeek and Crist, 1947; Jamaica: 
Steers  and others,  1940). Sand analyses a r e  not complete, but i n  
Br i t i sh  Iionduras, Halirneda segments i n  places form small beaches con- 
ta ining no other material, and many beach sands, pwt i cu l a r ly  near t ide- 
levels ,  consist  of 80-952 of t h i s  alga. This !my resu l t  from the 
greater  mobility of the  f l a t ,  plate-l ike segments under wave-action, 
and t h e i r  concentration i n  t h i s  zone, f o r  away from the beaches, whole 
Halirneda segments form a l e s se r  proportion. The segments range i n  dia- - 
meter from 0.8-2mm; some a re  larger .  A sand consist ing largely of 
Malimeda will thus be concentrated i n  t h i s  s i ze  group, and have a very 
small standar2 deviation. I n  addit ion t o  whole Halimeda plates ,  cay 
sands contain brolten Iialimecl& plates ,  Nomotrema nodules i n  exposed s i tu-  
a t ions ,  s~ml l  amounts of t e s t s  and spines of echinoderms, sponge spi- 
cules, f i s h  bones, she l l s  and similar remains, and variable y ,uwt i t i es  
of unrecognisable coral  fragments. 

The wide difference i n  ch%rac te r i s t ics  and cornposition of shingle 
and sand on the cays i s  pr inwy evidence of one nost importarit fac tor  
i n  cay composition: the discontinuous breakdown of constituent organic 
a t e a l .  The importance of discontinuous brealcdown i s  well-known i n  
f l u v i a l  landscapes, but i s  l e s s  studied with respect t o  cays. To take 
examples: A. cervicornis and 5. paL!!.:~ta break down f i r s t  in to  s t icks  
and p la tes  Ghich vary 1 F s i z e  within narrow l imits ,  and then in to  consti- 
tuent carbonate grains, with no intervening "f ine gravel" stage. 
iialimeda breaks down in to  separ-ate whole plates  o r  leaves, each of which 
may s p l i t  i n to  two or  three par t s  before disintegratiny: i n to  f i ne  par t i -  
c les .  Larger globular cora l  heads i n  the  zone of wave action seex t o  
pass d i r ec t ly  t o  the  constit,uent pa r t i c l e  stage. These changes a r e  
brought about mainly by mechanical abrasion of sediments, pwtly by 
chelnical and biologic breakdown. 

Nany studies have been made (Otter, 1937; Bert r~m, 1936) of the 
breakdown of corals by boring algae, molluscs, f i sh ,  echinoderms and 
other organisns. On the a t o l l s  Scarids were frequently seen rasping 
the surface of coral  boulders, and Iiolothurians were seen i n  great  
numbers excreting character is t ic  cyl indr ical  rods of sand-size material, 
but we made no special  studies on t h e i r  ro le  i n  rock comninu.tion. 
However, a t tent ion may be drawn t o  one means of cora l  breakdown, ac t ive  
on cay surfaces beyond the zone of wave action,  seen over wide areas. 
This i s  the  s p l i t t i n g  of globular colonies (s ingle  heads) by r ad i a l  
f racture ,  generally on heads 1-2 f e e t  i n  diameter. I t  occurs mainly in 
Mon.tastrea annularis, g. cavernosa, and Diploria clivosa, and was seen 
on one o~c:~sion i n  Colpophyl15.a natans. I - L  presumably r e su l t s  from some 
form of chemical weathering, a d  specimens have been taken for. analysis.  
The primary s p l i t t i n g  i s  in to  perhaps h21f a d-ozen pyramidal segments, 
and the process i s  repeated, until the end products a r e  cuboidal seg- 
ments of rock $3/4 inch long, which themselves dis integrate  t o  coa.rse 
sand. Species can often be determined u n t i l  the penultimate stage. 
Breakdown of t h i s  sor t  rus.t be a major ixeans of comminution amy from 
wave action. 

Clays and s i l t s  a r e  not found on cays, a t  l e a s t  not i n  s ign i f i -  
cdn yuanti t ies.  



The B r i t i s h  Honduras sediments ag ree  i n  most e s s e n t i a l s  with those  
of Rrrec i fe  Alacran s tudied  by Folk  and Robles ( I  am nuch indebted t o  
D r .  Folk f o r  sending me a copy of h i s  unpublished but  d i f f e r  con- 
s iderably  i n  organic content  from o t h e r  areas. Thus a t  Bikin i ,  beach 
sands conta in  up t o  66% Foraminifera, inc luding t h e  l a r g e  foram 
Piarginopora reaching 5 mm i n  diameter (Sinery, Trt~cey and Ladd, 1954, 
36-37); while i n  t h e  southern C'arolines t h e  orange foram imirmhistegina 
forms up t o  9@ of: lagoon beach sands a t  Itapingamarangi (1%5cI<ee, Chronic 
and Leopold, 1959, 509-512). Foraminifem nowhere fcrm an i m p o r t m t  
cons t i tuen t  of beaches on t h e  a t o l l s ,  and those  which do occur on t h e  
r e e f - f l 8 . t ~  kind i n  the  lagoons (Cebulslti, 1961) a r e  microscopic forms, 
which cannot long r e s i s t  wave lihrasion when mixed with l a r g e r  ma te r i a l .  
Ulcyonarians a r e  not  we l l  represented i n  beach sands, i n  con t ra s t  with 
t h e  dominance a t t ached  by Cary t o  them i n  t h e  Dry Tortugas and Samoa 
(1918, 1931 and o t h e r  papers) ,  though they probably cont r ibute  t o  t h e  
l a r g e  amount of small  ca1c:;reous fragments which a r e  no longer iden t i -  
f i a b l e .  Halimeda a t  Bikin i  i s  "usua l ly  rare"  (Smery, Trncey and Ladd, 
195L+, 36),  i s  absent  i n  t h e  Hawaiian I s l a n d s  (Emery and Cox, 1956, 383), 
and i s  no t  mentioned i n  t h e  I(apingamarangi beach sands (?:icKee and o the r s ,  
1959), i n  c o n t r a s t  t o  i t s  iinportance i n  t h e  Caribbean. I n  sands, a s  
opposed t o  sh ingles ,  f r a m e n t s  der ived  from stony co ra l s  and from cal- 
careous algae a r e  probably of n e a r l y  equal importance i n  B r i t i s h  
Honduras, e spec ia l ly  i n  the  lo lwr  grade s i z e s  where i d e n t i f i c a t i o n  i s  
d i f f i c u l t  . 

F i n a l l y ,  a note on " e r ~ t i c ' ~  sediments on a t o l l  i s l ands .  These 
a r e  of fou r  types: pumice, lava,  quar tz ,  and brown limestone. Pumice 
i s  everywhere widespread on c o r a l  i s l ands ,  and can o f t e n  be used i n  dat- 
ing  when co r re l a t ed  w i t h  known erupt ions .  Riss Sachet has reviewed i t s  
d i s t r i b u t i o n ,  and noted t h e  l ack  of evidence so f a r  from the  Caribbean 
(1955, 27). Verrneer (1959, 121) mentions t h a t  "rounded pieces of 
pumice .... found on many of t h e  cays appear t o  have been carried....from 
t h e  volcanic !4indbfard i s l ands  t o  t h e  of fshore  a r e a  of B r i t i s h  Honduras 
-2nd then thrown up on t h e  cays by t h e  wind dr iven  surface  waves and 
current ."  The d i s t r i b u t i o n  of pumice on t h e  cays i s  e r r a t i c :  one cay 
may have itbundant pumice and a nearby i s l a n d  very l i t t l e .  Gener.%lly,' 
it is more abundant on t h e  exposed cays of Lighthouse Reef, Glover's 
Reef and tile southern b a r r i e r  r ee f ,  than  on Turneffe and t h e  northern 
b a r r i e r .  The g r e a t e s t  amounts a r e  found on t h e  southern b a r r i e r  r ee f  
cays. $lost of t h e  pumice i s  i n  small  rounded pieces 0.5-2 inches i n  
diameter, but t h e r e  a r e  nmerous  smal ler  fragments, and some l a r g e r  ones 
up t o  9 inches  long. The pumice i s  s i lver -grey  when f r e s h ,  o f t en  black- 
ened on t h e  outs ide ,  and has undergone some weathering. It does no t  form 
d i s t i n c t  zones on cays, a s  i n  some ree f  a reas ,  and cannot be used f o r  
da t ing  o r  a s  evidence of shore l ine  change. L t  seems t o  be accumulating 
a t  a f a i r l y  s teady r a t e .  

The second rock, a lava ,  i s  much l e s s  common, but a number o f  sueei- 
mens can soon be found by searching sh ingle  r idges ,  as a t  Half Hoon Cay. 
It forms subrounded blocks up t o  6 inches long. Dr. C.L. Forbes of t h e  
Sedgwiclc iaseum, Cdmbridge, k indly  comments t h a t  it i s  a very v e s i c u l a r  
scoriaceous lava ,  r ed  i n  f r e s h  sec t ion ,  weathering t o  yellowish-brown 



with many black spo t s  which may be o r i g i n a l  o r  a weathering product. 
Tne zone of weathering extends inwards f o r  $ inch  from t h e  surface of 
specimens. The lava conta ins  s h e l l  inc lus ions .  It does not  f l o a t  i n  
water, and has probably been brought i n  t r e e  r o o t s  (Emry,  1955). 

The t h i r d  rock, white qua r t z ,  i s  known only from a s i n g l e  speci- 
men 1 inch i n  diameter picked up by k r r a y  on Ciiddle Cay, Glover's Reef. 
It, too ,  has presumably been r a f t e d  i n  by f l o a t i n g  t r e e s :  suggest ing an 
o r i g i n  f o r  both l ava  and qua r t z  on t h e  r e l a t i v e l y  c lose  Honduras and 
NicaraWn coas ts ,  r a t h e r  than i n  t h e  Lesser  i i n t i l l e s .  

F i n a l l y ,  t h e  brown l imestone,  known from Half Koon Cay i s  rounded 
l a r g e  pebbles up t o  1 f o o t  i n  diameter.  I am indebted t o  Dr. Forbes 
f o r  examining t h i s  rock i n  t h i n  sec t ion  and making t h e  fol lowing obser- 
va t ions :  "The rock i s  a c a l c a r e n i t e  with subordinate qua r t z  sand and i s  
much r e c r y s t a l l i z e d .  This mems t h a t  it o r ig ina ted  a s  a sand of which 
t h e  g ra ins  were formed from a pre-exist ing limestone, being cemented by 
t h e  add i t ion  of more lime t o  form t h e  present  rock. The small an~ount of 
quar tz  sand was presumably bbwn i n  by t h e  wind o r  washed i n  by water be- 
f o r e  the  f i n a l  cementifig. The limestone of which most of t h e  sand-grains 
a r e  composed, i s  of an obscure na ture ,  but was most l i k e l y  a c a l c i l u t i t e ,  
I think.  It could have been fornied from a f ine-grained calcareous mud, 
such muds being common depos i t s  of imrm marine lagoons. Thus, t h e  rock 
could represent  a n  e a r l i e r  episode i n  t h e  h i s t o r y  of t h e  p lace  where 
you found it. But it could equal ly  wel l  have been brought i n  from some 
o t h e r  region,  along with t h e  scoriaceous l ava  and pumice sanples you 
showed me. (The white riiaterial f i l l i n g  pipes i n  t h e  rock i s  a l s o  car- 
bonzte of lime presumably p r e c i p i t a t e d  from vadose ground m t e r  i n  t h e  
burrows of organisms, i n  holes  l e f t  by decaying plant-roots ,  o r  s inp ly  
by replacement of t h e  l imestone along passages of e a s i e r  permeability)." 

None of these  " e r r a t i c "  rocks a r e  of any q u a n t i t a t i v e  importance 
i n  cay formstion, though punice may form a very l o c a l  gr0ur.d cover. 

(b)  Consolidated sediments - 
L i t h i f i e d  rocks on r ee f  i s l a n d s  a r e  of such v a r i e t y  and i n  some 

cases so d i f f i c u l t  t o  d i s t i n g u i s h  t h a t  they may be incorEect ly  mistaken 
f o r  each o the r  and f a l s e  conclusions a s  t o  t h e i r  o r i g i n  drawn. The more 
coixton types  of rocks on reef  i s l a n d s  may be gouped  as fol lows ( t h e r e  
a r e  probably o the r s )  : 

1. O o l i t e s  and aeolian'tes d a t i n e  from an e a r l i e r  period i n  t h e  
i s l a n d ' s  h i s to ry .  Aeol iani tes  a r e  we l l  seen i n  Bermuda (hgassi.z, l895) ,  
and o o l i t e s  i n  .the Bahamas (Newell. and o thers ,  1951) and on Pedro Bank 
(Zans, 1958, 8-11); they have no t  been seen i n  B r i t i s h  Honduras. 

2. True e levated  reef  rock, charac ter i sed  by t h e  presence of 
co ra l s  i n  t h e  pos i t ion  of growth i n  a r ~ ~ t r i x  of o t h e r  calcareous sedi- 
ments, described f o r  example by Gardiner  (1903-6) and Seymour Sewell 
(1935, 1936) i n  t h e  :ialdives. lit lower e levat ions  t h i s  may appear a s  
t h e  "honeycomb rock" of Stephenson and o t h e r s  (1931, 53, 101). It has 
not  been c e r t a i n l y  i d e n t i f i e d  i n  B r i t i s h  Honduras, except f o r  small  a r e a s  
along t h e  windward r e e f s  of Lighthouse Reef. 



3. Shingle conglomerate and shingle limestone. Shingle conglomer- 
a t e  was the name {:iven by Stephenson t o  "recently cemented platforms of 
cora l  debris... everywhere more o r  l e s s  compacted together by means of 
mud and s i l t  t o  form a hard rock" (Stephenson and others,  1931, 25). I n  
Queensland it i s  formed from l i t h i f i e d  shingle ridges on low wooded is- 
lands. In  the Houtman's kbrolhos, Teichert sharply distinguished "rocks 
t h a t  r e su l t  from the cementation of i n t e r t i d a l  deposits  largely corn- 
posed of coral  fragnents. iis f a r  a s  the Abrolhos a r e  concerned a c h a r  
d i s t inc t ion  between shingle beach ridges and shingle limestones has 
always been easy t o  mske, f o r  nowhere were consolidated be?.ch ridges 
found, and shingle limestone deposits a r e  normally of such a nature a s  
t o  suggest formation i n  the  zone of breakers s l i gh t ly  outside the zone 
i n  which beach ridges are  bu i l t "  ( ~ e i c h e r t ,  1947, 152). The two depo- 
sits can best be distinguished, it seems, by t h e i r  physiography and 
f i e l d  re la t ions .  

4. "Promenade lZockfl. The exact s t a tu s  of t h i s  i s  uncertain; it 
has been described from the Great Barr ier  Reefs and from the Piorant Cays, 
Jarnaica. On the low wooded islands of the  Queensland coast ,  Steers  
speaks of "a platform o r  promenade of coral  conglomerate" (1937, l w ) ,  
which m y  be "a cemented, ancient, and presumbly raised rampart" (1937, 
27) (cf . 1929, 3 2 - 5 6 ,  and Spender, 1930, 209-210). Steers  l a t e r  gave 
t h i s  description of promenades on t h e  Morant Cays: "The ),Iorant promen- 
ades are  made essent ia l ly  of beach rock, with la rger  f r a p e n t s  of Coral 
and shel ls .  They a re  always t o  windward of the  cay; they a r e  very rough 
i n  de t a i l ,  but appear l eve l  from a short  distance;... they of ten show 
c lear  dips,  but these dips  a r e  not consistent i n  direction.  k t  f i r s t  
s ight ,  they can eas i ly  be taken a s  raised features ,  especially a s  they 
a re  often par t ly  covered with Sesuvium and grass and a re  about a foot 
above mean sea-level, but there  i s  nothing to  prove it. ... What i s  
d i f f i c u l t  t o  explain i s  t h e i r  f l a t  upper surface" (1940b, 309); and 
again: "They a re  mainly composed of cemented sand and... a.re of the  
same nature as  ordinary beachrock; they m3,y contain she l l s  and cora l  
fragments. Their outer and upper surfaces a r e  eroded in to  very jagged 
forms. Apart from the detai led erosion forms, t he  average surface i s  
often remarkably level ,  and from about 12 t o  18 inches above high water 
mark; it i s  t h i s  chdracter is t ic  which rnakes the term 'promenade' appli- 
cable. ... Tne outer surface layer of the promenade, about a quarter 
t o  a half an inch i n  thickness, was usually hard and compact, and stalag- 
mit ic  i n  appearance i?hen broken. . . . The promenade rock of ten shows 
c lear  dips, but they a re  not regular i n  direction. The promenades occa- 
sionally show long and f a i r l y  s t r a igh t  cracks o r  joints,  not i n  any 
p a ~ t i c u l a r  arrangement, but on a considerable scaleu (l940a, 39-lr0) . 

These descriptions have been quoted it some length because of 
t h e i r  s imilar i ty  t o  some of the  Half hoon Cay exposures described i n  
Section V I .  S teers  did not thlnk the  Morani promenades should be too 
closely compared with those of the  Great Barrier Reefs, and l e f t  the 
question of t h e i r  or igin  open, i n  the  hope tha t  work elsewhere, espe- 
c i a l l y  i n  Br i t i sh  Honduras, might provide a solution (1940a, LO; 
Steers  and others, 1940, 310). Unfortunately promenades a r e  not common 
in  Br i t i sh  Honduras, even on the most exposed cays, nor a r e  they found 



on Pedro Bank, where the s i r i ~ i l a r i t i e s  with the Morant Cays might be 
expected tobe  greates t  (Zans, 1958). I doubt whether they indicate u p  
l i f t ,  a t  l e a s t  i n  the  sense of a eus ta t ic  f a l l  i n  sea-level, since, as  
Spender pointed out (1930, 210) we should i n  t h a t  case find more ex- 
tensive rerraants i n  more sheltered positions. 

I n  p-wenthesis the formation of "ironshore" on t rop ica l  limestone 
coasts may be mentioned, since it nay conceivably be confused with pro- 
menade rock. Ironshore o n l ? ~  seems t o  form on coasts of sol id  carbonate 
rock, and hzs been widely described i n  the Caribbean (caymans: iuiatley, 
1929, Doran, 1954; Cozurriel and mainland Yucatan: Edwards, 1957, 23-28; 
Ruatan, Bay Islands: Richards, 1938; San iindres, I\ricara&wan coast: 
Parsons, 1956); but it i s  not found i n  Br i t i sh  Honduras even on those 
sections of the  mainland coast where limestone forms low c l i f f s .  
Parsons (1956, 55) considers it the  same a s  the  biorant and Queensland 
promenades, but such a conclusion seems dubious. 

5. I n t e r t i d a l  beachrock and i n t e r t i d a l  beach conglomerate. These 
a r e  undoubtedly the best known l i t h i f i e d  materials on sand cays and other  
t rop ica l  beaches. They seem t o  be mainly i n t e r t i d a l  i n  origin,  and 
generally form ribbons following the  shore, dipping seaward a t  the  angle 
of the  beaches. Beachrock i s  found e i the r  on windward o r  leeward s ides  
of czys, but never wholly surrounds them. In  Br i t i sh  Honduras, most 
of the outcrops occur on the windward s ide of cays, where erosion i s  
currently taking place, and only r a r e ly  on prograding lagoon shores. 
There a r e  many recent reviews of t he  beachrock problem (Einery and Cox, 
1955; Ginsburg, 1953; Kaye, 1959; Russell,  1959), but no agreement has 
been reached on i t s  origin,  the most d i f f i c u l t  factor  t o  explain being 
i t s  patchy dis t r ibut ion.  It occurs in Br i t i sh  Honduras on cays too 
small t o  have appreciable fresh water seepage through cay sands, a s  
Gardiner (1931, 40) and others supposed; and it i s  found on both very 
exposed and very protected shores. A l l  the  incipient (newly exposed, 
poorly indurated) beachrock (BR I1 a t  Northern Cay, Lighthouse Reef; 
~ec~dm-an I, Turneffe) i s  i n  a very sheltered location,  with t he  excep- 
t i on  of tha t  a t  Kiddle Cay, Glover's Reef; t h i s  i s  also the case on 
the barr ier  reef cays. The suggestion tha t  blue-green algae are  
act ive agents i n  cementation has been disproved (Xrauss and Galloway, 
1960). 

6. Rocks formed by cementation of sands i n  cay in te r iors ,  in- 
cluding the "cay sandstone" of Kuenen (1933, 86-88) and Seymur Sewell 
(1935, 502ff.),  and the phosphate rock widespread i n  the  d r i e r  par t s  of 
the  Pacific ( ~ o s b e r g ,  1957). This group has not been cer ta inly identi-  
f i ed  on the a t o l l s ,  'though it may occur a t  Harry Jones, Turneffe, and 
i n  t he  i n t e r io r  of Half 1)ioon Cay, Lighthouse Reef. Sewell was "by no 
means f u l l y  convincedl~.of the d i s t inc t ion  between cay sandstone and 
beachrock (1935, 501-502). 

This review i l l u s t r a t e s  the d ivers i ty  of rocks recognised by 
reef workers; of them, only the beachrocks have been investigated wkth 
any thoroughness. The difficul-ties of d i f fe ren t ia t ing  between the groups 
of reefrock, shingle limestones and conglomerates, promenade rock and 
i n t e r t i d a l  beach conglomer.2-te have been i l l u s t r a t e d  i n  the account of 



Half Moon Cay i n  Section 171. One cannot emphasise too strongly the 
need for  caution i n  interpret ing l i t h i f i e d  materials a t  t h i s  stage. 
The f a c t s  of d i s t r ibu t ion  alone suggest t h a t  these and similar rocks, 
which a t  f i r s t  s igh t  may seem t o  indicate  r e l a t i ve  up l i f t ,  may i n  f a c t  
be l i th i f ieci  storm o r  hurricane constructions. To take a recent exam- 
ple:  some months a f t e r  Typhoon Ophelia a t  J a l u i t  Atoll ,  Marshall Islands,  
the  reef-f la t  was par t ly  covered with "broad, low t r a c t s  of irnbri- 
cated slabs and boulders" developed from storm ridges (Blumenstock, 
Fosberg and Johnston, 1961, 619). I f  these a r e  l i t h i f i e d ,  in to  what 
c lear  category w i l l  they fall--shingle limestone o r  conglomertite, beach 
conglomerate, o r  promenade rock? "There a r e  necessarily, a t  the  pre- 
sent stage,manystructures described i n  the  exis t ing accounts of cora l  
reefs  of which one can only say wi th  Professor Sol las  (Funafuti Report, 
p. 24): 1 1  do not understand it, and forbear from speculationH' 
(Stephenson and others,  1931, 91). 

Rel ic t  beachrock g& present evolution of sand -- 
i~ssuriiing tha t  t rue  beachrock is  essen t ia l ly  i n t e r t i da l ,  then it 

becomes a v a h a b l e  too l  i n  interpret ing cay history.  To some extent it 
forms an tlarmourplate'l against  cay erosion, but i t s  success i s  not in- 
variable, and once a beach s h i f t s  under wave act i0n.a  l i ne  of r e l i c t  
beachrock may be l e f t  as  evidence of i t s  former position. INultiple 
shif-ts leave multiple l i n e s  of beachrock, recording positionand orienta- 
t ion of former beaches. The record i s  not complete: beachrock i s  notor- 
iously patchy i n  disi;rib>~%ion, and may be e i ther  subsequently covered 
by f resh  beach sands, eroded away, o r  i t s e l f  broken and moved by wave 
action. Russell  (1959) has shown how beachrock exposures may a l t e r  
d ras t ica l ly  w i t h  seasons, and there  i s  no doubt tha t  many inconspicuous 
exposures a r e  not seen by investigators,  even i n  careful  surveys. Nuch 
at tent ion was devoted during both expeditions t o  mapping r e l i c t  beach- 
rock i n  shoal water near cays, and several  general conclusions emerge. 
In  most cases, l i ne s  of r e l i c t  rock record continuing migration of cays 
away from reef edges and reef openings, back across the reef f l ~ ~ t  to- 
wards the lagoon. Cays are  eroding t o  \windward, aggrading to  leeward, 
and very l i t t l e  beachrock i s  thus exposed on l e e  shores (an exception 
i s  Southwest Cay 11, Glover's Reef, discussed i n  Section VII). This i s  
i n  strilcinc agreement with evidence from other areas,  including the 
Maldives (Gardiner, 1903-6; Seymour Sewell, 1935, 216-517, 1936, 85) and 
the Carolines (3icKee) 1958, 248-249). There i s  also a tendency, noted 
par t icular ly  on the barr ier  reef cays, f o r  t he  outer, presunably older 
l i ne s  of beachrock, t o  l i e  a t  a lower l eve l  than inner newer l ines:  some 
even form a base f o r  branching corals,  which would be impossible i n  
t h e i r  o r ig ina l  i n t e r t i d a l  location. This evidence i s  discussed else- 
where (Stoddart, 1962)) and taken t o  indiczte  s l i g h t  drowning of the  
cays i n  modern times, perhaps associated rwith t he  present cl imatic 
amelioration: but the d i f f i c u l t i e s  of such an interpreta t ion a re  stressed.  

There i s  much other evidence of erosion on cays, chiefly i n  the  
form of undercut cay rmrgins, toppled coconut t rees ,  and unusual shape 
of cays. Undercutting has been almost universally noted i n  the detai led 
cay descriptions. Kuenen noted t h e  same phenomenon i n  Indonesia (1933, 
1950; a l so  Sewell i n  t he  Indian Ocean, 1935, 512-518), and interpreted 
it a s  evidence of a f a l l  i n  sea-level of t he  order of 2 metres; several  



workers have r ecen t ly  adopted t h i s  a s  an e s s e n t i a l  element i n  r ee f  
theory (Cloud, 1954; Wiens, 1959). Vermeer (1959) described evidence 
which i n  h i s  opinion showed '. similar 5-7 f o o t  f a l l  i n  sea  l e v e l  i n  
r e c e n t  times i n  B r i t i s h  Hondums. There i s  no evidence of t h i s  on the  
a t o l l s  (Sect ions V,  V I ) ,  and none on t h e  b a r r i e r  reef  which can be re- 
garded as subs tan t i a t ed  beyond reasonable doubt. The ques t ion  of such 
a 6 f o o t  f a l l  i s  discussed with reference t o  t h e  r e e f s  i n  Sec t ion  I X ,  
but  it can be sta-Led here,  q u i t e  unequivocally, t h a t  i f  t h e  sea  l e v e l  
s tood 6 f e e t  higher  than now, t h e  cays a s  we know them would simply not  
e x i s t .  None of the  cays a r e  so high tha-t they cannot be r e f e r r e d  t o  a 
sea-level  a t  o r  near  the  present ;  conversely, i f  such a s t i l l s t a n d  d id  
t a k e  place, cay development must have been weak i n  t h e  extreme, f o r  
while present  seas  can bu i ld  r i d s e s  10 f e e t  high, t h e  6 f o o t  s e a s  can 
only have constructed beaches 3-4 f e e t  high. Further-and t h i s  i s  a 
s ign i f i c - in t  point-rise of sea l e v e l  by 6 f e e t  would have t h e  e f f e c t  of 
increas ing  degree of exposure, considerably a l t e r i n g  p a t t e r n s  of wave 
r e f r a c t i o n ,  and moving t h e  locus  of cay accumulation lagoonward. The 
only way o u t  of t h i s  dilemma is t o  assume t h a t  t h e  r e e f s  grew up  en- 
. t i r e l y  t o  t h e  6 f o o t  l e v e l ,  and have subsequently been completely planed 
away: an  ,nprobable circumstance i n  t h e  2,000 yea r s  which Fai rbr idge  
(1961, 168-169) allows. I f  t h i s  s t i l l s t a n d  can be demonstrated on t h e  
B r i t i s h  Honduras cays, which a f t e r  much d e t a i l e d  work I regard a s  very 
doubtfu l ,  then the  cays must a l l  pos tda te  it, and be l e s s  than  2,000 
y e a r s  o ld ;  t h i s ,  too ,  I f i n d  improbable. 

There remains t h e  p o s s i b i l i t y  of minor f l u c t u a t i o n s  of sea-level. 
The evidence c o n s i s t s  of t h e  undercutt ing noted, which i s  genera l ly  i n  
beaches 2-4 f e e t  high, and has noth ing  t o  do with a 6 f o o t  s t i l l s t a n d ,  
and of r a i s e d  beachrock. The undercut t ing  i s  a h l o s t  un ive r sa l  on a t o l l s  
an& b a r r i e r  r e e f s ,  t h e  r a i s e d  beachrock l imi t ed  t o  Lighthouse Reef and 
Turneffe. No ra i sed  beachrock o r  o the r  l i t h i f i e d  ma te r i a l  i s  found on 
t h e  b a r r i e r  reef  o r  Glover 's  r e e f ,  and f o r  t h i s  reason cannot i n d i c a t e  
a e u s t a t i c  f luc tua t ion .  I n  t h e  case  of Turneffe and Lighthouse Reef it 
seems t o  i n d i c a t e  p o s i t i v e  l o c a l  u p l i f t ,  and t h e  case of Turneffe i s  
b r i e f l y  discussed below. This leaves  l i t t l e  but t h e  undercutting. One 
may fo l low Kuenen and be l i eve  t h a t  a f a l l  i n  sea-level w i l l  l ead  t o  
eros ion  of t h e  cay by eros ion  of i t s  foundation--in which case, why a r e  
r a i s e d  beachrock and reef rock no t  more widespread? O r  one may consider  
it t o  r e s u l t  from a s l i g h t  r i s e  i n  sea-level  shown by drowned beachrock, 
i n  which case it should be a world-wide phenomenon. This drowning i s  
est imated a t  about 4 inches i n  t h e  l a s t  century, increas ing  i n  r a t e  i n  
t h e  l a s t  20 years  (Fai rbr idge ,  1961, 102-105). It may be s i g n i f i c a n t  
t h a t  i n  those a r e a s  where t h e  r a i s e d  beachrock i s  found, undercut t ing  
of cay margins i s  very poorly developed. Speculat ion on such l imi t ed  
evidence i s  bound t o  be dangerous, and t h e  ques t ion  i s  bes t  l e f t  open 
a t  t h i s  s tage .  However, we may no te  t h a t  a deepening of water t o  t h i s  
ex ten t  i s  equivalent t o  inc reas ing  t h e  deeree of exposure, and hence 
i n  s h i f t i n g  t h e  locus  of cay accumuiation lagoonward. The known r i s e  
i s  small,  but s t i l l  considerable when compared with t h e  t i d a l  range. 

For tunate ly  we a r e  a b l e  t o  es t imate  i n  one case (Sandbore Cay, 
Lighthouse Reef) t h e  rake of cay eros ion  and migration, a t  approxi- 
mately 1 yard per  annum, becoming more rapid  i n  t h e  l a s t  1 5  years.  
This  f i g u r e  i s  probably much too  high f o r  most cays, s ince  Sandbore i s  



i n  an exceptionally expsed  posit ion and i s  unprotected by shingle 
ridges. Detailed mapping over a period of years should lead t o  more 
r e l i ab l e  data. tKhether the  cays a r e  decreasing o r  increasing i n  s i z e  
i s  a moot point, which has been argued f o r  other areas. It has been 
suggested tha t  a s  the seaward shore r e t r ea t s  fur ther  f romthe  reef edge, 
the  waves reaching i t  wi l l  be l e s s  powerful and erosion w i l l  slow down, 
without any necessary re tardat ion of lagoonward growth. On the other 
hand, i n  the i r  migration lagoonward, inany cays have now reached the 
inner l imi t  of the  f l a t  on which they stand. Verwey (1931, 203) pub- 
l ished a diagram showing a cay extending lagoonward on the f l a t  on i t s  
own de t r i t u s ,  without perhaps r ea l i s ing  the vast  amount of material  re- 
quired. Once a cay begins t o  be pushed off i t s  reef f l a t ,  it wi l l  rapid- 
l y  decrease i n  area  a.nd may disappear altogether;  evidence indicates  
t ha t  t h i s  stage i s  now being reached on the Br i t i sh  Honduras reefs .  

Turneffe: a special  Csse 
  he <and cavs of eastern Turneffe form a saec ia l  case, d i s t i n c t  

fro21 cays elsewhere i n  B r i t i s h  Honduras. The foilowing f a c i s  a r e  rele- 
vant: ;it Soldier Cay, where the a t o l l  i s  widest, there  is  a short sec- 
t i on  of exposed, drying reef along t h e  main eastern reef. A t  nearby 
Harry Jones there i s  a t i l t e d  beachrock r i s ing  t o  2 f e e t  above the sea. 
Extending north and soutin from t h i s  p i n t ,  along the eas t  s ide of t he  
main mangrove be l t ,  i s  a sand ridge, which i s  underlain by the Harry 
Jones beachrock, and hence must have shared i n  i t s  up l i f t .  North and 
south of the ends of t h i s  sand ridge,  where the a t o l l  begins t o  narrow, 
a r e  a number of a typical  sand cays, located back of unbroken reefs  on 
unusually shallow reef flats--the Deadman Group i n  the  south, t he  
Cockroach Group i n  the  north. These may represent a stage i n  the  develop- 
ment of a continuous sand ridge. It i s  suggested, a s  a point f o r  dis- 
cussion, tinat t h i s  is  i n  f a c t  the  case, and t h a t  these f ac t s  taken to- 
gether show s l i g h t  recent warping of the Turneffe bank, reaching a maxi- 
mnum i n  the  ilarry Jones-Soldier Cay area,  and decreasing north and south. 
This would also help t o  explain t he  development of the Deadman and 
Cockroach Groups. For reasons already made clear,  we cannot accept 
eusts-tic f luctuations of sea l eve l  a s  explanations of these several  fea- 
tures .  

Effect of hurricanes on sand cays 
TG incidence and e f fec t  of hurricanes have been br ie f ly  noted i n  

Section 111. Elsewhere t h e i r  general e f fec t s  are  well  known, witness the 
accounts of the 1y3/.+ cyclone a t  Low I s l e s ,  Great Barrier Reef (Eoorhouse, 
193h), and the devastations of limo Atol l  recorded by Wells (1951, 5-7). 
Recently hurricane e f fec t s  have been studied i n  great d e t a i l  following 
Typhoon iiphelia a t  J a lu i t ,  W r s h a l l  Islands,  i n  1958  lumenst stock, 1958a, 
ly5$b, 19&; NcKee, 1959). K recent resurvey a t  J a l u i t  indicates  tha t  
some of the  changes may be only temporary interruptions (Blumenstock, 
Fosberg and Johnson, 1961). Long tenn e f fec t s  may be s m ~ a r i s e d  from 
Br i t i sh  Honduras data a s  follows: 

1. Catastrophic erosion of cays, lwhich i n  conditions of r i s ing  
sea-level cannot eas i ly  be repaired; i l l u s t r a t ed  by Saddk Cay, 
Lighthouse Reef. This may lead t o  



2. Dest ruc t ion  of cays, where t h e  whole i s l a n d  i s  washed away. 
This can be wel l  i l l u s t r a t e d  from t h e  b a r r i e r  r e e f ,  no t  so e a s i l y  from 
the  a t o l l s .  The second of t h e  Pe l i can  Cays, Turneffe, and Bushy Cay, 
Glover's Reef, may have disappeared i n  t h i s  way. Once a vegetated cay 
i s  destroyed and replaced by a ifsecond generat ion" sandbore, a long per- 
iod must e lapse  before chance coLonisation by vegetat ion takes  place,  
i f  a t  a l l .  About six cays have disappeared i n  recent  yea r s  through 
hurr icane a c t i v i t y ;  indeed, many a r e a s  now lacking cays, where i s l a n d s  
might reasonably be expected (such a s  reef  gaps) ,  may be only temporarily 
without them, and search may vie11 show t r a c e s  of beachrock a t  t hese  
points.  

3.  Physiographic e f f e c t s  inc lude  t h e  exposure of beachrock and 
o the r  rocks a s  shores s h i f t  under hurr icane  wave ac t ion ,  a s  a t  Half 
Noon Cay; t h e  s t randing of l a r g e  boulders a s  a t  t h i s  cay and 'iiddle Cay, 
Glover 's  Reef; t h e  breaking up of beachrock; and the  accumulation of 
l a r g e  rubble on r ee f - f l a t s ,  a s  a t  S o l d i e r  Cay, Turneffe. "Rampart 
wash" and f r e s h  sand carpe-Ls m y  be l a r g e l y  hurr icane  depos i t s .  

4. E f f e c t s  on vegetat ion:  these  a r e  d i f f i c u l t  t o  determine i n  
t h e  absence of previous surveys, and only a l igned f a l l e n  coconuts 
(Glover 's  Reef cays)  can be ascr ibed  t o  hurr icanes  a t  present .  Hurri- 
canes may he lp  t o  account f o r  t h e  haphazard d i s t r i b u t i o n  of some species  
of p l an t s  on cays, and f o r  t h e  des t ruc t ion  of mangrove a r e a s ,  revealed 
by abnormally low regrowth compared with o t h e r  a reas .  

These a r e  a l l  very genera l  observat ions.  However, i t  i s  hoped 
t h a t  t h e  physiography of t h e  a t o l l  cays i s  described i n  s u f f i c i e n t  de- 
t a i l  i n  t h i s  p ~ p e r  t o  make poss ib le  a c c u m t e  es t imates  of t h e  e f f e c t  of 
f u t u r e  hurr icanes.  I n  t h i s  r e spec t ,  r egu la r  resurveys t o  e s t a b l i s h  long- 
term changes a r e  requi red  (perhaps every decade),  t o  d i s t i n g u i s h  these  
from hurr icane  e f f e c t s ,  which i d e a l l y  should be assessed  a s  soon a s  
poss ib le  a f t e r  t h e  damage. 

V e ~ e t a t i o n  of sand cays 
L i t t l e  w i l l  be said. here  concerning cay vegetat ion,  p a r t l y  because 

I have no bo tan ica l  knowledge, p a r t l y  because present  vegetat ion pat- 
t e rns  on cays a r e  so a r t i f i c i a l  and ephemeral. The s t a r t l i n g  change i n  
appearance of many cays be tmen  t h e  two expedit ions,  and t h e  record of 
c l ea r ing  a t  Half Hoon Cay, i s  s u f f i c i e n t  evidence on t h i s  point .  K 
l a r g e  number of cays a r e  now v i r t u a l l y  unvegetated a p a r t  from coconuts, 
while t h e  ground vegeta t ion  of rnost of t h e  remainder i s  subjected t o  re- 
peated c u t t i n g  back, p&r,icularly on inhabi ted  cays. Vegetation, how- 
ever,  i s  of t h e  g r e a t e s t  importance i n  s t a b i l i s i n g  sand c ~ s ,  more so 
i n  i.?y opinion than beachrock, y e t  very l i t t l e  i s  known of reef  i s l a n d  
ecology and f l o r a  i n  the  Caribbean. Hillspaugh has described t h e  F lo r ida  
Keys (1907) and d a c r a n  (1916), Bowman t h e  Dry Tortugas (19181, Howard 
Bimini, Bahamas ( l950),  and Bdrgesen the  Virgin Is lands  (1909). The 
rnost r e l evan t  r eg iona l  accounts  have been those  of Aspreyin Jamaica 
(iisprey, 1959; and Bobbins, 1953; and Loveless, l958),  Chapman on t h e  
Jamaican c3ys (1944; S t e e r s  and o the r s ,  1940), and J.H. Davis on t h e  
Flor ida  Keys, Dry Tortugas and i.iarquesas (1942). Sauer (1059) has pub- 
l i s h e d  a recent  survey of c o a s t a l  pioneer  p l an t s  of t h e  Caribbean and 
Gulf of iiexico, based on wide-ranging f i e l d  s tud ies .  



The dominant vegetation of the  cays i s  the  coconut, Cocas nucifera, 
though it i s  probably not native t o  t h i s  region (Bruman, 1944; Beccari, 
1917). ikccording t o  Zdwards, the only references t o  coconuts i n  the  
Relaciones & Yucatan r e f e r  t o  plants imported from other Spanish posses- 
s-iards, 1957, 100). Me comments (p. 89) : "It may have been 
brought from the !Nest Indies by the ear ly  Sp-sniards and planted i n  
Yucatan, but we f ind no mention of i t s  occurrence along the Caribbean 
coast of the peninsula until t l ~ e  l a t t e r  par t  of the  Nineteenth Century." 
However, coconuts were widespread on the  sand cays of Br i t i sh  Honduras 
by 3.810 (~enclerson, 1.809; 1611, 21-22), and were established on the 
a t o l l s  a t  l e a s t  a s  ear ly  as  1720 (Saddle Cay, Section V I ) .  They have 
probab3.y greatly increased i n  importance i n  the  l a s t  SO years. 

In  t h e i r  natural  s t a t e  the cays may have supported broadleaf 
fores t s .  of which t races  remain o n 1 ~  on Half Xoon Cay. Lighthouse Reef, 
and Northeast Cay, Glover's Reef. The dominant, consti tuents a r e  
sebestena, Rursera sharuba ,  Bumelia retusa,  Pit,hecellobiwn keyense 
and Pouteria campechiana, with perhaps sapodilla and mahogany. Pinus 
caribaea, found on one of the uninhabited bar r ie r  reef cays, i s  not 
seen on the a t o l l s .  

With the exception of coca1 and res t r ic ted  broadleaf fores t ,  the 
vegetation of the  cays f a l l s=  six groups: (a )  strand plants; (b )  
marginal thicket;  ( c )  i n t e r io r  thicket ;  (d )  other i n t e r io r  areas, chiefly 
p a s s ;  ( e )  marsh and swamp; ( f )  mangrove. The strand plants include 
those species, nany pan-tropical, conunon t o  szfld beaches-an outer zone 
of -- Sesuviwn portulacastrun and Ipornoea, an inner zone with the hardy 
colonising grass Sporobolus virginicus and other plants  such a s  
Zuphorbia arid Canavalia. Sesuvium is  found on both shingle and sand, 
Iponoe+ generally on sand. The "in?.rginal thicket",  lying landward of 
the strand zone, d i f f e r s  according t o  substra te  and exposure: i n  ex- 
posed shingle areas Tournefortia gnaphalodes and C0rdi.a sebestena a re  
!!lost common; on l e s s  exposed sand shores they a r e  replaced by Suriana 
maritima and Coccoloba uvifera. The " in te r ior  thiclcet" i s  l e s s  well 
known. Besides Suriana it includes Conocamus erectus,  E r i t ha l i s  
f rut icosa,  Rivina humilis and Ernodea l i t o r a l i s .  kreas not covered by 
thicket  a r e  cenerallv under coconuts, with an undercarpet of low herbs 
(Stachytar b e t i  jana'iccnsis, i i~edel ia- t r i lobata ,  ~ n b r o s i a  hispida, Cakile i*yGe grasses !hdropogon gloineratus and Cy~erus  planifol ius ,  
the  l i l y  -- 1~I.ymenocallis l i ' t toral is ,  and the legume Sophora tonentosa. 
The vegetation of i n t e r i o r  marshes has been alnost  en t i r e ly  removed, 
and they are  now usua,lly covered by a mat of Wedelia t r i loba ta ,  which 
seems t o  prefer damp, shady iocations,  with a few r e l i c t  mangroves. The 
mangrove zone i s  not, by def ini t ion,  well developed on sand cays, and 
i s  represented only by scattered mature t r ee s  round cay margins, and 
inn1,merable Rhizophora -- seedlings i n  'shoal waterb offshore. 

The strand plants are  evergreen, f leshy, andadaptedto cay condi- 
t ions  ( thus  Sesuvium leaves a r e  p l m p  and f leshy i n  d i r e c t  sunlight, 
thinner i n  shade; while Tournefortia and Soohora show xerophytic adap- 
ta t ions) .  No cac t i  a r e  found on the  a t o l l  cays which dist inguishes them 
from the J-1rnaica.n and Florida cays, nor a r e  cult ivated f r u i t  t rees ,  i n  
d i s t inc t ion  t o  the  breadfruit  and other f r u i t  t r ee s  of the  Pacific 



i s l ands .  One f a c t  of i n t e r e s t  i s  t h e  i r r e g u l a r i t y  of d i s t r i b u t i o n  of 
cay p lants :  Ambrosia h isp ida  i s  widespread on Sandbore Cay, Lighthouse 
Reef, and Cay Bokel, Turneffe, b u t  i s  of minor importance elsewhere; 
Sesuviuni and espec ia l ly  Ipomoea may be e n t i r e l y  absent  on some cays. 
.. ~ 

miny of t h e  cay p l a n t s  have seeds v i a b l e  a f t e r  lona  immersion i n  s a l t  - 
water, notably Tournefort ia ,  which can germimte  a f t e r  s ix months 
(Sauer, 1959, 9) .  

Attempts have been matie t o  r e l a t e  t h e  present  d i s t r i b u t i o n  of 
p l a n t  a s soc ia t ions  on cays t o  s t a p e s  i n  t h e  development of vegeta t ion  on 
nelw cays: t h a t  thr: bare sand i s  f i r s t  colonised by a s t r a n d  as soc ia t ion  
( S e s u v i u ~ ,  ~pornoea), which u l t ima te ly  develops i n t o  t a l l  i n t e r i o r  t h i c k e t  
(&id, 191r2, 126-131; Chapman, 1941+). The succession i n  space i s  a l s o  
a succession i n  tiine. I f  t h i s  i s  t o  have value it requ i re s  d e t a i l e d  
work by t r a ined  bo tan i s t s  and i n  t h i s  connection it should be noted t h a t  
t h e  maps showing vegeta t ion  d i s t r i b u t i o n  on t h e  cays a r e  intended t o  show 
gross  f e a t u r e s  of t h e  vegeta t ion  only.  Strand vegeta t ion  alone i s  re- 
corded i n  any d e t a i l .  No previous c o l l e c t i o n s  have been made from these  
cays, so  t h a t  t h e  l i s t  of p l a n t s  c o l l e c t e d  (Appendix 2) w i l l  probably be 
much extended. I am very g r a t e f u l  t o  D r .  F.R. Fosberg f o r  t h e  i d e n t i f i -  
c a t i o n s ,  and much advice  on bo tan ica l  inatters.  

Nzrine a lgae  and other  p l a n t s  have been noted i n  some of t h e  de- 
t a i l e d  cay accounts. ~ i l g a e  were c o l l e c t e d  and the  i d e n t i f i c a t i o n s  a r e  
awaited. For an account of some a l g a e  from t h e  b a r r i e r  r e e f ,  see  
Willizm Randolph Taylor (1935). 

I n  add i t ion  t o  sand cays, Vermeer described two o t h e r  types from 
B r i t i s h  Honduras: 'hangrove cays", cons i s t ing  of clumps of Rhizophora 
mangle, which he noted from t h e  b a r r i e r  reef  lagoon and Turneffe, and 
"mangrove-sand cays", which he descr ibed  only from t h e  b a r r i e r  reef  la- 
goon (Vermeer, 1959, 32-40). Both these  types a r e  found on Turneffe, 
t h e  mangrove-sand cay i s  a l s o  found on Lighthouse Reef, and they a r e  
absent  only from Gloverts  Reef. 

The rnanarove % -- --- 
L i t t l e  information i s  a v a i l a b l e  on manmove cavs. ~ a r t l v  because .., , ; 

of t h e  d i f f i c u l t i e s  of studying and mapping them. They a r e  f requent ly  
l a r g e  and cover a much g r e a t e r  a r e a  than t h e  sand cays; they  have l i t t l e  
or. no dry  land,  c o n s i s t  wholly o r  predominantly of Rhizophora mannle i') 

and have l i t t l e  wild. l i f e  a p a r t  from bi rds  and boa c o n s t r i c t o r s .  iis 
Vermeer notes,  one of t h e  c l o s e s t  approaches i n  the  l i t , e r a t u r e  t o  t h e  
B r i t i s h  Honduras type of mangrove cay i s  i n  t h e  Bogue I s l ands  of 
Jamaic?, described by S t e e r s  (1940a), which I was a b l e  t o  see  from t h e  
shore i n  1960. On t h e  a t o l l s ,  simple mangrove cays a r e  confined t o  
Turneffe, where they o f t e n  r i s e  from f a i r l y  dee? water, suggesting some 
kind of basement. The coinple-ieness of t h e  canopy and s t i l t  and drop 
r o o t s  g ive  a unique and d i sconce r t ing  atmosphere t o  t h i s  type  of cay. 



It has often been loosely s t a t ed  tha t  mangrove colonisation leads 
t o  growth of land areas, but it can be seen tha t  mangroves can only take 
root i n  shallow water (Vann, 1959, 359-360). ii drying shoal i s  not 
necessayy, for  Rllizophora seedlings can grow i n  2-3 inches of water; 
they a re  found on varied substrates,  fro111 coarse shingle t o  sand, but 
are most nunierous on sheltered shornrj of medium-fine sand. Where a man- 
grove cay r i s e s  from water deeyer than 1-2 fathoms, then some kind of 
basement rnust underlie it: such as  a sand b a k  o r  coral  p:%tch-reef. 
Once Rhizophora i s  established on such a shoal, however, t!lere i s  
l i t t l e  doubt tha t  i t s  i n t r i c a t e  root system w i l l  serve t o  t r a p  fur ther  
sediment and r a i s e  the f l oo r  leve l ,  par t ly  a t  l e a s t  because of humus 
accurfiulation and the formation of peaty mangrove s o i l  (David, 1940, 
325-327; Newell and others,  1959, 224-225). bngrove may even be a 
fine-sediment producer by aiding chemical erosion of reef rock on which 
it stands (!!harton, 1883; Fairbridge, 1950, 334). 

A s  the f l oo r  leve l  r i s e s ,  ecologic conditions change, and there  
i s  a f a i r l y  woll documented t r ans i t i on  from pioneer Rhizophora, through 
iivicennia, t o  Conocarpus bush, and f i n a l l y  t o  dry land thicket  and fores t  
(Richards, 1953; Davis, 191+0). This leads t o  an idea l  succession i n  
time a t  any one point, and t o  a succession in space a t  any par t icu la r  
t .  In  Br i t i sh  Honduras, however, one has the  irnpression t h a t  
Rhizophora i s  overwheliilingly dominant i n  the  t rue  trisngrove cays, and 
tha t  the general succession i s  not here estr;.blished. Rhizophora groids 
rapidly,  and i n  the case of one ba r r i e r  reef cay the en t i re  is land i s  
known t o  have developed since 1819; on the other hand, ri~ap evidence 
(which i s  admittedly l i a b l e  t o  e r ro r )  does not show any great  extension 
of mangrove area on Turneffe since about 1750. This may p r t l y  be due 
t o  the contemporary r i s e  i n  sea l e v e l  of 4 inches per century cancel- 
Ling out the e f fec t  of mangrove sedimentation and retarding the succes- 
sion. i i l ternatively,  the f ~ i c t  t h a t  mangrove cays, especially i n  t he  
Turneffe lagoons, do not seein t o  be expanding l a t e r a l ly ,  may r e s u l t  (a)  
from limi-ted foundation zrea, and (b) t i d a l  current scour. It has al- 
ready been suggested (Section V) t h a t  many of these cays may stand on 
karst-eroded foundations of Glacial  age. 

Generally the  mature Rhizophora of these cays reachesa height of 
20-30 f e e t ;  the t a l l e s t  seen, on the  eas t  s ide of Turneffe, reached 40 
fee t .  While young -they a r e  l i a b l e  t o  be uprooted i n  hurricanes; no ex- 
amples iwere seen on the a t o l l s ,  but unusually low mangrove cays i n  
par ts  of the barr ier  reef lagoon suggest such action. 

The mangrove-sand cav - 
This type of cay was described by Steers i n  the  Bogue Islands, 

north coast of ~arnaica (1940a, 36-37). These a r e  a group of mangrove 
islznds,  the innennost ~v i th  no dry land, the outermost with "low sand 
areas ly-ing on o r  near the  outside of the mangroves... The l e e  side shows 
no land a t  a l l . "  The sand areas here a r e  up t o  250 yards long and 20 
yirds  wide, but do not r i s e  more than 18 inches above the  sea. Vermeer 
(1959, 35-40) describes the rnangrove-sand cay tgpe from the Br i t i sh  
Honduras barr ier  reef lagoon, vrhere he fomd cays up t o  5 miles i n  
length, bounded on t h e i r  seaward, exposed side by sand ridges 1-200 yards 
wide and 4-12 f e e t  high; hence on a much larger  scale than i n  t he  Bogue 
Islands. From the detailed cay descriptions i n  Sections V and V I  it 
w i l l  be seen tha t  mangrove-sand cays a r e  well-developed on both 



Turneffe and L i ~ h t h o u s e  Reef. Indeed, one might say t h a t  Turneffe i s  
r e a l l y  one l a r g e  mangrove-smd cay, i n  view of t h e  extensive sand r idge  
on t h e  eas t e rn  s i d e  of the  main 1-agoon mangrove mass. On Lighthouse 
Reef, Nortinern Cay and Long Cay a r e  examples: both have extensive sand 
a r e a s  on - the i r  nor-kern s ides ,  and Long Cay has a long, low narrow sand 
r idge  along i t s  eas t e rn ,  reef-facing shore. 

~. 
mngrove-sand c3 .p  j.nclude fourmain vegetat ion zones: ( a )  t h e  

s t r and  vegeta t ion  of' t h e  seaward sandy shore; which i s  comparable t o  
s imi la r  s t rand a r e ~ s  on sand cays,  except t h a t  shingle-loving p l a n t s  such 
a s  Tournefort ia  a r e  unimportant; (b )  t h e  sand-area t h i c k e t  of palms, 
Conocaruus, Sur iana ,  Coccoloba, and o t h e r  t r e e s  and bushes, with an - 
undercarpet of f g m e n o c a l l ~ ,  Wedelia, Stach~tarphet ,z_,  Andropogon, Cyperus, 
Kragrost is ;  ( c ) t h e  mangrove-transition zone, with Conocwaus, ilvicennia, 
L a ~ u n c u l a r i a ,  - and some t a l l  anc ien t  Rhizophora; a n d ~ h i z o p h o r a  
zone, o f t en  "hollow", with n~uch standin:: water and dead and eying t r e e s ,  
f r inged with vigorous, bushy mangrove. On both t h e  a t o l l s  today t h e  
vegeta t ion  of t h e  sand a reas  of' t h e  mangrove-sand cays has been l a r g e l y  
cleared f o r  cocal ,  and t h e  vegeta t ion  boundary between sand and mangrove 
a reas  i s  now unna-turally abrupt .  Beachrock forms along tine sandy shores,  
exact ly  a s  on t r u e  sand cays, and t h e  main d i f ference  between t h e  two i s  
t h a t  sh ingle  i s  genera l ly  absent  from rmngrove-sand cay shores on ac- 
count of t h e i r  d i s t ance  from t h e  reefs .  

Or ig in  of t h e  mangrove-sad cays -- - -- 
Venneer exulainec! the  t h r e e  cay tgnes  (sand. mangrove-sand. and .. ,.. - 

mangrove) of t h e ' b a r r i e r  reef  lagoon a s  resu1ting.frorn d i f fer ing 'degrees  
of exposure t o  wind and mves .  "Thus, i n  going from t h e  main b a r r i e r  
reef  t o  the  (mainland) shore one might expect t o  encounter,  i n  succes- 
s ion,  sand, inangrove-sand and mangrove cays" (1959, 39-40]. This  i s  
a t t r a c t i v e l y  simple, and undoubfedly conta ins  much of t h e  t r u t h ;  but i n  
t h e  case of t h e  b a r r i e r  reef  it depends l a r g e l y  on t h e  shallowness of 
t h e  lagoon f l o o r  back of t h e  b a r r i e r ,  and where deeper water i s  found 
q,ui te  a d i f f e r e n t  zonat ion r e s u l t s .  Fur ther ,  mangrove cays may occur 
i n  very exposed loca t ions  (Pe l i can  Cay, Turneffe; Columbus and o t h e r  
ckys, b a r r i e r  r e e f ) ,  suggesting t h a t  degree of exposure, o r  proximity t o  
t h e  r e e f ,  i s  - i n  i t s e l f  not  a s u f f i c i e n t  explanation. 

The only o t h e r  a r e a  i n  lwhich d e t a i l e d  bo tan ica l  work on mangrove- 
sand cays has been c a r r i e d  out  i s  i n  t h e  Ilarquesas Group, of f  southern 
F lo r ida ,  s tudied  by J.H. Davis. Here cays a r e  found with i n n e r  mangrove 
zones, and ou te r  se&f?.cing sand r idges.  I n  t h e  adjacent  Dry Tortugas, 
few o r  no mangroves a r e  found, and only sand cays occur (Davis, 194.2, 
131-1)3), i n  s p i t e  of t h e  f a c t  t h a t  "seeds and seedl ings  of a l l  t h r e e  
(marigrove) species  f l o a t  t h e r e  by t h e  thousandM (134). This Davis ex- 
p l a ins  pr imar i ly  by t h e  f a c t  t h a t  Itat t h e  14arquesas t h e r e  a r e  no c o r a l  
r e e f s ,  but a t  t h e  Tortugas l i v i n g  c o r a l  r e e f s  abound" (122); hence sedi-  
ments a t  t,he Marquesas a r e  f i n e r  than a t  t h e  Tortugas. I n  an e a r l i e r  
paper, he pointed ou t  t h a t  mangroves grow b e t t e r  on marl muds than on 
coarse calcareous sands and sh ingles  (Davis, 1940, 358). These conclu- 
s ions can be applied t o  t h e  mangrove and nisngrove-sand cays of B r i t i s h  
Honduras (Stoddart ,  1962): t h e  presence of mangrove i s  r e l a t e d  l a r g e l y  
t o  t h e  g r a i n  s i z e  of t h e  d e b r i s  supply, t\rhich depends both on exposure 



and on the source of the debris. Marigroves a r e  l e a s t  common on exposed 
coral. reefs,  where there is a constant supply of coarse debris; they 
take hold e i t he r  on shel tered coral  reefs,  o r  on lagoon sand shoals, 
where the debris i s  f ine  sand o r  even mud, and coarse material  is uncom- 
mon. >?henever coral  reefs  are  found close t o  mangrove islands i n  f a i r l y  
exposed locations, then sand and even shingle ridges r.riI.1 be formed 
(exposure i n  t h i s  sense includes not only distance from the reefs  and 
absence of intervening islands,  but dept,h of I n t e r  offshore). Tnis ex- 
pla ins  the formation of the lev wooded islands of the Great Barrier 
Reefs, with t h e i r  d i s t inc t ive  association of shingle ridges, mangrove 
and sand cays on one reef patch (Spender, 1930); the very similar cays 
described from the Java coast  by Umbgrove (1928, 1930); and the precise- 
l y  analagous islands,  unnoticed by Vermeer, from the Br i t i sh  Honduras 
bar r ie r  reef ].agoon, which I hope t o  describe short ly .  The s i ze  of the 
debris determines the effect ,  on cays, of exposure, i n  the broadest 
sense. This suggests a general principle,  of world-wide application 
t o  a l l  types of cays --imngrove, mangrove -sand, sand, shingle, and low 
~~oodecl islands.  

The raode of development of the mangrove-sand cays off  Br i t i sh  
Honduras, i n  the Marquesas and Bogue Islands, i s  largely unlmom. 
Vermeer (1959, 116) considers t h a t  t h i s  type of ca.y 'kppears f i r s t  t o  
have been formed as  a sand cay and subsequently colonised by mangrove 
seedlings on the leevard side". I doub-i; 1,111ether t h i s  is the case, f c r  
if so ve mipht reasonab1.y expect to  f i nd  embryonic mangrove-sand cays 
not yet  colonised by mangrove: i n  other words, sand cays lacking a l l  
the character is t ics  of form and location of t rue sand cays. Su.ch 
islands are not found, and one doubts rrl~ether the sand ridge i t s e l f  
could accumulate witl~out the  obstructive e f f e c t  of the mangrove. This 
is in  f ac t  suggested by the k g u e  Islands. The two sections probably 
originate and develop as  a single uni t ,  ra ther  than form sequential3.g. 

Finally, the la rges t  problem oP a l l :  why are  t he  mangrove cays so 
extensive on Turneffe and Lighthouse Reef, and absent on Glover's k e f ?  
This appears fundamen%ally a. question of levels .  Turneffe owes i ts  man- 
grove t o  i ts  hi&standing, shal1ox.r upper surface, perhaps developed by 
ka r s t  erosion i n  Glacial  times t o  give the Lagoon-rim form (Section IX). 
There is evidence of recent loca l  warping which r.rould loca l ly  expand 
.the shoal area and lead t o  further mangrove colonisation. On Li@t-  
house Reef there i s  evidence of l oca l  u p l i f t  of the e n t i r e  bank of no% 
more than 2 fee t :  again, this ~ , ~ o u l d  came shoaling of the lagoons and 
increase the poss ib i l i t y  of mangrove grorrt!~. On the bar r ie r  reef and 
on Glover's Reef there is 1 i t i ; l e  or  no suggestion of any similar move- 
rent ,  and here, respectively, mangrove-cays d i f f e r  s ignif icant ly  i n  
t h e i r  dis t r ibut ion,  o r  are  absent. 

C - . Conclusion - -- 
In t h i s  review the probable or igin  of %he a t o l l  cays has been out- 

l ined,  and tne problems connected with them stressed.  Many comparisons 

.- have had to  be made with the bar r ie r  reef cays, on which work i s  pro- 
gressing, and when t h i s  i s  complete, it i s  hoped t o  combine both accounts, 
compare them with cays descri'oed from the Cariblaean, Indonesia and 



Australia, and out]-ine a general theory of cay formation. Most previous 
descriptions of cays have been from barrier reef or patch reef areas, 
rather than from atolls: rmny Indian and Pacific Ocean atolls hzve is- 
lands which include much eleviited solid rock, and are thus rather dis- 
similar to the cays discussed here. These reef-islands form a study in 
themselves, quite distinct from that of uncemented cays. Some of the 
suggestions made in this section (for example, the influence on cays of 
rising sea-level) are at present rather speculative, and more experi- 
mental and field studies are needed to qualify them. To take one pro- 
blem: are we justified in assuming (as the evidence suggests) that cay 
retreat is everywhere at present in operation, and in looking for a 
general cause; or have we misread the evidence, and are cays in fact 
cyclic structures, forming, eroding, reforming continually, under essen- 
tially static long-term conditions, rather like the evolution of multiple 
shingle ramparts as shown by Fairbridge and Teichert (1947)? This is 
one question--there are many others--of the utmost importance; and no 
simple answers are in sight. 

Spender defined a sand cay, in an oft-quoted phrase, as "a per- 
fect equilibrium structure due to the drift over the reef flat, the 
wave system of the lee of the reef, and t,he height of the flat. For 
that reason, cays tell nothing of the past history of the reef but only 
of the actual momentary level of the reef" (1937, 14-1). This may apply 
to simple sandbores, but not to large vegetated islands of the type 
found on these Caribbean reefs an0 atolls, which are both more complex 
and more interesting than Spender's summary might suggest. Nn extension 
of cay studies throughout the Caribbeanarea, especiall:~ along the west 
coast of Central America, would add immeasurably to our knowledge in a 
completely unknown area. 



I X .  OEIGICJ AI\(D DEVELOPMIDJT OF TIiE BRITISH i?CMDIIRAS ATOLLS 

Though t h i s  paper chiefly described the r e su l t s  of a reconnais- 
sance of the Br i t i sh  Honduras a t o l l s ,  and i s  mainly concerned with 
t he i r  present condition, some brief remarks may be made i n  conclusion on 
the i r  development towards t h e i r  present form. iis s ta ted i n  Section 11, 
the reefs  appear t o  be built on fault-controlled ridges and platforms, 
bounded eastwards by steep slopes carrying the sea f l oo r  down t o  depths 
of over 10,000 f ee t .  The fau l t ing  is  associated with the evolution of 
the Ba r t l e t t  Trough, the main movements of which were of Pliocene date,  
and thus the reef foundations probably came in to  being i n  l a t e  Ter t iary 
times. [No sol id  rock outcrops o n t h e  a t o l l s ,  and no d r i l l i n g  has been 
carried out, so it can only be suggested tha t  the fault-bounded plat- 
forms may consist  of Cretaceous and Tert iary limestones overlying 

. . i'alaeozoic rocks, a s  they do on the adjacent coastlands. The three 
a t o l l s  r i s e  900-1,000 f ee t  from the platforrts on which they stand. Mek- 
ing maxirnan allowance f o r  Pleistocene fluctuations of sea-level, t h i s  
i s  several  hundred f ee t  deeper than reef-building corals can grow 
(Steams, 1946, 261). I f  the foundation of' the a t o l l s  below about 450 
f e e t  can be shown, by boring o r  seismic work, t o  consist  of reef-build- 
ing corals and t h e i r  debris, then subsidence of the  fault-blocks and 
upgrowth of reefs  froin them i s  indicated (Darwin, 1842). The alterna- 
t ive ,  implied by Ower (1928), i s  t h a t  the  foundations of the a t o l l s ,  
below the maximum depth of reef-building corals,  consist of i so la ted  
fault-blocks of limestones o r  Palaeozoics, delimited by f a u l t s  trans- 
verse to  t he  m i n  l ineations,  The only evidence f o r  such f a u l t s  l i e s  
i n  the existence of the reefs  themselves; and thus t h i s  fundamental 
question remains unsettle. 

Pleistocene events 

The subsec~uent course of events i s  by no means c lear ,  but it, is  
possible t ha t  reef-building corals  became established on the Platforms 
before the onset of Pleistocene glaciat ion;  indeed, it i s  possible t h a t  
they had bu i l t  a reef several hundred f e e t  i n  thickness i n  l a t e  Ter t iary 
times. Certainly when glaciat ion began the banks stood a t  o r  near t h e i r  
present level :  Turneffe with i t s  upper surface 2-3 fathoms below pre- 
sent sea-level, Lighthouse Reef 2-4 fathoms, and Glover's Reef 15-24 
fathoms; o r  ra ther  lower, allowing f o r  subsequent reef-growth and sedi- 
mentation. The onset of glaciat ion brought, a s  Tylor f i r s t  recognised 
i n  a long-neglected statement (1868, 1869, 18, 72), and as  Daly subse- 
quently stressed (1910 and l a t e r ) ,  multiple f a l l i ng  of sea-level coin- 
ciding with each s e p r ~ t e  advance of the  continental  glaciers .  This 
would hzve the two-fold e f fec t  of k i l l i n g  a l l  near-surface reefs  by the  
mere f a c t  of exposure, i r respect ive of temperature change, and of ex- 
posing the summits of the banks, a mass of reef and lagoonal limestones, 
t o  subaerial  erosion. The question a s t o  whether corals could survive 
duriny: the  g l ac i a l  periods-whether the  a t o l l s  are  located i n  Davis's 
coral  seas o r  marginal bel ts  (Davis, 1923, 1928)--is thus, on such steep- 
sided blocks, somewhat academic. Palaeotemperature curves published by 
Emiliani (1955), based on isotope r a t i o s  of near-surface Foraminifera i n  



two Caribbean deep-sea cores,  suggest t h a t  over t h e  last  280,000 years ,  
near-surf t~ce sea temperatures i n  t h e  Caribbean have undergone f luc tua-  
t i o n s  of not  more than 6 ' ~ .  Even a f a l l  of t h i s  amount i n  t h e  winter  
sur face  temperatures recorded a t  Rendezvous Cay would not  ex t inguish  
t h e  r ee f s ,  though t h e  sl~ecies-cornposition might be r a d i c a l l y  changed 
and t h e  r e e f s  a t tenuated .  

The major e f f e c t  of g l a c i a t i o n  would, however, be t h e  sea-level  
f a l l .  Daly est imated t h i s  a t  a maximum of 33-38 f;.thoms (1915, l 7 4 ) ,  
S tearns  a t  45 fathoms (1946, 2-61) (200-230 and 270 f e e t  r e spec t ive ly ) .  
Charlesworth i n  a recen t  review g ives  f i g u r e s  of 93 metres (300 f e e t )  
f o r  t h e  l a s t  g l a c i a t i o n  and 120-130 metres (400-430 f e e t )  f o r  maximum 
g l a c i a t i o n  (Chr-rlesworth, 1957, 11, 1354-1355). Such a f a l l  \would ex- 
pose t h e  whole of t h e  B r i t i s h  Honduras c o a s t a l  s h e l f ,  lead  t o  deep i n c i -  
s ion  of r i v e r  va l l eys  now f i l l e d  with alluvium (e.g. North Stann Creek: 
Dixon, 1956, 29),  and t o  t h e  extension of drainage l i n e s  ac ross  t h e  
emerged area .  It i s  thought t h a t  t h e  Bel ize  Deep-Water Channel, mean- 
dering ac ross  t h e  c o a s t a l  she l f  and c u t t i n g  through t h e  b a r r i e r  r e e f ,  
b ~ t h  depths of up t o  190 f e e t ,  i s  such a drainagd l i n e ,  though why it 
should pursue t h i s  course, and why it should c u t  so g r e a t a t r e n c h ,  i s  
unknown. k t  t h e  same time t h e  c o a s t a l  she l f  r e e f s  and t h e  summits of 
t h e  o u t e r  banks, would be exposed t o  k a r s t  erosion. Hoffmeister and 
Ladd (1945) showed experimentally t h a t  under e ros ion  a limestone block 
tended t o  develop an i r r e g u l a r  concave su r face ,  and NacNeil (1954) used 
t h i s  a s  t h e  b a s i s  f o r  a theory of a t o l l  development on subae r i a l ly  pre- 
formed foundations. Such a process may we l l  have r e su l t ed  i n  -the pre- 
sen t  form of Turneffe, where a mangrove covered rim surrounds a deeper, 
extensive lagoon a r e a  ( f i g .  49).  I n  tinis case  t h e  present  r e e f s  a r e  
superf ic ia l .  add i t ions  t o  t h e  edges of t h e  a t o l l - l i k e  bank, r a t h e r  than 
i t s  e s s e n t i a l  cause. 

Glover 's  Reef ( f i g .  49) i s  somewhat d i f f e r e n t ,  f o r  here t h e  la- 
goon fl-oor descends t o  depths of over  l.40 f e e t ,  and averages 90-120 f e e t .  
This i s  s t i l l  wel l  above t h e  presumed low limit of t h e  g l a c i a l  seas ,  and 
must have been subjected t o  k a r s t  erosion. On Lighthouse Reef ( f i g .  49) 
t h e  genera l  lagoon f l o o r  l e v e l  i s  only 20-25 f e e t  below present  sea- 
l eve l ,  and would be s i m i l a r l y  a f fec ted :  t h e  Blue Hole provides evidence 
of k a r s t  e ros ion  down t o  480 f e e t .  Liorlcers on t h e  Gulf Coast of t h e  
United S t a t e s  envisage a g l a c i a l  low l i m i t  of about 450 f e e t  (Le Blanc 
and Bernard, 1954). Why such f e a t u r e s  a s  t h e  Blue Hole a r e  not  much 
more numerous i s  not  c l e a r .  Dimpling of t h e  Lighthouse lagoon f l o o r  on 
a much smal ler  s c a l e  than t h e  Blue Hole, and some of t h e  deep passages 
and holes on the  B a r r i e r  R e e f ,  may be ascr ibed  t o  subae r i a l  erosion,  
but evidence i s  lacking from Turneffe and Glover 's  Reef a t  present .  

Kars t  erosion c e r t a i n l y  continued the re fo re  during g l a c i a l  low 
sea-levels ,  and may have r e su l t ed  i n  t h e  basining of t h e  tops  of t h e  
banks and t h e  c rea t ion  of a ruuimentary a t o l l  form, though t h i s  was pro- 
bably a l r eady  i n  exis tence .  Daly (1910 and l a t e r )  s t r e s sed  low-level 
benching of i s l a n d s  and banks by t h e  g l a c i a l  seas ,  b u t t h e  absence of 
such benches i n  B r i t i s h  Honduras l ends  support t o  Newel11 s view (1960) 



t h a t  such benching was of small e f f ec t .  There is no evidence from the 
a t o l l s  of deep abrasion platforms, while on the coas ta l  shelf  the bar- 
r i e r  reef edges a t i l t e d  antecedent platform of probably pre-glacial  
age, i n  whose formation it played no past, much as  Vaughan supposed 
(1916, 191%). 

Oaly recognised (1919) t ha t  reefs  might become re-esta.blished d w -  
h ing in te r -g lac ia l  high sea-levels, and there i s  some evidence of major 

reef upgro~fih of e i t he r  pre- o r  in te r -g lac ia l  age on both the bar r ie r  
reef and. Glover's Reef. The evidence is en t i r e ly  physiographic. On the 
barri.er reef ,  the present r e e f - f l a t  r i s e s  from a broad platform 3-4 
miles 'rriclc i n  the north and 2-11. fathorns: deep. Farther south, rrhere the 
surface reef becomes fragmented, the "lotrer f l a t " ,  a s  it may be termed, 
becomes narrotrer (averaging 1 mile i n  width), but maintains i t s  dep.bh 
f o r  over LOO miles. I t s  surface i s  i r regular  and i n  places deeply 
p i t t ed ,  suggest iw or' erosion; it r i s e s  steeply on the lagoonward siae 

, from the lagoon floor,  and i s  edged on the seaward side by the present 
"upper" r ee f - f l a t  and reef .  Ser ia l  sections across the coastal  shelf 
and bar r ie r  reef show the remarliable persistence and regular i ty  of t h i s  
feature. It was shown i n  Section V I I  t ha t  a similar "low platform" i s  
found a t  a depth of 4 fathoms surrounding the Glover's Reef lagoon; t h i s  
too i s  rimmed on i-Ls seaward s ide by the presen-t r e e f - f l a t  and l iv ing  
reef.  It might a l so  be noted t h a t  the Lighthouse Reef lagoon f loor  
l i e s  a t  or  a l i - t t le  above Yne l e v a  of t h i s  "lover platform". 

This feature  i s  c lear ly  not r e l a t ed  i n  or igin  t o  the present, post-  
dhn l iv ing reefs,  wllicll date en t i r e ly  from the l a s t  r i s e  of the sea. 
I)r. E.G. P>urdy inl^orms me tha t  a peat from the BelizeDeep-Water Channel 
a t  70 f ee t  i n  depth has been dated a t  8,000 years BP, vhich narro?.:ly 
circumscribes the age of present l i v ing  reefs .  It is unlikely tha t  the 
101.rer platform r e s u l t s  from the subaerial  erosion described by PhcNeil, 
on account of i ts  width, hor izontal i ty  and extent, and one i s  l ed  t o  the  
conclusiofi. t h a t  it can only be an o ld  reef suflace, developed during a 
much longer period of 'time than present l iv ing  reefs .  Nuch of the evi-  
dence for  t h i s  r e s t s  on data from the ba r r i e r  reef which cannot be c l i s -  
cussed here, but  the conclusions raust a lso be va l id  f o r  the a t o l l s .  
Whether the surface i s  one of upgirowbl~ or  degradation i s  another matter: 
i ts  surface on the coas ta l  shelf  is i r regular  and pi t ted,  and tras i>rOb- 
ably much eroded during exposure. It i s  intersected by the Selize k e p -  
Water Channel and a f e v  other gaps. I.Jork carr ied out  by Dr. B.W. Logan 
on Campeche Bank (personal cormunication, 1961) suggests t h a t  a similar 
Level cannot be traced north of the Yucatan Peninsula. He finds iarlwl 
eus ta t ic  benches a t  50-55 fathoms (correla ted with the 'disconsin glacia-  
t ion) ,  30-35 fathoms, and 16-20 fathoms; and suggests t h a t  a l eve l  a t  
2-4 fathoms might be re la ted  t o  the lover depth l i m i t  of Acropora palraata 
reefs.  Re &scribes su.ch a constructional bench on the Campeche Bank 
a t  depths varying from 30 f e e t  i n  r,rind?,mrd locations t o  10-15 f ee t  t o  
leeward. It seems unliltely, however, t h a t  t h i s  can be applied as  a gene- 
r a l  expla.nation for  a feature  of such s ize  a s  the Br i t i sh  Hond~ras 
"lower reef - f l a t u .  The absence of such a l eve l  on Cmpeche Bank throws 
some doubt on i t s  eus t a t i c  origin; y e t  i ts  horizontal i ty  over a large 
area suggests t ha t  foundering cannot account for  i ts  present lotr l eve l .  
Whatever i ts  origin,  t h i s  bench is of the grea tes t  importance i n  the 
physiography of the  Br i t i sh  Honduras reefs ,  f o r  on it alL the present 



surface reefs  are bu i l t ,  and i t s  presence a t  Glover's Reef shorn tha t  
the atoll-form rras already establ ished when it tras b u i l t .  Denches under- 
lying modern reefs  have been described from Bikini (15-50 f e e t  deep: 
Tcacey, Ladd and Hoffmeister, 1948; Emery, Traceyand Ladd, 1954, 26ff.),  
from Raroia (edges a t  25 and 65 fee t :  Newell, 1956, 334, 341), and Andros 
Islands, Bahamas (an inner platform a t  2 fathoms separated by a l i n e  of 
oo l i t e  cays from aa outer platform a t  2-1.6 fathoms: New11 and others, 
1951, 10, 24); but there seems l i t t l e  point i n  attempting t o  cor re la te  
these with benches i n  B r i t i s h  Honduras. 

The lower levels  described as  eus ta t ic  by Logan cannot be iden t i -  
f i ed  i n  Br i t i sh  Honduras; they probably e x i s t  as  unconformities within 
the reef-mass, and have been buried by l a t e r  grovth and sedimentation. 
They have also been described from the Gulf Coast by Shepard and others 
(1960), and the 16-20 fathom l e v e l  i n  par t icu la r  seems rn3espread. i n  the 
Caribbean basin. Zans (1958, 7) describes it from the Pedro Sank, and 
examination of charts  sliotrs widespread occurrence of levels  of from ll 
t o  23 fathoms on ut l e a s t  13 banks i n  t h i s  area (Admiralty char ts  450, 
486 and 762). S t i l l s tands  of the  sea a t  such levels ,  connected with 
g l ac i a l  eus-tatism, have undoubtedly been important incidents i n  Yfle 
grovth of present reefs. 

The emphasis i n  reef-growth i s  thus placed on g lac ia l  control  of 
f luctuat ing sea-levels, though t h i s  does not preclude e a r l i e r  subsidence 
on the Darwinian model. Xhether o r  not subsidence has talien place is, 
i n  vLew of these fluctuations, i r re levant  insofar as  present surface 
form and features  of .the reefs  i s  concerned (f4acIki1, 195h). Damin 
himself thought su.bsifience an unlikely explanation for  these a t o l l s ,  
basing h i s  opinion on Captain Allen's  reports of Owen's survey. He 
doubted t h a t  both the bar r ie r  reef  and i ts  lagoon f loor  w r e  bu.ili; by 
r ee f - co rds ,  thinkiag ra ther  of an accumulution of sand similar t o  t ha t  
~rhich he thought was taking place on the Xicaraguan and Yucatan banks. 
On the a t o l l s  he wrote: 

"....immediately on the outside of t h i s  harr ier- l ike  reef,  
Turneffz, L-ouse -- and Glover Reefs are  si-tuated, and these 
reefs  have so comple-bely the form of a t o l l s ,  t ha t  if they had 
occurred i n  the Pacific, I should not haw hesi ta ted about 
colouring them b1u.e. l l r n e f f e  Reef - seems almost en t i r e ly  
f i l l e d  up wi th  low mud i s l e t s ;  and the depth within the other 
two r ee f s  i s  only from one t o  three fathoms. From t h i s  c i r -  
cumstance, and from t h e i r  s imi l a r i t y  i n  from, structure,  a.nd 
r e l a t i ve  posi.tion, both t o  the  bank cal led Northern Trianp;les, 
on which there is an i s l e t  between seventy and eighty fee t ,  
and t o  Cozumel Island, the  l e v e l  surface of which is likewise 
'between 70 and 80 f ee t  i n  height, I consider it more probable 
t ha t  the three foregoing banks are  the rrorn-doum bases of 
upheaved shoals, fringed with corals,  than tha t  they are  t rue 
a t o l l s ,  viflolly produced by the growth of coral  d ~ r i n y ;  sub- 
sidence.. . . " (Darwin, 1842, 202). 

%nus Darwin's view is comparable with t ha t  adopted here, thou&? f o r  
ra ther  d i f fe ren t  reasons; h i s  undogmatic approach is s t i l l  ins i ruct ive.  



Post-glacial - history 

Ki th  the r i s e  of sea-level i n  t he  l a s t  few thousand years, reefs  
grew t o  the surface and expmded seawards, leaving a shallow sandy reef- 
f l a t  averaging 1 mile i n  width. Cays were formed on t h i s  f l a t  from 
reef-debris, and vegetated, and beachrock formed around t h e i r  m r g i n s  
(Section ~111). The evidence taiien from Br i t i sh  Honduras a s  a whole 
seems t o  indicate t ha t  sea-level has not a t  any time since the  l a s t  
glaciation ~Lood considerably higher than at present--a view taken by 
many workers on the Gulf Coast (Le Blanc and Bernard, 1954; Shepsrd and 
others,  1960). On the othel- hand, bwork i n  the  Pacif ic  seem t o  indicate  
a recent higher s t i l l s t and  of the sea, a s  s m a r i s e d  by Tayarna (1952, 
271) : 

"The so-called sea leve l  Coral Reefs a r e  not of Recent origin. 
The Sea Level Coral Reefs have been generally accepted a s  re- 
cent,, but most of the present reef - f la t s  are  abrasion sur- 
faces,  l i k e  psve~ncnts, d i s p l q i n g  cross-sections of' truncated 
reef-building corals,  benches and mushroom rocks. The so- 
cal led Recent Coral Reefs a r e  r e l i c t s  of coral .  reefs  of cor- 
a l s  of the  age of the  Younger Raised Coral Reef Limestone. 
hs D r .  M. Yabe has s ta ted,  the coral  reefs ,  i n  the  recent 
seas, :re i n  process of destruct ion rather than of construc- 
t ion .  The scope of destruction,  however, i s  liinited t o  
an area approximately 2 metres above low tide." 

Stearns so interpreted the reef - f la t s  of Zniwetok ?.toll, ?icirshall Islands 
and other Pacif ic  nreas (1945a, 19L15b, 1946) (cf .  Ladd and Tracey, 1949, 
100, and Emery, Tracey and Ladd, 1954, 92), and Cloud, following work 
on Onotoa, sacw i n  t h i s  supgosed f a l l  from a 6 foot s t i l l s t and  a general 
explanation f o r  the  appearnce of ex is t ing  reefs  (1952, 1954). On the 
chhracter is t ics  of a reef-flat  developed by downwearing of an ea r l i e r ,  
higher surface, he wrote: "If it i s  sparse i n  l iv ing  core1 and veneered 
5::ith green algae and c l a s t i c  debris,  and par t icular ly  i f  it i s  also a 
relativelyssrnooth surface, i t  was probably truncated" (1952, 54). These 
character is t ics ,  taken by themselves, hardly seem an adequate foundation 
f o r  ,a conclusion of such importance. 30re posi t ive  evidence of emer- 
gerice i s  needed, such a s  areas of dry reef-rock and mushroom rocks, 
shailow rock-floored reef-f la ts ,  ra ised beachrock, raised beaches and 
abnormally hi?h cays, a l l  found consis tent ly  over wide areas and deve- 
loped on diverse s t ruc tura l  uni ts .  

Verrneer (1959), however, considered tha t  there i s  suf f ic ien t  evi- 
dence of a 6 foot  high s t i l l s t a n d  on the Br i t i sh  Honduras reefs  t o  
jus t i fy  correlation with the Pacif ic  6 foot  bench. H i s  evidence f o r  
Ynis i s  threefold: (a )  Verrneer described raised beaches from two cays, 
Ambergris Cay, barr ier  reef ,  and Long Cay, Lighthouse Reef. Both were 
v i s i ted  i n  1961, and no evidence was found t o  es tabl ish t h i s  view. 
These he correlated with the Harry Jones ra ised beachrock, Turneffe, 
figured i n  Dixon' s (19563 report  a s  7 f e e t  above sea-level--a misprint, 
since .the beachrock does no% r i s e  more than 2 f e e t  above the sea a t  any 
point. (b)  He considers t ha t  t he  reef-f la t  of the central  barr ier  reef 
i.s abnormally wide and shallow, and tha t  it must therefore be an ero- 
s iona l  s u r f x e .  (c )  He correla tes  these instances with nearby areas, 
especially i n  Quintana Roo, where s imilar  instances a r e  said t o  have 
been found. 



Vermeerrs conclusion i s  thought t o  be erroneous, f o r  the  folloiv- 
i n g  reasons. The r a i s e d  beaches which form t h e  b a s i s  of the  theory a r e  
not es tabl i shed,  and no t r a c e  of s i m i l a r  besches has been found on any 

t h e  79 cays mapped i n  d e t a i l  on t h e  B r i t i s h  Honduras r e e f s  s ince  
1959. Regarding the  r e e f - f l a t s ,  nowhere on the  B r i t i s h  Honduras r e e f s  

we f i n d  -2 s i n g l e  e r o s i o n a l  mushroom rock o r  exposed eroded reef  above 
present  sea-level:  with theexcep t ions  only of t,he patches on t h e  windward 
reef  of Lighthouse Reef, and the  d q  reef  a t  S o l d i e r  Cay, Turneffe. 
Beachrock remnants a t  Half ?loon Cay, Ligtithouse Reef, s tand 12-lg inches  
above mean sea-level ,  and extens ive  remnants a t  Northern Cay on the  Sam 
a t o l l  a t  s i m i l a r  e l eva t ions ,  taken together  with t h e  patches of drying 
reef-rock, suggest t h a t  t h e  a t o l l  a s  a whole has undergone a recent  p s i -  
f i v e  u p l i f t  i n  r e c e n t  t imes, bu t  t h a t  t h i s  has no t  been g rea te r  than 
about 2 f e e t .  On Turneff e ,  t h e  r e s t r i c t i o n  of drying reef  t o  a s i n g l e  
area  a t  S o l d i e r  Cay, and t h e  f a c t  t h a t  it l i e s  only a few hundred ynrds 
from t h e  fiarry Jones r a i s e d  beachrock, thought,  on account o f  i t s  l a t e -  
r a l  d ip ,  t o  be t ec ton ic  i n  oril; in,  suggests  t h a t  here t o o  i s  evidence 
of l o c a l  u p l i f t ,  r a t h e r  than of e u ~ t a t ~ i c  s h i f t s  of sea-level .  Height- 
equivalence a lone  i s  an  i n s u f f i c i e n t  ground f o r  c o r r e l a t i o n  of evidence 
i n  support of t h e  e u s t a t i c  theory,  f o r  many o the r  f a c t o r s  r e k t i n ; ;  t o  
each item of evidence must be considered. Local d i f f e r e n t i a l  movelnent, 
r e s u l t i n g  from c r u s t a l  i n s t a b i l i t y ,  i s  only  t o  be expected on t h e  mar- 
g i n s  of a t e c t o n i c a l l y  a c t i v e  a r e a  such 3,s t h e  B a r t l e t t  Trough--iuitness 
upraised reef  limestones of recent  age i n  Cuba, H a i t i  and Jamaica. To 
accept  t h e  e u s t a t i c  theory  of a 6 f o o t  f a l l  i n  sea-level ,  we must f irst  
expla in  the  t o t a l  a.bsence of e ros iona l  mushroom rocks and s i m i l a r  evi- 
dences on t h e  r e e f s ;  V e r ~ x e r f s  reference t o  a so-called "Negro liead" 
marked on cha r t s  of t h e  b a r r i e r  reef  lagoon i s  misleading, f o r  t h e  name 
simply a p p l i e s  t o  a small  inangrove i s l a n d  south of Middle Long say ,  
and does no-i; h;ve any wider i rnpl icj t ion.  Furthermore, a 1 1  the  Cays a t  
present  found a r e  r e f e r a b l e  t o  present  sea-levels  (Sect ion VIII), none 
being so abnormally high t h & t  they must ha~re  developed i n  such a high 
s t i l l s t a n d .  De ta i l edsuneys  a r e  of a s s i s t a n c e  here, f o r  without in s t ru -  
mental l e v e l l i n g  on a number of cays a s  s tandard,  one cons i s t en t ly  over- 
es t imates  t h e i r  he ights  by a s  much a s  30-402. Xost of t h e  more protec- 
ted  cays a r e  l e s s  than ii f e e t  above t h e  sea,  and very few indeed r i s e  
more than 8 f e e t .  Thus, a f t e r  a f a l l  of sea-level  of 6 f e e t  t o  t h e  pre- 
sen t  l e v e l ,  only very r e s t r i c t e d  smll a r e a s  could poss ib ly  be r e f e r r e d  
t o  t h e  e a r l i e r  s t i l l s t a n d .  Kuenen (1933, 1950) and many o t h e r s  
( ~ a r d i n e r ,  i903-6, 1931; Sewell,  1935, 464-479) have considered reef 
i s l a n d s  t o  be r e l i c t s  exposed by such a f a l l  of sea-level ,  and some have 
gone so f a r  a s  t o  argue t h a t  without such a f a l l  very l i t t l e  o r  ever, no 
land a t  a11 would e x i s t  on the  r ee f s .  Since so  vei-27 l i t t l e  of the  land 
of t h e  B r i t i s h  lionduras cays can possibly have ex i s t ed  above a 6 f o o t  
sea-level ,  {;his i s  not  thought t o  apply t,o these  r e e f s  t o  more than a 
very l imi t ed  extent ,  which has been discussed i n  Sect ion  VIII. 

F ina l ly ,  we may b r i e f l y  examine the  ins t ences  which Vermeer cor- 
r e l a t e s  wiith h i s  supposed 6 f o o t  s t i l l s t a n d  i n  ncarby areas .  F i r s t  he 
mentions e levated  r e e f s  i n  nor thern  B r i t i s h  Honduras (;lomne<y and o thers ,  
1959). F lo res  (1952) b r i e f l y  mentions t h e s e  and cons iders  them I1P!io- 
Pleis tocene" i n  q;e, which would make them very considerably o l d e r  than 
t h e  sea-level  s tand t o  which Vermeer th inks  they have developed 



(Fai rbr idge  t e r n ~ s  t h e  6 f o o t  s t i l l s t a n d  the  "iibrolhos Submergence" and 
d a t e s  it a t  only 2600-2100 y e a r s  BP (Fairbridge,  1958, 479; 1961, 147)) .  
Dixon, too, doubts whether these  exposures have 3my r e l a t i o n  t o  exposures 
on -the of fshore  cays a t  t h e  p resen t  time (personal  c o r m i c a t i o n ,  1961). 
Vermeer a l s o  r e f e r s  t o  e levated  c o r a l  found by Edwards (1957) on t h e  
Quintana Roo coas t .  Very l i t t l e  information i s  a v a i l a b l e  on these  ex- 
posures, and they may be equivalent  t o  those of northern B r i t i s h  
Honduras. There seems l i t t l e  basis f o r  Edwardsrs s tatement  (1957, 22) 
t h a t  on Chinchorro Bank "cora l  reefs....occur above t h e i r  l e v e l  of 
f o m a t i o n "  (See Appendix 3). 

ii.!hile dismissing t h e r e f o r e  t h e  idea  of a 6 foo t  e u s t a t i c  s t i l l -  
s t m d  (and -2 f o r t i o r i  t h e  numerous o t h e r  high s t i l l s t a n d s  of pos t -g lac ia l  
t ime l i s t e d  by Fai rbr idge  (1961)) because of l ack  of evidence, t h e r e  re- 
mains t h e  p o s s i b i l i t y  of minor f l u c t u a t i o n s  of sea l e v e l  a f f e c t i n g  t h e  
a r e a  a s  a whole. These have been discussed i n  another  paper (Stoddart ,  
1962), and t h e  evidence c o n s i s t s  l a r g e l y  of physiographic f e a t u r e s  of 
t h e  cays and drowned beachrock. The d i f f i c u l t i e s  of such an in terpre-  
t a t i o n  a r e  t h e r e  s t r e s sed ,  and t h e  t e n t a t i v e  conclusion reached t h a t  
undercutt ing of cay ~ w r g i n s  and t h e  migration of cays away from reef  
edges may i n d i c a t e  a s l i g h ' ~  n e w t i v e  s h i f t  of sea l e v e l ,  a s  envisaged 
by Kuenen (1933); and t h a t  drowning of r e l i c t  beachrock and i n t e n s i f i -  
ca t ion  of caj- erosion has r e s u l t e d  from a subsequent small  r i s e  of sea- 
l e v e l  (Fairbridge,  1947), perhaps a s soc ia t ed  with t h e  recent  shrinkage 
of g l a c i e r s  ( i ihhann,  1949). These changes a r e  on a very ixuch smaller  
s c a l e  than anything requi red  by t h e  6 f o o t  and higher  s t i l l s t a n d s .  
Iiaye (1959) has s t r e s s e d  t h e  d i f f i c u l t i e s  of p rec i s ion  i n  determining 
l e v e l s  and changes of l e v e l s ,  especial1:y i n  s h o r t  v i s i t s  t o  cays; he 
cons iders  it doubtful  whether measurements can be accura te  t o  Inore than 
i 1 foo t ,  and doubtfu l  whether sea- level  s h i f t s  of l e s s  amplitude than  
+. 2 f e e t  can be de tec ted  i n  rapid  surveys (though Newell has  claimed t o  - 
i d e n t i f y  r e l a t i v e  ~novement of only  15-20 cms (niuch l e s s  than a f o o t )  a t  
Rzroia (1956, 3 3 4 ) ) .  The w r i t e r  would agree with Kayecs opinion, even 
a t  the  r i s k  of excessive caution.  It i s  poss ib le  t h a t  a l l  t hese  e f f e c t s  
may r e s u l t  from a slowly r i s i n g  sea-level ,  and t h a t  e ros ion  has been 
i n i t i a t e d  without any f a l l  of sea - l eve l  a t  a l l .  

These conclusions may we l l  be upset  by f u t u r e  d e t a i l e d  work, par- 
t i c u l a r l y  on t h e  B r i t i s h  Honduras coas t  and the  i n f i l l  of t h e  deeper 
va l l eys ,  but even i f  f l u c t u a t i o n s  a r e  found t h e r e  and can be dated,  t h e  
problem of co r re l a t ion  with t h e  r e e f s  and c a y s i s  i m e n s e ,  a s  Aust ra l ian  
experience shows ( s t e e r s , '  19'29, 1931, 1937). Conversel;r, i f  t h e s e  con- 
c lus ions  a r e  shown' t o  be c o r r e c t ,  then  Cloud's views ;on.  t h e  o r i g i n  of 
sur face  reef  f e a t u r e s  (1953, 1954) do not hgve un ive r sa l  app l i ca t ion ,  
and some r e e f s  a t  l e a s t  have not  been a f f e c t e d  by a recent  f a l l  i n  sea- 
l e v e l ,  b u t  r e s u l t s  from "an e s s e n t i a l l y  s t a t i c  pos i t ion  of sea  l e v e l  during 
a considerable period" (NcKee, 1959, 243). 

C l a s s i f i c a t i o n  --- of t h e  r ee f s :  smo considera.l;ions 

I n  a previous paper (Stoddart,, l96O), t h e  t h r e e  r e e f s  considered 
here were termed t h e  "outer  bank ree f s" ,  while i n  t h e  present  p p e r  they  
a r e  termed a t o l l s .  It i s  f i t t i n g  i n  conclusion t o  consider  b r i e f l y  t h e  
v a l i d i t y  of t h i s  term a s  app l i ed  t o  t h e s e  r e e f s ,  and t o  suggest i t s  
l i m i t a t i o n s .  



Since the time of Chamisso, the a t o l l  has been recognised a s  "a 
mass of rock, which r i s e s  with perpendicular walls from the unfathomable 
depth of the  ocean, and forms on the surface an overflowed plateau. A 
broad dam, constructed by nature round the edge of tKspla teau ,  changes 
it in to  a basin" (Chamisso, i n  Kotzebue, 1821,111, 140;=40-159, 
331-336). Darwin (1839, 1842) subsequently elaborated on t h i s  picture,  
but went fur ther  and tended t o  exclude from the a tol l -c lass  a to l l - l i ke  
reefs  not c lear ly  formed by subsidence (exemplified by h i s  treatment of 
the Br i t i sh  Honduran reefs  quoted above). Yet even so thoroughgoj-ng a 
Darwinian a s  Davis was compelled t o  admit t ha t  a t o l l s  a r e  "inscrutable 
structures" (1928, 14), and tha t  the def ini t ion of an a t o l l  must depend 
upon i t s  surface features  ra ther  than inferred o r  even demonstrated 
origin.  Thus the fundamental question of what const i tutes  an a t o l l  
revolves round cer ta in  observable phenomena. Thus Cloud (1957, 1009) 
s t a t e s  t ha t  " a to l l s  consist  of r ing l ike  organic reefs  t h a t  surround la- 
goons i n  which there  i s  no pre-existing land. The ring-reef, t he  lagoon, 
and the absence of pre-existing land a r e  a l l  essen t ia l  features.It This 
def in i t ion  d i f f e r s  i n  one important respect from Chamisso's, fo r  Chamisso 
adds (with a cer ta in  poetic l icense)  t h a t  a t o l l s  r i s e  "with perpendicu- 
l a r  walls from the unfathomable depth of the  ocean." This c r i t e r ion  i s  
of some importance, f o r  by accepting it we exclude reefs  r i s ing  from 
shallow shelves with poorly developed reef-rims, having only a superfi- 
c i a l  surface resemblance t o  t rue  deep-sea a t o l l s .  Thus, i n  the Caribbean, 
Glover's and Lighthouse Reefs would qualify a s  a t o l l s ,  Alacran Reef 
would not. I n  my view there a r e  not suff ic ient  s imi l a r i t i e s  between these 
reefs  t o  c lass i fy  them a l l  a s  a t o l l s ,  i f  the  term i s  t o  re ta in  i t s  use- 
fulness. iiny def ini t ion must, therefore, include (1) the f a c t  t ha t  reef s 
r i s e  from depths greater than the depth a t  which reef-building corals 
can grow, which, taking g lac ia l  low sea-levels in to  account, may be 
placed a t  75 fathoms; (2) tha t  they possess a well-developed reef-rim 
and reef-f la t ,  which for  example, Glover's does and Alacran does not; 
and ( 3 )  t h a t  t he  reefs  contain a lagoon. 

'urther refinement i s  needed i n  the  matter of lagoon depths, whose 
va r i ab i l i t y  has been recognised since Darwin's time. Daly ( ~ 9 1 5 ) ~  Yabe 
and Tayama (1937) and Tayama (1952) have subsequently traced relation- 
ships between lagoon depths and the  s i z e  of the a t o l l .  Cloud (1957, 
1013) recognises t h a t  " a to l l s  may thus grade t o  table  reefs  with emer- 
gence o r  f i l l i n g  of the  lagoon", c i t i ng  iciashington Island as  an example 
of an a t o l l  with very shallow brackish pond instead of a lagoon." 
Since t ab l e  reefs  (Ta~ama, 1935) w i l l  normally have more vigorous coral  
growth on t h e i r  edges than i n  t h e i r  centres, the question a r i s e s  as  t o  
what depths a lagoon must have before a tab le  reef becomes an a t o l l .  
Tapma attempts t o  deal w i t h  t h i s  d i f f i c u l t y  by erecting the intermediate 
c lass  of "Almost Table Reef" (1952, 221, 258-9), with small hg00ns 
"generally l e s s  than 5 metres deep, but a depth of 20 metres i s  recorded" 
(258). Table reefs  i n  h i s  view a r e  smX!,l and have no lagoon. For t rue  
a t o l l s ,  Tayama found tha t  i n  the  South Seas the "shallowest record of 
a l l  the  lagoons i s  9 metres" (1952, 247), o r  43 fathoms. Clearly no 
general depth can be proposed a t  which an a t o l l  ceases t o  be an a t o l l  
and becomes a table  reef. Cine simple c r i t e r ion  may be proposed: i f  a 
def in i te  lagoon ex is t s ,  i .e. i f  there  i s  a marked and recognisable 



break of slope betveen the peripheral  r ee f - f l a t s  and the in t e r io r  p a r t  
of 'the bank, and other conditions a r e  sa t i s f ied ,  then the name a t o l l  
i s  jus t i f ied;  and if not, not. If there  i s  no well-marked r ee f - f l a t ,  
then the bank is a table  reef ra ther  than an a t o l l .  

'hat of the application of these c r i t e r i a  t o  the Br i t i sh  Honduras 
reefs! Glover's Reef emerges as a splendid example of a true a t o l l ,  
comparable t o  anything i n  the Pacif ic  or  Irldian Oceans: it has Chamisso's 
"unfathomable ocean" surrounding it, and a beaut i ful ly  defined reef -  
r imim,  with i n  addit ion a deep, basin-shaped lagoon. Lighthouse Reef 
has Chamisso's basic  a-ttributes, but  the lagoon is  sha1lox.r--with depths 
mostly l e s s  than Tapma's s h a l l o w s t  South Seas a t o l l .  Nevertheless, 
because -there is a veil-rmrlced break of slope he-tween the peripheral  
r ee f - f l a t s  and .the i n t e r io r  of the bank, .chic11 l i e s  deeper than the reef -  
fla-ts, it m s t  be a krue a t o l l ,  though r a r id ly  becoming marginal t o  
t h i s  c lass  through reef-upgrowth and sedimentation. 

Tbmneffe has only one of Charnisso's character is t ics :  it r i s e s  
.From a deep sea floov belotr the l i m i t  of growing coral. GroxJing reef 
corals are  four? i n  a vell-defined b e l t  round the edges of the banks, 
but  do not form a discrete  wave-breaking zonc round i t s  en t i re  margin, 
and--more important--only loca l ly  f r inge a r ee f - f l a t .  There is thus no 
evidence tha t  the present l iv ing  reefs  contribute s ignif icant ly  t o  the 
form of the Turneffe bank, and fur ther ,  since there  is no r ee f - f l a t  
7 

the lagoon cannot be said  t o  l i e  below ii-t; and hence -the t e rn  a t o l l  is 
inapplicable. In  f a c t  the cen t ra l  lagoons are  very shallow, and even 
without the mangrove r i m  the bank could hardly be termed an a t o l l  ex- 
cept for  convenience of discussion. The presence and dis t r ibut ion of 
the mangroves appear t o  be almost unique, as  nothing quite comparable 
has 'been c l e s c r ~ ~ e d  i n  the l i t e r a tu re ;  the nearest  approach seems -to be 
the Marquesas, o f f  southern Florida, described by J. 13. Ilavis (1942). 
Of 'the terms already i n  existence, only two seem t o  apply t o  Turneffe: 
"hummock reef",  proposed by Teic11er.t (194'7) for  the  Houtman's iibrolhos, 
and "bank reef",  Davis's term for  r ee f s  "vhich r i s e  back from the outer 
margin of rimless shoals" (1928, 19, 29). Teiciiert 's term seems -to Lie 
res-t:ricted t o  reefs  r i s ing  from shallow sea f loors ,  and is thus inappli-  
cable t o  TbnefTe, +ri-th ?rliich Houtman's Abrol'nos have l i t t l e  i n  comnon. 
Cavis's term seems bes t  suited, i f  s t r ipped of i ts  marginal-belt conno- 
ta t ions  and used clescriptively. Given an appreciable r i s e  i n  sea-level, 
it i s  quite probable t ha t  Turneffe >roul.d be rapiclly transformed in to  
a t rue a t o l l ,  and it i s  equally possible t h a t  it has passed through a 
true a t o l l  s-tage sometime i n  i t s  history.  

The t i t l e  of t h i s  paper is thus seen, i n  conclusion, t o  be p a r t i -  
a l l y  a misnomer. Glover's Reef is a full-fledged a t o l l ,  Lighthouse Reef 
marginally so, vhi le  the k n e f f e  Islands may be termed a "bank reef" 
or  "reef-fringed bank", and is not an a t o l l  a t  a l l  i n  the sense here 
defined. It should i n  my view be deleted ;rom Bryan's "Checklist of 
Atolls", while the others remain. If the c r i t e r i a  here used are  r igor -  
ously applied t o  a to l l - l i ke  reefs,  then more vrould probably be deleted, 
arid those t h a t  remain possess more uni-ty and common character is t ics  
than before. 







X. APPENDICES 

Problems of surveying sand and mangrove cays have been f u l l y  d is -  
cussed else~where--by Lofthouse (1940a, 1940b), Iierflp ( s t e e r s ,  1938, 
51-52), Spender (Stephenson and o the r s ,  19'jl), and i n  t h e  revised  edi- 
t i o n  of -- Handbook - of & t o l l  Research, ed i ted  by D r .  Fosberg and bliss 
Sachet (1953). Outliries of t h e  cays were mauned by comcass t r a v e r s e  

~ ~~~ . . 
and pacing, w i t h  su rp r i s ing ly  accura te  r e s u l t s .  Grea tes t  c losure  e r r o r s  
were found where beaches cons is ted  of d ive r se  ma te r i a l  such as rough 
c o r a l  blocks, o r  on cays with l ighthouses.  Ziaps were a s  f a r  a s  poss ib le  
drac'm up immediat,ely. Where topography was considerable,  l i n e s  of 
l e v e l s  were surveyed ac ross  t h e  i s l a n d  with a t r i p d  quickset, l e v e l ,  and 
again d i s t ances  were paced. D e t a i l s  of cay composition and vegeta t ion  
riere booked round t h e  cay margins during t h e  i n i t i a l  trciverse, and in- 
t e r i o r  de ta i l .  l & e r  f i l l e d  i n  by tr-znsects nonnal t o  t h e  shore. Speed 
and a c c u r c q  here depends on t h e  recognit ion of l tecologic f i e l d  u n i t s "  
of t h e  type l i s t e d  by Cloud (1952), and inc reases  g e a t l y  with experi- 
ence. Intei-ior d e t a i l  i s  l e a s t  r e l i a b l e  where veget-ition i s  most dense. 
iangrove a reas  present, s p e c i a l  problem and cannot be surveyed t o  t h e  
same stand:wds as dry  land areas .  iihere mangrove zones on sand cays a r e  
l e s s  than 100 p r d s  long t h e  t r a v e r s e  was normally c e r r i e d  t o  seaward 
of their:, but t h i s  was l i z b l e  t o  d i s rup t ion  by deerening water, soften-  
i n g  i~ottoms, and i n q u i s i t i v e  sharks and barracuda. Elseh~here, t h e  tra- 
verse  was c a r r i e d  t o  landward, anti t h e  e x t e r i o r  sketched i n  very 
roughly. Recognition of vel jetat ion u n i t s  a l s o  ii?pn,ves v i t h  p rac t i ce ,  
and i s  helped by t h e  f a c t  t h a t  many p lan t s  (Sesuvium, iiledelia, Tournefort ia  
and so on) occur i n  pure s tands ,  o f t e n  sharply  del imited.  Distr ibu-  
t i o n  of p l a n t s  was normally sketched i n  (with pacing of d i s t ances )  on 
completed naps. The cay was loca ted  with respect  t o  i t s  reef  by i n t e r -  
s ec t ion  of conspicuous points-stranded t r e e s ,  boulders,  e t c .  

Beachrock mapping has problems of i t s  own. Normally one member 
swam out  (o r  i f  s u f f i c i e n t l y  shallow, paced o u t )  t o  submerged beachrock 
exposures, and i n t e r s e c t i o n s  were taken on him a t  s a l i e n t  po in t s ,  by 
t h e  o t h e r  member from f i x e d  shore s t a t i o n s .  The e o l o g i c  hanmer proved 
a use fu l  measuring rod f o r  depth, th ickness  and width of beachrock, 
d a t a  being c o m m i c a t e d  t o  t h e  person on shore f o r  booking. !:!here t h e  
be?chroclc i s  complicated, it i s  u s e f u l  t o  have a t h i r d  person i n  a boat  
t o  take  verbatim notes from t h e  swimer ,  and a l s o  t o  c o l l e c t  specimens. 

The Turneffe cays were among t h e  f i r s t  t o  be mapped i n  t h i s  inves- 
t i g a t i o n ,  before techniques were worked ou t  and t h e  problems apprecirited, 
so ths"t t h e  d e t a i l  f o r  c e r t a i n  cays on t h i s  a t o l l  i s  l e s s  than one n igh t  
vdsh. 

It should be noted t h a t  t h e  cay naps accompanying t h i s  paper a r e  
o r i en ted  accordinir t o  compass e, not t r u e  nc r th .  



2. List of plants  collected - -- -- 
The folloving l i s t  of d .ekmina t ions  sf plant  specimens col lected 

on the three a t o l l s  was furnished by F. R. Fosherg. Several of the 
Specimens were in  ra ther  poor condition, o r  missing from the collec.- 
t ion  sent  t o  Fosberg, and the names of these are  f roa a s e t  submitted 
t o  the Br i t i sh  Huse~un. These a r e  indicated a s  determined by 14. T. Steam, 
of t h a t  ins t i t i l t ion,  t.i110 a l so  sen t  suggestions on tne nomenclatiu'e of 
Several other species. The numbers cited. are  those of the collector,  
D. R. Stoddart, i n  dl cases. Several specif ic  nmes were changed 
a f t e r  the s t enc i l s  of the Bulletin were finished, hence the names used 
i n  the report  d i f f e r  from those i n  t h i s  l ist .  I n  such cases, the 
syrlonym used i n  tine report  is added i n  parentheses i n  t h i s  l is t .  Tne 
unidentified plant  mentioned on p. 47 from idauger Cay is Batis mritiw. - 

Grmineae 

Androuogon -.- gLomeratus .. (i,lalt. ) B. S.P. 
Lighthouse Rzef, Sandbore Cay, no. 553 

Era.grestis c i l i a r i s  (L.)  R.  Br.  
Lighthouse Iieer, Half Moon Cay, no. 54'7 

E r a p o s t i s  - domingensis (Pers.)  Steud. 
Glover Is Reef, Northeast Cay, no. 62 

Paspalunl pleostachyurn Doell. 
Glover's Reef, Northeast Cay, no. 63 

Sporobolus virginicus .- L. 
Li&-thouse Reef, lialf Moon Cay, no. 40 

Sporobolus sp. 
~ i g h t h o z e  Reef, Northern Casno. 52 ( k t .  U. T. s tearn)  

Cyperaceae 

C 2 u . s  li,",ularis L. (C~perus  planifol ius  L. C ,  Rich.) 
~i&thouse Reef, Iialf Moon Cay, no. 41 . . 
Glover's Reef, i~or theas t  Cay, no. 

Fimbristylis  _ _  R. Br.  
Glover's Reef, Middle Cay, no. 80 

Thrinax pnrviflora Sv. 
Glover's Reef, Northeast Cay, no. 77 



I@enocallis l i 'ctoralis  - - . (Jacq. ) Galisb. 
Turneffe, IIarry Jones Point, no. 5x2 
Lighthouse Reef, !ialf Moon Cay, no. 39 

13rassavola nodosa (2.  ) LLndl. ? -. 
Glover's Reef, i\7ortheast Cay, no. 65 

Batidaceae 

Eatis mar i t im  L. -- 
Turneffe, Mauger Cayiy, no. 542 

Moraceae 

Ficus - ovalit: (Lie'bm. ) Miq. ? 
Glover ' s  Reef, Northeast Cay, no. 71 

A l t e r n a n t h e ~  ramosissiig  art.) Chod. 
Lighthouse Reef, Half Moon Cay, nos. 551, 42 

Iresine diffusa R. D. IC. ( I res ine celosia  L.) 
Turneffe, Harry Jones Point, no. 28 
Glover's Reef, Southwest Cay, no. 82 

Reea -- chorio@$Al~ 
Glover's Reef, 

Rivina hwnilis L. - 
IIalf !!!~on Cay, 

Nyctaginaceae 

Standl. 
i?ori;heast Cay, no. 68 

Phytolaccaceae 

Lighthouse Reef, nos. 545, 44 

Aizoaceae 

Ses~wi.um portulxcastr~un .--- (L. ) L. 
Li~hthouse Xee:C. I%alf NIoon Cav. no. 46 - ", 

" Hat Cay, no. 57 
Glover's Reef, Northeast Cay., no. 75 
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Portulacaceae 

Portulaca oleracea L. 
Lighthouse Reef, !fat Cay, no. 56 

Cassytha f i l i formis  L. 
Lighkhouse Reef, lialf Moon Cay, no. 32 

Leyminosae 

Canavalia r s  (Sv.) D.C. 
Lighthouse Reef, Half ikon Cay, no. 59 

Sophora tomentosa L. 
Glover's Reef, Long Cay, no. 79 

Surianaceae 

Suriana maritima L. 
Lighthouse Rcc C, Sanilbore Cay, no. 543- 

" IIalP Moon Cay, no. 47 

Euphoxbiaceae 

Drypetes browmi- Stan&. 
Lighthouse Reef, Half Moon no. 60 

Euphorbia b lodge t t i i  Engelm. 
Glover's Reef, Northeast Cay, no. 70 

Sou.t'nwest Cay 11, no. 84 

Euphorbio mesembrianthemifolia Jacq. (Euphorbia buxifolia Lam. ) 
Lighthouse Reef, I l a U  Moon Cay, nos. 33, 58 
Glover's ReeT, I\~ortheast Cay, no. 74 

Eupl~orbia trichotoina ICunth 
Glover's Reef, Southwest Cay, no. 81 

Pass if loraceae 

Passiflora suberosa L. ? 
Glover's Reef, iTox%heasi; Cay, no. 66 



Combretaceae 

Conocarpus e r e c t w  1;. 
Tiirneffe, Mau~er Cay, no. 54.9 - - .  . - 
Lighthouse Reef, Sandbore Cay, 120. 538 
Glover's Reef, Nor'il?east Cay, no. 67 

S-temodia raaritirm L. 
Lighthome Reef, Half Moon Cay, no. 4.9 

Inornoea pes-capras su.3sa. b ra s i l i ens i s  (L .  ) v. Ooststrom 
Ligkthouse Reef, IIaH Moon Cay, no. 31 (aeei;. i8i. T. s tearn)  

Ipomoea tuba ( Schlecht. ) Don 
Li&thouse Reef, Half Moon Cay, no. 34 (8et .  W. T. Stearn) 

Ipomoea_ sp. 
Li&thouse Reef, !ialf Moon Cay, no. 37 

Cordis sebastena L. -- 
Lighthouse Fee1  , Ilalf Moon Cay. no. 38 

Tournefor Lia  paph ha lodes ( L .  ) R. Br. 
Lighthouse Reef, E l f  ivioon Cay, no. 11.5 

Avicennia ~erminans (L.  ) L. - 
Lighthouse Reef, Northern Cay, no. 55 

Lantana invol.ucrata L. - .- -- 
Li~dthouse Reef, Northern Cay, no. 53 

Stachytarpheta @aicensis (L. ) Vah:L 
Lighthouse Reef, Half Moon Cay, 110. 35 
Glover's Reef, Sou-ilmest Cay 11, no. 03 



Rubiaceae 

Er i tha l i s  fru'ticosa L. 
L:i@xt:~~use Reef, Iialr Moon Cay9 nos. 5lt6, 30 
Glover's Reef, I1orl;heas.t Cay, no. 73 

Ernodea li.l;toralis S v ,  
Lighthouse ~ e > ,  Half Noon Cay, no. 552 

Xorthern Cay, no. 51 

Hanelia pstens Jacq. -- 
Lighthouse Reef, Haif bjoon Cay, no. 36 

Ageratum l i t t o r a l e  Gray? - 
L'lgkthouse Reef, 9alf  Noon Cay, no. 48 
Glover ' s  Reef, Long Cay, no. 78 

Ageralmn ?$ritimnum 11. 13. K.? 
Turneffe I s . ,  Mauger Cay, no. 54.3 
L1ghthouae Reef, Iialf xoon Cay, no. 4-3 

Ambrosia hispicla k s h  
Lighthouse !<eel ,̂ Sandbore Cay, nos. 55b1 50 
Glover's Reef, JTori;:?east Cay, no. 72 

Eorrichia ---- arborescens -- (L. ) EC . 
Lighthou.se Reef, Xalf BIoon Cay, no. 543 

Xa,% Cayy, no. 54 

??edelia tril-obata (L. ) Hitchc. --- 
LTghthovse Reef, Half Moon Cay. no. 61 - ", 
Gloves's Recf, Nortlleast Cay, no. 63 



A Xote on Chinchorro Bank Ato l l ,  Mexico 

It was planned t o  v i s i t  t h i s  a t o l l  a l s o  i n  1961, but t h i s  proved 
impossible owing t o  t h e  g rea t  expense involved. It appears similar i n  
many re spec t s  t o  t h e  B r i t i s h  Honduras a t o l l s  fart ,her south; but l i k e  
them it has never been p r o p r l y  described.  This  note b r i e f l y  s m z r i s e s  
what i s  known of it. The a t o l l  i s  kidney-shaped, 26 mi les  long and 65- 
94 mi les  wide, surrounded on a l l  s i d e s  by a s t e e p t o  r e e f ,  which i s  b e s t  
developed on t h e  windxard s i d e  (West - Ind ies  1-Ylot, 1, 1956, 484-486). 
Chinchorro i s  t h e  only a t o l l  i n  t h i s  a r e a  t o  have been surveyed i n  de- 
t a i l ,  b:~ Comirinder Barnet t  i n  1839, t h e  cha r t  being published i n  1850 and 
not s ince  revised.  The lagoon, l i k e  t h a t  of Lighthouse Reef, i s  shallow- 
e s t  on t h e  west s i d e  (1-2 f a t h o m )  and deepens eastwards t o  2$-4 fathoms. 
The deeper p r t i o n  i s  b isec ted  by a tongue of shoal  water (1-lT2 fathoms) 
extending NNZ-SSI;J, and forming the  foundation f o r  Great Cay, r i s i n g  i n  
t h e  c e n t r e  of t h e  a t o l l .  The g r e a t e s t  depth found i n  t h e  lagoon i s  I+$ 
f athoms. 

There a r e  f o u r  cays on t h e  a t o l l :  Cayo Lobos i n  -the south,  Great  
Cay ((Cayo Centro o r  ~ r a n d e )  i n  t h e  c e n t r e ;  and Cayos Nortes i n  the  nor th .  
The cays a r e  described a s  fol lows i.n t h e  !jest Ind ies  -, I, 1956: 
"Ceyo Lobos (Lat. 18°23tN, Long. 1 3 7 ~ 2 2 1 ~ )  i s  about 5 f e e t  (lm5) high and 
composed of indura ted  sand and bleached co ra l .  Cayo Centro (Grande) 
l i e s  i n  t h e  middle of t h e  lagoon about  15 mi les  from t h e  easLern edge of 
t h e  r ee f .  It is  a low r idge  of sand covered with vegeta t ion  and p a l m ,  
t h e  tops  of l.:~hich a r e  from 40 t o  50 f e e t  (12m2 t o  15m2) high. The cen t re  
of the  cay i s  occupied by a s a l t - ~ m t e r  lagoon. Cayo Norte cons i s t s  of 
two low narrow cays si-tuated c lose  toge the r  about 1 3/4 miles  wi th in  t h e  
northern edge of the  bmk. They a r e  covered with dense vegeta t ion  and 
t h e  tops  of t r e e s  on them a r e  from LO t o  50 f e e t  (12~2 t o  15"2) high." 
(p. L85). These observat ions presumably de r ive  from B a r n e t t ' s  i n  1839. 
The o r n i t h o l o g i s t  Griscom spent t h r e e  days on Chinchorro i n  1926, v i s i t -  
i n g  Cayos Nortes and Cayo Centro. One of t h e  Cayos Nortes i s  uninhabited, 
and he described it a s  a "miniature a t o l l  about 200 yards long, with a 
somewhat higher  beach ( than  Cayo Centro) ,  and no t r e e s "  (1926, 1 ) .  Cayo 
Centro he described a t  g rea te r  length ,  c a l l i n g  it a U p e r f e c t  a t o l l u ,  
which somewhat s t r a i n s  t h e  usage of t h e  term. He found it 

"cons is t ing  o f  a narrow r i n g  o f  sand beach, enclos ing  a cen- 
t r a l  lagoon with one small o u t l e t .  The c e n t r a l  lagoon i s  a 
nangrove swamp i.rith very l i t t l e  open water,  f u l l  of herons 
a.nd crocodi les .  The leatherwood i s  t h e  only p l a n t  on t h e  is- 
land which could be ca l l ed  a f a i r - s i z e d  t r e e ,  t h e  f l o r a  of 
t h e  beich otherbrise cons i s t ing  of scrub  palms, sea-grape, 
and a few o t h e r  shrubs with f l e s h y  leaves  of halophytic West 
Indian types.  The des t ruc t ive  hurr icane  vrhich v i s i t e d  t h e  
coas t  some t e n  y e a r s  ago caused the  sea t o  break over  t h e  
whole i s l and ,  k i . l l ing  a l l  t h e  t a l l e r  t r e e s  and probebly 
g r e a t l y  reducing t h e  r e s iden t  land-bird po@ation. The is- 
land has never been inhabi ted ,  and i s  v i s i t e d  occas ional ly  
only by t u r t l e  fishermen. The f o r e s t  of dead t r e e s ,  t h e i r  
gaunt and twi s t ed  a r m  gleaming white and naked i n  t h e  t rop i -  

. . 
c a l  sunshine, r i s e s  above t h e  scrub, and adds a touch of sad- 
ness  and deso la t ion  t o  a scene, which is ,  t o  say t h e  l e a s t ,  
lonely  and. remoteI'(l926, 1). 

Cayo Centro thus  seems comparable t o  Northern Cay, Lighthouse Reef. 



Edwards (1957, 22) cons iders  t h a t ,  from ch-irt evidence, " c o r a l  
heads and r e e f s  here occur above t h e i r  l e v e l  of formation." He presm-  
ab ly  r e f e r s  t o  Blandford Ledge and S l q l a r k  Ledges a t  t h e  sou-thern en- 
t rance ,  which have been c h l r t e d  i n  d e t a i l ;  t h e r e  i s  no evidence t h a t  
they ore  raised.  Allen (1841) descr ibed  t h e  Chinchorro Reefs a s  "even 
with t h e  sealt--a desc r ip t ion  which he a l s o  gave t o  unraised r e e f s  on 
Lighthouse and Glover 's  Reefs. Griscorn says  t h a t  "The o u t e r  r e e f s  a r e  
nea r ly  half  a inile wide i n  p laces ,  and t h e  b igges t  c o r a l  heads a r e  f o u r  
t o  s ix f e e t  below t h e  surfhce.  Ins ide  t h e  reef  i s  a lagoon with a 
white sand bottom, t h e  water gor$eously coloured and c l e a r t t  (1926, 1). 
He does no t  mention r a i s e d  reefs .  The lagoon i t s e l f  has many patch r e e f s .  

There a r e  two l i g h t s  on t h e  a t o l l :  one, lr4 f e e t  high, on Cayo 
L o b s ;  t h e  o the r ,  52 f e e t  high,  on t h e  northern cay of Cayos Nortes. 
The Cayo Lobos l i g h t  i s  s a i d  by B r i t i s h  Nondursn fishermen t o  have been 
ou t  of ac t ion  s ince  Hurricane J a n e t  passed over t h i s  a r e a  i n  1955. 
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