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I. INTRODUCTION

In his "Checklist of Atolls", Bryan (1953) listed a total of 27
atoll~-like structures in the Caribbean, three of which are located off
the coast of British Honduras (cf. Cloud, 1957, 1010-1011). The
Turneffe Islands he considered 'mot sufficiently surveyed to determine
form"; Lighthouse Reef he described as "atoll-like, 5 cays"; and Glover's
Reef as "sunken atoll-like, 5 small cays", Until recently this survey
represented the total of our knowledge of these atolls, perhaps the
least well~known and probably the finest structures of their type in

the Caribbean Sea.

Location

Location of the atolls on published charts derives from surveys
of the period 1820-1830, and no attempt is made to show details of form
or topography. Figure 1 shows the atolls as surveyed by Captain Richard
Owen, from a manuscript map (H57) dated October 1830 in the possession
of the Hydrographic Department, Admiralty; in many respects it is more
detailed than subsequently published charts, which are based on it.
Figure 2 attempts to combine published charts of the location of the
atolls with maps of detailed form derived from air photographs. These
airphoto maps are reduced from the large scale maps included with this
paper in the accounts of each individual atoll, It will be seen that
ILighthouse Reef as shown on figure 2 corresponds well with representa-
tions on charts; Turneffe Islands correspond in gross form, but much
lagoon detail is added; while Glover's Reef, though broadly similar
on figures 1 and 2, differs considerably in figure 2 from published
charts. '

The following survey of the location of the atolls is derived
from published charts. The coast of British Honduras is fringed by a
submerged coastal shelf edged by a well-developed barrier reef, In
the latitude of Belize (17°30'N), the shelf lagoon is & miles wide.
Beyond the barrier in this latitude, a channel 11 miles wide separates
the shelf from Turneffe, This channel varies in width from 5% to 14
miles, being narrowest in the centre. Turneffe bank itself has a
maximum length of 30.5 miles along its NNE-SSW axis; its greatest
width, at the latitude of Soldier Cay, is 10 miles, and the average
width 5-6 miles. It covers approximately 205 square miles, and its
co-ordinates, from charts, are:

North extremity (drying reef) 17038+00"N
South extremity (Cay Bokel) : 17°091Q0MN
Bastern extremity (northeast corner) 87%41, 130"
Western extremity (west side) 87°57130m

Lighthouse Reef is situated east of Turneffe, from which it is
separated by a channel 113 to 18 miles wide; again the channel narrows
towards the middle and widens at its ends. The distance between Cay
Bokel (south end of Turpeffe) and Hat Cay (south end of Lighthouse
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R@?f) 19 miles. The maximum length of Lighthouse Reef along its NNE-3SW
axls is 22 miles, and its width varies from 2 to 4 3/k miles. The approxi-
mate area 1s 78.5 square miles, and its co-ordinates, from charts, are:

North extremity (Sandbore Cay) 179281301
South extremity (reer) 17°07100"N
Eastern extremity (northeast reef) 87927100"W
Western extremity (southwest reef) 87936130

Glover's Reef is located 15 miles SSE of the south end of Turneffe,
and 133 miles 5SW of the south end of Lighthouse Reef, Like Turneffe
it is separated from the coastal shelf and barrier reef by a channel
132-17 miles wide, narrowest at its northern end, between Glover's Reef
and Gay Glory. Glover's Reef is aligned NNE-SSW, following the trend
of the southern barrier reef. South of Glover's Reef, the barrier reef
swings eastwards, forming the pronounced elbow at Gladden Spit, and
then westwards to form the bight between Glover's Reef and the barrier,
The channel thus formed on the south side of Glover's Reef, between it
and the barrier, is 13% miles wide. The bank has a greatest length
along its main axis of 16 miles, and averages 5-64 miles in width.

Its area is some 82 square miles, Co-ordinates from charts are:

North extremity (northeast reef) 16355'30”N

South extremity (southern reef-entrance) 160A2’OO"N

Eastern extremity (northeast corner) 87°41130"™W

Western extremity (scuthwest corner) 87952100"W
Approaches

A3l three banks are steep~to, and must be approached with caution,
though Turneffe is normally visible with the naked eye at a distance of
6~7 miles (from sea~level). There are two lighthouses on Turneffe:
one on Mauger Cay near the north end, a tower 64 feet high, location
17036‘30“N, 870h6’00“w; the other is on Cay Bokel, at the southern ex-
tremity of the reef, location 17009’30“N, £7°54,100"W, Cay Bokel light
is not visible from the NNW and NE because of intervening mangrove.

Lighthouse Reef also has two lights: one, 70 feet high, on
Sandbore Cay at the north end, 17028100"N, 87°29100"W; the other, &0
feet high, on Half Moon Cay, near the southern end, 17°12t'00'N,
87°31'CO"W, Both are partly obscwed by cays to the east and southeast.
There are no lights on Glover's Reef, but the lights on the other
atolls are highly dependable.

There is good anchorage in depths of 9 fathoms near Cay Bokel,
at the south end of Turneffe, and also in the southern entrance of
Glover's Reef, There are no satisfactory anchorages for large vessels
at Lighthouse Reef, with the possible exception of the bay lying west
and south of Half Moon Cay. Further details on lights and anchorages
are glven by the West Indies Pilot, Vol. 1, 11th edition, 1956,

D. A59-462,
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Discoverz

There are no pre-~Columbian historical remsins on either Lighbhouse
Reef or Glover's Reef, though Maya shell-middens are reported from the
Calabash Cays area and Northern Bogue on Turneffe (Romney and others.
1959, fiz. 10). It is not impossible that the Mayas did visit the two
cuter atolls on occasion in canoes, since they appear to have carried
on a sea trade between Yucatan and the Bay Islands (Chamberlain, 1953),
and in fact this is suggested by the Turneffe middens, located at the
castern exits of the Turneffe lagoons still used by fishermen making
for Lighthouse Reef, There is, however, no evidence of permanent settle-

ment similar to that found on some cays within the British Honduras
barrier reef,

The east coast of the Tucatan Peninsula between Bahia Chetumal and
Golfo Dulce was first explored by Francisco de Montejo in 1528 and his
lieutenant Davila in 1532-3 (Chamberlain,1948, 1953). No permanent
Spanish settlement seems to have been established on this coast between
Salamanca de Bacalar and the Sarstoon River (Humphreys,l1961), but the
coastline and reefs must have become well-known to Spanish navigators
travelling vetween Honduras, northern Yucatan and Cuba in the sixteenth
and seventeenth centuries. English logwood cutters began to gather on
the Belize River during and after the period 1640-1660, and this led to
an international tension not conducive to the sharing of hydrographic
information., There seems little doubt that Spanish knowledge of the
coast and reefs was treated as a military secret, and their maps re-
mained unpublished in Seville. The fashion for the published charts
seems to have been set by Herrerat's Description del destricto del
Audiencia de Nueva Espana of 1601-15 (Vindel, 1955, 69-70), in which a
number of coastal islands are named, from south to north, off the coast
of what is now British Honduras: Ilbob, Iamanay, Pantoja, Quitasueno,
and El Triangulo, On De Laet's msp of 1625 (Comision de Limites, 1928),
these appear as Ylbob, Lamenay, Zaratan, Pantoja, and Quitazuenho: with
the possible exception of Lamanay (Turneffe?) none can be certainly
identified today. These names regularly appear on the charts of Blaeu,
Vooght, Visscher, Morden and others until c. 1720, and at least one map
with these names appeared as late as 1793 (Baret-Tlwe, 1793).

Nautical knowledge has by this time far outstripped the carto-
graphers. The words 'Terre Neuf' (Turneffe) first appear (in addition to
Lamanay and Zaratan) on a chart by Vooght in 1698, Manuscript maps re-
produced by Calderon Quijano (194k) from the Seville archives show a
Spanish understanding of the topography of the three atolls not approached
in Tngland until the nineteenth century, The Plano de la Costa Oriental
de Yucatan of 1749, though poorly reproduced, shows the three atolls in
their correct relations, with the cays on Lighthouse and Glover's Reefs
clearly marked; Turneffe appears as 'Terra Nef', The Planc de ia Costa
de Honduras of 1756 shows 'Terra Nef', 'Cuattro Cayos'! (Lighthouse Reef},
and 'Longorif! (Glover's Reef), these last two names appearing on charts
for the first time. The use of the name !'Long Reef! for Glover's Reef
seems to have been general in the early eighteenth century, and Winzerling
(1946) suggests that the name 'Glover' derives from a pirate of that
name who made the atoll his own, though little else is known about him.,
The present name was used on the first Admiralty charts, and the old
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name has been forgotten. Quattro Cayos, Four Cays, or Eastern Reef was
used for Lighthouse Reef until the Half Moon Cay lighthouse was built in
1821 (Honduras Almanack,1830). On both these manuscript charts the
Turneffe lagoon is filled with shapeless islands, and the same is true
for Glover's Reef on the 1756 map. On an undated map of the same period,
Mapa de el ceno de Honduras (Calderon Quijano, 1944, Plate 17), however,
the distribution of land on Turneffe is shown with an exactitude and
clarity not achieved again for over 150 years; it may be compared with
recent English official maps (e.g, in Romney and others,1959), and shows
more information on the interior of Turneffe, though on a small scale,
then present nautical charts (cf. admiralty chart 959, 1929).

The Spanish discoveries penetrated slowly into the English litera-
ture, though a Spanish map was used by Speer in the first edition of his
West India Pilot (1766), and greatly improved in the second (1771).

Speer was clearly well acquainted with the waters he described. TFor the
first time in his work an individual cay is named on Turneffe (Qgigigggl
in 1776, Kay Boguel in 1771); Glover's Reef appears as Longorriff or
Arrecife Largo with three un~named cays in 1766, and received its present
name for the first time on a chart in 1771; with Lighthouse Reef or
Quattro Cayos del Sur (1766) shows North Four Kays and South Four Kays
(including Hat Xay) in 1771. Nevertheless, Speer's map is crude com-
pared with the extracrdinary charts of the Gulf of Honduras prepared by
Thomas Jefferys (died 1771) and published in 1775, 1792 and 1800.
According to the editors of the 1775 West India Atlas, "The English
charts, both manuscript and printed, are more numerous than the Spanish
materials. On the continent they have chiefly been of use to determine
the bay of Honduras, the Mosquito-Shore, and Florida. We had so con-
siderable a quantity of manuscripts...upon the Bay of Honduras, properly
s0 called, ...that there is nothing more to be wished for in the gxact-~
ness of this map" (Jefferys, 1775, p. iii).

On the first Jefferys map of 1775, Turneff is marked, with Key
Bokel in the south; in 1792 and 1800 Cayo de Muger or Mauger Key was
added in the north. Glover's Reef appears in 1775 as Arrecife largo,
Glovers Reef or Long Reef; The Two Spots are marked at its northern end,
and five un-named cays in the south; and there is little change in later
editions., Lighthouse Reef is termed Four Keys Reef in 1792 and 18C0.

In the earliest map, Jefferys includes North Two Keys, with The Bushy
Spot (modern Northern Two Cays and Sandbore Cay), and in the Southern
Four Cays on this atoll he names North Key (Saddle Cay), Basternmost Key
(Half Moon Cay), Halfmoon Key (Long Cay), and Hat Key. The misnaming of
Half Moon Cay continues in the 1792 and 1800 editions.

Jefferys' maps remained the best available until the detailed sur-
vey of the east coast of Yucatan by the British Admiralty in the late
18205 and early 1830s. This was begun by Anthony de Mayne, HMS Kangarco,
with a survey of Belize harbour in 1828, which remains in manuscript.
Commander Richard Owen and Commender Edward Barnett produced a preliminary
survey of the whole coast in 1830 (Admiralty ms charts H57), and this
still remains the basis of current charts of the atolls, Barnett went on
to map Banco Chinchorro atoll in detail in 1836, and this chart was pub-
lished in 1850, and Owen continued work on the coastal shelf and barrier
reef, but paid no more attention to the three British Honduras atolls.
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Subsequent surveyors, including the most recent (HMSS Vidal, Capt. E. G.
Irving, 1957}, have all been restricted to the coastal SRelf and Belize
harbour. Thus the representations of the atolls on present charts date
entirely (with the exception of the west coast of Turneffe opposite Belize,
and of recent charts of Glover's Reef) to Owen's sketch surveys of over

a century ago. Glover's 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.

Seientific studies on the atolls

Owen carried no naturalist on his ship, and published accounts of
his work are sparse (Owen,1838; Bird Allen, 1841). Darwin includes infor-
mation from Allen in his Structure and Distribution of Coral Reefs (1842},
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 1894-96 (Sapper, 1899, map 1),
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. Vermeer {1959) also visited Half
Moon 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 Haval
Research, Washington. Neither Alexander Agassiz (1894) nor T. Wayland
Vaughan (1919), though often referring to the east coasts 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 1s based on several visits fto 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).
My 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 oblained on this expediticn & second visit was seen to be necessary,
and it is a plessure to acknowledge the help of the Uffice of Naval
Research, Washington, and the Coastal Studies Institute, Louisiana State
University, in making this possible. I am grateful to Miss 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 again concerned with mepping
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-
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ing to the atolls generally. In particular, the reef transects described
in Section IV were made on the second expedition. The routes followed on
these excursions are shown on figure 3.

On the first exnedition I had the field assistance of J. D. Poxon,
B. A., Selwyn College, Cambridge, who also navigated our yacht Tortuga,
and on the second one of 5. P. Murray, of Louisiana State University;
their help has been invaluable. I would alse like to thank Professor
J. A. Steers, of Cambridge, under whose direction this work has been
carried out, and Professor R. J. Russell, of Baton Rouge; Dr. F. R. Fosberg,
who kindly identified my plants; and Dr. Fosberg, Dr. Cyril Dixon
(Geolngical Survey, British Guiana) and Dr. D. A. Vermeer (University of
California}, for discussion of many points.

It is impossible to make individuzl acknowledgment of all the help
received on these expeditions from many other snurces, but mention must
be made of the assistance from the then Governor of British Honduras,
Sir Colin Thornley, the Chief Secretary and Executive Council, and the
Comptroller of Customs, Mr. David Bradley, for customs exemption and
other help; from the British Museum (Natural History) in the supply of
nlant~collecting materials; from Marine Electironics Ltd., London, for
supply of an echo-sounder; and from the many commercial organisations
and individuals, detailed elsewhere, for their help with eguipment, cene-
ral suvplies and finance. This work has bsen supported since 1959 by a
grant from the Department of Scientific and Industrial Research, London,
held at the Department of Geography, Cambridee, Eneland.

Miss Pruitt kindly made available, through Coastal Studies Insti-
tute, the air photograpvhs on which figures 27 and 37 are based. I am
indebted to Admiral E. G. Irving, Hydrosravher to the Navy, Hydrograrhic
Department, Admiralty, London, for permission tns base figures 1, 14 and
32 on unpublished Admiraliy manuscripts, and for giving me access to the
Hydrographic Department Archives at Cricklewcod.

Dimensions of Pacific and Caribbean Atolls compared

Atoll Length  Breadth Area Maximum  Land area
miles miles sguare depth square
miles fathoms miles
Bikini 26 15 243 32 3.4 (1)
Rongelap 33 20 396 35 3.2 (1)
Eniwetok 25 20 360 35 2.5 (1)
Roneerik 11 11 57 26 0.53 (1)
Kapingamarangi 8 6.3 31.7 L3 0.4 (2)
Raroia 27.5 8.75 156 30 8.2 (3)
Turneffe 30.5 10 205 3. L& (&)
Lighthouse Reef 22 4.7 78,5 53 3 (k)
Glover's Reef 16 6.5 82 2l 0.3 (L)

* Depth of blue hole: 7& fathoms

Sources: ] Emery, Tracey and Ladd, 195).
2. Wiens, 1956.

3. Newell, 1956,
L
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1. GROSS FORM AND STRUCTURE OF THE OFFSHORE ARFA

Submarine topography of the east coast of Yucatan

. The.most striking feature of the offshere topography is the marked
linear orientation of surface and submarine features, and this finds
some P&Pa%lel in the more subdued fault~controlled lineation of drainage
features in the northern limestone lowlands of British Honduras and ad-
Jacent Quintana Roo (Sapper 1899). Fach of the four atolls near the
bgse of the Yucatan Peninsulaw--Banco Chinchorro, Turneffe Islands,
;1ghthouse Reef and Glover's Reef-— is aligned with its long axis trend-
ing NNE-S3W, and this is true also of Cozumel Island and the submerged
Arrewgmith Bank farther north on the same coast. Available soundings are
rather spaPee in the area between the banks and the barrier reef, but
they are sufficient to show that these apparent surface lineations are
only the superficial expression of mejor submarine topographic features
o1 a greater scale than any land relief on the adjacent ccastlands,
Figure 4 is a compilation map showing submarine contours, baged on maps
of the Quintana Roo coast published by Edwards (1957 and of British
Honturas by Vermeer (1959). It is possible to disagree with many of
the details of this map, but the gross pattern revealed is probably
correct,

The whole of the east coast is bordered by two Uplatforms’: an
"upper platform" with its outer edge at approximately 2438 feet (400
fathoms), and a "lower platform', with its outer edge at approximately
6,000 feet (1,003 fathoms). A third platform, the coastal shelf, may be
traced north of the Yucatan Peninsula, as a vast shallow extension of the
Yucatan limestone lowland, and also in the southeast of the peninsula,
off the British Honduras coast, where it is fringed by the barrier reef.
Arrowsmith Bank, Cozumel Island and Turneffe are located on the edge of
the upper platform', and Banco Chinchorro rises from a spur extending
eastwards from the main shelf at about the same height, No banks rise
from the "lower platform" except in the south, where it supports Light-
house Reef and Glover's Reef. In this southern section the two platforms
come tegether, and off the southern barrier reef of British Honduras
there is a single fall from sea-level to over 6003 feet depth,

Several escarpments, forming part of this "upper platform-ilower
platform" system may be traced off the atolls of British Honduras. For
convenience, they are named here the Cuter Escarpment, Turneffe Escarp-~
ment, Chetumal Escarpment, and Chinchorrc Escarpment.

The Outer Escarpment extends along the southern barrier reef from
Sapodilla Cays to Gladden Spit, and thence northeastwards along the east
sides of Glover's and Lighthouse Reefs. Off the barrier reef the scarp
is straight and steep: within 3% miles of Ranguana Entrance the sea
floor lies at a depth of 4800 feet, Twelve soundings along this section
of the barrier reef, 2-4 miles seaward from it, average L4020 feet. North
of Gladden Spit the soundings off the barrier reef decrease considersbly, .
indicating the presence of a shelf or col between Gladden Spit and
Glovert!s Reef at depths of 900-1100 feet, The scarp crest in fact con-
tinues along the east side of Glover!'s Reef, giving depths of 1800-3300
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feet within i~2 miles of the reef-edge, and along the east side of
Lighthouse Reef, giving depths of 6600 feet within 3 miles of the reef-
edge. Between the barrier and Glover's Reef, and between Glover's and
Lighthouse HReefs, the sea is less than 1,000 feet deep, Clearly, the
barrier reef and the two atolls lie on the crest of a submarine scarp
trending NE-SW, and at least 120 miles long. The average gradient of
the scarp slope is between 1 in 3 and 1 in 4,

The "upper platform” between Glover's Reef and the barrier reef
lies at a depth of 900~-1100 feet. It appears to deepen northeastwards,
and to pass into a proncunced trough extending in a northeasterly direc—
tion between Turneffe and Lighthouse Reef. Between the barrier and
Turneffe, on the other hand, the "upper platform" continues northwards
at depths of 900-1,000 feet, forming a channel 6~10 miles wide, Sound-
ings betwesn Turneffe and Lighthouse Reef are very meagre, but it seems
that the east side of Turneffe is bounded by a submarine slope similar
to that bounding the east sides of Glover's and Lighthouse Reefs, but
on a smaller scale, Twelve soundings 13-4 miles from the west reefs of
Lighthouse Reef average over 3,000 feet; a single sounding midway between
Mauger Cay (north Turneffe) and Sandbore Cay (north Lighthouse Reef) is
charted as 6090 feet, There is only one sounding off the east reefs of
Turneffe (2 miles west of the northeast corner), of 2220 feet. It thus
appears that the Turneffe Escarpment overlooks a basin with maximum
depths of 6,00C feet, shoaling southwards, and passing northwards into
the "lower platform". Lighthouse Reef seems to be situated on a long
narrow spur, bounded on the west side by this basin, and on the east by
the Outer Escarpment.

North of Turneffe and Lighthouse Reef there are no banks rising to
the surface for over 60 miles., The sea floor falls regularly from the
barrier and fringing reefs of the Yucatan coast to denths of up to 300
feet within 5 miles of the coast. There are no detailed charts for the
east coast of Yucatan north of Belize, but it is probable that this
coast too is bounded by an escarpment (Chetumal Escarpment), gentler
than the others, controlling the linear nature of the coast and reefs
northwards at least as far as Bahia del Espiritu Santo, where it is
intersected by transverse faults from the west.

Chinchorro Bank is also bounded on the east side by a steep slope

(Chinchorro Bscarpment), and the same is true of Cozumel Island and
Arrowsmith Bank.

Fault origin of the escarpments

The presence of these steep submarine gradients was noticed by Ower,
who attributed them to offshore faulting and published a map of the
southern reef area (3928, 497) showing two sets of submarine fault-lines.
One set, aligned NNE-53W, with downthrow to the southeast, corresponded
to the "Outer Escarpment! delimiting the southern barrier reef and Glover's
Reef, and to the "Turneffe fiscarpment. These were deduced from sound-
ings on charts, and Ower recognised the gross similarity in direction and
downthrow with the faults of the northern lowlands of British Honduras.
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A second set of faults was recognised transverse to the first (striking
E-W and SE-NW), with downthrow to nerth or south. The main dryland ana-
logy to this system which he mapped is the E-W Northern Boundary Faull
of the Maya Mountains, a horst of Paleozoic rocks surrounded on all sides
by Mesozolc and Tertiary limestones and other rocks., In the offshore
area, the location of the transverse faults shown on Ower's map seems
purely conjectural, with little relation to bottom topography; they seem
to have been inserted to explain the rise of the outer atolls from their
respective scarp-crests, Study of Admiralty charts in 1959 led to the
conclusion that there is in fact one major set of faults controlling SUD~
marine topography, trending NNE-SSW, and giving rise to the Outer Escarp-
ment, Turneffe Escarpment, and probably alsc the Chetumel and Chinchorro
Escarpments (Stoddart, 1960)., It was subsequently found that this inter-
pretationhad been worked out in detail by Edwards for Quintana Roo (1957)
and by Vermeer for the coast of British Honduras (1959, 20-25). No

other interpretation for the submarine topography seems possible with
present knowledge, It is unlikely that the escarpments are construc-
tional reef forms for several reasons, Thus the Ouber Escarpment can be
traced not only along modern reefs, but occurs as a submerged feature,
not rimmed with reef, between the two outer atolls, and this same scarp
also bounds the coastal shelf south of the southern end of the barrier
reef, where it again lacks a reef-rim, Further, the Chetumal Escarpment
seems to delimit for over 200 miles a coast built of non~reef limestones,
along which the barrier reef is weakly and discontinuously developed,

and this indicates that the reef itself is of winor importance in deter-
mining present bottom topography.

The picture which emerges, therefore, is one of a number of NNE-SSW
fault-~lines, arranged en echelon along the British Honduras coast, giving
rise to major submarine escarpments, with average gradients of 1 in 3 to
1 in 5. The wmaximum gradient charted appears to be a fall in depth of
over 1 mile in a distance of two miles from the surface reef, on the east
side of Lighthouse Reef. The atolls are seen to be oval-shaped reefs,
13~35 miles long, rising several hundred feet above the surface of the
fault~bounded platform on whose edge they stand. The offshore topography
consists of a number of submarine steps, each bounded by an east~facing
escarpment, each bearing at some place along its crest a reef-mass ris-
ing to sea-level (fig. 5).

Submarine scarps and regional tectonics

If the submarine topography of the northern Caribbean basin (Parr's
"Cayman Sea") is viewed as a whole, the faulting deduced from chart evi-
dence becomes comprehensible. The dominant feature of the basin is the
Bartlett Trough (fig. 4) or Cayman Deep, a narrow trench extending across
it for nearly 1,000 miles, The northern rim of the trough may be traced
in the faulted Sierra Maestra of Southern Cuba, through the Cayman and
Misteriosa Banks, and probably into the Maya Mountains of southern
British Honduras (Taber, 1928; Matley, 192k). The southern rim of the
trough is formed by the island of Jamaica, the Pedre, Rosalind and
Nicaraguan Banks, and the mountains of the Republic of Honduras. The
Trough reaches a maximum depth of over 23,000 feet, It appears to pass
westwards into the Lake Izabal-Rio Dulce lowlands of Guatemals, and accord-
ing to Walper (1960)may be followed as a fracture zone into the Alta Verapaz.
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Dixon gives grounds for believing that movement was initiated along
the Bartlett axis in pre-Cretaceous times, but the maximum dislocation
took place in the late Tertiary, probably reaching a peak in the Pliocene
(Schuchert, 1935). The extensive raised reefs, elevated shore terraces,
and Plio-Pleistocene marine deposits of Cuba (hgassiz, 18943 Taber, 1934)
and to & lesser extent Jamaica, indicate that movement on a large scale
continued into the Pleistocene and may still be continuing. Little de-
talled work on the tectonic history of the Trough has been done since
Taber (1922, 1931) outlined its main features, though recently it has
been suggested that rather than being a simple normal rift, the Bartlett
axis is a major zone of wrench~ or transcurrent-faulting, along which
considerable lateral movement occurred (Moody and Hill, 1956; Hess and
Maxwell, 1953). '

The reef-capped coastal features of British Honduras can thus be
seen in a wider context as relatively minor dislocations along the north
side of the Trough, where it sbuts against the Central American mainland.
Vertical movements of thousands of feet have taken place along this zone
of weakness since late-Tertiary times (Schuchert, 1935), and the British
Honduras faulting may have taken place in Pliocene times, even continu-
ing into the early Pleistocene., This sets a very approximate limit to
the age of the coastal reef formations., The rocks involved in the frac-
turing are not known, since no solid rocks outerop anywhere on the atolls,
They may have been Cretaceous~Eocene limestones similar to those blanket-
ing the western part of the Maya Mountains, and which in northern British
Honduras were subjected to dislocations of similar trend to those of the
offshore areas, This layer of limestones probably overlies Paleozoic
rocks at an unknown depth. Whether the main body of each atoll abkove the
platform on which it rests consists of reef limestones or of older lime-
stones (as Ower's suggested transverse faults may indicate) remains one
of the many problems associated with these reefs.

: Growing interest of oil companies in the offshore area will pro-
bably add greatly to our knowledge of the structure of the coast and
reefs, through seismic exploration and deep borings.
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IIT. CLIMATE, SEA CURRENTS, TIDES

In this section several factors of the environment of the atolls
will be discussed, but it must be borne in mind that records have never
been kept on any of them for more than very restricted periods, in spite
of permanently maintained lighthouse stations on Turneffe and Lighthouse
Reef, and that for statistics we must rely on data from coastal stations.
With the exception of the work of Parr in the Gulf of Honduras generally,
and of University of Texas workers on the British Honduras coastal shelf,
there do not appear to have been any marine surveys by oceanographic ves-
sels near the atolls.

Climate

An account of the climate of British Honduras is given by Romnsy
and others {1959, 15~22), and of Yucatan by Page (1933, 409-422), Edwards
(1957, 61), and briefly by Trewartha (1961, 70-71), Even on mainland
stations data are grossly inadequate: in Quintana Roo only 2 stations
have records of 20 years or more, while of all recording stations in
British Honduras, only 2 record more than daily rainfall.,

Taking the Yucatan peninsula as a whole, rainfall increases from
north to south, and is greater along the east coast than in the interior,
as shown by the following figures:

Progreso 19 inches
Merida - 36
Valladolid 47

Cozumel 66,6
Chetumal L2.5
Corozal 51.9

Belize 69.6

Stann Creek 117.3

Punta Gorda 166.45

Turneffe and lighthouse Reef lie between the latitudes of Belize and
Stann Creek. By analogy with coastal conditions rainfall on the atolls
should be between 70 and 120 inches; it is, however, unlikely to be s0
high., The atolls are low, the land area small, and the dry season long,
5o that the rainfall probably does not exceed an average of 70 inches for
any atoll., The dry season extends from March to the end of May, and can
iead to severe water shortage on the cays, which rely on rainwater butts
rather than groundwater for their supply. The seasonal pattern of rain-
fall at Belize, which is probably comparable to the atolls, is as follows
(1941~1950, Romney and others, 1959, 16):

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Inches: 3.9 2.7 L.k 2.2 3.4 6.6 5.7 7.3 9.8 9.4 8,9 8.2 69,6
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The only rainfall figures available for the atolls are those quoted by
Smith (1941) for Calabash Cays, east side of Turneffe, for the summer
months of 1937-1939; the variability is considerable:

April May June July Total

ol

1937 3.46 3eh7 3.50 11.52 21.95
1938 3.10 2,18 L. bl 2.00 11.92
1939 0.30 0.45 1.16 2.87% L.78

(¥ - Man of War Cay; no data for Calabash Cays)

The winds in the atoll aree blow steadily from the east for most of
the year, At Belize, the only recording station, for the period 1917-1949,
56% of winds at 0600 hours came from the E and SE quadrants and 23% from
the NW {means for the year); while at 1800 hours, 75% of winds came from
the E and NE quadrants. The wind data, taken from the West Indies Pilot
(I, 1956, 76) are summarised in the wind roses in figures 7-9. The impor-
tance of northwest winds in early morning reflects the importance of
land-and-sea breezes at a coastal location; the extent of these offshore
winds is very restricted, and may not even reach the barrier reef, They
are probably negligible on the atolls. The constancy of the easterlies
at Belize during the summer needs no stressing: at 1800 hours in June,
July and August 100% of the observed winds come from the NE, E, and SE
gquadrants, the two former greatly predominating.

Two further features may be mentioned in connection with winds.
The first and most important is the extension of the North American high
pressure system southwards during the period November~February, occasion—
ally extending to the end of March, This brings north winds, a sudden
fall of 5-7° (and sometimes much more) in air temperature, low clouds,
and freguently rain and stormy weather, The whole lasts for four or five
days at a time, and is known as a "norther". These are felt on the atolls
as much as at Belize. Secondly, there is some evidence in the lower part
of the Gulf of Honduras, in the Punta Gorda-Puerto Barrios area, and along
the southern barrier reef, of occasional strong southerly winds displac-—
ing the easterlies. There is no evidence, however, that these extend to
the atolls,

During the months July to October the British Honduras coast is
liable to tropical hurricanes, moving westwards from the Caribbean Sea.
On occasion these are highly destructive: Belize has been destroyed more
than once, most seriously in 1931 (Cain 1933), while Hurricane "Janet"
did great damage to Corozal and Chetumal in 1955 (Pagney 1957). Poey
{1855) records major hurricanes at Belize in 1787, 1813, 1827, and 1831;
the most important since then have been in 1931, 1942, 1945 (Toledo
District), and 1955. The most recent have been Hurricane "Abby" in 1960,
and Hurricane "Anna" in July 1961, which we witnessed at sea near
Placencia, examining the damage along the mainland coast shortly after—
wards. Many hurricanes have decreased in intensity by the time they have
reached this ccast, though during the 1955 hurricane the Chetumal anemo-
meter broke at 150 mph. The effect of hurricanes is three~fold: the
direct effect of wind in uprooting vegetation, especially coconuts; the
local rise of sea-level, often of several feet, under the influence of
winds and decreased atmospheric pressure; and the action of wind-~generated
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waves in eroding and redepositing bottom material and often damaging the
living reef (Moorhouse 1936; Blumenstock 1958a, 1958b, 1961; McKee 1959).
The immediate physiographic effects on low land areas are considerable:
deposition of rubhle and fresh sand carpets, building of shingle ridges,
and erosion of former land areas, and these effects will be detailed for
the British Honduras ateclls in the more detailed accounts which follow.
Experience on Jaluit Atoll, Marshall Islands, however, shows that some

of these changes are only temporary (Blumenstock, Fosberg and Johnson:

1961).

The same observation may be made for the effects of "northers.”
Erosion often occurs along the northern marging of cays during "northers®,
with the building of sand spits proceeding at the same time to leeward
(often at the southwest corner); but these are shortlived features and
disappear when the easterlies reassert themselves. Small sandbores even
appear and disappear seasonally in response to wind direction, and a
similar observation has been made by Folk on Alacran (personal communi-
cation). Not all the changes are temporary, however, at least when mea~
sured in terms of decades., Marginal attrition of cays, and the slow dis-
appearance of storm-bullt ramparts are a different matter from the dis~
appearance of a cay altogether, especialiy if it is vegetated. Once a
vegetated cay is swept away, it is a very long time before the re-emer-
gent sandbore becomes sufficiently stable, through colonisation by vege-
tation and the formation of beachrock, to become a cay once more. No
example is known on the British Honduras reefs where this has happened,
except at Cay Glory (Barrier Reef), which now has a mat of Sesuvium and
Fuphorbia, and a single small coconut tree, Yet numerous examples of
cays washed away in storms are known. In this respect it may be nobted
that the path of maximum destruction in hurricanes is narrow, and that
rarely is more than one cay seriously damaged. Thus the 1935 hurricane,
which destroyed Paunch Cay and flooded St. George's Cay on the barrier
reef, did no damage whatever at English Cay four miles to the south.

Iittlie is known of the effect of hurricanes on coral formation;
though it is known that globular coral colonies may be rolled across
reef-flats, and, in deeper water, large tree-like colonies of Acropora
palmsta may be completely inverted even in "northers",

There are few data on air temperatures, apart from the Belize re-
cords. Average records here for 1917-1949 (West Indies Pilot, I, 1956,
76} are as follows:

Op, Mean Jan Feb Mar Apr May Jun Jul Aug Sep Qct Nov Dec
Daily max 85 81 82 83 86 87 87 g7 88 87 85 83 81
Daily min 7268 69 7L 7, 75 75 75 75 ThL 7L 67 68

Air temperatures recorded at mid-day at Rendezvous Cay, barrier reef,
September 1959 to May 1960, were:

Sep Oct Nov Dec Jan Feb Mar Apr May
89 88 &80 80 80 79 80 82 2.7

Mean mid-day shade temperatures fluctuate between 80 and 29°F throughout
the year at Belize, falling at night to means of 67-75°, According to
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the West Indies Pilot, the means of the hlghest temperatures in each
month, 1917~1949, range at Belize from ‘859 in December and January to .
90° 1n May and August-October, The mean of the lowest temperatures in
each month ranges from 579 in January to 69° in July and August. The
most sudden variations in temperatures are associated with "northers™:
according to the Rendezvous Cay records these generally involve a sharp
fall of 5-7°C lasting several days. It is worth noting that the sensible
effect, of such a fluctuation is much more intense for white persons ac-
customed to the heat than the figures might suggest, and cold can cause
some discomfort on the cays in winter even though the temperature does
not fall below 65°F,

Marine environment

Even less data are available on sea temperatures. The Rendezvous
Cay records for September 1959 to May 1960 are as follows:

oc Mean Maximum Minimum
September 29.8 3045 28.5
Cctober 29,9 31.1 28.5
November 28,6 29.5 27.5
December 27.1 28,0 26.0
January 27.0 28.0 26.0
February 26,4 27.0 2545
March 26,5 28,0 25,0
April 28,0 30,5 26,0
May 28,8 29.0 28,5

The figures show a slight seasonal fluctuation in the means from 26,4°C
in February ito probably 30° or more in summer: the daily figures show
that water temperatures remain unaffected by the sudden fall of air temp-
erature during 'northers", These temperatures are well within the opti-
mum range for reef growth of 25-29° specified by Vaughan and Wells

(1943, 55), and well above the lethal lower limit for most West Indian
species of 16° (Mayer, 1915, 212),

This is of some significance in view of the great change in coral
composition of the British Honduras barrier reef north of Cay Caulker,
where the usual dominance of Montastrea annularis and Acropora palmata
gives way to a community in which Siderastrea giderea is dominant, with
some Montastrea cavernosa and numerous Gorgonians, Only one poor speci-
men of M, annularis was seen in a transect one mile south of San Pedro,
Ambergris Cay. Vermeer noted that the reef here seemed less healthy and
vigorous than the reef farther south, and suggested that this resulted
from upwelling of cold water along this coast (1959, 123-4){also H.O.
Publ. No, 225). No figures are available, but certainly the water feels
considerably cooler than anywhere else on the British Honduras reefs,
irrespective of weather, Temperatwe-inhibition of reefs by upwelling
was suggested by Crossland as long ago as 1902, and has subsequently been
considered by Ranson (1952), Newell (195L4, 1956), and Newell and others
(1951). Mayer (1915, 212) showed that Siderastrea radians has a cone
siderably lower death temperature than other West Indian corals: hence
Vermeer's suggestion is certainly worth further study. It is probable
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that an area of upwelling does exist off Ambergris Cay, immediately north
of Turneffe, but no effects of this have been noticed on any of the atolls.
In particular, upwelling effects were not noticed on the eastern sides of
the atolls, in spite of a similar situation to the Ambergris coast. The
reef at the north end of Turneffe is particularly well developed, with a
groove~and-buttress system even extending for a short distance down the
leeward side,

Upwelling certainly takes place farther north along the east
Yucatan coast, as shown in temperature profiles published by Agassiz
(1888b, 219) and especially Parr (1937, 37, 42, 43, 4b). According to
Parr's sections, the 24°C isotherm at Cape Catoche reaches within approxi~
mately 10-15 fathoms of the surface, whereas at Bahia de la Ascension 140
miles to the south it lies at 100 fathoms depth, This latter point is
still 130 miles north of Ambergris Cay.

The upwelling off Quintana Roo and presumed upwelling off Ambergris
Cay are associated with oceanic circulation patterns (fig. 10) in the
Caribbean Sea (West Indies Pilot, I, 1956, 20-25; Parr, 19353; Vermeer,
1959, 121~3). The main Caribbean Current flowing westwards from the
Lesser Antilles sets west and north from Cabo Gracias a Dios towards the
Yucatan Channels. 1In the angle formed by the Gulf of Honduras, a coun-
ter-current is created, flowin% southwards. The main current flowing
northwards attains a rate of 13-2 knots in summer, and is less powerful
during the winter "northers". At this period the counter-current becomes
stronger, both on the coastal shelf and round the atolls; it is said to
extend as far north in winter as Banco Chinchorro, On the coastal shelf,
the counter~current sets south throughout the year, and continues east-
ward to Truxillo and beyond, The currents round the atolls are summarised
in the West Indies Pilot (I, 1956, 462, 4L60) as follows:

"In the vicinity of Glover reef, Lighthouse reef, and Turneffe

islands, the currents during Novemher, December and January

depend on the winds; a north-going current is experienced

during westerly winds, and a south-going current during north-

erly winds., During February and March the currents are mainly

north-going, with a rate of about 12 knots. In April and May

they are nearly south-going, with a rate of about 1} knots.

In June, July and August the currents are mainly north-going,

with a rate of about 1% knots, which increases to 2 knots

during September and October,"; "...a strong west-going cur-—

rent has been experienced on several occasions between Glover

Reef and Lighthouse Reef." (see also H,0, Misc. Pub, No. 105690},

Tides are less than 2 feet throughout the area, and tides on the
atolls probably average little more than a foot (Admirsliy Tide Tables).
More ilmportant in affecting the helght of the sea surrote on many occa-—
slons are the winds: north winds may depress the surface level 6 inches
to 1 foot below its normal position, exposing large areas of sand, adja-
cent to islands, which are normally submerged, and exvosing the upper
parts of reef corals. Because of the small tidal range, tidal currents
are not generally important, except in narrow passages between islands,
especially the narrow entrances (bogues, creeks) connecting the Turneffe
lagoons with the sea, These are locally sufficient to make smalli-boat
navigation difficult against the set of tidal currents.
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Even less is known of temperature and other conditions within the
atoll lagoons, though there is some evidence that temperature and salinity
are liable to extreme fluctuations within the enclosed Turneffe lagoons.
Smith (1941) quotes surface temperatures in August 1939 within the
Southern Lagoon of 29.5%°-31°C, Salinity within the Southern Lagoon dur-
ing June 10-20th 1939 reached 70°/oo, compared with 40°/oo at Calabash
Cay on the eastern reef. By August the lagoon salinity was back to
36~38°/00; the June high is explained by lack of rainfall and high tem-
peratures, Measuwrements in 1938 at Man of War Cay (southern entrance of
Southern Lagoon) averaged 37.6% oo in June-August. These fluctuations
in part at least may explain the absence of corals in the Turneffe la-
goons. The lagoons of Lighthouse and Glover's Reefs, open to the sea,
probably do not suffer from these extremes.

Surface temperatures measured in the Southern lagoon, Turneffe, in
June-July 1961 averaged 29°C, and in Lighthouse Reef lagoon 28,5°C.
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IV. THE REEFS OF THE ATOLLS

Specisg~composition of the reefs

It is proposed to treat the reefs of the atolls together, rather
than deal with them under the more detailed accounts of individual atolls,
to avoid repetition and aid comparison, So far as is known, there are no
previous descriptions of the reef fauna or ecology of any of these atolls,
A preliminary account of the distribution 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 this list is representative of the fauna
of the Barrier Reef in general: only Meandrina meandrites was not found
at Rendezvous Cay, but was collected nearby,

Table 1. Corals found at Rendezvous Cay
(Thorpe and Bregazzi 1960)

Seriatoporidae:
Madracis decactis Lyman

Acroporidae:
Acropora cervicornis Lamarck
Acropers palmata Lamarck
Acropora prolifera Lamarck

Agariciidae:
Agaricla agaricites Linnacus
Agaricia nobilis Verrill

Siderastreidae:
Siderastres radians Pallas
Siderastrea sideres Ellis and Solander

Poritidae:
Porites astreoides Lamarck
Porites divaricata Lesueur
Porites furcats Lamarck
Porites porites Pallas

Faviidae:
Favia fragum Esper
Diploria clivesa Ellis and Solander
Diploria labyrinthiformis Linnaeus
Diploria strigosa Dana
Colporhylliia natans Muller
Manicina areolata Linnaeus
Cladocora arbuscula Lesueur
Solenastrea bovrnoni Milne~Edwards and Haime
Montastrea annularis Ellis and Solander
Montastrea cavernosa Linnaeus
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Trochosmiliidae:
Meandrina meandrites Linnaeus
Dichocoenlia stokesii Milne-Edwards and Haime
Dendrogyra c¢ylindrus Fhrenberg

Mussidae:
Mussa angulosa Pallas
Isophyllastrea rigida Dana
Mycetophyvllia lamarckana Milne - Edwards and Haime
Isophyllia multiflora Verrill

Caryophvilidae:
Fusmilia fastigiata Pallag

Milleporidae:
Millepora aleicornis Linnaeus
Millepora complanata Lamarck

The reef fauna of the three atolls is closely comparable with this
list from the Barrier Reef, but not all the species found at Rendezvous
were seen on the atoll reefs, Conversely, Meandria meandrites, which is
rarely seen living on the Barrier Reef and is rarely found in the debris
of shingle ridges on the Barrier Reef cays, is a prominent constituent of
shingle ridges on the atolls, especially on Glover's and Lighthouse
Reefs. No living colonies have been seen on the atolls, however, which
suggests that it is restricted to deeper, rougher water.on the seaward
slopes of reefs.

The Rendezvous Cay fauna corresponds closely with that of other
reef areas in the Caribbean, though the number of genera, excluding
Millepora, which is 20, and species (28), is less than in Jamaica (25 and
41 respectively: Goreau 1959). Table 2 summarises species records for a
number of Caribbean localities, including Alacran Reef (north of the
Yucatan Peninsula) (Kornicker and others1959), Rendezvous Cay (Thorpe and
Bregazzi 1960), Pedro Bank (Zans 1958), Jamaica (Zans 1959; Goreau 1959),
and Bimini, Bahamas (Squires 1958). The records made in 195960 and 1961
at Turneffe, Glover's Reef and Lighthouse Reef are included, and though
the record for these atolls is by no means complete, the most numerous
and important species are probably included. Many of the gaps are un-
doubtedly due to omissions in collecting rather than to non~occurrence.

2l species {excluding Millegora) are common to the atolls, taken together,
and Rendezvous Cay. 5 species have been recorded at Rendezvous and not on
the atolls, while no species is recorded from the atolls which is not also
seen at Rendezvous. The species not recorded from the atolls are all
minor reef-builders: Madracis decactis, Acropora prolifera, Agaricia
nobilis, Isophyllia multiflora, Cladocors arbuscula and Solenastrea
bournoni, The comparison with the recerds from the two nearest reef
areas--Alacran and Pedro Bank--is also interesting. Species recorded
from the three atolls and not from Alacran include Porites divaricata,
Colpophyllia natans, Meandrina meandrites, Isophyllastrea rigida, and
Mycetophyliia lamarckana; Colpophyllia amaranthus is recorded from
Alacran but not the atolls., Zans's records from the Pedro Bank are




Stephanocoenia miche
Madracis decactis
Acropora cervicornis
Acropora palmata
Acropora prolifera
Agaricia agaricites
Agaricia fragilis
Agaricla nobilis
Siderastrea radians
Siderastrea sideres
Porites astreoides
Porites branneri
Porites divaricata
Porites furcata
Porites porites
Favia fragum
Diploria clivosa
Diploria labyrinthif
Diploria strigosa
Colpophyllia amarant
Colpophyllia natans
Manicina areolata
Cladocora arbuscula
Solenastres bournoni
Montastrea annularis
Montastrea cavernosa
Oculina diffusa
Meandrina meandrites
Meandrina brasiliens
Dichocoenia stokesii
Dendrogyra cylindrus
Mussa angulosa
Isophyllastrea rigid
Mycetophyllia lamarc
Isophyliia sinuosa
Isophyllia multiflor
Fusmilia fastigiata
¥Millepora sp.

i.
2.
3.
[4‘;
5.
6.
7
8,
9.
10.
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Vera Cruz (Heilprin 1890)

Rlanquilia (Moore 1960)

Alacran (Kornicker and others 1959)
Rendezvous Cay (Thorpe and Bregazzi 1960)
Turneffe

Lighthouse Heef

Glover's Reef

Pedro Bank (Zans 1958)

Jamaica (Goreau 1959)

Rimini, Bahamas (Squires 1658)
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based on boulder material from the cays only. Species recorded here and
not on the atolls include Stephanocoenia michelini, Acropora prolifera,
Agaricia frapgilis, Agaricia nobilis, Porites bramneri, Colpophyllia
amaranthus, Oculina diffusa, Isophyllia sinuosa and I, multiflora.
Recorded from the atolls and not from Pedro Bank are Porites porites,
Forites furcata, Dendrogyra cylindrus and Mycetophyllia lamarckana.

The atoll fauna is thus typically Caribbean, and agrees in composi-
tion with Goreau's hypothesis of a species-maximum for Caribbean corals
in the Jemaica~Puerto Rico-Florida-Bzhamas area., Thirteen species are
common to all three atolls, and they are all conspicuocus constituents of
living reefs., The list will probably be extended to include most, if not
all, of the Rendezvous Cay fauna, when the atoll reefs are better known.
These thirteen common species are:

Acropora cervicornis Montastraa cavernosa

Acromora palmata Heandrina meandrites (dead only)
Aparicia agaricites Dendrogyra cylindrus

Porites astreoides Isophyllastres rigida

Porites porites Mycetophyllia lamarckana
Diploria strigosa Miilepora alcicornis

Montastrea annularis

Zonation of the reefs

Much attention has been devoted in recent years to studies on the
zonation of corals on reefs, both of atolls (on Bikini, Tracey, Ladd and
Hoffmeister 1948, and Ladd, Tracey, Wells and Emery 1950; and on Arno,
Wells 1951 and Hiatt 1957) and other reef-types (for example, Caribbean
fringing reefs in the Barbados, Lewis 1960, and Jamaica, Gorean 1959) .
During the 1961 Expedition an effort was made to obtain data on reef
zonatlon on the windward and leeward sides of each atoll, and a series of
transects (figs. 11, 12) were made by swimming across the reefs accom-
panied by a boatman in a dorey or dugout canoce. Doubtful specimens were
collected for later identification, and full notes were made immedistely
on leaving the water, In cases of doubit & second traverse was made near
the line of the first. Unfortunately time only allowed one traverse on
each side (windward and leeward) of each atoll, and there is the possi-
bility that the line of transect chosen is not typical, Aqualungs were
not used, and the transects could not therefore be carried into depths
greater than c. 30 feet. Finally, on the windward sides of atolls, it
generally proved impossible to penetrate seaward of the breaker zone:
the transect was continued until turbulence made visibility nil., The
transect areas were subsequently flown over at heights of 1-200 feet
for observation of the zone beyond the hreakers, and photographed.
Depths and distances are estimated. The limitations of these transects
are therefore clear: nevertheless, since in most cases zonation is
clearly apparent, and since there is absolutely no published informa-
tion on these reefs available, the transects are included here,
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1. The windward reefs (fig, 11)

A. REast reef, Turneffe Islands

) The Turneffe Islande are surrounded by a reef which on the east
side is narrow, well~defined, breaks surface, and is lined by surf, and
on the west side is wider, more diffuse, and generally submerged. Small
boats can cross the west reefs abt almost any point, but can only cross
the east reefs by a number of narrow reef gaps. The east reef was in-
vestigated at Calabash Cays: the weather was calm, and the transect was
swum from Little Calabash Cay across the reef crest into deep water be~
yond. The following zones were recognised:

A 1. Seaward shore of cay.

A 2, Sand and rubble platform adjacent to the cay. This is covered
with 6-12 inches of water and is some 200 feet wide. It is carpeted with
Thalassia and small green algae, including Halimeda. The sand content of
the flat diminished seaward, and near its oubter edge the platform consists
of brittle Porites rubble,

A 3, Reef flat. A sandy area sloping gradually seawsrd, under
12-18 inches of water, 20-30 yards wide, Small corals (Favia fragum,
Porites divaricata) and sea~urchins (Diadema) are scattered in the
turtle grass,

A L. TImnner reef zone., A sandy bottom under two feet of water,
with scattered colonies up to a foot in diameter of Montastrea annularis,
Porites astrecides and Dendrogyra cylindrus, with small colonies of
Siderastrea radians. Sea fans and sea-whips are also found.

A 5. Cervicornis zone. Same as zone 4, but with & ground cover of
Acropora cervicornis, much of it dead., The Montastrea and Porites colo-
nies sre larger {up to 2 feet diameter}, but sea fans and sea-whips are
not important,

A 6. Annularis zone, This is located immediately to landward of
the breaker zone; the dominant colonies are large massive blocks of
Montastrea annularis, Porites astreoides, Dendrogyra cylindrus and
Siderastrea siderea., Minor constituents include both encrusting and
foliaceous Agaricia, scattered Acropora cervicornis, and massively-bullt
but acattered Acropora palmata with branches current-swept lagoonward.
The larger coleonies are intersected by deep winding channels 6~8 feet
deep, floored with coarse, often rippled sand. The zone is 10-15 yards
wide,

A 7. Reef-crest (Agaricia) zone. This consists of massive blocks
of largely dead coral, covered on the upper surface almost exclusively
with Agaricia agaricites. Channels between the blocks are up to 10 feet
deep. The zone has a width of only a few yards.

A 8., Outer slope. A platform 10-15 feet deep, and deepening sea-
ward., Colonies are rather small, perhaps averaging 2 feet in diameter,
and very varied (Montastrea, Porites, Siderastrea). Between the boulder-
like forms are scabtiered low colonies of Acropora palmabta and Acropora
cervicornis.
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B. East reef, Lighthouse Heef

Lighthouse Reef is surrocunded on all sides by a well-defined reef
flat edged with living corzl, rising on the one side from the lagoon
floor and on the other plunging steeply down into grest depths. The reefs
are thus more clearly defined than those of Turneffe. Several transects
were swun in the Half Moon Cay area: ilmmediately soubheast of the cay,
half a mile to the north, and two miles to the north, That southeast of
the cay was in deep water beyond the reef crest, and follows on naturally
from that half a mile to the north, which ends at the breaker zone. The
two traverses may be combined as follows; Zones Bl-5 are from the tran-
sect half a mile north of the cay, B6 from that southeast of the cay,
while B5 is common to both,

B 1. Reef flat., 3-6 feet deep, and deepening lagoonward; covered
with large patches of Thalassia over a sandy bottom, with very large
specimens of Manicina areclata and occasional Favia fragum and Siderastrea
radians,

B 2. Lithothamnion pavement: a rocky bottom 24-3% feet deep,
covered with pink encrusting Lithothammion and numerous unattached nodules
2-J, inches long of Lithothamnion. Occasional boulders of Porites
astreoides, Diploria sirigosa and Montastrea annularis. Width 20~30
yards and over,

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

B 4. Mixed reef zone: similar in depth to zone 3, but more diverse:
in addition to A. palmata and P. astreoides there are elongate colonies
of Porites porites and smaller colonies of Agaricia agaricites. Nodular
Lithothamnion is strewn on the flcoor between the colonies.

B 5. FElevated reef-rock zone: dead, eroded reef-rock, well cemen—
ted but highly fretted and bored, rising in small outcrops 12~20 inches
above sea level., The sides are fringed with Millepora and algae, and
are undercut below sea-level. The largest of the emerged patches is only
about 4 feet long; and in the intermediate sections there is often a zone
of dead reef-rock, similar in appearance but submerged, with clumps of

Millepora,

B 6. Outer slope., Beyond the elevated reef-rock zone the floor
falls steeply from 3~4 feet to over 20 feet, where it levels out to form
a deep platform, covered with large and very massively built Acropora
palmata, which is completely dominant. These are by far the largest
specimens seen anywhere on the reefs, forming trees 10~20 feet tall.
Between the A, palmata there is a carpet of open-branched Acropora
cervicornis, interrupted here and there by large blocks of dead reef-rock
topped with Agaricia aparicites ~urvd Millepora complanata. Between the
coral colomies the floor is formed of white rippled sand.
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C. [ast reef, Glover's Reef

Like Lighthouse Reef, Glover's Reef is surrounded on all sides by
& sharply defined reef, edging s wide reef-flat, which in the case of
Glover!s Reef is much more sharply defined lagoonward than on Lighthouse
Reef, The reefs are steep-to round the whole stoll perimeter. The wind-
ward reef {ransect was made several hundred yards north of Northeast Cay,
about one~third of the distance zlong the east reef from its southern
end. The following zones were recognised:

C 1. Reef flat. A sand flat 3-5 feet deep, covered with a low mat
of yellow algae, Halimeda, and Penicillus, with very scattered colonies of
Porites porites of brilliant blue colouration.

C 2. Porites zone. The floor, which carries 3 feet of water, is
covered with broken branches of Acropora cervicornis, with scattered live
colonies of Porites divaricata. Algae are unimportant.

C 3. Apnularis zone. The reef<flat deepens slightly to 3-4 feet,
and the dominant coral is Montastrea annularis in large colonies. A4lso
present are boulders of Porites astreoides, Diploria strigosa, Diploria
clivosa and Siderastrea siderea.

C 4. Porites-Lithothammion zone. Seaward of zone 3, the Hontastrea
annularis ceases abruptly, the sea floor shoals slightly, and is covered
with Acropora cervicornis rubble and very abundant nodules of pink
Lithothamnion. The only living coral present is Porites astreoides, in
small colonies spaced approximately six feet apart (cf. B2, Bh).

¢ 5. Reef crest. Beyond the Porites-Lithothamnion zone the floor
begins to fazll away seaward, as seen in the narrow and intricate passages
between the great blocks of dead reef-rock forming the reef-crest.
These blocks appear to be formed meinly of Acropora palmata, and rise to
within & few inches of the surface, They are encrusted with Lithothemnion,
and near their upper surface with Agaricia agaricites (ef. 47). DPorites
porites and Millepora are present in small amounts. No living Acropora
palmata was seen, and only very occasional A, cervicornis. There is a
fairly dense growth of Halimeda on the walls of the reef-rock masses,
and a considerable population of zoanthids. The tottoms of the channels
consist of coarse Lithothamnion rubble.

(C 6, From air reconnaissance it seems that seaward of the breakers
there is a well-developed groove-and-~buttress zone, consisting mainly of
Acropora palmata, and probably closely comparable with zone B6 at
Lighthouse Reef. Unfortunately it could not be directly observed here.)

II. The Leeward reefs (fig. 12)

D. Uest reef, Turneffe Islands
By contrast to the east reef (transect A), the west reef of Turneffe
does not brealk surface or rise to a well-marked crest. Reef growth
rather begins a considerable distance from the mangrove fringe, from
which it is separated by a 'lagoon' 13-2 fathoms deep, several hundred
yards wide, and floored with Thalassia., The bottom of this lagoon slopes
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gradually from the mengrove fringe to deeper water, and coral colonies
are simply distributed on this slope, begiming #-% mile from the man-—
grove, and continuing seaward for 3-400 yards and more. The transect

is taken in the latitude of fnglish Cay, that is about half way along the
length of the eastern reef. The following zones are recognised:

D1, Lagoon, 9~12 feet deep, with a sandy floor thickly covered
with Thalassia and gorgonians.

D 2. Thalassia-Gorgonian zone, 5-10 feet deep, similar to zone D1
but shallower, with scatiered, mainly small colonies of Montastrea annularis
and Porites. The most conspicuous element is the population of large and
varied gorgonians. No large algae were seen.

D 3. Gorgonian zone, This is in all respects similar to zone DZ,
except that the Thalassia carpet is absent, and the bottom is formed of
white sand.

D 4, HMain reef zone. This has depths of 10-15 feet and a fairly
flat bottom. The dominant corals are lontastrea apnularis, Diploria
lobyrinthiformis and Diploria strigosa, with Porites porites and Agaricia
agaricites, and small cclonies of Dendrogvra cylindrus, lontastrea
cavernosa, and occasionally Mycebophyllia lamarckana and Isophyllastrea
rigida. Three subzones, from lagoon to sea, may be recognised:

a} the coral colonies are large and scattered, and interspersed
with gorgonians and some sponges from zones D2 and D3,

b) the coral colonies are large and closely spaced, with a con-
tinuous undercarpet, nct more than 2 feet high, of open~branched Acropora
cervicornis. Gorgonians and sponges are of small importance.

¢) coral colonies are sparser, and the cervicornis carpet gives
way to a sandy bottom, populated with very large gorgonians, 4-5 feet
high, and sponges.

Subzone (b) is clearly the main reef zone. OUnly a single small colony of
Acropora palmata was seen in this transect,

D 5. Here the bottom slopes steeply into the blue, and is covered
with much rubble. It is scattered with varioussmall coral colonies not
identified.

E. West reef, Lighthouse Reef

The leeward reef of Lighthouse Reef differs greatly from that of
Turneffe. Along the greater part of the west side of the atoll there is
& continuous rim of living reef at the surface, edging a wide sandy reef-
flat, and falling fairly repidly from the reef-crest into deep water on
the outer side. Because of its leeward locaticn the reef is rarely
lined by breakers or surf, except during winter "northers", and then
never to the same extent as the eastern reefs, The reef rim is so con-
tinuous that small fishing boats can only cross at one or two points:
the most important of these gaps lies on the west side of Long Cay and
continues northwards almost te the latitude of Saddle Cay. It is clearly
shown on air photographs and carries 1-2 fathoms water. At occasional
points on the rest of the reef it is possible for fishing boats to find
a passage between the copral heads in 4-5 feet of water; one such point
lies almost half way along the reef between the main gap and Northern Cay.
These points are known to local fishermen.
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The transect was made half way along the east reef, near the pas~
sagetreferred to. The following zones are clearly recognised at this
point:

E.l. Reef flat. A wide expanse of barren white sand, i4-5 feet
ceep and more than 200 yards wide, lacking corals, gorgonians, sponges
and a2lgae. The sand is fairly cosrse, and dead Halimeda is important.

E 2. Corgonian zone, This is a narrow zone, about 10 yards wide,
where the reef-flat is covered with sea fans and sea whips, and sparsely
scatt?red with small colonies of Montastrea annularis. Algae are not of
consplcuous impertance.

E 3. Cervicornis zone. Seaward of the gorgonian zone, the reefw-
flat is covered exclusively with a carpet of living loose-branched
Acropera cervicornis, in which no other colonial organisms are of impor-
tance. The zone is fairly continucusly developed laterally, though only
a few yards wide, and differs markedly from the zones on either side.

E 4. Heef-crest. At the ouber edge of zone E3, the sea floor be-

gins to fall from 4-5 feet in depth to 8-10 feet over a distance of 20-40
yards, The dominant coral is Montastrea annularis in large compound
colonies many feet in diameter. Towards the outer edge are large wave-
swept colonies of Acropora palmata; in ang around them there are abun-
dant encrusting and upright colonies of Millepora complanata and M.
alcicornis. Between the Montastrea are globular clumps of Porites
orites, and on the sides of the larger Montastyea blocks small subsi-
diary colonies of Mycetophyllia lamarckana and Isophyllastrea rigida.
Encrusting Agaricia agaricites is abundant, but no foliaceous Agaricis
was seen. Small boulders of Hontastrea cavernosa and Dendrogyra
cylindrus were also noted, but no Diploria or Siderastrea. There are
numerous sea fans and sez whips in this zone, but quite subsidiary in
number to the stony corals,

E 5. Zone B4 ends guite abruptly on the seaward side, commonly
as an interrupted vertical wall of Montastrea, with its base at about 10
feet depth. From this point the bottom falls fairly uniformly to depths
of 40-50 feet in 100 yards, and is lost in the blue. The bottom is com-
posed of loose white sand with much Halimeda, and occasional small colo~
nies of ljontastres annularis, M. cavernosa, Siderasirea siderea, and
Dichocoenia stokesii. There are no gorgonians. Alr reconnaissance shows
the absence along the leeward reefs of any groove-and-buttress system.

F. West reef, Glover's Reefl

The general form of the leeward reefs of Glover's Reel resembles
that of Lighthouse west reef; it is continucus, with very few openings,
none of them suitable for sailing vessels drawing more than 5 feet. It
is steep~to on the seaward side, and edges a wide shallow reef-flat,
which falls away steeply lagoonward to a deep lagoon floor. The only im-
portant gap is near the old site of Bushy Cay, bearing Northeast Cay
130°, Southwest Cay IT 180° (uncorrected compass bearing): it is not a
gap in the usual sense, but simply a narrow wone of reef-flat where the
edging corals grow less profusely, and cannot be found without local
knowledge, The transect is made immediately north of this point:
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F 1. Reef flat, at least 100 yards wide, coarse white sand, with
much dead Halimeds and Foraminifera, but devoid of larger organisms.. It
is L-5 feet deep, and closely comparable to zone E1 at Lighthouse Reef.

‘ F 2. Mixed cervicornis uone. 4 slightly shallower floor support=-
ng & carpet of Acropora cervicornis, liberally interspersed with small
boulders of Porites astreoides and nontastrea annularis, with much up~
standing Millepora slcicornis. The zone is some 10 yards wide, and grades
seawards into

F 3. Hixed palmata zone. This is much the same as zone F2, but
deepens seaward from 5 to 8 feet. Large but scattered Acropora palmata
colonies rise from a carpet of A. cervicornis, Millepora, Agaricia
agaricites, and many sea whips, This zone forms the reef crest.

F 4. Annularis zone. A zone 30-40 yards wide, falling seawards to
15-16 feet, with a fairly continuous cover of low, small boulder-like
colonies, mainly Montastrea annularis, but also K. cavernosa, Porites
porites, Diploria clivosa, Isophyllia, Millepora, and Siderastrea siderea.

F 5. This is & continuation dowvmslope of zone Fi into depths of
over 30 feet., The limit of the zone was not seen but it is at least
30-40 yards wide. A4s the water deepens the colonies become more massive
and taller. Long buttresses of Montastrea snnularis are aligned down-
slope, and pillars of Dendrogvra cylindrus rise conspicuously between
them. Diploria strigosa, kycetophyllia lamarckana, Isophyllastrea
rigida, and conspicuous ciumps of Busmilia fastigiata are also to be
seen.,

General festures of the reef transects

These transects reveal a considerable variety in the atoll reefls
--1f, indeed, they are representative of more than local conditions--~
though a number of common characteristics may be seen. The windward
reefs of Lighthouse and Gloverts Reefs both show extensive pavements of
nodular and encrusting Lithothamnion, which are conspicuously lacking on
the windward reefs of Turneffe, the leeward reefs of all three atolls,
and over much of the barrier reef. The presence of massive Acropora
palmata on the outer slopes beyond the breakers is common on the windward
reefs. [Fontastrea annularis, with Porites and agaricia, are the chief
colonisers of the windward reef flats on Lighthouse and Glover's Reefs.,
The windward reef of Turneffe, protecited from the easterlies by Lighthouse
Reef, is quite different: M. annularis is again important, but A. palmata
much less so, and the reef-crest consists only of Aparicia agaricites.
This is strongly reminiscent of the reef-crest on the barrier reef north
of Gladden 3pit, where a subsequent transect showed a crest again com-
posed of Agaricia agaricites over dead coral. :

The leeward reefs also show important differences and similarities.
Turneffe is unique in having no well~defined reef-crest or even a true
reef-flat, which may be explained by its doubly-protected location--with-
in & few miles of the barrier reef to leeward, and protected by long man-
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grove banks to windward. Lighthouse and Glover's leeward reefs are more
closely comparable. In both cases there is a wide, shallow barven reef
flat, f?lnged with a reef complex consisting mainly of Montasirea
annularis, Acropora cervicornis, other boulder-like corals, and 2 little
A, palmats in the wave zone, The main apparent difference is in the
deep extension seaward of Montastrea snd Dendrogyra on Glover's Reef,
compared with the dwindling seawards of reef corals from the reef crest
on Lighthouse Reef.

The reef complexes illustrated in these six traverses can be inter-
preted largely as responses to differing degrees of exposure to waves,
winds, and wave- and wind-generated currents, affecting both the physio-
gravhy of the reef and its composition. This latter can best be illus-
trated by the distribution of certain indicator organisms, such as
Acropora palmata, Lithothamnion, and gorgonians. The windward reefs
of Lighthouse and Glover's Reefs are most exposed; the leeward reefs and
the windward reefs of Turneffe next so; while the most protected of all
the atoll reefs is the leeward reef of Turneffe. Sections of the leeward
reef of Turneffe in fact bear a striking resemblance to the northern
reef-complex of the Rendezvous Cay patch-reef, described by Thorpe and
Bregazzi (1960). Taken as a whole, the reefs of Lighthouse Reef and
Glover's Reef are closely comparable in their form; while the reefs of
Turneffe show sufficient differences from these to stand in a class by
themselves.,

lagoon Reefs

Remarks have so far been confined to the peripheral reefs of the
atolls, and nothing has been said of reefs situated within the lagoons.
In the case of Turneffe no growing coral was seen at any point within the
interior lagoons, though it is at least possible that the Thalassia beds
of the lagoon floors include unattached colonies of Manicina areolzta
and Cladocora arbuscula, The shallow lagoon of Lighthouse Reef includes
a mmber of patch-reefs reaching surface, of small area and without pro-
nounced zonabtion; -the dominant coral is Acropora palmata on the upper
parts of the patch. In the Glover's Reef lagoon, however, the patches
are larger in area, rise from much deeper water, and are very numerous.
lMany were seen-at close quarters from the air, and one was investigated
in detail under water.

The patch is located bearing Long Cay 700, IMiddle Cay 135°, and
Southwest Cays 215° {uncorrected compass bearings ); it rises steeply from
the lagoon floor, here lying at a depth of 48 feet (8 fathoms). It is
roughly circular in shape, withamaximum diameter of about 100 yards, and
the mean depth over the greater part of the top of the patch of 4-5 feet.
There is a very proncunced zonation of corals on this patch, repeated
(as seen from the air) on many others of the Glover!s lagoon patch~reefs.
Approximately half the rim of the patch on the east and northeast sides
consists of a zone of dominanlly compact, close—branched Acropora
cervicornis, 2-3 feet in thickness and 5-10 yards wide. Scattered colo-
nies of massive A. palmata rise from the cervicornis at intervals, es-
pecially near the wave-break zone. Towards the lateral extremities of
the cervicernis zone, cervicornis becomes less dominant, and there are
large patches of Porites porites and lontasirea annularis. On the
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upper surface of the patch, sheltered by the cervicornis zone and close
to it, and extending in diffuse lobes round the patch margins, are large
boulder-corals, mainly Montastrea annularis, with also Siderastrea
siderea, Colpophyllia natans, Isophyllastrea ripida, Lorites astrecides,
Diploria strigosa, and encrusting Agapicia. lussa angulosa is present
in small but conspicuous clumps, nestling in hollows of larger colonies.
The centre of the patch, 4~5 feet deep and with a sandy bottom, has
little coral, apart from some straggling, loose-branched Acropora
cervicornis and small colonies of Monbtasirea annularis and Porites
astreoides. No Montastrea cavernosa was seen on the reef, and little

Millepora.

This zonation suggests that the reefs within the lagoon on Glover's
Reef are still sufficiently exposed to respond to the influence of the
easterlies, probably in part because of the depth of the water (10-20
fathoms over much of the bottom); whereas on Lighthouse Reef, the effect
of wind and waves is damped down by the shallowness of the lagoon.

Helative importance of species in reef-building

The zonation and relative importance of the corals in building the
atoll reefs agrees well with what is known from Rendezvous Cay and other
West Indian reefs, Taking the profiles as a whole, the dominant coral
on the reef flat, and in less turbulent areas of the ssaward slope, is
Montasirea 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 Acropora palmata is overwhelmingly dominant. It
should be noted that in no case was this outer palmata zone pursued to
depths of more than 30 feet, and that Newell, drawing on Bahaman experi-
ence, described an even lower zone of hontastrea annitlaris at depths of
30-60 feet (Newell, 1951, 251)., At the same time, though he spoke of
"West Indian reefs", he clearly had in mind Bahaman examples where the
living reefs are set back from the edge of the seaward slope, a condi-
tion which does not occur in British Honduras, to which his generalisa-
tions do not necessarily refer (Newell and others, 1951).

The primary importance of M. annularis as a reef-builder in the
Caribbean area has been stressed in Jamaica by Goreau (1959, 84~85), in
Barbados by Lewis (1960}, and in the Bahamas by Newell (Newell and others
1951, 23; Newell and others 1959, 213; Newell and Imbrie 1955; Newell
and Righy 1957). Along the upper seaward slopes of windward reefs, how-
ever, the Montastrea dominance is replaced by massive branching cclonies
of heropora palmata up to 15 feet high (except on the "protected" wind-
ward reef of Turneffe), with some A. ¢ervicornis and scarcely any globu—
lar colonies. Newell and co~workers noticed similar conditions at
Andros, Bahamas {Newell and others, 1959, 213), and Zans (1959) was in-
011ned to rank A. palmata before Montastrea as the most important reef-
building coral of Jamaica. Ginsburg suggested that on the Florida reefs
A, palmata is "the primary structural element of the reef mass,...(it)
provides both a framework, around and on which detrital material can ac-
cumulate, as well as considerable cobble~ and boulder-like debrigh
(1956). His description of the Florida reefs accords well with windward
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reefs in British Honduras, but taking the reefs as a whole, the palmate
community is a restricted one, and the globular corals more important.
Goreau suggests that the palmate community "probably indicates a reef
community in the later stages of development. To provide the shallow
conditions necessary for the growth of this coral however, a sultable
platform must first be formed; in many cases this is accomplished by the
activities of other coral species....predominantly by Montastrea
annularis" (Goreau 1959, 85), This reason, and the ecological restric~
tion of palmata to certain areas, indicate that Montastrea is the gene~
rally most important reef-builder in British Honduras.

Role of encrusting algae in reef-building

¥Many recent papers (Ladd, Tracey, Wells and Emery, 1950; Tracey,
Cloud and Emery, 1955; Wells, 1957, 614~5) have stressed the importance
of encrusting algae in atoll-reef formation, particularly following de-
tailed work in the Marshall Islands. One of the most conspicuous fea-
tures of reefs in this group is a ridge of pink encrusting algae
{"Lithotharmion Ridge® or "algal Ridge") at the outer edge of the reef
flat, exposed at low tide, and best developed on the windward side of
atolls (Tracey, Ladd and Hoffmeister, 1948; Emery, Tracey and Ladd,
1954, 25~27). Darwin had long ago recognised this feature, which he
termed a "breakwater", at Tahiti and Cocos-Keeling, and it has subse-
quently been described from Funafuti {Finckh, 1904), Raroia (Newell,
1956, 344-6) (where it is developed on both windward and leeward sides),
and elsewhere, Some writers, notably Howe and Setchell, have been so
impressed by the importance of encrusting calcareous algae that they con-
sider that modern coral reefs could not exist without them in their pre-
sent form. Conversely, Gardiner (1903) does not specifically mention
an algal ridge in his account of Kinikoi, Maldive Islands,and it is
known to be absent over much of the Bast Indies (Kuener. 1950, 430-433).
A similar conclusion has generslly been reached in the Garitnean area,
though Zaneveld (1958) describes a Lithothamnion reef from oz Dutch
West Indies, Thus Chapman {Steers and others, 1940, 312--3) found
Lithothamnion to be “more or less insignificant" in Jameican reefs,
while Professor Stephenson (1950, 383) found "a very definite dearth of
encrusting species between tide marks” in Florida, though he carefully
qualified his remarks so as not necessarily to include the whole Florida
reefl tract.

In British Honduras the transects show that 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 is covered with encrusting and nodular forms, with little
coral, and is always submerged. The nearest approach in the literature
o these pavements is the YLithothamnion-killepors ridge" at Andros,
Bahamas (Newell and others, 1951, 22), 'not exposed at normal low tide,
though it may reach within a few inches of the surface.” O(ne cannot at
this stage assess the significance of the encrusting algse in British
Honduras reefs, except to note their dominance over restricted shoal
areas of the windward reef. They never seem to occur on leeward reefs,
and are probably only peorly developed on protected windward reefs, such
as that of Turneffe and much of the barrier reef.



Groove-and-spur systems

Groove~and-spur systems (fig. 13) occur round 211 three atolls on
their windward sides, irrespective of whether land backs the reef edge or
not. The only criterion seems to be exposure to wave action. The sys-
tems are developed on the upper sections of seaward slopes of reefs on
the north- and east-facing sides of atolls. Their distribution is shown
in the map, compiled mainly from low altitude oblique photographs taken
in 1961, and from the vertical air photo cover. This distribution agrees
with data from the Pacific, where groove-spur systems accord well with
intensity of wave action (Munk and Sargent, 1948). There is some coniro-
versy as to whether they are growth or erosion features. Workers at
Bikini (Bmery, Tracey and Ladd, 1954, 26-7) believe them to result from
slow growth of algae-covered spurs, forming "a most effective baffle that
dissipates the destructive energy of the waves and at the ssme time brings
a constant supply of fresh water....to a maximum surface area.' (n the
other hand, similar features have been described where growth of the
spurs is not taking place, in basalt or ocolite country rock, and here
erosion of the grooves must be the chief factor (Newell and others, 1951,
25). Cloud relates them (1954, 201-4) to erosion, following a fall in
sea level from a 6 ft, stillstand, itself leading to reef emergence and
island formetion. "The surf-driven water piles up against the barrier
and escapes by flowing seaward beneath the incoming current....Wherever
grooves,...are well developed without an immediately inboard island the
former presence of an island, or other barrier to cross-reef water move-
ment, is suggested, and evidence of the missing island is to be looked
fort (203-4). It is unlikely that land or elevated reef have ever com-~
pletely surrounded the British Honduran atolls on their windward sides:
if so, no trace remains (see Sections VIII and IX). The correlation with
wave-direction is, however, clear, and it is interesting to note that
the spurs are not invariably at right-angles to the reef edge, as usually
described, but parallel to the wave orthogonals. Hence, at the north end
of Turneffe and Lighthouse Reef, spurs trend at an angle of 60° to the
reef in places.

The blanketing of the spurs by slow-growing calcareous algae 1s
much emphasised in Pacific studies (Wiens, 1959; Cloud, 1954, 199),
sometimes as evidence of the erosional origin of the systems. However,
wherever seen from the air at an altitude of 100-200 feet, the spurs seem
to consist of vigorous branching corals, chiefly Acropora palmata, with
no indication of algal blanketing. Thus these arguments will not apply
in British Honduras. Goreau has reported very similar spurs ("buttresses
and canyons") from the north coast of Jamaica (1958; 1959, 76-79), which
seem to be undoubtedly growth features. The upper surface of these
Jamaican spurs is covered with Agaricia agaricites, Acroporz palmata and
tontastrea amnularis, while the sides consist of gigantic colonies of
dontastrea annularis and Porites astreoides.
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V. TURNBFFE ISLaNDS

_ The dimensions of the Turneffe block (fig. 14) have already been
given; it has a maximum length of 30 miles, and varies in width up to a
maximum of 10 miles. It is roughly lens-shaped, with its maximum width
situated some two-thirds of the distance along the bank from the north-
east end. Seen from the sea or barrier reef on the west side, and from
the sea on the east side, Turneffe appears as a long, low continuous
line of mangroves extending from its southern extremity north of Cay
Bokel for all but 5-6 miles of its total length. The sketch-section
(fig. 49) shows the main features of the physiography of Turneffe.

On the east, windward side, there is a well-defined narrow reef,
described in transect A, The reef-crest zone is narrow, and fringes the
outer edge of a reef-flat generally less than i mile in width, The reef
itself is highly segmented, and has some 23 reef-gaps, mostly less than
50 yards wide, carrying 1-2 fathoms water. On the inner edge of the
reef-flat, which is usually submerged by 1~2 feet of water, and inter-
mittently covered with Thalassia, algae and small corals, there are small
sand cays, some with shingle ridges, located particularly but net invari-
ably at the reef-gaps. From scuth to north, these sand cays include Cay
Bokel, Deadman's Cays (I-V), Little and Big Calabash Cays, with two small
cays east of Big Calabash, Soldier Cay and Blackbird Cay, and a large
number of small cays near the northeast corner, which have not been
visited., They include Dog-flea Cay and Cockroach Cay, but only the lat-
ter has been mapped. Aerial oblique photographs of all these cays were
taken in 1961, but unfortunately the USAF vertical airphoto cover of
Turneffe does not extend to this segment of the reef. Each of the cays
visited will be described in detail below.

In places the reef-flat gives way to a deeper moat between the
flat and the mangrove, with depths of 4-6 feet, which may in part be
current-eroded. The floor of the moat is sandy and rippled. The
greater part of the eastern side of Turneffe is fringed not directly
with mangrove, but rather with a dry sand ridge, rising up to 5 feet
above sea~level, and with 2 maximum width of some 200 yards. The ridge
has a steep sandy shore, colonised by Ipomoea and Sesuvium, and its flat
crest, decreasing in height away from the sea, is normally covered with
coconut plantations (cocals) and an undercarpet of the 1ily, Hymenocallis
littoralis. The thin line of coconuts is clearly visible on air photo-
graphs, As the ridge sinks westwards the coconuts give way to very tall,
old, stilt-rooted Rhizophora and some Avicennia, now standing on dry land.
The mangrove growbh is very dense and impenetrable; at some small but
unknown distance the dry Rhizophora-Avicennia assemblage is replaced by
a broad belt of Rhizophora mangle standing in water. This zone of "wet!
red mangrove, often hollow asnd containing areas of unvegetated mud,
forms the ezstern margin of the interior lagoons, and divides them from
the eastern reef-flat. It reaches its maximum width near Soldier Cay
(2 miles) and north of Northern Bogue (2% miles). The gaps in the eas-
tern mangrove wall are few but wide: they are, (from south to north)
Southeast Entrance (nearly 3,000 yards wide), Grand Bogue (1100 yards),
Calabash Entrance (1700 yards) and Northern Begue (1100 yards, narrowing
to 4OC yards)., Northern Bogue and Grand Bogue are free of living reef
at thelr entrances, and are much used by fishermen; Calabash Entrance
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has more reef, but is also used. In places Rhizophora has extended east-
wards of the eastern sand ridge (showing that it is, at least in part, a
fossil feature), and is beginning to encroach on the reef-flat, as in the
long section between Northern Bogue and Soldier Cay. Pelican Cay, de-
tached from the m2in body of mangrove southeast of Northern Bogue, is in
fact a mangrove, not a sand cay, with a dry cleared interior.

The mangrove rim described bounds the intericr lageons of Turneffe
on their east side; a second rim bounds them on their wes® side, but of
rather different nature., Generally speaking the western mangrove fringe
is narrower and more interrupted than the eastern, and is generally only
500-700 yards wide, and often much less. It is widest at the northwest
part of Southern Lagoon, reaching s width of over 2,000 yards. The gaps,
too, are very different in character: whereas the "bogues" (Spanish,
boca, a mouth) on ithe east side are wide, the Ycreeks" or "rivers' on
the west are, as their names imply, narrow, often sinucus, sometimes bi-
furcating channels generally less than 50 yards wide, and varying in
depth up to 10 feet. There are 13 of these creeks entering Southern
Lagoon north of Cay Bokel; the most important are Blue Creek, Joe's Hole
(according to Winzerling (1945) a corruption of the pirate!s name 'Jol'),
Little Joe!s Hole, Grand Bogue Creek, Crooked Creek, Ambergris Creek,
and Crickozeen or Grigyson Creek (spelling uncertain). Grand Bogue Creek
is most often used: it gives ready access to Grand Bogue, and alsc 1o
Calsbash Cays by way of Northern Bogue. It is very noticeable that each
of these creeks is prolonged both seawsrd and lasoonward by narrow strips
of mangrove, so that in the case of Grand Bogue (reek, for example, the
channel is approximately twice as long as the intervening mangrove is
wide. The creeks are probably kept open by the strong tidal currents
which set through them, which are so strong that fishermen often beat
around Cay Bokel rather than sttempt them. They are in fact drainage
channels for Southern Lagoon, to dispose of the great quantities of water
peured into it through the eastern bogues. The west rim of Northern
Lagoon is much narrower (1-300 yards), than that of Southern Lagoon, and
has three small gaps.

The eastern mangrove fringe consists entirely of the red mangrove,
Rhizophora mangle. From the sea this presents a seemingly unbroken low
wall of vegetation, and recuires a practised eye to pick out the promon-
tories which mark the creeks from distances of more than 2 mile. The
eastern fringe is, however, hollow, for air reconnaissance shows that
within a peripheral zone of mangrove there are often areas of unvegebated
red mud and stagnant pools, with dead mangroves littered on the surface:
a desolate landscape, The sand ridge prominent on the east side of
Turneffe is here absent, except for a small segment in the extreme north-
west, with coconuts. There are no beaches on the east side, except at
the foot of this ridge, and one or two minute sandy areas in the south
- between Blue Creek and Cay Bokel. This is fully in accordance with the
sheltered position of the west side.

North of the main mass of mangroves in Turneffe, which encloses the
interior lagoons, there are one or two detached mangrove islands, not-
ably Three Corner Cay, Crawl Cay and kMauger Cay. UWith the exception of
Mauger Cay, none have any drvy land,they consist of Rhizophora standing
in water.
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fnterior lagoons

The mangrove rims, which seem so continuous from the sea, and which
are shown on many maps &s rimming a solid land area extending across the
whole bank, enclose two lagoons: Southern Lagoon, some 17 miles long, and
Northern or Vincent's Lagoon, one-sixth the area of Southern lLagoon, and
separated from it by a "hellow" mangrove wall, 1-2,000 yards and more in
width. HNorthern Lagoon was not visited, and was seen only from the air.
it has but one small entrance on the windward side, which must greatly
restrict the circulation of water and have considerable effects on plant
and animal life therein. The depth of Northern Lagoon is not known, but
is probably 1-2 fathoms at most.

Scuthern Lagoon was crossed in many directions in 1960 and 1961.
Vermeer found that the depth ranged from 4-8 feet, but elsewhere he says
that it is "never more than one fathom deep" (Vermeer, 1959, 18, 93).
Soundings in 1961 in the southern part averaged from 1-2% fathoms, aver—
aging just over 2 fathoms, The greatest sounded depth was in the channel
between Pelican Cay and Southeast Bight, carrying 3 fathoms: this is pro-
bably a scour channel draining the main body of Southern Lagoon south-
wards. It seems likely, from observations in 1960, that over most of the
northern part of Southern Lagoon, the bottom lies at 2-2% fathoms depth,
and that it is shoazler on the west side than the east. Smith (1941)
quotes depths of 1-3 fathoms. Aaccording to local informants the maximum
depth in the whole lagoon is 21 feet {33 fathoms) in the northern part.

Wherever seen the bottom is composed of calcareous sand and silt,
covered over huge areas with Thalassia. No stony corals were seen, but
gorgonians and sponges are found in great numbers. Green algae, chiefly
Halimeda, are scattered through the turtle grass, and the most conspi-
cuous animals on the floor are the large star~fish Oreaster, and holo-
thurians, "The floor of the lagoon consists of calcareous mud with ad-
mixed shell and coral sand predominant near the eastern entrances, and
with organic matter formed from the detritus of eel-grass and mangrove
roots present in varying degree throughout the lagoon” (Smith, 1941,
415)« Tt is almost impossible to collect good sediment samples from the
lagoon floor, since clouds of fine detritus rise and obscure visibility
as soon as the bottom is disturbed, while the subsurface layers are
tightly bound together by the roots of grasses and algae. Some of the
Thalassia leaves are a foot long.

The lagoon contains a number of islands, all of red mangrove, with
no dry land seen, They are strikingly concentrated in north-south lines
in the centre and southern parts of the lagoon, where they form "ranges'
or groups of cays, such as Crayfish Range. Cross Cay and Pelican Cay
(not to be confused with the Pelican Cay on the east reef of Turneffe)
are larger individual cays in the south. The cause of this lineation is
not kncwn. Most of the lagoon islands, as Vermeer noted (1959, 95), rise
fairly abruptly from the lagoon floor, and do not seem to be spreading
laterally by colonisation of shoal areas with seediings; though there
are exceptions to this genersl rule. The origin of the atolls is briefly
discussed in section VIII, but it may be suggested here that the islands
stand on solid-rock eminences, on the crests of karst ridges developed on
an emergent bank during glacially low sea-levels; that, in fact, they
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have a solid-rock core, much as envisaged by Agassiz (1894) for some of
the cays and reefs of the barrier reef lagoon, Some such basement is
required to explain mangrove islands rising from a floor too deep for
mangrove colenisation. An alternative suggestion is that they are based
on old patch-reefs developed before the growth of the eastern mangrove
rim, when seawater had unrestricted access to the centre of the bank,
the reefs being asphyxiated as the mangrove rim developed. However the
size of some of the islands compared with existing patch-reefs in other
atoll lagoons argues against this. On the other hand, comparable linea-
tions, of patch-reefs rather than of islands, will be noted in the ac~
counts of Lighthouse and Glovert!s Reefs.

The Southern Lagoon sponge beds formerly supported a thriving in-
dustry, already well-developed in 1896. "These were fished intermit~
tently and in 1919 were almost completely wiped out by a disease, An at-
tempt te restock a part of the Turneffe lagoon in 1926 failed completely”
(Romney and others, 1959, 256). No reports on this mortality seem to
have been published, but the beds were again flourishing when badly
damaged in 1936. Dr, C.,L. Smith visited Turneffe at that time, and con-
cluded that mortality was caused by very high rainfall leading to lowered
salinity in the semi-~enclosed lagoon basins. No report was published.
The beds recovered, but were again decimated in 1939 by some kind of
fungus infection, investigated by Dr. Walton Smith of the Marine
Laboratory (now Institute of Marine Science), Miami (Smith 1941). Ac—
cording to Smith, there were in 1939 700,000 cuttings planted out in the
Turneffe lagoon, including 225,000 sheepswool sponges (Hippiospongia
Jachne), 475,000 velvet sponges (H. gossypina), and smaller quantities
of other commercial sponges, such as Spongia barbara, S. durs and 3.
graminea, The disease first appeared in the Bahamas in 1938 (Galtsoff,
Brown, Smith and Smith, 1939), and then spread to Cuba and the Florida
Keys, appearing in Soldier Bight (Calabash Entrance), Turneffe, in June
1939, killing H. lachne. Within seven weeks it had spread to the whole
Southern Lagoon, and at the end of July H. lachne was everywhere dead
and H. gossypina dying. In August came a second attack, in the southern
part of 3outhern Legoon, killing only H. gossypina, and in September a
third outbreak, killing all the sponges at Long Ridge {between Joe's Hole
and Grand Bogue Creek). Noncommercial sponges were not affected, but 95%
of the commercial ones were killed. Smith concluded that the mortality
was caused by & water-born fungus, carried by currents through the
Calabash entrance and then distributed throughout the Southern Lagoon,
being most virulent in more stagnent areas. He also noted that the out-
bresk occurred after a period of no rainfall and high temperatures, lead-
ing to high s2linity in the lagoon (Smith, 1939, 1941).

The industry never recovered from this disaster, partly because of
the war, partly because of competitiom from the synthetic sponge indus-
try. Piles of the small concrete plates used to plant out the sponges
are still found at Calabuzsh Cays, where one of the residents was in 1960
still cultivating a few sponges. There is some talk of reviving the in-
dustry, but interest is siight.
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Land fauna of Turneffe

The land fauna of the atoll, with the possible exception of the
avifauna, is very imperfectly known. 4 few lizards and snakes have been
recorded: Schmidt (1941, 492-7) lists only Anolis sagrei Dumeril and
Bibron (found also on the other two atolls), and the common boa,
Constrictor constrictor imperator Daudin, but gives no localities. A
single specimen of C. ¢. imperator was taken on Cockroach Cay on the east
side of the atoll in 1960 {Thorpe and Bregazzi, 1961, 29), and is thought
to be very common throughout the mangrove cays. aAccording to Bond
(1954, 2) "an iguana~like lizard (probably Ctenosaura), drab in colour
with black bars across the back was noted on several occasions near
Rendezvous Point at the northern end of the atcll.!

The birds are betier known. Devas (1953) has prepared a brief
nandbook of British Honduras birds, but the well-known text by Bond (1960}
is the best field guide. On the birds of the Gulf of Honduras generally,
see Salvin (1888, 1889, 1890), Chapman (1896), Griscom (1926). These re-
marks apply to the sections on avifauna of Lighthouse and Gloverf's Reef
also + Osbert Salvin visited Turneffe, Lighthouse Reef and Glover's
Reef in hpril and kay 1862 (Salvin, 1864); and James Bond spent two days
at the north end of Turneffe and Cockroach Cay in January 1954 (Bond,
1954) . Salvin recorded 15 species and Bond a further 23 species from
Turneffe, of which many are undoubtedly passing migrants. Among the com—
mon birds are the brown pelican, Pelicanus occidentalis; the man-of~war
bird, Fregata magnificens iathews; and the osprey, Pandion haliaetus
ridgwayi Maynard (nests seen by Bond). Other nesting species are Sula
leucogaster leucogaster (the brown booby, said to breed on Mauger Cay by
Salvin; not seen by Bond; not seen on Mauger Cay in early 1960); Egretta
thula thula Molina (Man-of-War Cay, Salvin; not seen by Bond); Sterna
albifrons antillarum Lesson (Grassy Cay, Salvin; not seen by Bond); and
Chaledrius wilsonia wilsonia Ord (Grassy Cay, Salvin). The most abundant
species seen by Bond were Dendroica patechia bryanti Ridgway, Seiurus
noveboracensis subsp., Quiscalus mexicanus mexicanus Gmelin, and Icterus
oryzivorus L.

Many of the eastern cays are inhabited and have domesticated ani~
mals, mainly chickens, dogs and pigs. The largest piggery is at Calabash
Cays, where the animals have the engaging habit of wandering between the
Big and Little Cays across the reef-flat, up to their bellies in water,
grubbing for food on the submer;ed sandy floor. It is not known whether
this is ususl behaviour for pigs on reef islands. There are some pigs at
Soldier Cay, Cockroach Cay and Cay Bokel, but not at Deadman's Cays,
Pelican Cay or Mauger Cay, though obviocusly the location of the pigs
changes with their owners. Rats (Ratbtus rattus?) are a major pest in the
cocals, both on the eastern cays and along the eastern sand ridge, from
Rope Walk to Nerthern Bogue.

Cay Bokel

Cay Bokel (fig. 15) is the southernmost sand cay on the Turneffe
bank. Speer described it as a "small short Key....very near joined by a
Reef to Turnueff" (1771, 19}, and it has probably remained fairly constant
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in s8ize, though shifting in position, for several centuries. It is loca-
ted at the extreme scuthern end of the eastern surface reef of Turneffe,
whlcb here edges a shallow reef-flat 500 yards wide., The cay stands at
the imner edge of the flut, near its narrowest point, about 150 yards from
tbe reef itself, Westwards, the water deepens and the reefless bottom
lies at depths of l%~3 fathoms, forming a broad sheltered bay giving

good anchorsge for ships. This shelf or bay is 500 yards wide, and the
floor falls rapidly from its western edge to depths of up to 197 fathoms
within 900 yards. It was first sounded by Owen in 1830, and subsequently
surveyed in detail by Captain R.W. Glennie, HMS Mutine, in 1921 (cf. West
Indies Pilot, I, 1956, 461, and charts). The cay itself has not been
previously described in detail.

The island is roughly triangular in shape, with sides about 35
yards in length, and has a total area of only 1,000 square yards. 1is
surface is low and sandy--a coarse sand, with much Halimeda, shell frag-
ments, and brittle pieces of coral, mostly of small size. Along the
eastern side, a little small shingle, mainly Acropora Cervicornis, has
been thrown up on the shore, but has not formed a ridge. No part of the
cay rises more than 2 feet above the sea: it is highest on its south and
east sides, and slopes westwards. The leeward shores are flat and sandy,
the windward shores rather steeper. The wave refraction patterns af-
fecting the cay are clearly seen from the lighthouse: the main east reef
is lined by breakers, and water flows transversely across the reef-flat
to the eastern shores, while a much less powerful but well-marked set of
waves refracts round the south end of the reef and approaches ihe cay
from the south and southwest.

In recent years the cay has been retreating northwards and probably
westwards away from the reef, This is shown by the steep seaward shores
and the lower prograding lagoon shores (note the spit at the ncrth point),
and also by beachrock. No beachrock is seen on the cay itself, but
there is a single line 55 yards southwest of the cay, extending for
about 10 yards. The rock dips seawards and must mark a former shoreline.
Between it and the cay the bottom is shallow, with small ¢orals in thick
Thalassiza, and ranges in depth from 1 foot near shore to 18 inches near
the beachrock. In order to control this retreat, residents have attemp-
ted to protect the seaward shores with conch-shell ramparts, but to
tittle effect. Conchs are taken from Turneffe to Belize, and piles of
their shells also lie nesr the pier on the north side of the island. How
far this vetreat is due to long-term changes and how much to catastrophic
hurricane damage is not clear; but Cay Bokel bears the marks of the spec-
tacular and intense powar of hurricanes. The present lighthouse-—a steel-
frame tower——stands nezr the south shore of the cay: it immediately over-
‘looks the foundations of a second lighthouse, now 7-12 yards from the
shore, washed by waves and standing in water 1-2 feet deep. Iifteen
vards to the north, on the cay itself, are the remains of a third lighi~-
house foundation, partly obscured by sand. The iighthouse biase now
awash is a substantial concrete structure; and between it and the cay are
the remains of a concrete-block seawsll, presumably built since the base,
and now much broken and itself awash, This light was destroved by the
1931 hurricane., The other base, also of concrete, has been strongly
tilted, and is now only partly exposed; this was desiroyed in the hurri-
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cane of 1945 (information from the lighthouse keepers)., Whether the
beachrock dates from the period when the first of these lighthouses was
built on dry land is unknown; if it does, then the cay was formerly
larger than now. 4&ll the evidence, however, indicates continuing re-
treat in the same general direction.

Of vegetation, little remains. Jefferys noted "Low Bushes" in
1775, and Glennie "bushes and coconut palms, about 50 feet high" in 1921,
but the bushes have now disappeared. OCoconuts are the only larger plants
on the cay, and ithere are some two dozen of them. The ground surface is
bare, save for a patchy cover of Ambrosia hispida toward the leeward
side, and a few lilies, Hymenocallis littoralis, to seaward. There are
a few small Rhizophora seedlings on the scutheast shore, beneath the
conch rampart, but no mature mangroves; they are probably short-lived
strays from the main Turneffe mangrove areas to the north.

The 36 foot high lighthouse tower is tended by a keeper with a sub-
stantial hurricane-proof house; he keeps some pigs. Apart from this there
are no permanent inhabitants., The cay is so small that its continued
existence if struck by 2 major hurricane is not without guestion. It is
said to have been named by the Duteh buccaneer Cornelis Jol in the seven-
teenth century (hence also the bogue known corruptly as '"Joe's Hole"),
from the Dutch word for elbow or corner, i.e. the cay at the southern el-
bow of the Turneffe bank (Winzerling, 1946, 29).

The Deadman Group

This is a group of five small cays standing on the eastern reef-flat,
between the reef-edge and the eastern mangrove rim, some four miles from
the southern end of Turneffe. They are located toward the southern end
of a reef segment, bounded by gaps giving access at northern and southern
ends to Rope Walk and to the cays. The eastern mangrove rim behind this
section of the eastern reef lacks the sand ridge so well developed farther
north, and consists of pure Rhizophora with little or no dry land. The
vreef-flat along this reef-segment varies in depth, but generally carries
less than 2 feet of water, and between some of the cays (such as II and
IV) much less than a foot. The reef itself is steep-to; the main water
currents are transverse to the reef with little refraction, and are de-
flected north and south by the mangrove wail, The pouch-shaped depres-
sions back of the reef-gaps are scour-channels associzted with the outflow
of water draining laterally along the reef-flat and through the gaps.
Because of the steepness of the reef-front, waves break heavily on the
reef, and a heavy swell comes through the gaps, making them dangerous for
small boats without local knowledge. The cays were visited in May 1960,
and are here described from south to north, numbered for convenience
I to V.

Deadman I (fig. 16)

leasured along its main axis, Deadman I is 110 yards long, and varies
in width from 20 to 32 yards. It is aligned transverse to the main reefs.
Its vhysiography is relatively simple: the cay is everywhere low, bui
rises at its eastern end to not more than 3 feet above sea-level, where
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it is composed of small blackened shingle. In the middle section of the
cay the shingle is less widespread and intermixed with coarse dark sand,
while at the western end, the shingle disappears and the cay is whodly
composed of sand., The western end is little more than a foot above the
sea. Westward of the cay a submarine spit extends for 10-~20 yards, com-
posed of fresh white sand, parts of it drying at low tide, and colonised
by several Rhizophora seedlings. The cay is clearly extending lagoon-—
werd at its western end, though there is no corresponding evidence of
retreat at the seaward end. Along the south shore, beachrock is exposed
for nearly 20 yards: it is a soft, poorly indurated rock, passing inland
gnder the cay sands., Tt is 12-18 inches wide, shows no marked dip, and
}ts surface is covered with a spongy mat of blackish algae. The water
}mmediately offshore is sheltered and subject to considerable overheat-
ing; numerous Hhizophore seedlings grow here.

liost of the cay has been cleared for cocal, and apart from an inter-
mittent ground-cover of Sesuvium, Buphorbia and grasses, vegetation is
very sparse. At the low western end the new sand has been colonised by
Sesuvium and & couple of Tournefortis bushes. Rhizophora seedlings are
found round the whole cay margin in shallow water, but the only mature
mangrove is a gnarled Avicennia on the seaward shore. The coconuts which
cover the island rise to a height of about 30 feet.

The island is not inhabited, though at the time of our wvisit in
early 1960 there was a palm-leaf shelter at the west end of the cay.

Deadman II (fig. 16)

Deadmsn II is located 150 yards north of Deadman I, and rather more
distant from the seaward reef-edge. It approaches a circular shape,
with N~S and B~W diameters of 80 yards. It, too, is low: the seaward
shore is composed of medium to fine shingle rising to a crest 2-3 feet
above the sea. From this meximum height the surface declines eastwards
to the leeward shore, which is wide, low and sandy, and faces a broad
shallow bay between the cay and the mangrove rim, The bay has depths
of only 1-2 feet, and near the cay is much colonised by Rhizophora seed-
lings., There is no mansrove zone on the cay itself, and only a few tall
Avicennia. ZLaguncularia racemosa (white mangrove) was identified on the
leeward shore by its distinctive club-roots.

The cay is planted tc coconuts, but unlike Deadman I the under-
growth has not been cleared. Round most of the cay margins the upper
beach is covered with Sesuvium and Euphorbia (on the leeward beach by
Sporobolus and other grasses), passing inland under a dense zone of
Conocarpus and Suriana bushes, from which the coconuts rise. #As far as
seen, there are no remnants of broadleaf forest on these cays,
Tournefortia gnaphalodes was seen at one point on the northwest shore.
The cay is uninhabited, and we found the sandflies troublesome,

Deadman IIT (fig. 18)

This cay lies about 170 yards north of Deadman IIL, and is the
smallest of the group, having maximum dimensions of but 50 yards (E-W)
and 35 yards (N-5). Though 100 yards back from the reef-edge, there is
still small shingle on the seaward shore, rising about 13 feet above
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the sea. The rest of the island is sandy, and one has the impression that
it is growing westwards fairly rapidly. A fresh sand spit at the west
end 1s colonised by small Rhizophora and Avicennia. The vegetation re-
sembles that of Deadman II: the main ground cover is Sesuvium, with some
Ipomoea and Sporobolus. Tournefortia is found on the shingle ridge, and
Qggggggggg forms a dense zone on the leeward side, Between the shingle
ridge ardthe Conocarpus zone are & number of low coconuts. Avicennia is
also found at the north point. There is no beachrock or habitation.

Deadmen IV (fig. 17)

Deadman IV is the largest of the group, separated from Deadman III
by & shallow channel 20-30 yards wide, carrying only & foot of water or
less, with a soft sandy floor scattered with worm mounds. The island is
oval-shaped with its longest axis aligned north~-south; its maximum dimen-
sions are 125 yards {N-S) and 95 yards (B-W), and its total area only
two~fifths of an acre. It is located closer to the eastern reef than
the other Deadman's Cays, and hence the seaward shore consists of coarser
material-~less shingle, but more coral rubble, some of it lying in
shallow water offshore. Back of the rubble zone the cay surface is
sandy, and the north, south and west shores consist of fine sand. There
is a 1little shingle forming lobes to north and south of the main seaward
rubble zone. The seaward shore overlooks a rubble-strewn reef-flat with
depths of 1-2 feet; the leeward shore faces a very shallow, sheltered
sand bay, with restricted circulation, and many young Rhizophora seed-
lings.

The vegetation cover is dense and not easy to penetrate. Along the
southern part of the seaward shore there is a hedge of Tournefortia, and
elsewhere on the windward side the upper shore is covered with Sesuvium
and Euphorbia. On the leeward shores Sesuvium is again widespread, with
a little Juphorbia and much Sporobolus and other grasses. The centre of
the cay is covered with a dense thicket of coconuts and bushes, mainly
Conocarpus; no tall broadleaf trees were seen. The Rhizophora colonists
in the leeward bay have been mentioned, and in addition, the low leeward
shore is lined by scattered, more mature Rhizophora, Avicennia and
Laguncularia, with many dead trees and branches, particularly of
Avicennia. The mangrove does not, however, form a distinct zone separate
from the sand cay.

Deadman V (fig. 18)

Deadman V is the most northerly of the group: it stands about 400
yards north of Deadman IV, and like it is close to the reef. In spite of
this, however, the island is almost wholly built of sand, with only a
very little shingle at the extreme sastern end, and some small pitted
coral blocks lying on the reef-flat offshore. No part of the island
rises more than 2 feel above the sea,

The cay falls into two sections. The eastern cne is low and formed
of rather grey humic sand. It is itriangular in shape, with the apex fac-
ing east: its maximum E-W length is a little more than 50 yards, while
the base of the triangle, along the west side, is 70 yards long. The
vegetation has been cleared for coconuts, and apart from these and a
small arsa of Sesuvium consists mainly of Sporobolus virginicuys and
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Cyperus planifolius beneath the palm trees. The second section of the
cay lies immediately adjacent to the sand area on its west side; it con-
sists solely of Rhizophora mangle, with little or no dry land. This
.f?rms 2 zone elongated in a north-south direction, with approximate
dimensions of 70 x 35 yards. Along the south shore of the sand area
there are a number of small Rhizophora seedlings, with a single mature
tree at the east point, and The shore itself is lined with the dead roots
and branches of 5 more extensive mangrove zone. HMost of this cay pro-
bably originated as a mangrove island, and owes its present height above
sea~level Lo more intense sedimentation near the east reefs. The dry
areas may have been cleared for cocal in recent times. Tt is of inte-
rest that Owents 1830 MS chart shows twe small cays at this point, suge
gesting the existence of a narrow channel between the two segments of
the cay, which has been filled in by mangrove growth in the last 130
years.,

The Deadman's Cays are rather different in aspect and origin from
other sand cays on this coast., They do not occur in association with
reef gaps and refraction pstterns, as is generally the case, and they
are located where the eastern mangrove rim approaches closest to the
eastern reefs, that is, where the "reef-flat" is narrowest. As noted,
the eastern sand ridge of Turneffe does not occur at this peint. The
east reef here is exposed to considerable wave action, and much debris
is washed across it and finds no means of escape. Some is undoubtedly
flushed through the gaps~~hence the "pouches'-~but most must accumulate
in front of the mangrove rim. This accounts for the general shallow-
ness of the inter-cay area on the reef~flat, and the cays themselves
probably represent only incidental, local, greater accumulations of
sediment. The cays near the reef have some shingle, those farther back
none (there asre exceptions)., The purely sandy areas mey have originated
as mangreve-capped shoals (Cay V), which, producing a further obstruc-
tion, would help to tr2p more sediment on the windward side. This
would lead to ecological changes and colonisation by dry-land vegetation.
This transition from mangrove has undoubtedly been aided by man's inter-
vention in clearing for coconuts. None of these cays show evidences of
erosion so common elsewhere, presumably because of the great supply of
debris. The cays are probably growing both toward the mangrove rim, and,
more slowly, laterally towards each other. Currents across the reef-flat
will probably long keep open the present channels between the cays, but
once they coalesce sufficiently to form a continuous line, then the in-
tervening leeward depression between cays and mangrove would soon fill
in, and a continuous sand-rimmed mangrove ares be formed. This may in
part explain the formation of the main eastern sand ridge of Turneffe.
Finally, the structure of the cays~-their lack of height, abundance of
sand, small development of shingle ridges--can only reasonably be as-
cribed to the protective influence of Lighthouse Reef against the pre-
vailing easterlies., This and other questions concerning the Deadman's
Cays are discussed in Section VIII.
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Calabash Cays

. Nor?hward of the Deadman Group the east reef extends with many
1qterrupt10ns, including the Grand Bogue entrance, to Calabash Cays, a
distance of about 7 miles. Calabash Cays are located toward the south-
ern end of an arcuate segment of reef l% miles long, which extends
across the greater part of the Calabash Entrance (to the interior la-
gogn).. The Entrance itself is a wide gap in the eastern mangrove rim,
which 15 here rimmed by a sand ridge on its windward side. The group
includes four cays (Owen charted 3 in 1830), two of which (Big and
Little Calabash Cays) are named., The mouth of the Entrance itself car-
ries at least 1 fathom of water, and its floor is sandy, with large north-
south orientated ripples. WNear the reef, particularly where backed by
the mangrove rim, the water is shallower, and though access to the two
main cays can be obtained in about a fathom of water, by keeping close to
the mangroves, the cays themselves stand on a reef-flat carrying less
than a foot of water.

Little Calabesh Cay (fig, 19)

Little Calabash is the most southerly of the group, and is located
at the southern end of the reef segment (cf. Transect 4, Section IV).
{t has been much altered by msn and now has little of interest. The
cay is regular in shape, with maximum dimensions of 95 x 60 yards. It
is highest on its northeast sidei where a sand beach with much Halimeds
rises to & crest approximately 25 feet above the sea. The surface slopes
gently to the low leeward shore, with no marked irregularity. There is
a littie evidence of marginal erosion, in the undercutting of coconut
trees on the northeast shore, but this is probably much retarded and
even outweighed by human zgencies. The c¢ay is the centre of the
Turneffe coconut export trade, and at the north end there is a marked
peninsula, about 15 yards long, consisting of nothing but split coconuts.
Conchs are exported, too, and their shells form the shore near the pier
and also along the seaward side, where they have probably been dumped to
give protection. [rosion along the south and southeast shores (facing
the reef gap) has been sufficient in the past to necessitate the building
of a pile-wall on this side, backed with conch shells. This appears to
have completely halted any natural erosion on this side. No beachrock
is exposed near the cay, The seaward shore overlooks a reef-flat,
covered with Thalassia, and carrying only 6-8 inches of water, The pier
on the leeward side gives anchorage in 7-8 feet of water.

The pier itself is 30 yards long, and has at its end a transverse
landing stage 40 yards long, with a large warehouse. This can accomo-
date at least two coconut boats at a time, and these rather ungainly,
deep-hulled vessels, including the Corozal Packet, make regular runs to
Belize. Little Calabash represents a clearing house for the Turneffe
coconuts, which are brought here in small boats from as far as Rope Walk
for transhipment. There are several small sheds on the island, and one
substantial hurricane-proof house. The buildings include a small commis-
sary, where a limited amount of supplies can be obtained on about three
days a week., Black pigs are numerous here. The vegetation consists
entirely of some 1% dozen coconut trees, with a scattered ground cover
of grasses and a low blue-flowered plant.
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Big Calabash Cay (fig. 20)

‘ Big Calabash Cay lies about 300 yards northeast of Little Calabash,
with which it is connected by a very shallow sandy reef-flat, partly
covered with Thalassia, ascross which, as noted, the pigs wander freely.
The cay is aligned NNE-SSW, parallel to the reef, and is about 170 yards
long. Its width varies from 35 to 55 yards, and it is uniformly low and
sandy. The maximum height is reached on the east side, and lies between
2 and 3 feet above the sea. There 1s no shingle on the island, but in
several places there are banks of conch-shells, and at one point & con-
siderable accwmulation of the small concrete plates formerly used for
cultivating commercial sponges., At the south end of the cay there is a
spit of fresh sand.

The vegetation has been removed for coconubs, and nothing remains
apart from these and a sparse growth of coarse grasses, except for some
peripheral mangroves~-chiefly Rhizophors seedlings close inshore, and a
couple of taller Avicennia trees near the north end. The coconuts form
a ragged canopy only 20-30 feet high. This island has been settled for
many years, and has several houses, especially one substantial building
at the southeast point; rainwater is obtained from vats. The Big Calabash
sebtlement was formerly more important, especially between 1900 and 1939,
when it was the centre of the sponge industry, but since then Little
Calabash has handled the coconut industry on account of its deeper an-
chorage. There are several small wooden jetties round the island, and
the leeward bay gives anchorzge of 4-5 feet.

East Cays One and Two

flast and north of Big Calubash are two smaller islands, here named
in order of proximity to it, Big Calabash East Une and Ffast Two Cays,
East One (fig. 20) is separated from the main cay by a shallow channel
only 14 yards wide, carrying up to 12 inches of water, with numerous
Rhizophora seedlings. The cay itself is small and rounded, with a dia-
meter of 40-50 yards. Its eastern shore lies close to the reef, is
straight, and formed of coarse blackened coral rubble; it has little worn
shingie and no sand. The rest of the island is sandy with varying amcunts
of small shingle, and nowhere does it rise more than 3 feet above the sea.
It is covered with bushes, mainly Surians maritima and Conocarpus erectus,
with several low Rhizophora and taller Avicennia trees round its margins.
Two distinct clumps of coconuts, totalling less than a dozen trees, rise
towards the centre of the cay.

Big Calabash Fast Two (fig., 19) is smaller, and is located about 90
vards north of Bast One. It consists of a narrow strip of land 50 yards
long and generally less than 10 wide, with some shingle at its east end.
The greater part is low and sandy, and does not rise more than 18 inches
above the sea, It is prolonged westwards by a fresh sand spit. The
vegetation is low and windswept, and consists only of peripheral mangroves
(Avironnia and Rhizophora, with many shoreline Rhizophora seedlings), a

central thicket of Suriana maritime and coarse tall grasses, and two or
three low young coconuts.

On none of these cays was any beachrock seen.
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Soldier and Blackbird Cays

Rather less than 3 miles northof CalabashCays, the east reef of
Turneffe swings eastwards in a prominent elbow to its most easterly point.
North of the elbow the reef is wide and strongly developed, with a wide
sandy reef-flat, and well-marked groove-spur system on its seaward slope;
south of it, the reef and sandy flat are narrow, but the reef growth is
no less vigorous than that to the north. Immediately south of the elbow
itself, two cays are located: the southernmost and largest is known as
Soldier Cay; the northernmost is ummarked on charts but is known locally
(according to fishermen at Calabash Cays) as Blackbird Cay.

Soldier Cay(fig. 21)

Soldier Cay is 145 yards long and has a maximum width of 55 yards.
It stands some 50 yards back from the reef-edge, and parallel to it. The
cay is fairly regularly shaped, and of simple physiography. The seaward,
southeast shore, 110 yards long, is formed by a steep ridge of grey
shingle, well interlocked, rising to & fairly constant crestline 5.5
feet above sea~level., In the scuth and centre of the cay the surface
slopes gradually from this ridge crest to the shore on the east side; the
intericr surface is of fine grey sand with scattered coral fragments,
tight-packed, and with the upper layers discoloured with humus. The lee
shore itself is formed of fine white sand. 4t the northeast end of the
cay (which faces the sea north of the main reef elbow) the shingle ridge
continues round the shore, decreasing in height and in size of consti-
tuent material, and appears along the northern part of the lee shore as
a distinct ridge rising 3-4 feet above the sea. This leeward beach ridge
is broad, with a rounded profile, and contains more sand than medium
shingle; the cay surface between it and the seaward shingle ridge con-
sists of grey sand with scattered fine shingle. The two cross-sections
(fig. 22} of the cay show these features plainly. There is no evidence
of erosion round the cay margins, except at the soubh end, where the old
grey sand area is bounded by a distinet low cliff-line, However, a f{resh
sand peninsula 20 yards wide projects up to 15 yards in front of the
undercut zone, and is now being colonised by vegetation.

The most distinctive feature of the physiography of the cay is the
platform on which it stands, for here, uniquely in British Honduras, is
a segment of drying reef. This begins near the north end of the cay,
borders its seawsrd side, and extends southwards for over 200 yards. Its
average width is about 20 yards. It consists of detached loose boulders,
generally less than 2 feet in diameter, much blackened and pitted,
piled on a rock pavement which lies slightly abeve low tide level. The
platform itself is thus submerged at high tide but many of the blocks
remain exposed--many of them are so weathered as to be no longer identi-
fiable. HNone are in the position of growth, and all are probably thrown
up from the reef-front by wave action in time of storms: the location at
the eastern elbow, where refraction would be greatest, may help explain
the feature. The surface of the rock platform is irregular (though curi-
ously unlike such possible emerged reef-rock surface as at Half Moon
Cay), and at low tide contains isolated pools of water subject to great
overheating. Small fish and morays are seen in the deeper pools, mol-
lusca are very abundant, but stony corals are absent. Large algal
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g?owths are not common. The surface seems to slope lagoonward and to be
highest near its seaward edge; the number of blocks is also greatest near
the wave-break line, and diminishes lagoonwards. Neither north nor south
of this small area is any drying reef to be found.

The whole cay is planted thickly with coconuts, and the natural
vegetation has been almost entirely removed., The cay is said (Romney and
others, 1959, 245) to have been planted at one time with sapodilla
(Achras sapota L.) and mahogany (Swietenia mecrovhylla King), but no
trace of these or any other broadleaf trees remains. The steep seaward
shingle ridge bears oval-shaped patches of Sesuvium portulacastrum, and
low spray-swept bushes of Tournefortia gnaphalodes, with a little scat-
tered Buphorbia. At the north end of the cay are bushes 4~5 feet high
of Suriana meritima, and an undercover of Sesuvium and Euphorbia, bub
apart from this, a patch of Sesuvium on the new southern sand spit, and
sparse Sporobolus underneath the coconuts, the cay surface is bare. Most
of the coconuts are about LO feet high; but one at the south end is about
15 feet higher than the rest. There are numerous Rhizophora seedlings in
shallow water near the cay, along the west and south shores.

There are several houses and sheds on the island, none substantial,
but no-one was living there at the time of our visit in 1960, There is
a small wooden jetty at the scuth end of the cay, and in shallow water
to westward two palm~leaf fish-traps.

Blackbird Cay (fig. 23)
Blackbird Cay is situated about 100 yards NNE of Soldier Cay: it is

& small, crescent~shaped island, transverse to the reef-flat at this
point, some 70 yards long. It is widest at its seaward side, where it
fronts a dry gone of coral blocks, mainly massive palmata slabs, The cay
is highest on this side, rising from a beach of Halimeda sand te a core
of large shingle 3 feet high., This core has a dlameter of 25 yards. To
leeward the shingle is finer, and the island is prolonged southwestwards
by a spit of fresh sand with fine shingle. The north side of the cay,
which faces the open sea across the reef north of the main elbow, is
also fronted with palmata slabs. The channel between Soldier and Blackbird
Cays has a maximum depth of 15 inches.

The scutheast seaward shore is fringed by 2 zone of mangroves,
unusual in so exposed a location, including both Avicennia and Rhizophora
about 15 feet high. Three solitary young coconuts rise tc a height of
20 feet to leeward of the mangroves, from a ground cover of Sesuvium.
Between coconuts and mangrove are a number of low but dense Conocarpus
bushes. 4An unidentified black bird was nesting on the cay at the time
cof cur visit,

From the Soldier Cay elbow, the eastern reef %{rends slightly north-
westwards for nearly seven miles to Northern Bogue. The eastern mangrove
rim lies 600-700 yards back from the reef-edge; and though the eastern
sand ridge is here well-developed, it is divided from the reef flat by a
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narrow fringe of Rhizophora. Only a single cay is found along the whole
of this section of the reef. Owen in 1830 (MS H57) marked two distinct
cays, "Pelican Cays", one small island some distance south of a larger
one, and the two cays are both marked, and so named, on later charts.
The cay was visited in 1960 and photographed from the air in July, 1961,
when only a single cay existed. We were unable to ascertain whether the
former two cays have grown together, or whether one has been destroyed,
pverhaps in a hurricane; the latter view seems most likely.

The cay (fig. 23) is rectangular in shape, and aligned with its
long axis parallel to the reef, i.e. north-south. The dry land area
has maximum dimensions of 100 yards N-3, and varies from 4O to 60 yards
in width E~-W. When visited in 1960 the whole dry land area was sur—
rounded by a belt of Rhizophora mangle, with a little Avicennia and
Conocarpus on its dry~land margin. This mangrove rim was interrupted
only in three places, two of them artificial boat harbours rimmed by
conch shells, The cay surface probably does not rise more than 18
inches above the sea; it is flat and featureless, composed of grey sand
with no shingle. The interior of the cay has been completely cleared and
planted to coconuts, and has only a scanty undergrowth, mainly of grasses
with a2 little Sesuvium. When photographed from the air in July, 1961,
however, the Rhizophora rim of the northeast side had been completely
cleared, revealing a narrow, white-sand shore. Southeast of the dry sand
area there projects a rounded mass of tall bushy Rhizophora, forming a
peninsula about 35 yards in diameter.

The cay is inhabited and has two huts, one occupied in 1961 by a
Carib fisherman. It is guite possible that this island originated as a
mangrove cay, and that its present appearance is almost wholly man-made.

The Cockroach Group

Between Northern Bogue and the northern end of the main mass of the
Turneffe lagoon mangroves, between the east reef and the eastern mangrove
rim, are a number of mangrove-sand cays and sand cays here termed '"the
Cockroach Group" (fig. 24). Cockroach Cay is one of the larger islands
in the group, the only one inhabited, and the only one visited and map-
ped. The group extends from Dogflea Cay in the north for a distance of
3 miles, ending in the south at a large mangrove cay abcut 500 yards
long, set at an angle to the reef. Cockroach Cay and the cays fo the
north were visited or seen at a very early stage in this investigation,
but the extent of the group to the south of Cockroach Cay was not realised
until they were flown over and photographed at the close of the second
expedition. @ach cay was photographed, looking west, from a height of
200 feet, and the following remarks are based on these photographs. The
area has never been mapped in detail or shown on charts, and unfortun-

. ately only the southermmost part is included in the air photograph cover.
A very general sketch map has been prepared showing these islands; it is
hoped thal they may scon be fully mapped, and our record of the British
Honduras cays sc completed.
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_ The group includes 28 cays altogether, of which five are longer than 250
yards, 15 are between 20 and 100 yards long, and the remaining & are mere
specks of land, mostly mangrove., The smaller cays, especizlly in the
south, are mainly and sometimes entirely mangrove; the larger cays, with
the exception of the southernmost, show a distinct zonation into seaward
sandy beach, sand area with bushes, and leeward red msngrove zone. Coco-
nuts are not generally found, except on Cockroach Cay, which has been
cleared and given over to cocal. Altogether, four cays, including
Cockroach and Dogflea, lack mangrove entirely, and of the rest, 8 have
large sandy sreas covered with bushes, with mangrove restricted to the
leeward side, and the remaining 18 are wholly or mainly mangrove, many
with only very small sreas of dry sand. Perhaps half a dozen of these
cays would repay detailed mapping. To some extent they resemble the
Deadman's Cays farther scuth, but otherwise they form a distinctive cay—
vype on the British Honduras atolls, not being associzted with reef-gaps.
The chief dry land vegetation seems to consist of bushes such as Suriana

and Conocarpus.

Cockroach Cay (fig. 25)

Cockroach Cay 1s situated near the northern end of the group, with
gix cays to the north. It is a long narrow island, aligned parallel to
the reef edge, here interrupted by a gap immediately south of the cay.
The island has a maximum length of 310 yards, and varies in width from
55-60 yards. Along its seaward shore for a distance of 180 yards the
beach is formed by & shingle ridge rising to a crest 3 feet above sea
level. Back of the ridge the cay surface declines to the leeward shore
and 1s composed of sand with large amounts of blackened and broken coral,
much of it still recognisable. The greater part of the northern section
of the cay, however, is sandy; and a fresh sand peninsula is also build-
ing southwards from the scuthern end of the island, The leeward shore
is everywhere low and sandy, facing a shallow bay with large numbers of
Rhizophors seedlings close inshore.

The vegetation has been almost wholly cleared for coconuts, now
planted in orderly rows, with little ground vegetation apart from grasses
and Buphorbia. At the southeast end of the leeward shore, however, there
is & thicket of oid mangrove and low bushes, from which we obtained a
specimen of the common boa, so widespread in the Turneffe mangroves,

Dogflea Cay, the northernmost in the group, is low and sandy, with

a narrow sand beach. It is covered with a thicket of Suriana bush, from
which rise four low coconuts.

The Northern Cays

Three prominent c¢ays stand to the north of the main mass of the
Turneffe lagoon mangroves: Three Corner Cay, Crawl Cay and Mauger Cay.
The first two were seen from close range, and the last visited. Crawl
Cay and Three Corner Cay are almost wholly mangrove, with little dry
land. Three Corner Cay is shaped as its name implies; Crawl CGay is elon-—
gated east-west and 1s convex to the north. Meuger Cay is also orien-
tated east-west and is convex nerthwards, and it is the only one with dry
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land. Unfortunately the dry land area is so small, the vegetation so tall
and dense, and the deflecting influence of the cast-iron lighthouse so
great, that no map could be made, in spite of some effort. The eastern
and western lobes of the cay consist of Rhizophora with no dry land. The
central part, which has been ¢leared, is low and sandy, with prominent
clumps of Rhizophors along both its north and south shores. The cay has
clearly suffered some ercsion (though it is located nearly 1} miles
south of the reef-edge and well within the lzgoon), since the whole of
the north shore of the cleared area is bounded by a thick masonry wall.
The cay surface does not rise more than 2 feet above the sea., The
cleared areais small and irregularly-shaped; it has less than a dozen
coconuts, all less than 15 feet high. The sandy areas are covered with
Sesuvium, Ageratum maritimum, and Cyperus planifolius. A very wide-
spread shrub, 2-3 feet high, with fleshy leaves, cannot unfortunately be
identified. Towards the west end of the cleared area is the 64 foot
high open-frame light-tower, with three substantial houses for its
keepers. According to Winzerling (1946, 59) the cay received its name
from the women prisoners (mugeres) which pirates brought here after the
sack of Bacalar in 1648, The West Indies Pilot refers to a prominent
"portion of a stranded wreck on the northern edge of the reef, about

1 3/ miles north-north-eastward of Mauger Cay" (1956, 462), and this
was seen again in 1960,

The Dastern Sand Ridge

As already stated, the eastern side of the eastern mangrove rim of
Turneffe is fringed for much of its length by a sand ridge. This forms
the seaward shore on the south side of Northern Bogue, both sides of the
Calsbash Entrance, and on both sides of Grand Bogue. It was either
visited or seen at close quarters at Northern Bogue, Harry Jones (north
side of Calabash Entrance), Calabash Cays, and Rope Walk (its most southerly
extent), Between Northern Bogue and Rope Walk it forms a fairly continu-
ous feature, though often hidden from the sea by 2 narrow belt of man-
grove, It generally rises, with some local shore undercutting, to a
crest 3~L feet in height, consists of sand with 1little coarser material,
and declines westward to pass under the inner belt of lagoon~-fringing
mangroves, Rhizophora and Avicennia. The pridge is almost entirely planted
te coconuts, with an intermittent undercover of Hymenocallis and grasses,
and along the shore a little Tournefortia, Suriana, Inomoea, Sesuvium,
and in places Coccoloba uvifera, It has clearly been built up along the
seaward edge of the mangrove by the great amounts of debris being washed
across the eastern reefs, which cannot otherwise be disposed of. It is
thus analagous with the formation of such mangrove-sand cays as Cay
Caulker and Long Cay on the coastal shelf, though on a much larger scale.
Whether it grew at a uniform rate along its whole length, or consists
of several distinct patches subsequently united, is not known; and whether
it is currently undergoing growth or not is guestionable. The widespread
growth of mangroves in front of the ridge, and its undercutting else-
where, suggest that it is in fact a fossil feature.

Dixon (1956} in his memoir on the geology of southern British
Honduras figured a section of elevated beachrock from this ridge, which
he described as marking a former shoreline 7 feet above the sea. He did
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not give its location. Vermeer, however, though he did not find this or
any other raised beach on Turneffe, quotes Dixon's brief caption and re-
produces his photograph (1959, 87, 95, 66)(in both cases the photograph
is reversed left to right). The existence of this beach, together with
other "raised beaches" on Ambergris Cay and Long Cay, Lighthouse Reef,
which Vermeer described, led him to correlate them all: "Each of these
was on Separate geomorphological uniits and each stood at a height of 5
to 7 feet above sea level., ...The uniformly raised beaches clearly
point to a negative eustatic change in sea level" (1959, &7). One of
the conclusions of the present study is that no such fluctuation can
yet be demonstrated, and is in fact on present evidence extremely
doubtful; this may be illustrated by reference to the Turneffe example.

Harry Jones Point ({fig. 26),northern side of Calabash Intrance,
was visited in April 1960, and the existence of the raised beachrock
noted. The area was mapped, with special reference to the beachrock
outcrop, which was subseguently recognised as that figured by Dr. Dixon.
I am grateful to Dr., Dixon for sending me some further photographs and
comments on it. Dr. Dixon visited the area with the British Honduras
Land Use Survey Team, and Dr. Romney has also given me his comments. In
¥ay 1961 the area was again visited, levelled, and augered.

Beachrock outcrops only along the north-south trending shore of
Harry Jones, for s total distance of 220 yards. To the north the shore
sweeps westward in a broad bay; to the south the shore becomes low, trend-
ing westward into Calabash Entrance. The sand ridge is here 30-50 yards
wide, and is covered with coconuts, ending abruptly at the margin with
tall Rhigophora and Avicennia. The undergrowth beneath the coconuts con~
sists of Sesuvium, Euphorbia, Hymenoccallls, grasses, and Iresine celosia.
At the esstermmost bluff (i.e. the most northerly extent of the beachrock)
are a number of Tournefortia and Suriana bushes, and the whole of the
east-facing shore, where the beachrock outcrops, is clothed with dense,
overhanging Coccoloba uvifera. The crest of the sand ridge varies in
height, but is generally 34 feet above sea level. It rises highest at
the eastern bluff, reaching 5.5 fest above approximate low tide level,
The surface of the sand area slopes back towards the mangrove rim, and I
doubt whether any part exceeds 6 feet in height in the Harry Jones area.

The beachrock also varies in height. It is highest at the eastern
bluff, where the outer edge of its upper surface lies 1' 8" to 2 feet
above approximate low water level; it slopes southwards along the shore,
and for the greater part of its extent lies only sliightly above mean sea
level. The southermmost sector lies at about low water level, and is
covered with beach sands and banks of dead Thalassia. The outcrop is
being eroded, especially at the eastern bluff, and many blocks have been
undercut, broken off, and now lie on the shore. Tt is difficult at the
bluff itself to determine criginal dip: the surface of the beachrock,
roughened and pitted by erosion, seems approximately horizontal, though
Dr. Dixon thinks it slopes upwards from the sea. Away from this bluff,
the beachrock dips seaward like any other beachrock, and indeed looks
much the same. &t the bluff itself the beachrock is overlain by the
ridge sands, here rising to rather more than 5 feet above sea level, and
the question arises, how far does the rock extend beneath the sand, and



i

and how high does it become? In this connection, Dr. Dixon writes (per-
sonal communication, 1960):

".4.sthe beachrock slopes upwards away from the sea and disap-
pears under a thin covering of grass and sand. ....Starting
about 10 yards or so back from the top of the bank we put down
some hand zuger holes to examine the soils, and just below the
surface there was a layer much more compact than the soft
material below it. This compact layer got softer as the water-
logged mangrove area at the west side of the cay was approached.
We assumed that it was the same beachrock, rotted perhaps by
the fresh water in the soil, but the height was only a rough
guess, M

In 1961 we put down two auger holes, one 5 yards inland from the bluff,
striking beachrock at 2 feet depth, one 1C yards inland, not strlklng
beachrock at all. The beachrock thus rises at this p01nt to 2-2% feet
above approximate low tide, and as the sand surface steadily declines
westwards, cannot get much higher than this.

The true beachrock at Harry Jones thus has a vertical extent of
about 3 feet, does not rise more than 3 feet above the seaz, is 5-10
yards wide at most, and extends for over 200 yards. The lateral (as
distinct from normal transverse) gradient I believe indicates tilting of
the whole exposure, since pronounced lateral dip is not a feature of
intertidal beachrocks. Lateral tilting has raised the north end to give
abnormally high beachrock at the bluff; in this connection we can refer
to the drying reef at Soldier Cay a few hundred yards to the north. This
is the only exposed reef in British Honduras, and might reasonably have
been involved in-~indeed, caused by-~the Harry Jones tilting.

The softer rock & few inches below the surface described by Dr.

Dixon from augering is not, I believe, rotted beachrock, but 'eay sand-
stone" (Kuenen 1933; see Sectlons VIII, IX), the 1ndurat10n resulting
from fresh water percolation and evaporatlon. If the true beachrock and
this sandstone are continucus, then they must form a plate 200 yards long
and up to 50 yards wide: altogether improbable for beachrock formed by
intertidal cementation on medium~-gradient beaches with small tidal range.
Unfortunately time did not allow a full programme of augering in 1961 to
trace the extent of this "ecay sandstone” induration.

In my view, this beachrock owes its appearance to tectonic, not
eustatic causes; but even if i% can be shown to be eustatic, then it can-
not be referred to a sea-level higher than 3 feet above the present, and
certainly not to any 6 foot stillstand.
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VI. LIGHTHOUSE REEF

Lighthouse Reef (cf. Vermeer, 1959, 18-19, 95-103), with an overall
length of 25 miles, width of 4% miles, and approximate area of 78.5
square miles, is the smallest of the three atolls in area (though longer
than Glover's Reef), and the most irregular in outline (fig. 27). The
main part of the atoll measures some 17 miles in length, and to the south-
west corner of this is appended an arc-shaped reef segment some 8 miles
long and only 2 miles wide, The cause of this great southeastern bight
between Half Moon Cay and the south end of the atoll is not known, but
the suggestion made by Fairbridge (1950) that similar irregularities on
Pacific atell rims may result from submarine slumping could apply here,
especially in-view of the great depths off the east reefs near Half
Hoon Cay. Published charts of the atoll are extremely rudimentary, and
the airphoto cover only extends to some two-thirds of the atoll area, so
that our knowledge of the gross features of the reef and lagoon is in-
complete,

Lighthouse Reef is surrcunded by a well-developed reef-rim, with
only three major gaps: one at the north end, giving access to Sandbore
and Northern Cays; another west of Half Moon Cay, along the north side
of Southeast Bight; and the third and largest on the west side of the
atoll, immediately north of Long Cay. These never carry more than i-2
fathoms water and are interrupted by scattered coral heads. In addition
it is possible for small boats (maximum draught 5 feet) to cross the
western reef at several points by threading between the coral colonies;
but local knowledge is required for this.

The eastern reefs are remarkable for the breadth of the zone of
living reef and the breadth of the reef-flat. The outer edge of the reef
is shallowly sinuous in plan, and steep~to; it is lined by & well-developed
groove~and-buttress system similar to that reported in Jamaica by
Goreau (1958) and on exposed reefs in many parts of the Pacific (e.gs
Emery, Tracey and Ladd, 1954; Munk and Sargent, 195k; Newell, 1956). The
average width of the windward reef-flat, from air photographs, varies from
1,000 to 2,000 yards, and averages 1200-~1500 yards. The width of the zone
of living reef on the outer edge of the reef flat averages 500 yards. As
was seen in transect B, much of this area consists of a submerged pavement
of encrusting and loose nodular Lithothamnion, with only sparse growth of
stony corals. Seaward of the algal pavement the dominant coral is massive
Acropora palmata on the seaward slope, and lagoonward, Montastrea annularis
on the reef-flat. The east reefs are continually pounded by surf, and
the reefs are further remarkable in the strength of the current continu-
ally flowing across the reef-flat under the influence of prevailing winds
and waves, This is estimated at 2-3 knots, and locally possibly more,
and is so powerful that it is impossible in many places to swim against
it; it may indicate the existence of a higher sea-level outside the reefs
than in the lagoon. Wo such current is experienced on the windward reefs
of Turneffe, though the drift there is also westwards. ‘

The reef-flat forms a broad shoal area carrying as much as 5-10
feet of water. From the air and from the sea it is seen as a broad
swath of translucent green water, in sharp contrast with the ultramarine
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of the sea beyond. It consists for the most part of loose detrital sands,
with much algal and foraminiferal material. The air photographs show sub-
merged sand ripples on this flat, especially north of Saddle Cay, and on
the west side of the southeast bight, aligned transversely to prevailing
winds, generally about 1,000 yards long and 2-300 yards apart. These

were seen from the air in 1961, but no opportunity arose to inspect them
under water. They are quite invisible from the sea, and may, even in
shallow water, be crossed without being noticed. They appear very simi-
lar to the much more striking ripple formations of the Bahama Banks

(Rich 1948; Newell and others, 1951; Newell and Rigby 1957). Ripples are
also well~developed on the barrier reef flat between Cay Glory and Gladden
Spit. 5o far as is known,reef-flat ripples have not received much atten-
tion in previcus atoll or barrier reef studies, perhaps because most
Facific atolls are too exposed to permit their formation on reef-flats.
Hence such ripples may be restricted to more sheltered atolls and reefs,
and it would be interesting to see whether they are developed on the
atoll reef-flats of the easternmost East Indies.

The scmewhat anomalous location of Saddle Cay on the inner edge
of the easgtern reef-flat deserves notice,.

The western, leeward flats and reefs are of a quite different
character. Towards the north end of the atoll, the western reefs are
backed by great lobe-shaped accumulations of barren white sand up to
1,000 yards in width, the living reef forming an extremely narrow fringe.
Transect E was in such an area. Farther south the sand lobes disappear,
and the narrow reef fringes a shallow reef flat 4-8 feet deep, which
merges almest imperceptibly into the lagoon floor. Groove-and-butiress
systems are not developed on these reefs, except in the extreme north,
west of Northern Cay.

The lagoon enclosed by the two reefs is of unequal depth, and is
generally shallower on the west side, where it grades into the reef flat,
and deepens eastwards; the slope from the eastern reef-flat to the lagoon
floor is 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 stated that the average depth of
the lagoon on the east side of the atoll is 2-3 fathoms. On the west
side it is shallower, and averages 1-14 fathoms. These differences in
depth can be clearly seen on the air photographs (e.g. CAE-6-186), where
the shallow western sector appears to end fairly abruptly along a north-
south iine in the middle of the lagoon, the junction being fringed with
patch-reefs. This feature is known locally as "iiddle Reef", and cer-
tainly extends some distance north of the area covered by air photographs.
Numerous small pabch-reefs rise to the surface from the shallow western
sector of the lagoon floor; those that rise from the deeper fleor to the
east are larger, more widely spaced, and better defined. They do not,
however, approach the density of patches in the Gloverts Reef lagoon.
According to reliable leocal informants the meximum depth of the whole
lagoon is found on the east side some 8-~9 miles north of Half Moon Cay,
where the bottom carries A3-5 fathoms water.
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Perhaps the most remarkable feature of the Lighthouse Reef lagoon
is the deep depression in the lagoon floor 4 miles north of Saddle Cay
and some 2200 yards from the eastern reef edge. This is shown on air-
photograph CAE-6~186: it is a perfectly round, reputedly bottomless pit,
rimmed by living coral, known locally as the "Blue Hole". The reef-rim
is most extensive on the southeast side, and on the south and southwest;
there are two small gaps on the north side, giving access to the hole
itself, which has a dlameter of 500-600 yards. The surrounding reef con-
sists mainlyof Montastrea annuléeris, with one or two colonies of Acropora
palmata on its inner edge. Other corals present include Agaricis
agaricites, Porites astreoides, Mycetophyllia lamarckana and Isophyllastrea
rigida. No Acropora cervicornis or finger Porites was seen. The reef-
rim rises to sea~level, and the two reef-paps carry 2% fathoms water.
Two leadline soundings were made in the Blue Hole, one of 46l feet, the
other of 472 feet. The first brought up a little very fine calcareous mud,
impalpable, creamy-grey in colour, and smelling strongly of hydrogen
sulphide, thus suggesting conditions of restricted circulation in the
depths, Attempts to obtain large samples with improvised equipment
failed,

The most reasonable explanation of this feature is that it is a
subaerially eroded sinkhole cut in limestones during & period of karst
erosion in the time of glacial low sea-levels (cf, Pearse, Creaser and
Hall, 1936). The fact that only a single instance is known from all
three outer banks is disturbing for this hypothesis, especially in view
of the size and depth of the single instance known. Similar depressions,
known as "ocean holes", have long beenkmown, and thus interpreted, in
the Bahamas (Agassiz, 1894, 42; Newell and Rigby, 1957, 28), and others
have been recently described by Jordan (1954) from the Florida Straits.
Doran (1955, 10-12, Map 3) has detailed their occurrence in clusters in
the Bight of Acklins, Southeast Bahamas. Here 17 holes have depths rang-
ing from 11 to 198 feet, and areal dimensions of from 20 to 285 feet:
all of them much smaller than that on Lighthouse Reef. Doran has des-
cribed another hole, however, (ibid. 12, Map 11), located south of
Grand Caicos, which is "round and about half a mile in diameter, 1ts
depth is unknown but greater than 100 feet, This hole is many times
greater than others described in the literature and is strangely symmetri-
cal in plan. Although probably also due to subaerial erosion it does not
fall into the same pattern as all other ocean holes." The Grand Caicos
hole seems very similar to the Blue Hole, I have not been able to dis-
cover references to similar holes in Pacific atoll lagoons, though deep
depressions of less regular outline do in fact occur, for example on
Clipperton almosteatoll (M.-H. Sachet 1962). The term "ocean hole! is
well-established in the literature dealing with the Bahamas, but "blue
hole" seems to me preferable: the holes need have nothing to do with the -
ocean, while the term "blue hole" confers an inmediate impression of
their most striking characteristic.

Land fauna of Lighthouse Reef

The land fauna of Lighthouse Reef is rather better known than that
of the other two atolls, and this is particularly true of the avifauna.
Salvin (1864) visited Half loon Cay, Saddle Cay, and Northern Two Cays



w5y

in April and May 1862; Bond (1954) spent a day on Northern Cay in January
1954; while Verner has visited Half Moon Cay twice, and more briefly
Northern Two Cays, during his study of the pink-footed booby colony
(Verne?, unpublished thesis, 1959). In addition to Mr. Verner, now of

the University of Washington, Half Hoon Cay has been briefly visited by
other members of the Museum of Natural Science, Louisiana State University,
under Dr. G.W. Lowery, Jr. Verner makes use of unpublished notes on the
birds in the Carnegie Museum of Pittsburgh.

Less is known of the other land fauna. Half lioon Cay was visited
- by the Field Museum Mandel Caribbean Expedition in 1940, which collected
the llzgrds Anolis sagrei Dumeril and Bibron, Anclis allisoni Barbour,
Iguana iguana rhinolopha Wiegmann, and Ctenosaura similis Gray (Schmidt,
1941, L92-49h). Verner (1959) records A. sagrei, A. allisoni, Iguana,
and Gtenosaura, and adds Phyllodactylus sp. Bregagzi again collected the
anolids and the two larger lizards in 1960 (Thorpe and Bregazzi, 1960,
29). Schmidt comments on the restricted distribution of 4. allisoni,
which is not apparently found on the mainland, but is confined to island
locations, its next nearest record being in the Bay Islands. Schmidt
also draws attention to the local name of "wish~wiliy" for Ghenosaura
similis, which does not seem to be used elsewhere. It may be suggested
here that this name derives from the Mosquito (?) word Illishle, for
Young (1842, L7), speaking of the cays around Bonacca, Bay Islands, says
that "a species of guana, called illishle, is to be found in abundance on
every key." I have not been able to trace any other reference to this
word. Ctencsaura grows to lengths of 3-k4 feet on Half Moon Cay; it is a
drab yellow colour, with black bars on its back. Iguana iguena, locally
known as "iguana' or "bamboo chicken", is esteemed for its flesh; it
grows rather larger than Ctenosaura, and is a drab red colour, with black
bars. Local fishermen capture both Ctenosaura and Iguana with the aid of
a string noose on the end of a stick, creeping up behind the animal and
slipping the noose over its neck. The swimming ability of Iguana, which
excited Oviedo's attention (1526, translation 1959, 18), is remarkable.

No snakes are known from Half Foon Cay, and apart from hermit crabs .
(Verner, 1959, 8), the only other large land enimal is the rat, Rattus
rattus, common in the wooded eastern part, where it is a serious coconut .
pest. According to fishermen, this is the main reason why no attempt is
made to cultivate fruit trees on the cay, though it is questionable
whether they would thrive in the poor soil anyway. It was probably acci-
déntally introduced by shipwreck in the nineteenth century. Rats are also
common on Northern Cay. Here Bond (1954, 2) noted "some iguana~like liz-
ards, sooty black, but otherwise like those mentioned above {i.e.
Ctenosaura), and a small black lizard, probably of the genus Anolis."

Land crabs reach enormous sizes on Northern -Cay, and are said to invade

the houses when rain threatens. No mention seems to be made in the litera-
ture of the crocodiles of the interior lagoon of Northern Cay; they are
unique on the atolls, and have not been identified. They are sufficlently
numerous to be hunted. The common crocodile of the Belize area is
Crocodilus moreletii (Rommey and others, 1959, 319).

The birds of Half loon Cay are famous, and moreis said in the des-
cription of this cay of the colony of pink-footed boobies, Sula sula sula,
first recorded by Salvin, and studied by Verner. Besides the booby,
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Eerner recorded Fregata magnificens as nesting on Half Moon Cay, and

probably" alse Columba leucocephala (bald~pate pigeon) and Crotophaga
su101ros?rls later in the year; he doubts that other species breed there.
A nest with three ospreys (Pandion halisetus) was seen on Saddle Cay in
1960, and by Bond on Nerthern Cay in 195L. According to fishermen, the
brown pelican, Pelicanus occidentalis, breeds on Hat Cay, but no nests
were seen there when that cay was visited in 1961. Salvin saw 40-50 peli-
cans on Saddle Cay in 1862, and thought they were breeding there.

Verner "recorded 98 species nf birds on Half Meon Cay, ... and at
least 77 af these were migratory forms. Seventean or the migratory species
were resorded regularly enough to indicate that they winter on or near
the cay" (1959, 7). Salvin recerded 10 species from Half Moom, A frem
Saddls Cay, and 3 from Northern Two Cays. Bond in a day's collecting ob-
served 24 species at Nerthern Cay, of which the mest abundant were
Frepata magnificens Mathews, Florida caerulea L., Thalasseus maximus
maximus Boddaert, Dendroica petechia bryanti Ridgway, Seiurus noveboracensis
Subsp., and Quiscalus mexicanus mexicanus Gmelin. The hummingbird
Anthracothorax prevostii prevostii is recorded from Half lison Cay by
Todd (1942, 294), and according to Bond there is a specimen of the fly-
catcher Flaenia martinica chinchorrensis Griseam from Half Moon in the
British Museums This species is known elsewhere only from Middle Cay,
Glover's Reef, and from Chinchorro Bank.

There are a number of pigs, chickens and dogs on Half Moon Cay,
degs on Long Cay, and pigs, chickens and dogs on Sandbare Cay and Northern
Cay. There are no domesticated animals on Hat Cay or Saddle Cay.

The cays of Lighthouse Reef

There are at present six cays on Lighthouse Reef, and no positive
indication of the former existence of others. Speer (1771) marks four at
the north and four at the south end of the reef, but no subsequent chart
cnfirms this. In addition, in his sailing direetions, he deseribes the
existence of five cays at the southern end (1771, 18):

"When you first make the Southern Four Kays, you will see two

Kays bearing about N.W, half N. or N.N.W. The southernmost is

& long Kay, called Half Moon Kay; the northernmost is a short

Kay, called the N.E. Kay, As you near them you will see a

small Kay betwesen these two Kays, and & small Kay to the south

end of Half Moon Kay; and some distance to the southward of

that Kay, there is a very small round Kay called Hay Kay; and

is joined by a Reef to Half Moon Kay.m
The Half Moon Kay here referred to is not the cay now sn called, but the
modern Long Cay (this confusion was noted in Section 1). The passage
taken literally seems to indicate the existence of a "small Kay" be-
tween modern Long Cay and Hat Cay, and if this is so, then it seems mast
likely that the cay in-question is the rounded. mangrove appendage at the
southern end »f Long Cay, the intervening section having been filled with
mangroves in the last “two.centuries, The "N.E. Kay" which Speer refers
to is modern.Half Moon Cay. Jefferys (1775), in the various editions of
his ebart, marks ™North Two Keys®, still so- called, including “the
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Bushy Spot" (Sandbore Cay) and Tall Trees Key (Northern Cay), and Southern
Four Keys, These include "Half Moon Key" (Long Cay), "Fasternmost Key!
(Half Moon Cay), Hat Cay, and a large cay north of the present Long Cay,
termed "North Key". This is presumably modern Saddle Cay. All these

were charted by Owen in 1830, and still exist.

) ‘ These cays vary greatly in size, from Saddle Cay, only a few yards
in diameter, to Northern Cay, which covers over 2} square miles.
Northern Cay and Long Cay are large, and have considerable swampy areas;
Half kMoon Cay is a large sand and shingle cay; and Saddle and Hat Cays
are smaller sandy cays with varied vegetation. Vermeer states that "On
Lighthouse Reef bank, the other deep sea bank which I visited, only sand
cays occurred. In this case, insufficient protection of any part of the
bank appears to account for the absence of mangrove cays" (1959, 40).
This may apply to Half Moon Cay and Sandbore Cay, but not to the cays of
the atoll taken as a whole. Rough calculations based on the detailed
maps show that of a total land area on the atoll of rather more than
2,000 acres, less than one-~fifth is dry land, and the rest high man-
grove swamp, lagoon, and dead and dying mangrove, The percentage of dry
iland is greatest on the smaller cays, while the greater part of the two
largest cays is mangrove swamp. All six cays were visited, some several
times, in 1960 and 1961, They are here described, with detailed maps,
which in the case of the two large cays have been partly plotted from
aerial photographs.

Sandbore Cay

Sandbore Cay (fig. 28) is the most northerly island on Lighthouse
Reef, and the smallest of the Northern Two Cays, It is located at the
northern end of the long eastern reef, at the Northern Entrance of the
lagoon, and is situated at the leeward edge of the reef-flat, about
1,000 yards back from the reef-edge., It is unfortunately obscured by
clouds on available air photographs. Salvin visited it in 1862, Verner
in 1958, and our party in April, 1960, and July, 1961.

The cay has a more complex shape than usual in the British
Honduras sand cays, and this probably results from the speed of water cur-
rents sweeping across the reef-flat and refracting through the northern
entrance, and the quantity of debris supplied from the exposed eastern
reef. In outline, the island consists of two spits extending lagoonward
from a "core" at the eastermend; the northermmost spit is short and wide,
the southernmost long and narrow, They enclose a lagoon 4-5 feet deep
near its moubth, shoaling shorewsrd, part of which has been enclosed o
make a fish trap, thus further restricting circulation. The gross ocut-
line of the cay is triangular: the north side of the island, ignoring ir—
regularities, is some 4OC vards long, the south shore 500 yards, and the
third side of the triangle, formed by the open mouth of the lagoon on the
west side, about 300 yards long. The southern spit varies in width from
20 to 65 yards, while the northern spit forms 2 rectangular block of
land some 150 yards sguare. A third, small peninsula extends into the
lagoon from the north side.
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The whole island is built of sand, and none of it rises more than
three feet above the sea, The greatest elevations are found along the
southeast margins of the south shore (3 feet) and the north shore of the
north spit (2-3 feet); the rest of the island lies between 1 and 25 feet
above sea-level. A little shingle is found in places on the crest of the
south shore sand-ridge, but it is quantitatively of small importance in
the build of the cay. The sand is a medium to coarse coral-algal sand,
with fine sand and silt round the margins of the lagoon. Beachrock is
exposed at two poilnts: one, on the south shore, consists of a single
%1ne about 50 yards long and 18 inches wide, dipping slightly seaward,
Just exposed at low tide, on a very shallow sandy bottom, and difficult
to see; the other consists of two, perhaps three, subdued lines of rock
at the east end of the cay, both dipping north. Both rocks are moderately
well cemented calcarenites forming a rather thin surface layer, and their
significance is discussed later.

The vegetation of the cay is of interest, for while Jefferys (1775)
called it "the Bushy Spot", and though much has been cleared for coconuts,
large areas are still covered by little~disturbed growth, especially on
the spits. At the eastern end of the south shore is a tall growth of
Suriana maritime and some Avicennia, with an undercover of Euphorbia.
Further west along the same shore Tournefortis gnaphalodes, Conocarpus
erectus, tall grasses and Euphorbia occupy the ridge crest, and Suriana
in particular occurs sporadically right te the end of the spit. Huch of
the north shore at its eastern end has been cleared, but along the rest
Suriana is again dominant, with low Tournefortis bushes along the north-
west shore. Surians is scattered over the interior of the northern spit,
but the only other area of high woody vegetation is near the head of the
lagoon eon its north side, where there is a thicket, mainly of Conocarpus
erectus, with some Suriana and Cocecloba uvifera., The Conocarpus reaches
a height of 20-25 feet. The rest of the vegetation is in broad view sim~
ply distributed, Along the southern spit we find patches of tall grasses,
Tpomoea, Euphorbia, and towards the end a large area of Ambrosia hispida,
passing scaward into a mixed zone of Ambrosia, Ipomoea and grasses. On
the broad northern spit, there is an inner (eastern) zone of Ambrosia,
tall grasses such as Andropogon glomeratus, and lower grasses such as
Sporobolus virginicus; and in the outer {western) zene, an area in which
Andropogon is the dominant member, with some Ambrosia, Ipomoea being
locally dominant along the shore. The extent of Ambrosia found here is
somewhat unusual on the sand cays.

There is some evidence of erosion and aggradation of the shores of
the cay. Thus the eastern part of the north shore is marked by fallen
and leaning coconut trees, and slight c¢liffing extends westwards beneath
the Suriana hedge. On the south shore, slight retreat is shown by the
beachrock described. The ends of both spits seem to be expanding lagoon-
ward, particularly so in the case of the northern spit. Here the north-
western and western shore is formed by a broad sand beach, 10-20 yards
wide, threwn up in concentric ridges, colonised at its inner edge by low,
voung Tournefortia, and with tendrils of Ipomeea beginning to extend
across it. The two prominent "tongues' extending southwards from this
spit represent earlier stages in its growth westwards.
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The most striking evidence of erosion, however, is at the east end
of the cay. Here a lighthouse was built on dry land in 1885. Since that
time, the shore has been gradually pushed back until now the base of the
lighthouse stands 75-80 yards out from the shore—an average retreat
over 75 years of at least a yard a year, How far back from the sand shore
of the cay stood the lighthouse when it was built isnot known. However,
as a result of this retreat a concrete walk was built to connect light-
house and cay, This extension is 20 yards long, an average retreat,
over the last 15 years, of 4 feet per year, or rather faster than the
average for 1885-1945 (slightly under a yard a year). The beachrock
previously mentioned at the east end of the island, just north of the
concrete walk, clearly dates from the last half century. The outline of
the now-ercded cay is clearly seen from the top of the lighthouse as an
area of shoal sand, marked on the map. There is a hint of more beach-
rock immediately east of the light, but the waves break with some force
on its foundation and further investigation was not possible,

This is the only instance on this coast where the almost universal
lagoonward retreat of sand cays can be dated with accuracy. It is note-
worthy that on QOwen's 1830 MS chart, Sandbore Cay is shown as a long
thin island, without any prominent recurved spits or enclosed lagoon, and
thus the present outline has probably developed entirely since that time.
The retreat of the east shore and progradation of the two western spits
would be interesting to observe over a period of years. One may suggest
that, while this retreat has been in progress for some considerable time,
it may shortly come to an end, for the cay has very nearly reached the
lagoonward limit of the reef-flat on which it stands, and will soon have
to advance into deeper water. This will at least retard the western ex—
tension of the sandspits, and if ercsion continues on the east side, then
the eastern part of the cay will gradually be pushed further and further
onto the remains of the sandspits, the lagoon will disappear, and ulti-~
mately the cay itself will be washed off the flat into the lagoon, leav—
ing the solitary lighthouse as its lone memorial. This could well happen
within the next 500 years, if present trends continue. This cay, there~-
fore, though by no means a small one compared to other sand cays on the
reefs, vividly illustrates the ephemeral nature of the simple accumula-
tions of unconsolidated reef debris, which basically, is all that sand
¢ays are.

Northern Cay

Northern Cay (fig. 29) is by far the largest island on Lighthouse
Reef, and though of quite different shape and larger, it has several fea-
tures of physlography in common with Long Cay, at the scuthern end of
the Reef. With the exceptions of the ornithologists Salvin and Bond,
Northern Cay has not been visited by naturalists and has never been de-
scribed. It has a maximum east-west extent (along its south side)} of
over 3300 yards, and a maximum north~south extent (toward the east side
of the island) of a little over 3,000 yards. The total area of ithe cay
is a little over 7 million square yards (1460 acres or 2% square miles);
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??fihlsf approximately 1i million square yards, or a little more than a
11th, 1s interior lagoon and standing water; approximately 3.8 million
Square yards, or about three-fifths, is under mangrove and swamp; and
ﬁthe rest, only one fifth of the whole, is dry land, mainly under ccconuts.

The north and west sides of the island approach clese to the west
reef of the atoll, which here trends NE-SW. The reef crest lies at an
average distance of 600 yards from the cay, and the reef-flat at its
narrowest is still over 400 yards wide. It is shallow and sandy, gene-
rally carrying less than helf a fathom of water, and very shoal for some
distance from the cay. The reef itself is marked by small breaking waves
and a number of projecting blocks of dead coral, which serve te locate it
accurately from the shore, The reef-facing shore itself consists of a
number of broad embayments and promontories, the deepsst embayment being
the most northerly, where the shore begins to diverge eastwards from the
reef, This shore is sandy throughout and overlooks (except in the north-
ern embayment) a broad low intertidal ridge, covered with Thalassia and
worm mounds, and exposed at low tide. A similar feature is also found to
the south of the island, fringing the mangrove shore. The sand shere
itself is so extensive that it will be described in three parts: the
western 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 for 2600 yards from the southwest corner of the cay. It is under-
cut by wave action for almost the whole of its length, thus forming a
cliff whose height depends on the height of the cay surface inland from
the beach., WNear the southwest corner, the cliff is subdued, and the cay
surface only 2-3 feet above the sea; the Thalassia ridge in front of the
cliff is scattered with small Rhizophora seedlings. As the beach is
followed northwards, however, the height of the ¢liff increases, reac@—
ing a maximum of 7-8 feet near the middle of its extent, and nolt falling
below five feet north of this point. The Mcliff" is not always an abrupt
feature. Generally a beach of fresh soft sand rises gently from low
water level to the base of a steeper slope 3-5 yards away; and while the
cliff is in places a vertical wall of sand, it is more usually a rounded,
subdued feature. It is doubtful whether mmuch evosion is now going on
along this sheltered shore, and the c¢liff at the present time may b? a‘
fairly stable feature. The most interesting feature of this shore 1S its
relict beachrock (BR I), intermittently outcropping along it f»r about
1500 yards. All this beachrock maintains a constant altitude of about 1
foot above low tide level at the base of its outer edge. It varies in
thickness from 6~9 inches, and is deeply pitted and eroded. Its surface
is blue~black in colour, presumably through algal encrustation, ana
passes landwards under the cliff sands for an wunknown distance. Becguse
of the depth of the overlying sand it was impossible to trench and fln@
out how far it extended. At many piaces along its outcrop the underlying
sands have been sapped awsy, and broken slabs several feet long lie on
the beach. The surface of the rock recalls, on & much smaller scale,
the sharp irregular topography of exposed reefrock, such as that on the
north Jamalcan coast., The rock itself is, for the most part, a well-con-
solidated calcarenite, ringing to the hammer, but much of the induration
is surficial, and the sandstone within rather friable. This is the most
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extensive outcrop of beachrock foungd on the British Honduras coast, Be-
cause of its extent, and on account of its slight raised elevation above
the sea, the question arises as to whether it is a true intertidal beach-
rock or a cay sandstone. lost of the outerops show some dip to seaward,
and it is thus thought to be a beachrock, possibly developed during a
very slightly higher sea~level than the present (i.e. predating a small
uplift of Lighthouse Reef itself).

The sand shores of the northern bay are gentler than those on the
west sidej cliffing is generally absent on the west side of the bay, and
the beach of fresh white sand rises gently to a crest about 7-8 yards from
the sea. The nearshore Thalassia ridge is not developed in this bay,
but, submerged Thalassia and other plants are common on the bay floor.
The height of the beach crest varies, but averages 5-6 feet above sea~
level., The extensive raised beachrock of the west shore is not found in
this bay; the only example of beachrock occurs in a small indentation
on the east side of the bay, where it is clearly now in the process of
formation. At the head of the indentation, and slightly above low tide
level (drying at low tide)}, is a small area of fine indurated sand some
2 feet long and 1 foot wide, passing landward under beach sands. The
induration is superficial, forming a crust of soft beachrock 1~2 inches
thick. The layer can be traced under the beachsands for over a foot,
where it appears to be rather harder than in the exposed area, The in-
duration is sufficient to hold the layer as a whole together, but once a
specimen is broken off, it is difficult to prevent it crumbling. The
beachrock has a slight dip to seaward, but less than that of the beach
itself.

The east side of this bay, like the west coast, is being undercut.
The shore itself bounds on one side a triangular-shaped peninsula, jut~
ting out to the North Point (here so called) of the cay. This peninsula,
as will be described, is largely built of dune sands, and the shore
cliffing exposes sections of fine, cross-bedded dune-sands, permeated by
fine roots, and sufficiently cohesive to maintain a vertical wall as the
eliff cubs back. The c¢liff can be traced as a continuous feature right
round the peninsula, but is not everywhere exposed to erosion. In de-
tailed form, the beach consisis of a number of cusps of new white sand,
alternating with shallow embayments, at the head of which the sea is
attacking the eliff. Where the cusps occur the ¢liff is temporarily pro-
tected from wave attack. Its average height in this area is 3-4 feet,

At North Point itself, the cliff seems to have been protected for
some time., Several concentric ridges of fresh sand have built out below
the ¢liff (here only 1~13 feet high), and air photographs show that a
broad tongue of sediment extends reefward for some distance from the
Point itself. The ridges of new sand are only 13-2 feet high, though
broad, but it is interesting te note that similar ridges form part of the
peninsula itself, inland from the line of ¢liffing, which roughly deline-
ates the vegetated area. At least three distinct concentric ridges can
be traced inland from the ¢liff, and another two seaward from it. The
ridges pass landward into the peninsula dune-sands.



-y .

The eastern sond shore extends alon;; the eustern side of the northe
ern peninsula, and then southwards for about 1100 yurds altogether. In
the north the peninsule is low (whers built of the concentric ridres),
clearly defined by an old cliff line, with a bank of clean white sand
forming the present shore., The area immediately to seaward i1s thickly
covered with Thalassia, Further south, beyond the limits of the peninsula,
the cay surface lies at a higher level, the shore is cliffed (3-L feet
high) and the beach below it very narrow (2-3 feet wide). Offshore the
bottom is very thickly covered with grasses and algae, with many small
black snails (Batillaria?); as one moves south, the number of Rhizophora
seedlings near the shore increases. There are two areas of beachrock
along this section of the coast. BR III occurs Jjust south of the small
pier on this side of the island. It consists of three small outcrops of
well~cemented sand, 1-2 feet wide, dipping seaward, and just submerged
at low tide, The surrounding area is thickly covered with Thalassia, and
the beachrock is not easy to see from the shore. The second outcrop, BR
IV, is found near the southern limit of the eastern beach, and is remark-
ably similar to BR I, so extensively exposed on the opposite shore of the
island. For a distance of L~5 yards the rock outerops in the face of the
ercded sand-cliff, 12-15 inches above the sez; it is well-cemented, rings
to the hammer, and is much eroded. The exposure is 6~9 inches in thick-
ness. The resemblance between BR I and BR IV is probably significant:
and the two are probably of the same age and mode of development, BR IV
has no discernible dip, lending support to the cay sandstone explanation
of its origin.

Little can be sald of the rest of the eastern coast and the whole
southern coast of the island, for though they were seen at close guarters
on many occasions in 1960 and 1961, they consist wholly of Rhizophora
mangle, standing in water 1-2 feet deep. They could not be mapped, and
the outline shown on the map of the cay is taken from air photographs
CA¥~6~199 and 200. At no point on this mangrove coast is any sand beach
to be seen, and no landing was made along it; at one point near the south-
east corner, two lone coconut trees raise their heads above the mangrove
some ten yards from the shore, so that a drying ridge some yards within
the mangrove probably separates the sea from the cay interior over much
of the mangrove shore. The mangrove is mature, and 20-25 feet high.

Northern Cay covers such a large area that it was impossible to see
more than a fraction of its interior in the time available., In particular,
no visit was made to the interior lagoons, though they were seen from the
air. These are said to be 5-~7 feet deep, and can be approached through
the mangrove from the east coast with very shallow draught boats (dories),
or from the northern sand area. They are inhabited by an unidentified
crocodile. Far too little is known alsc of the interior of the northern
sand rim, and its vegetation cover. It has an average width of about 200
vards, reaching a maximum width on the west side of the island of over
400 yards, The whole sand area has been planted at some time, deliber~
ately or naturally, with coconuts, but in recent years little attempt
has been made to kKeep the cocals clean, and ground vegetation prolifer-
ates, especially along the west side of the cay remote from the settle~
ment in the northern embayment. The impenetrable tangle of vegetation
combines with a large number of biting sandflies to restrict access to
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the interior. On the cleared, low-lying areas, such as the northern pen-
insula, prostrate creepers and grasses (Buphorbia, Sesuvium, Sporobolus)
are most important. Ambrosia hispida also covers considerable areas.
Round the exposed western margin of the sandy area, one finds, in addi-
tion to coconuts and tall grasses (Andropogon), Tournefortia gnaphalodes,
Suriana maritima, Conccarpus erectus, and very infrequently Coccoloba
uvifera. On the eastern shore, Coccoleba is much more widespread, though
often stunted, and with Suriana and Conocarpus it is the dominant tree of
the sand-cliff top. Rhizophora mangle, straying from the main mangrove
areas, and Avicenniaare found in places along the sand area margins,
particularly close to the mangrove zones.

Because of lack of time, no detailed levelling could be done, ex-
cept on the northern peninsula., As mentioned, this consists of a number
cof concentric ridges, the innermost vegetated with creepers and grasses,
surrounding an internal area of vegetated fixed dunes. HMuch of the pen-
insula is cleared of all except ground vegetation, and the irregular
steep hummocks of the dunes can be clearly seen. The line of section,
through the middle of the peninsula from north to scuth, includes four

dune ridges, rising respectively to elevationsof 5 5 73 and 103 feet
above sea-level., These are maximum elevations for the particular ridge;
the feourth ridge is the highest on the peninsula, and it is unlikely
that any higher peint is found on the island. The outermost of the dune
ridges has dammed up & small lenticular pool of stagnant water on its
landward side. With the exception of Ambergris Cay on the Barrier Reef
(not a true cay, in the strict sense, but a peninsula), this area of dune
development at the northeast, windward silde of the Northern Cay is unique
on the British Honduras reefs, for dunes do not normally occur on these
sand cays.

There are two or three small huts at the northeast side of the is-
land, used by the cocal caretakers; one of these, near the pier, is in
ruins, and this, combined with the unusual bare dune hwmocks, gives a
desclate, abandoned appearance at first sight. Well-water is available,
but the men rely mainly on rain-water collected in drums and vats. The
owner of the cay, Mrs. Ben Stuart of Belize, told us of historical re-
mains in the form of large earthenware containers (7) about 4 feet tall
on the cay, but unfortunately these were not seen during our visit. The
possibilities for further work on this cay, both for physicgraphers and
zoclogists, are immense, and more than any other island on the three
British Honduras atolls, Northern Cay would repay more detailed investi-
gations than we had the time to make.

Saddle Cay

Saddle Cay is situated on the east reef of Lighthouse Reef, 2 3/L
miles north of Half Moon Cay, at the inner edge of the main reef-flat,
here over 1500 yards wide. Its location is rather inexplicable, for there
are no gaps in the east reef at this point, and no particular reason why
a cay should form here. It may result from some irregularity in the rock
floor dating from glacial times, and serving as a basis for debris accumu-
lation. The present cay is now only a remnant of a former larger island,
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and in fact is too small to be usefully shown on & map. It stands on a
larger arcuate sand shoal, convex to the north, and as seen on air photo-
graphs over 200 yards long. The dry land area is voughly cireular and
has a diameter of 10 yards; it is sandy with some small shingle, and does
not rise more than 2 feet above sea-level. There are two small areas of
sandy beach, thickly covered with Sesuvium, and with mounds of dead
Thalassia cast up at the limit of wave action. Sesuvium blankets the
greater part of the cay area. To a very large extent the island consists
simply of half a dozen mangrove trees, partly on dry land, partly in
water, On the east and south sides these include Rhizophora mangle; and
on drier land on the east side, tall gnarled Avicennis. The vegetation
on the west side of the sand patch is lower and less dense-—Avicennia and
Conocarpus, with a ground mat of Sesuvium, and two tall coconuts. A
third coconut only a few years old is growing near the shore.

The cay was formerly more extensive, and has been much eroded in
recent years. Before 1931 it was some 50 yards long, bub was reduced to
half this length in the 1931 hurricane, and by helf again in 1942. Other
hurricanes have progressively destroyed the land area until only a clump
of trees remains. 4 large hurricane passing over the cay now would pro-
bably destroy it altogether. It is still possible to trace the extent
of the older cay in a submerged sand shoal. This extends for about 50
yvards in a broad curve eastwards from the cay, and normally carries 6-12
inches of water. The bottom is very soft, covered with worm mounds, and
one or two tree trunks are stranded on it. West of the cay there is a
similar but much shorter submerged spit, a deeper scour hole, and one or
two remnants of a submerged sand-flat beyond. On this western spit two
large tree-~trunks have been washed up, and ospreys had built a nest
there and were breeding in 1960. The nest was nearly 3 feet across, built
of sticks and some coral rubble.

One of the first accounts of the British Honduras cays concerns
Saddle Cay, for it appears that Nathaniel Uring spent several days here
after being shipwrecked in February 1720. He does not name the cay, and
it is impeossible to be certain, but Jefferys (1775) marks the wreck of
Uring's ship, the Bangor, on Lighthouse Reef, and Saddle Cay is the
nearest cay to this. Using's account is here quoted; the cay on which
he lived is thought to be Saddle Cay, and that visited for water Half
Moon Cay. It is interesting to note that on Jefferys' map Saddle Cay is
shown as an lsland comparable in size to Half ifoon Cay.

Uring's account of Saddle Cay, 1720
when it grew light, we found ourselves upon a Shoal of Rocks
about Two kiles from any dry Land, there being a small flat
Island or Key at that Distance, and farther off we saw seve-
ral more little low Islands. There was near a Fool Water
upon the Reef where we were lost, the Surge of the Sea leav-
ing it bare at time, some perched Rocks appearing above
Water... the shoalest Part of it being about One Hundred and
Fifty Yards broad, and then the Water deepentd. «..
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Yle got ashore some Goods and Provisions, and put them
inte the Long-Boat, and carried them to the nearest Island.
«+. In the Morning, we searched the Island for fresh Water:
and by the Footing of Birds we discovered a small Pocl under
the Cover of a Tree, at which we were exceeding glad; but it
being only Rain Water, we drank it out in a very few Days. ...

When we had been about Ten Days, and finding our Water

grew scant, we went to the next Island, where we found Plenmty,

with which we fill'd our Cask; and we likewise found there

several Cocoa Nut Trees full of Fruit; we gathered some of

the Nuts, and returned to our Island again, where I planted

several. te found one Tree growing on it when we landed, but

too young to bear Fruit."
Tiring of his "desart Island", Uring decided to make a raft; "there being
a great many dry Trees on the Island, we went heartily to work to cut
them down; but being Mangroves which is hard and heavy, I suspected they
were not fit for our Purpose, and therefore put one of them into the
Water to see if it would float, and found it would hardiy swim.”" He
then used wreckage from the Bangor, completed the rafi, and departed,
"leaving on the Island five laying Hens and a Cock to breed, we set for-
ward on the Afternoon, and by Night reached the next Island, where we
remained all Night, and in the Morning set forward again, but found a
good deal of Difficulty in passing between that Island and a Reef of
Rocks, till we came onto the open Sea... (and) made Tournef." (Uring,
1726; from the 1928 edition, pages 234~240). Uring reached Belize
safely, and in his book includes many useful tips on raft-building for
mariners in similar distressing situations.

Half Moon Cay

Half Moon Cay (fig. 30) is the largest simple sand cay on Lighthouse
Reef and one of the largest on the British Honduras coast, It is located
orr the almost unbroken eastern reef of Lighouthouse Reef, at the point
where the reef turns sharply westwards in a prominent elbow, sweeping
southwestwards to form the half-moon~shaped Scutheast Bight. To the north
of the cay the east reef extends uninterruptedly, with a smcothly scal~
loped plan, for 18 miles; immediately westwards, the east reef is broken
by two gaps each a thousand yards wide. The cay lies with its long axis
parallel to the reef forming the northern edge of the southeast bight,
and hence trangverse to the main eastern reef-flat, here some 2,000
yvards wide., Lmmediately southeast of the cay, the bank is prolonged by
a submarine spur, visible on air photographs (CAE~6-176}, carrying 7
fathoms of water, but the vigorously growing reef on this spur does not
reach the surface as & continuous reef.

It has been visited by the ornithologists Salvin and Verner cn
account of its pink-footed booby colony, and Verner in particular (1959,
3-8) has given a fairly full and valuable description of it, with parti-
cular reference to vegetation. He also produced a sketch-map of the
cay on a scale of 1:6000, showing the location of broadleaf forest and
the booby colony. Vermeer also visited the cay in 1957, and gives a
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brief general description (1959, 97-103). Ten days were spent on this
cay in April 1960, and a similar period in May~-June 196l. The cay wag
mapped in detail, 32 lines of levels were surveyed across it, and sub-
sequently used for a contour map, plants were tollected on both occa-
sions, mainly from the area outside the high broad-leaf forest, and 130
sediment samples were tazken for later analysis. Reef transects made
near ‘the cay have already been described (transect C, Section IV). Much
of this material, especially the sediments, has yet to be studied, and
this account is thus a general one, similar in purpose to the other cay
descriptions in this paper. It is hoped to produce & more detailed re-
port on Half Moon Cay at a later date. The cay was photographed from
the air in July 1961.

While the island may be thought of as forming a crescent or halfw-
moon shape concave towards the lagoon, it may be described more easily
in terms of two units. The southwest segment of the cay consists of a
quadrilateral 700 yards long, with a uniform width of 200 yards. The
south, west and north shores of this guadrilateral are linear in plan,
Extending northeastwards from this part of the cay is a tapering penin-
sula 650 yards long and over 250 yards wide where it adjoins the first
segment., This peninsula trends northeastwards for all but the last 200
yards of its length, where it curves towards the east, and comes to an
end in a series of steep shingle ridges overleooking the eastern reef.
ithile these two segments are distinguished primarily for ease in des-
cription and imply no physiographic or structural distinction, they are
clearly evident to the student of veretation: <he first, rectangular
segient is covered with dense low broadleaf forest and coconut thicket,
while the second peninsular segment has been completely cleared for
coconut plantations.

Beaches

i} The cay is highest along its south and southeast shores, fronting
the ocean, and both of these shores overicok expanses of beachroeck and
conglomerate {fig. 31)., Of these shores, that facing southeast {form-
ing the south shore of the peninsula) is nost exposed to the prevailing
casterlies; while the shore facing slightly west of south (forming the
gouth shore of the main body of the cay) is accessible »nly io the
southeasterlies and to waves refracting round the east reef elbow. The
least exvosed southern shore is hence lower than the southeastern. At
the same time, since it overlooks fairly shallow water immediately off-
shore, with a prefuse growth of rough water corals (Acropors palmata, A,
cervicornis, Millepora), on which short period waves continually break,
the lower shore iz bullil of coarser material than the higher southeaste
ern shore, The effects of exposure are also clearly visible in the
changing nature of the shingle ridge along the shore itself, for wave
action is strongest at its eastern end, and decreases westwards. Most
observed waves on this southern shore approached from the southeast at
an angle of 45° to it, and had lost much of their force by the time
they reached the western end. Thus, while the whole south shore is
built of shingle, it rises to 2 height of 7 feet near the eastern end
and declines eastwards to heights of 4 feet and less. At least three
populations” of sediments constitute the ridge: an upper zone of
blackened, pitted coral blocks, 6-15 inches in diameter; an intermediate
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zone of white, relatively unweathered, finer coral debris, 1-6 inches

in longest diameter; and a lower zone with many larger blocks, often

1-2 feet across, of yellow broken coral, lying atand above sea~level.
These zones are distinguished, not only by size differences, but by
colour, for the yellow, white and black zones occur constantly. A

fourth "population® consists of small pockets of coarse sand at the

foot of the shingle ridge, the largest being located near the middle of
the south shore. The corals of the white zone are 21l relatively fresh
and unbroken and include A. ceprvicornis, A. palmata, Hontastres annularis,
M. cavernosa, Diploria strigosa, D. labyrinthiformis, D. clivosa,
Siderastrea radians, S. siderea, Porites porites and Meandrins meandrites,
with still-segmented H Halimeda and many Strombus shells. These figures
and composition data refer to the eastern section of the ridge; west-
werds, the proportion of coarser material lessens, and the specles-compo-
sition of the ridge changes, presunably reflecting changes in the off-
shore reef. . palmata, for example, becomes less important, and the
smaller corals (Slderastrea Porites, Favia) more so. The upper part of
the ridge throughout its length is covered by a low, spray-swept '"hedge"
of broadleaf trees. Inward from the vegetation margin the ridge rises
to a crest, and slopes gently backwards; the uppermost section of the
ridge, and the backslope, consists mainly of coarse grey sand and
scattered large blocks.

Sediment composition of the more exposed southeast shore varies
from coarse sand through small coral shingle to coarse shingle and
large blocks several feet across. The floor of the southeast bay shelves
steeply to depths of more than a fathom, and a few hundred yards from
shore reaches constant depths of 7 fathoms on the southeast submarine
spur. GCoral growth in the bay is patchy, though locally profuse. iost
of the bay is sand-floored, and the water nearshore is so turbid with
suspended sand that visibility is nil; the nearshore reef patches, which
are concentrated near the western end of the bay, consist mainly of
Acropora cervicornis, massive A. palmata and Porites astrecides; while
seawards in deeper water the reef consists of very large treenllke A
valmata. The absence of a continuous fringe of reef, in contrast to the
south shore, probably results from the amount of sand in suspension.
Sediment distribution on the beach is largely controlled by the distri-
bution of beachrock at its base; generally, where beachrock is well-
exposed, the beach consists of sand and small shingle; where it is not
developed, the waves have access to the beach itself and have thrown up
ridges of larger shingle. In places the beachrock itself has been torn
up and thrown up the beach in large blocks, The distribution of these
types of sediment is shown on the map. The sediment composition reflects
that of the reefs: the finer shingle is overwhelmingly short, cylindri-
cal sticks of A. cervicornis, the larger shingle slabby plates of A.
palmata. In plzces Strombus shells form 30-40% of the larger«shlngle
ridge. Taken as a whole, however, the beach is sandy, especially at the
southeast corner of the cay, where a double sand ridge rises to a maxi-
mun height of 9 feet above sea-~level. According to Vermeer, "the cay
rises to a height of from 15 to 18 feet along the seaward face” (1959,
97), but this is only an estimate. The southeast ridge-~crest is almost
everywhere more than 7 feet above the sea, and towards its southwest and
northeast ends everywhere above & feet. From this general crestline
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isolated mcunds rise higher, and can clearly be seen in profile from the
backslope of the ridge. Two areas rise above 9 feet (a third is located
at the extreme southern point), and the highest part of the island, 10.5
feet above the sea, is found on one of these, approximately 120 yards
west of the lighthouse.

At the eastern end of the island, exposed to the easterlies and
fronting the eastern reef, three concentric shingle ridges (yellow,
white and grey-black zones) rise to a height of 6 feet above the sea.
This shingle complex extends for 80 yards from the east point along the
southern shore of the peninsula, and for 250 yards along its north shore,
reflecting the unequal exposure of north and south sides. The full
sulte of three ridges is found only near the east point itself: along
most of the nerth shore, the ridge is a single feature gradually being
pushed back across a lower sand shore; it has a height of 233 feet
only. The size of the shingle at the east point is broadly comparable
with that on the south shore, and may have similar origins. It is
thought that the white zone consists of small material continually
thrown up by day—to-day wave activity and storm action; the larger
blocks of the yellow zone consist of dead corals torn loose by larger
waves which can roll them across the reef~flat but lack the power to
throw them up the beach; while the large eroded fragments of the black
zone are cast up beyond the reach of day-to-day waves by exceptional
storms and hurricanes, and subseguently are exposed to weathering and
degradation.

With the exception of the low shingle ridge along its extreme
eastern end, the northern side of the cay is formed by a wide, gentle
sand beach, overlooking a bay with l-2 fathoms water. This bay continues
northwards as the main eastern reef-flat, across which strong currents
flow transversely. Except in time of northers, when material is thrown
up along the beach, the bay is calm and sheliered. Most of its floor is
covered with thick Thalassia, with abundant scattered colonies of large
Manicina areolata, and very occasional Porives furcata and Siderastrea
radians. Holothurians are numerous toward the east side, nesr the main
Teel. The most abundant reef in the bay, paradoxically, is at its west
side, where waves refract round from the south side of the island. Here
small reef-paiches are developed, consisting of Porites astreoides,
Montastrea annularis, M. caverncsa and Siderastrea siderea. The water
in the bay itself, where circulation is restricted, becomes much over-
heated, and in places near the shore is scum~covered and rather stag-
naat, with luxuriant bottom growths of green algae. The beach round the
bay is everywhere low and sandy, and no beachrock is exposed. The north-
west~facing shore of the bay (most protected) appears to be prograding;
but the northeast-facing shore, though also low, is suffering wave ero-
sion, for it is fringed by fallen and dangerously leaning coconut trees,
the beach is narrow, and & ¢liff has been formed about a foot high.

Finally, the western shore, exposed only to refracted waves pro—
duced by the southeasterlies. It is highest at its south end (2-3 feet),
where it is formed by the tapering end of the south shore ridge, and de-
clines northwards, The shore forms a slight bay, containing a broad
beach of fresh, unconsolidated sand, on which vegetation is just begin-
ning to encroach.
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Cay surface

In view of the height of the seaward ridges, the greater part of
[s1f Hoon Cay lies at a surprisingly low level; the narrowness of the
belt rising above & feet is apparent from the map--it generally forms
less than one quarter the width of the cay. It is perhaps misleading
to term the slope of the cay surface "gradual", as Vermeer does, as
this may imply straightness. The backslope of the ridges is in fact
concave: large aress on the leeward side lie below 3 feet, and the surw
face rises steeply from this lower level to the ridge crest within an
average distance of 30 yards. The contouring of the cay surface, while
iizble to error in the vegetated areas, shows 2 patiern of alternating
lobes, extending back from the ridges, and intervening depressions;
though it is probably too simpiified a view to regard the lobes simply
as growth stages in the lateral extension of the cay, as in the evolu-
tion of sand spits. The intervening depressions often form closed ba-
sins, cut off from the northern bay by the low sand mound along its
shore. One of these depressions, locally known as "mudhole", permanently
holds wet soil and water; another (near the middle of the main segment
of the cay) contains water only after heavy rain. Verner (1959, 4) maps
both as mudholes, but at the time of our visits the western one was dry.
On the other hand, small areas of standing water have been seen in other
parts of the leeward side of the cay, but persist for only a short time
after rain. The main mudhole is now some 10 yards long and 6 yards wide,
and it seems that an effort has been made to fill it in in recent years
with coconut trash and husks, The "seil" in the hole is an extremely
black organic material (in American usage, a ”muck“), which augering in
several places showed to be only 6 inches in thickness, underlain by
rather evil-smelling, white, unaltered coiarse sand.

The cay surface, apart from the sediment variations on the beaches,
consists only of coarse coral-algal sand, with greater cor less admixture
of fine coral debris (see Section VIII for notes on guantitatively unim-
portant non-limestone constituents), A distinction may be made between
the eastern cleared area and the western wooded cne. The east end is
under coconuts with no ground cover; the soil is a scarcely altered coral
sand with added humus, forming a brown layer 25-30 inches thick, gradu-
ally grading intc coral sand with no added humus. The scil loses much
of its colour on drying, and seems comparable to the Shioya Series of the
Pacific (Stone 1951, Fosberg 1954). The soils of the western end have
a higher humus content and contain more large coral debris. In places
this is sufficient to form an actusl ridge. The pattern of surface
shingle on this part of the cay cannot be traced until the higher vege-
tation is removed, but it must either relate to an earlier period in
the cay's development and mark a former shoreline, or be & form of "ram-
part wash". Its distribution is shown as far as possible on the map; it
lies at 3-5 feet above the sea.

Specimens of the more humic sell were taken on the north and south
sides of the vegetated area and awaii analysis. WNear the geographical
centre of the cay occurs yet a third main soil type. Here, under a
small area of high thicket, the soil is a rich brown humus, in places
only a few centimetres thick. Wherever excavated, it reveals an irregu-
lar surface of yellow, speckled, seemingly rather decayed rock of
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uncertain origin, This layer seems continuous and solid; it is impos-
sible te delimit it because of the very dense vegetation, but it pro-
bably covers an area of at least 100 yards in length and 50 yards in
width, The matrix of the rock includes & number of recognisable corals
similar to those scattered over the adjacent cay surface, mainly
Montastrea annularis, Ii. cavernosa and a Diploria. The cay surface
here lies at approximately 4 feet ahbove the sea. The hardpan is either
the upper surface of a block of upraised reefrock, in which case it
would have important implications for the history of the cay, or it is
a subsequent alteration product of the cay surface itself. In this con-
nection it bears al least a superficial resemblance to Fosberg!s Jemo
Series (Fosberg 1954, 101-106), where the induration results from phos~
phatic cementation, assoclated with surface guano staining. The western
woodlands on Half Moon provide a nesting ground for many thousands of
birds, and the ground is stained over large areas with guano. However,
in areas where guano staining is heaviest, no cementation is found.
Verner comments (1959, €): "The Hermit Crabs and Soldier Crabs figure
prominently in the booby colony... They eat everthing... as well as the
excrement of the birds. This latter activity combined with the porous
substrate and high annual rainfall on Half Moon Cay, accounts for the
absence of guanc accumulation in the booby colony." Analyses of this
rock are awaited with interest.

In the cleared eastern part of the island, wind erosion of the
sand surface seems important. Many of the boles of the coconuts are ex-
posed or. the surface, and stand above its general level, and in many
places a mat of fine coconut roots can be seen. A moderate ground cover
would probably halt this, though it would undenisbly detract from the
great beauty of the cay itself.

Coast beachrock and conglomerates
The areas of beachrock and conglomerate on the seaward side of the
cay are shown in detail on the map. They were noted by Vermeer (1959,
99-10C), who distinguished
(a) “a coral platform (which) extends for as much as 100 yards
(to windward of the cay). On the platform, pieces of reef
rock are exposed at low tide, and in some cases broken
pieces of reef rock thrown up on the platform and in other
cases an exposed part of the platform itself. HNone of
these pieces 1s more than six or eight inches above the
water level'; and
(b) "five scpzrate sreas of a greyish sandstone or beach rock
. {wnich) consists of separate slabs of poorly cemented
but clearly stratified beds of sandstone. Individusl slabs
of beach rock are generally from 4 to 6 feet long and
about a foot thick and compare in hardness to a poorly
cemented sandstone,"
These are illustrated in Vermeer's Figures 24 and 22, 23 and 26 respec-
tively. In this section the exposures will be described, and the diffi.-
culty of drawing very clear distinctions will be apparent. Seymour
Sewell, among others, has stressed the importance of clearly differen~
tiating between several types of lithified material on reef islands; and
it is one of the more vexing problems of Half Moon Cay that (with the ex-
ception of the more extreme members of the spectrum of rock types) it is
difficult, if not 1mposszble, to do this.
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The most extensive area of rock is at the southernmost point of
the cay, where it extends in a continuous exposure for over 200 yards,
and projects for 75 yards seaward of the cay shore itself, It here forms
a platform, with a maximum width of 30 yards, its upper surface slightly
above low tide level, on which waves break heavily. It is separated
rorthwards by channels at least 5 feet deep from similar areas of rock,
lying at the same level, again pounded by waves. This is the exposure
described by Vermeer as the "coral platform" and shown in his Figure 2i.
The upper surface of the rock is deeply pitted and eroded into sharp
ridges and depressions; it is coloured yellow-green and is slippery
underfoot. 1iIts outer edges, in the zone of wave action, support a pro-
fuse growth of orange, brown &nd green algae. Vermeer mentions the
"pieces of reef rock... six or eight inches above the water level", butb
in some cases these are considerably higher. One such patch is found on
an isolated platform north of the main exposure. Levelling showed that
the upper surface of this remnant was 1.8 feet above low water level,
and in detalled structure it consists of a slab of blackened, well-~ce-
mented calcarenite, dipping seawards, overlying a slightly undercut
layer of finer calcarenite rising from the general level, The inter-
face between the upper block and its basement dips seawards some 2
inches in 2% feet. A second example 1s found rising from the main plat-
form itself on the southwest side of the cay close inshore. This too
rises 1.8 feet above low tide level, and consists of a seaward-dipping
block of hard rcck overlying a slightly undercut base rising from the
general level; again the seaward dip is about 2 inches in 2% feet.

These remnants both consist of very well indurated sands, similar to
beach sands, in which some alteration of constitueni grains has taken
place. The rocks of both the relict beds and the platform is distin-
guished by its strength; it rings to the hammer, and very heavy blows
are necessary to secure specimens. Several other pinnacles approach
close to the level of the tabular outcrops, but do not show seaward dip.
The platform itself, however, is not entirely horizontal, for where it
projects from the cay three distinet low escarpments, 2-4 inches high,
can be seen parallel to the present ocutcrop, with apparent dip to sea-
ward, in the same directlon as that of the second tabular remnant de-
scribed.

Is this then an exposed reef conglomerate, or a beachrock, now de-
graded, properly so called? The dipping structures might suggest the
latter, though there is a remote possibility (especially for the small
scarps of the platform itself) that they result from jointing and tilt-
ing. The high tabular relicts are almost certainly a beachrock-—~they
consist of besch sands and dip seawards {on the southwest shore to the
southwest, on the southeast shore to the southeast}. The widespread
evidence of eresicen shows that formerly the whole surface must have
stood at & level close to that now represented by the beachrock rem-
nants: was this surface wholly formed of thick beschrock, or did it over-
lie reefrock at no great depth? The surface of the lower platform bears
a very great resemblance to raised reefrock surfaces seen by the writer
on the north coast of Jamaica, but the example stresses the importance
of precision and care in applying labels to lithified outcrops on cays.
The rock itself consists of much-recrystallised detrital material, with
Homotrema, similar to that now found on the beaches, together with
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larger fragments, mainly broken Strombus shells (usually worn) and corals.
Many of the smaller pinnacles are formed by out-weathered coral heads

and are still identifiable, though it is impossible to say whether they
are in the position of growth. The inclusion of corals, often relatively
numerous, in the rock does net necessarily have much bearing on its ori-
gin, for equal amounts of coral material are found in rock which is
demonstrably beachrock, elsewhere on this cay.

Isuch of the southwest shore is fringed by 2 narrow outcrop of
similar rock to that at the south point, forming a low ridge 1-2 feet
wide, rising slightly above low tide level (though continually wetted
by breaking waves), and often separated from the shore by a narrow
shallow moat. The presence of this moat in places gives the rock an
apparent surface dip to landward, where it is obscured by the shingle
ridge; bult excavation in the ridge shows that the rock reappears there
for at least a small extent, at a slightly higher level than to seaward,
and hence the true dip (if such exists) is from land to sea, the moat
being erosicnal. The crest of the exposed ridge carries a very luxuri-
ant growth of brown and green algae, which give it a distinctive appear-
ance; on the seaward side it is undergeing severe erosion by grooving
and potholing. It is impossible to speculate on the origin of this ex-
posure, except toe say that it is probably linked to¢ that at the south
point, and is not now in the process of formation.

The southeast bay contains & number of outcrops of lithified
material, mostly intertidal, though descending at their outer edge be-
low low tide level, and in one or two cases rising landward above high
tide level, but still within the reach of swash and spray. These in-
clude Vermeer!s "five separateareas of a greyish sandstone or beach
rock!", comparing in hardness to a poorly cemented sandstone, and "“com-
posed not only of cemented sand but contain(ing) shells, pieces of coral
and corasl rock" (Vermeer 1959, 99). Huch of the rock is very much harder
than Vermeer suggests; this is particularly so of the cemented beach
conglomerates, but even finer beach calcarenites are consistently so
well lithified that repeated heavy blows are needed to secure specimens.
The best general view of the rock is obtained from the top of the light-
house at the east end of the island. There are two main outcrops: the
first, along the north shore of the bay, is mainly a calcarenite; the
second, along the west side of the bay, also includes calcarenites, but
with & large proportion of conglomerates. Generally, the proportion of
purely sandy beachrock is greater in the middle of the bay than towards
its extremities. The coarsest materisl is found close to the south
point, where it has been nuch disrupted by wave action, and now lies in
a jumble of slabs up to 10 feet long, some obviously inverted, piled on
the steep beach ridge. Inmediately seaward and to the north, enough
of this rock remains in its original seaward-dipping intertidal loca-
tion to identify it as a true beachrock. Strombus shells are very pro-
minent in the rock, as in the beach deposits of this bay, together with
identifiable corals (mostly Montastrea and Diploria), and sticks and
plates of Acropora). The slabs have a maximum thickness of about 18
inches, they are extremely tough, and compare in hardness to the south
point rocks.
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Northward the proportion of coarse material decreases, and several
distinet layers of rock (up to 5) outcrop on the beach, dipping seawards,
forming miniature escarpments up to 9 inches in height. They often show
g distinct variation in content, layers of fine calcarenite alternating
with layers of conglomerate, containing few recognisable corals but much
cobble material., Some sorting is also to be seen within the individual
calcarenite layers, between fine sands with Homotrema, and coarser sands
with much Halimeda. A layer of pure Halimeda sand about half an inch
thick often tops the calcareniie layer, much as on uncemented modern
beaches. In general the coarser sands tend to be less well lithified
than the finer. The beachrock in this bay reaches a maximum thiclmess
of 10 yards.

The exposures along the north side of the bay are narrower, but
similar in composition. The rocks are more sandy,with scattered patches
of coarser fragments within the sand layers. Distinct conglomerate lay-
ers are found occasionally. The beachrock round the whole bay is being
eroded by the formation of miniature grocve-spur systems on its seaward
side, and these often develop into potholes containing large cobbles.
The outer lower parts of the beach rock are covered with a rich growth
of green and brown algae, distinctly zoned (the identifications are
awazited); the inner zones are free from larger algal colonists, but are
coloured blue~black or yellow, presumably by encrusting microscoplc
algae. At several places along the shores of the bay, iron bars can be
seen incorporated in the rock, and are now much rusted and decayed; at
least 5 examples were seen. Hence the induration dates from later than
about 1700, when this coast first began to be colonised and visited, and
quite prokably since 1830, when the first lighthouse came into operation.
Apart from these bars, no inorganic material, such as pumice, was seen
in the beachrock.

But perhaps the most interesting fact aboult ithe scutheast bay beach-
rock is that thirty yesrs ago none of it was to be seen. Prior to the
1931 hurricane, the seaward beach of this part of the cay stood 20-30
yards further seaward than it does now, and was sandy throughout. The
hurricane destroyed this sand beach, and in effect bodily pushed the cay
back that distance, exposing the present beachrock virtually overnight.
The amount of this exposure seems to have been greatest in the centre of
the bay and least towards its ends: northeastiwards the beachrock still
passes under the cay sands, but in the middle of the cay the rock has
been subsequently obscured by a covering of fine soft, constantly shift-
ing sand. The pre~l931 sandy shore seems fto have been in existence for
many years. dJefferys in 211 his maps (1775 and later) marks a prominent
"Sandy Bay" on this side of the island, with, it is significant to note,
a conspicuous southern lcbe along the line of the present rock platform
at the south point. Owents 1830 13 chart, too, shows a similar configu-
ration. It is at least possible, therefore, that all the rock now ex—
posed developed during a previous more seaward extension of the cay,
and has been relatively recently exposed. OUne would give much for de-
tailed maps of this cay in 1930 and earlier! :

No beachrock is found on the northern shores of the cay.
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Evolution of the cay

It is thus impossible to understand the present physiography of
the cay without reference to the 1931 hurricane. At certain places
along the south shore, blocks of beachrock and conglomerate are found
perched on the beach ridge 809 feet above the sea, and some are even
found a short distance down its backslope. Residents describe seeing
these blocks being rolled up the steep seaward beach at the height of
the storm in 1931, The orientation and depth of the southeast bay
gives large waves access to the beach itself, and these normally break
heavily in great clouds of spray on the beachrock, or where this is
absent, on the beach itself, the swash wetting the sand for some dis-
tance above high water level, In times of violent storm and hurricane,
the swash is so great that it overt~ps the ridge crest (7-9 feet high),
depositing fresh sand there and on the uppsr part of the backslope.
This occurred recently during the comparabively minor hurricanes Abby
in 1960 and Anna in 1961. Sediment also accumilates in the northern
bay by refraction chiefly r~und the east voint, but whether the aggra-
dstion has yet made up the 1931 net losses is not known. The continu-
ing progradation of the lagoon shore may account for the apparent or
real absence of beachrock on this shore.

Verner makes the point that the present brick lighthouse base
was built in 1845 "midway beiween the north and south sides', If this
is so, then as he says "hurricanes have actually moved Half Moon Cay
nerthward while not affecting the position of the Lighthouse" (1959, 9,
12). The base of the lighthouse now rests immediately overlooking the
seaward slope of the ridge, and any further retreat will lead to its
undermining, though this is unlikely without the intervention of an-
other major hurricane,

Vegetation

Qur knowledge of the present wvegetation on Half Moon Cay is
fairly full, while of its development, though data are meagre in the
extreme, we at least know more than for any other cay. In the account
of Saddle Cay it was shown the coconuts were already established on
Lighthouse Reef in 1720, and 1t seems that Uring found a number on
Half Moon Cay in that year (Uring 1726; 1928 edition, 236). Alone of
the British Honduras cays we have an early sketch of Half Moon, made
in 1824 or 1830 from the south, This is redrawn and given here (fig.
32); it shows the absence of all except low bushes and shrubs at the
eastern end of the cay, while fully two-thirds is occupied by high
forest. Only half a dozen or so ceoconuts are lndicated in this sketch
at the margin of the high bush and cleared area. (I am indebted to
Chart Branch IX, Hydrographic Department, Admiralty, for allowing me
to search their volumes of views and finding this sketch for me; it is
in Volume 1, No. 362). The sketch was made in 1828-9, shortly after the
building of the first lighthouse; the Honduras Almanack for 1830, report-
ing this event, describes (on p. 150}, a "luxuriant growth of the wild
plum and salt-water palmetto, over which the cocoa-nut tree may be seen
towering in majestic grandeur."
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Mr. George Young, resident on the cay since 1928, informs me that
when he first came, the high bush extended to a point half way along the
northeastern peninsula, and thus it cannot have been much less extensive
in 1928 than in 1830. During the four decades since 1928, Hr. Young and
his family have slowly cleared the high bush from the whole of the penin-
sula {fig. 33}, and it is now restricted to the western portion of the
cay, especially along its southern side. Nearly all the peninsula is
now planted to coconubts and is devold of ground vegetation; while the
high bush area is surrounded by a fringe, particularly on its northern
side, of low ground vegetation and bushes, intermixed with coconuts.

It is interesting to note that as the lagoon beach builds cutwards,

Iir. Young is planting additional rows of young coconuts in line with
the old, so that as one approaches the lagoon shore from the crest of
the seaward ridge, the coconuts become lower and younger. It cannot

be too strongly emphasised that the existing pattern of vegetation on
inhabited cays like Half Moon is ephemeral, and indeed the vegetation
of some cays visited in 1961 was almost unrecognisable as that seen
fourteen months earlier (e.g. Tobacco Cay, Barrier Reef), simply be-
cause of the activities of man. The vegetation 1s pericdically cut
back, and sometimes rooted out altogether. Mr. Young's programme of
systematic clearing is at present being continued by kr. Philip Young,
who is cutting out the Cordia bush at the southern peint, and the mixed
Cordia-Concearpus bush behind, for cocals. The vegetation of this
middle part of the cay was in 1961 covered only with low bushes and
ground vegetation, whereas in 1960 when first seen, it was a confused
tangle of tall Conccarpus and other bushes. A small amount of vegetatlion
still covers the shingle ridges at the east end of the island.

Verner gives a description of the composition of the broadleaf
area, as follows (1959, 3-8):
"The principal tree, both in numbers and in utilisation by
the boobies, is the red-flowered Cordia sebestena. It is
the only tree that occurs in all sections of the (booby)
colony, and the only one growing next to the shore. Most
individuals are about twenty to twenty-five feet high, but
some attain thirty-five feet. Bursera simaruba occurs gene-
rally in all areas of the colony except along the shore,
and Bumelia retusa occurs in all areas except along the
the shore and in approximately the eastern fifth of the
colony. Ficus sp. is distributed like Bursera but is much
less common. Pithecellobiun keyense grows only in the cen~
tral portion of the coleny. ... Nees choriophylla is a very
rare species in the colony... I was aware of not over five
individuals of the specles on the island, and all but one
of these were in the eastern fifth of the booby colony.
Ximenia americana is also rather uncommon, aznd is restricted
to the northwest corner of the c¢oleny. Pouteriza campechiana
is one of the principal species along the north border of the
eastern half of the colony, where it occurs in association
mainly with Bursera and Ficus. Those three species reach
heights of forty to fifty feet in that section of the colony,
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and they are the principal species composing the remainder

of the broadleaf grove where the boobies do not rest.!
He alsc noted the abundance of the night-flowering bush Capparis flexuosa,
forming "dense tangles of stems throughout most of the central section
of the nesting colony."

I can add little to this acccunt. The whole of the south shore of
the cay is lined with Cordia sebestena, forming a low, spray-swept hedge,
most noticeable (till cleared in 1961) at the south point, Verner
(1959, 57) thinks this shearing is due to birds collecting nest materials,
and he quotes rr. George Young as saying "he had seen a number of
boobies practically strip a small bush to the trunk before leaving it
to gather sticks elsewhere." He considers frigute birds and ospreys,
as well as boobies, to be the culprits. I consider that the shearing re~
sults from salt spray and wind-trimming {Boyce, 1954), rather than from
the birds, Verner states that "neighbouring cays exhibited no such
trimming of shoreward vegetation', but this is true only of the cays
lacking broadleaf forest (the msjority)}. Wherever one still finds cays
with broadleaf forest on the windward side, then one finds shesring even
in the absence of birds. Examples are seen on Northeast Cay and other
cays on Glover's Reef, and several of the Sapodilla Cays, Barrier Reef.

- Most attention in my visits was given to the lower vegetation
cover surrounding the broadleaf forest, and 30 plants were collected
here and sent to Dr. Fosberg for identification. A map (fig. 34) has
heen constructed showing the distributiocn of the main species in this
area. Tournefortia gnaphalodes oceurs arcund the cay margins on both
shingle and sand, particularly in exposed places. It is dominant on
the extreme eastern shingle ridges {with stunted Cordia, some coconuis,
Hymenocallis and Sesuvium), and also occurs on high ground at the south
point, near the northwest corner of the c¢ay, and intermittently along
the southwest shore below the Cordia hedge. Sporobolus virginicus is a
sand-binding grass found in similar exposed locations on sand beaches:
again it is important near the south voint, along the south shore, at
the northwest corner, and along the beach ridge of the lagoon shore.
Suriana maritima is another shrub of exposed shores, rather oddly re-
stricted here to the northwest point. Other colonising strand plants
such as Sesuvium and Ipomoea are nolt well developed on the Half Moon
beaches, except at the west end of the island.

The area surrounding the high bush falls into three vegetational
zones: the eastern zone, the central zone, and the western zone.
Wedelia twilobata, with Cakile lanceolata and Ipomoea, forms the ground
cover in the west zone, behind a fringe of Tournefortia and Suriana; and
Verner records Calonyetion aculeatum from this area also. The central
zgone, round the western rmudhole, is composed mainly of Wedelia, scat-
tered Stachytarpheta jsmaicensis, low bushes such as Rivina humilis, and,
shorewards, a broad belt of the lily, Hymenocallis littoralis. The east-
ern zone extends along the east side of the high bush zone from the
south shore to the north. In the south, on the crest and backslope of
the windward ridge, there is a narrow zone of Tournefortia, succeeded
inland by a broad belt with little but Hymenoeallis, The middle of the
cay in this wone, south and west of the main mudhele, is covered with
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extensive patches of Wedeliz trilobata, Cyperus planifolius, Alternanthera
ramosissima, Bragrostis ciliaris, Ageratum maritimum (recorded by Verner),
Sida acuta (Verner), and bushes such as Rivina humilis, Ernodea litoralis,
Hamelia patens, Erithalis fruticosa, and Conocarpus erectus. According

to Verner, Sida and Hamelia "are conflned to the meist, shady areas
bordering the he broadleaf tree stands'. The mudhole itself stands in the
middie of an almost exclusive mat of Wedelia trilobata, while to the
nerth, between the Wedelis stand and the Sporobolus-covered lagoon beach-
ridge, is an area of mixed Wedelia, Euphorbia, Cyperus and Sporobolus.

Almost one~third the ares of the cay is still covered with high
bush, but it is clear that the period of extensive clearing from 19228
onwards is coming to a close. First, much of what 1s left is a protected
booby colony and camnct be cleared, and much of the remainder is under-
lain 2% very small depths by hardpan or reefrock and cannot support coco-
nuts. Were the vegetation cleared here, the surface humus would scon
disappear and a barren pavement would be exposed. The main change to be
expected 1s the compleie ground-clesaring of the coconut undergrowth on
the fringes of the high bush, involving the partial disappearance of
species such as Wedelila, Stachytarpheta, Euphorbia and the grasses.

Qccupance and land use

The giant lizards (Iguana and Ctenosaura)} and the smaller anolids
and the rats on this cay have already been mentioned, as have Verner!s
ornithological records. In his study of the colony'of boobies (Sula
sula sula} in 1958, he counted 1389 nests (more than a half in Cordia
sebestena, about 85/ in Cordia, Bursera and Bumelia combined), averaging
rather more than two nests to the tree, containing about 3500 pink-footed
boobies, of whom 500 were immature birds. Two percent of the boobies
were brown, but each of these was mated with a white (1959, 15, 53).
Much information on the habits of these boobies is given in Verner's
thesis, which should be consulted by those interested.

The Young family has a thriving settlement near the middle of the
north shore, where they carry on boat building. George Young builds
boats from imported timber of up to 15 tons wholly by eye, without the
aid of drawings or models, which 1s unusual even among British Honduran
fishermen. Several houses are associated with the lighthouse at the
east end of the cay, together with a number of sheds and rainwater vais.
The lighthouse keepers do not long remain at any station, but in 1961
one of them was also building a fishing boat on the cay. The light-
house houses are stupdy, hurricane-proof shelters, large and comfortable,
The first lighthouse was built in 1820, and a light first shown on
December lst that year (Honduras Almanack, 1830, 76); it was replaced by
another in 1845, The present brick foundation dates from this time.

The presert steel-frame tower was built on the old base in 1930, and
was still unfinished at the time of the 1931 hurricane. Apart from the
lighthouse, the main occupation of the dozen or so individuals on the
cay is tending the cocals, taking the nuts to Belize, and fishing--for
barracuda, grouper, snapper, Jacks and others--and turtling. Turtles
are taken in nets baited with small brightly painted wooden decoys,
and are sold in Belize. A number of the coconuts are used on the cay
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for coconut oil and water, which is fed to the pigs. In addition to
pigs, the fishermen keep chickens and dogs, The island is occasionally
visited by the Harbourmaster and a Customs launch, but is otherwise
rarely visited. It is said that an attempt was made a few years ago by
an hAmerican syndicate to purchase the cay for development as a holiday
resort, but permission was refused.

Little is known of the history of the cay, though the Honduras
Almanack referred to (1830, 151) tells the story of a violent, bioody~
visaged spectre haunting the island at night, presumably the ghost of
some unfortunate pirate. The apparition has now ceased to appear, and
has been forgotten.

Conclusion

Half Moon Cay has been described at greater length than any other
cay, partly on account of the length of time spent there and mass of
data collected (much of it still unsifted), partly because of the great
natural beauty of the island, partly because of the problems which it
raises. 3Several conciusions emerge from the study, including (1) the
importance of major hurricanes,even on so large a cay as this, in the
evolution of the present physiography; (2) the great practical diffi-
culty of distinguishing in the field between various types of lithified
material and hence the difficulties of drawing conclusions from them;
and (3) the constantly changing nature of cay vegetation, even over so
short a period as 30 years, When as much information is available on
other cays as there is now on Half Moon, there is little doubt that
features which now seem simple and easy to explain will be revealed as
nore complex and enigmatic; for even such small and apparently insigni-
ficant features as sand cays are beset with difficulties and problems,
few of which can yet be solved.

Long Cay

The great German geographer CarlSapper visited Long Cay in the
1890s but published nc account of his observations, and no further ate
tenticn seems tec have been paid to it until 1958, when Vermeer called
there and later published a short description. The island (fig. 35) is
located near the scuthern end of Lighthouse Reef, on its long, narrow
Hhalf-moon” extension, 2% miles west of Half doon Cay, and some 33 miles
from the southern end of the reef. The situation of the cay is some-
what peculiar: it does not stand on the windward reef-flat, here about
700 yards wide, sandy and strongly rippled with flourishing reef on its
outer edge; nor does it lie on the leeward reef-flat, which strictly
speaking does not here exist. Living reef is in fact absent on the
whole of the western, leeward side of the cay, and the gap continues
some distance north of it, forming the main entrance to the atoll la-
goon. The c¢ay occuples an intermediate position, almost in the centre
of the "lagoon", here at its narrowest and shoalest; the water round
the cay averages 1-15 fathoms in depth. The deeper channel between the
windward reef-fiat and the east side of the cay may be due to subsequent
current scour of the bottom, as water surges across the reef, piles up
against the cay obstruction, and is diverted southwards.
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Long Cay is a narrow island, with its long axis parallel to the
trend of the reefs and lagoon at this point. Its maximum length is
approximately 3640 yards, and its width varies from & minimum of less
than 300 yards in the south to a meximum of 1200 yards in the north.
Vermeer's description of the cay is here guoted, since he found here
features which he ascribed to a recent eustatic fall of sea-level:

"A sand cay with a swampy, depressed centre, this cay has

been almost completely planted to coconut palms. long

Cay appears similar to Ambergris Cay on the coastal shelf

block in that it alsc gives indication of grester age

and sbability than the other cays" (1959, 97).

After finding a "raised beach” on Ambergris Cay, Vermeer described an-
other from Long Cay:

. ...the elevated beach was manifest not only on the wind-

ward side but on the leeward side as well., Long Cay has an

enclosed elonguted lagoon toward the centre of the island.

From this lagocon there is a rise to the ridge which surrounds

the lagoon and which is the highest part of the cay. From

this high part of the cay, there is a drop to the elevated
beach terrace. The maximum width of the ralsed beach on

Long Cay is similar to that on Ambergris Cay, being no more

than about 20 yards, but displays less variation in width.

From this elevated beach-~level there is a drop of 5-6 feet

to sea level. The elevated beach on the leeward side of

Long Cay is much more clearly defined and illustrated than

it is on the windward side of the cay and than is the case

on Ambergris Cay" (1959, 51~2). '"The contrast in colour of

the soll between the raised beach level and the higher por-

tion of the cay is not as striking as that found on aAmbergris

Cay, but it remains very evident. As has been noted previously,

the raised beach level is best evident on the leeward side of

the cay but can also be observed on the windward side' (1959,

97) .

The "raised beach' is shown in Vermeer's Figure 21,

Long Cay was visited in June 1961 and the dry sand areas mapped;
both Murray and 1 are convinced that no raised heach at the levels de-
scribed by Vermeer can be demonstrated. In the first place, his de-
seription of the island as " a sand cay with a swampy depressed centre
... almost completely planted to coconut palms" gives a misleading im-
pression of its physiography. The total area of the cay is approxi-
mately 2,525,000 square yards (525 ascres); of this, only 8% is dry land.
The rest is mangrove swamp and standing water. Iits physiography is
basically similar to that of Northern Cay: a small sandy area at the
nerth and northwest corner, covering 22 acres, with a vast mangrove
swamp to the south, with a narrow fringe of sand on its windward side.
Tike the mangrove rims of the Turneffe lagoons, this swamp is "hollow".
From the sea cne sees an unbroken wall of tall, bushy Rhizophora mangle,
but much of the interior consists of open lagoon, mud, and dead and dy-
ing trees. Some of the lagoons c¢an be seen on air photographs, and one
extensive lagoon arez neay the middle of the cay covers about 158,000
square yards (larger than the main sand area, and 6% of the total cay
area). 1t is thought that the area of open water is considerably
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greater in the interior than is suggested by the air photographs, espe~
¢ially in the northern part, where, as seen from the sand srea margin,
there is more open water with dying trees than flourishing mangrove. A
distinction is made in the map between high mangrove and more open
bush; but the most flourishing high mangrove is probably restricted to
the coast, and inland contains innumerable pockets of dead trees, open
water and mud.

The northern sand area was traversed and mapped. It has an area
of 22 acres and Is trapezoidal in shape: the northwest shore, 200 yards
long, parallels the southwest edge of the sand ares, where it adjoins
the mangrove (700 yards from shore to shore). The northeast shore is a
little over LOO yards long, the west-facing shore 300 yards in length.
The northeast shore is low and sandy; north of the pier there has been
a little undercutting, producing a sand eliff less than a foot high. &
few yards offshore there are linear banks of sand, covered with
Thalassia, drying at low tide, similar to those on the west coast of
Northern Cay. Scuth of the piler the slight cliffing continues for a
few yards, but is then succeeded by a broad beach of fresh white sand
less than a foot above sea-level, planted with young coconuts. The
nerthwest shore of the cay is very low-lying and fringed with a belt of
Rhizophora mangle several yards wide and 200 yards long. The western
shore extends from this minor belt of mangrove to the main area which
forms the southern part of the cay. A substantial pier has been built
midway along this shore. North of it the beach is sandy and rises to a
crest 24 feet above the sea, covered with Sporobolus virginicus.

South of the pier the beach ridge reaches a maximum height of 3% feet
above the sea, and then declines southwards towards the mangrove. The
average height of the sand ridge round the northern part of Long Cay is
thus between twe and three feet above the sea, and the maximum height
not more than L feet. Nowhere does the surface rise to Vermeer's 5-6
foot level, and on no part of the island was the existence of "a drop of
5-6 feet to sea level" from the edge of the "raised beach" confirmed.
Fyrom the low periphersl ridge the cay surface declines scuthwards to the
mangrove and swamp areas; near the mangrove there is a fringe “one, at
or near sea-level, of spongy water-socaked ground., Over most of its
length, the sand area/mangrove boundary is lined with open water, form-
ing s narrow channel separating the mangrove bushes from the sand.

Nothing was seen on the cay surface to indicate the existence of
a raised beach., The surface is uniformly sandy--a cosrse sand with much
Halimeda, similar to that now accumulating on present beaches, and near
the northwest corner, sheltered by the mangrove fringe, it is thrown up
in a series of arcuate low ridges convex landward. %he view of the
Ipgised beach™ in Vermeer'!s Filgure 21 seems simply to be an area under
cocal, and similar views can be seen at many points throughout the is-
land. There is no marked break of slope on the cay surface (such as an
old undercut cliff line), no raised lines of pumice or raised beach-
rock, and ne indication in the vegetation of such & raised beach. If
such a beach can be demonstrated, then it certainly does not lie at 56
feet above sea-level; 2~3 feet would be its maximum elevation. I
strongly doubt the existence of this raised beach and hence the conclu~
sions drawn from it. There is nothing at Long Cay which cannot be ex-
plained by sand accumulation and mangrove colonisation at present sea~level,
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The vegetation of the sandy area is of lititle interest. Host has
been cleared for cocals, and apart from a few patches of Hymenocallis
littoralis, Euphorbia, Sesuvium and mangroves, there is little but
grasses (mainly Sporobolus, but some taller grasses)., In the shallow
water adjacent to the beach there is an abundant growth of green algae
-~Falimeda and Penicillus on the west side, Halimeda and Acetabularia
on the east.

With a single exception there is no dry land in the mangrove area,
but the exception is important. Owing to iis proximity to the eastern
reef, a naprrow fringeof dry sand has been thrown up along a large part
of the east coast, with a total length of about 1800 yards. This was
traversed for most of its extent; it nowhere rises more than 2 feet
above the sea, and is generally between 1 and 2 feet high. It varies in
width from 20 to LU yards, and averages 25 yards., The sand is coarse,
with many shell fragments and Halimeda, and abundant white pumice. Ruch
of the calcarecus material probably derives from the wide eastern reef-
flat, is thrown up in time of storm, and suffers little wave-sorting
and abrasion, hence the number of little-damaged shells. At one point
on the shore is a pile of large vertebrae of some unidentified marine
animal. The ridge is planted to coconuts, with an undercover of
Sporcbolus and Fuphorbia. It declines westwards to the mangrove swamp,
and is lined at its inner edge by Conocarpus, Avicennia, and tail
ancient Rhizophora. st many places on the seaward shore small Rhizophora
seedlings are abundant. Sophora tomentosa and Surisna maritima were
noted at one point.

A similar seaward sand ridge extends for a very short distance
southwards along the east shore from the northern sand area, but be-
cause of a wide gap between it and the main sand ridge it is not poss-
ible to walk along the east coast of the island. HNear the scuth end of
the cay the eastern sand ridge disappears, and vigorous Rhizophora
have built eastwards towards the reef: the possibility that this wman-
grove section formed a separate cay in the middle eighteenth century
has already been mentioned. The island was circumnavigated, and nowhere
else was a coastal sand ridge seen fringing the mangrove: but there are
two large pockets of sand near the south end of the western shore, not
large enough for coconut colonisation.

The cay has a wooden piler 55 yards long on the west side of the
main sand area, with a warchouse at the end, giving anchorage in rather
more than 1 fathom of water. The pler is used for the export of coco-
nuts to Belize. The caretakers live on the northeast shore of the cay,
where there is a smaller, older pier for fishing boats. Long Cay is
currently owned by an American, who has built a large house with a con-
crete rainwater vat near the latter pler. There are two small houses
on the narrow eastern sand ridge, cccupled only during the cocal har-
vesting.

A note on the map

The map of this cay (fig. 35) has been largely constructed from
air photographs CAE-6~178~179 and 188-190, from which derive the out~
iine of the cay and details of the interior mangrove area. The scale
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of this derivation is correct by comparison with other land aress sur-
veyed on the same photographs (Half koon Cay). The dry land areas
were mapped by traverse in 1961, and maps drawn up on a scale of
1:2,000. These were then reduced to a common scale with the airphoto
plots. 1In the case of the eastern sand ridge an excellent fit was ob-
tained. The northern part of the cay on the photographs is, however,
obscured by cloud, and ne part of the main sand area can be seen. Hence
the location of this ground map on the airphoto plet is a best-fit ap-
proximation, based on the straightness of both east and west mangrove
ceasts. The probable error in lecation of the northern surveyed por-
tion with reference to the rest of the cay is probably no more than
pius or minus 150 yards.

#ith the single exception of Saddle Cay, only recently diminished
in size, Hat Cay (fig. 36) is the smallest island on Lighthouse Reef.
Speer called it "a very small round Kay" in 1771, and the description
still applies; according to local informants there has been no marked
change in its size or appearance for over thirly years.

It is located about 2500 yards south of the southern end of Long
Cay, at the inner edge of the lseward reef-flat, here less than 500
yards wide and less than 3 feel deep. &pain, like Saddle Cay, there is
ne ¢lear reason for its situation at this point. The island is rec—
tangular, and aligned NE-SW; it is 70 yards long and 55-60 yards wide.
The surface is low and probably does not rise more than 2 feet above
sea-level; 1t has a slight ridge of Acropora cervicornis shingle at the
eastern end. At its eastern and western ends there are large banks of
Bhizophora, partly standing in water. The rest of the cay margin is
clothed with Suriana maritima and Borrichia arborescens, except for a
narrow southern sand beach with Sesuvium. The cay interior contains a
number of large black mangroves (Avicennia), Conocarpus erectus, and
dead unidentified trees, chiefly at the northern end. There is little
open ground, and what there is is covered with Sesuvium (near the sea),
and Hymenccallis and Sporobolus. The area immediately to leeward of
the low shingle ridge is low and marshy, though without standing water,
and colenised by Avicennia,.

The cay was uninhabited and deveoid of wild 1ife when visited in
1961. TPelicans are said to breed here.
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VII. GLOVER'S REEF

The greatest length of Glover!s Reef (cf. Vermeer, 1959, 19-20) is
15 miles and its greatest width 64 miles, With an approximate total
area of 81.6 square miles it is slightly larger than Lighthouse Reef but
much smaller than Turneffe. The atoll (fig. 37) is surrounded by broad,
well-defined reefs of living coral breaking surface (transects C and F),
interrupted by three prominent gaps. The largest of these is Southern
Entrance, one mile wide and carrying 1-2 fathoms water; it provides good
anchorage for small boats. Northern Entrance, on the windward side of
the atoll near its northern extremity, is some 1400 yards wide, with
similar depths, opening into an extensive shoal area with numerous coral
heads. The third and smallest entrance, also on the windward side, lies
between Northern Cay and Long Cay. It is only a quarter of a mile wide,
and a heavy swell surges through it continucusly; no informsation can be
given as to its depth. As already noted, small fishing boats can thread
thelr way between coral heads to cross the leewsrd reefs in one or two
places, but there are no interruptions of the reef platform on the lee-
ward side. This restriction of the gaps to the windward side is anoma-
ious; on meny Pacific atolls there is a strong negative correlation be-
tween wind-direction and reef-gap location, though this is not perhaps
as widespread as might be supposed (Emery, Tracey and Ladd, 1954, 142~
143; Newell, 1956, 326-327). according to Newell, "The passes mark old
gaps in the atoll rim where organic accretions evidently have not kept
pace with the general upward growth during subsidence....the distribution
of passes may in some way be controlled by prevailing winds.? (1956,
326~327). As shown in this paper, there is no necessity in the case
of the British Honduras atolls to invoke subsidence, though this is far
from denying that it may have taken place; and it has been shown that
subsidence on a large scale has taken place on many Pacific atolls
(Emery, Tracey and Ladd, 1954, 74-91; Ladd and others 1953), and in the
Bahamas (Spencer, 1951). The interpretation followed here is that the
reefs have grown up in post-glacial times on structurally-controlled
foundations. The reason why the gaps should be confined to the wind-
ward reefs, during such development, while the leeward reefs are virtu-
ally continuous, remains unknown.

On one point, however, the reefs agree with general atoll experi-
ence, in that the zone of living coral on the reef-flats is wider on the
windward than the leeward sides., The reefs of Glover'!'s Reefl may be con-
sidered to fall into four groups, on the basis of width and orientation:

(&) the northern reef, facing north: the reef-flat here has an
average width of about 500 yards, and judging from air photographs it
is corzl~covered for one-third of its width.

(b) the eastern reef, between Northern Fntrance and Northern (or
Northeast) Cay, facing east: the width of the flat varies here from
500-1LC0 yards, and averages some 1100 yards. The width of the zone of
growing coral remains fairly constant at about one-third of a mile.

(c) the southeast reefs, from Long Cay to Southwest Cays, facing
southeast: the {lat there is much narrower, from 200-500 yards wide,
with a fringe of coral 100 yards wide at its outer edge.

(d) the leeward reefs, facing WNW, with a fairly constant reef-
flat width of 4-500 yards, increasing to 6-700 yards in the south,
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The width of zones (a) and (b) is clearly related to the prevail-
ing north and east winds. The southwest reefs are narrow, in view of
their windward location, but this may be explained by the fact that they
are aligned sub-paraliel to the winds, rather than transverse to them.
Ecologically they are more comparable to the main east reef (transect C),
rather than to leeward reefs of similar dimensions (fransect ¥). The
reef~flat back of the zone of living reef sinks lagoonward and carries
2-6 feet of water, Wherever seen, its surface consisted of loose fors-
miniferal, algal and coral sand, sparsely covered with green algae and
Thalassia. No rock platforms were seen back of the living reef area.

The bathymetry of the lagoon enclosed by the reefs is very inade-—
quately known, though some soundings were made in the southern third
of the lagoon in 1961, Plans to sound down the centre of the lagoon
were abandoned because of adverse weather. Taking the soundings, air
photographs, and local information tegether, the following picture
emerges, The reef-flat is bounded lagoonward over most of its extent
by a submerged platform with an average width of one mile. The limits
of this platform can be well seen on air photographs, and are shown on
the atcll map., The platform appears sharply bounded lageonward by a
steep slope to the lagoon floor, and seaward by a steep rise to the
present reef-flat. Line soundings in the soubhern part of the lagoon
showed -that on both windward and leeward sides it has a depth of 3-4
fathoms. The significance of this platform at such a depth will be
discussed later, but attention is here called to the presence of a very
similar feature, hitherto undescribed, aleng the British Honduras bar-
rier reef. Here & platform extends l-4 miles lagoonward of the present
reef—flat at depths of 2-4 fathoms., No comparable submerged platform
is seen on Turneffe or Lighthouse Reef, since the lagoon floors do not
fall below these depths.

The lagcon itself is unigue in the three atolls because of its
depth and the very numerous patch-reefs and pinnacles rising to its 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 in the centre. Local informants, found in all other instances
to be accurate, stated that the maximum depth of the lagoon, found near
its geographical centre, is 24 fathoms. Some 700 reef patches rise to
the surface from the lagoon floor, not counting those on the 2-4 fathom
shelf or the reef-flat proper, and some of these are as much as 500
vards long. DMost are roughly circular, with coral growth on the east
and north sides (transect G); a number are elongate, with apparently ran-
dom orientation, but similar living~reef distribution. The basin-shaped
lagoon shoals towards its northern and southern parts, and the greatest
concentration of patches is found in the deepest central area. This
is in apparent contradiction to the fact that in the Pacific most reef
patches are found in the shallowest lagoons {Cloud, 1957; Nugent, 1946,
Thb~7L5). The number and density of reef patches in the Glover's Reef
lagoon is much higher than on Lighthouse Reef, Attention may be called
to the 'chain' of large patch~-reefs orientated north-south near the
lagoon centre, which recalls some of the north-south chains of patch-
reefs in the Barrier Heef lagoon, the north-south Middle Reef of
Lighthouse Reef lagoon, and the north-south "yanges" of cays in the
Turneffe lagoon.
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There is no information on the nature of the lagoon flocr. For
some reason (possibly the depth of the floor) the conspicuous downwind
attenuation of patcheresfs by debris trails found, for example, by
Newell on Rarcia (1956, 353-~35%, Plates 29-30), is not seen on Glover's
Higef (though Raroia lagoon reaches greater depths than Glover's Reef).
In no single instance was a patch-reef or outer reef seen with dry ele-
vated reef-rock, similar to that found intermittently on Lighthouse
Reef, which suggests that whatever cazuse gave rise to the Lighthouse
Heef drying patches was limited to that Reef alone.

Land fauna of Glover's Reef

Schaidt (1941) records only two reptiles from Glover!s Reef, col-
lected by the Field Museum Mandel Caribbean Expedition in 1940, but
gives no location details. They are Anclis sagrei Dumeril and Bibron,
and the wish-willy, Ctenosaura similis. Cbenosaura was seen frequently
in 1961 on Northeast Cay, Long Cay and iiiddle Cay. Iguana ipusna,
known on Half Moon Cay, Lighthouse Reef, was not seen during our brief
visits to Glover's Reef.

Salvin appears to be the only ornithclogist to have visited
Glover's Reef, in 1862, and he recorded (1864) Columba leucocephala
(pald-pate pigeon) on iiiddle Cay, and Pelicanus occidentalis (brown
pelican), Sterna antillarum (lesser tern), and Thalasseus rezius (a
larger tern) from Long Cay. On Southwest Cay II, he found "Noddies
everywhere.,..many thousands in all'", while eggs of Sooty Terns "might
be gathered by the baskeétful" (1864, 383). The nesting birds on this
cay are named as Anous stolidus and Anolls minutus by Bond, who did not
however visit this reef. He comments: "I was told that this colony had
greatly diminished in size. Since this islet is the only known breed~
ing ground of A. minutus in the entire Caribbean area and the only
locality where A. minutus ezmericanus iathews has been reported, it
would seem adviszble to establish a bird sanctuary here" (1954, 6)e
This has not so far been done. At the request of Dr. G.H. Lowery of
Baton Rouge, we confirmed the existence of this colony of white-capped
brown noddies (4. stolidus?) on this cay in 1961, but certainly not in
the profusion described by Salvin. The whole cay is under coconuts,
and the noddies appear to nest in their crowns. They are seen in large
numbers flitting over the water at dawn and dusk, bubt it is difficult
to approach them on the cay. according to fishermen they vary greatly
in number throughout the year.

Other birds seen in 1961 included a few brown pelicans ut Hortheast
and Middle Cay, a single osprey (Pandion haliaetus) at Northeast Cay,
and a pair of frigate birds (Fregats magnificens) at Middle Cay. Salvin
recorded the brown booby, Sula leucogaster leucogaster Boddaert, between
Glover's Reef and Cay Bokel. There are two specimens of the flycatcher
Llaenia mertinica chinchorrensis Griscom from Hiddle Cay in the Carnegie
luseum, Pittsburgh (known from Lighthouse Reef and Chinchorro Bank) ,
and specimens of the hummingbird anthracothorax prevostii prevostii from
fiiddle and Northeast Cays, also in the Carnegie iuseum (Todd, 1942,
294). One species (a small white gull?) was seen nesting on the small
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island northeast of Long Cay in MMay 1961, laying its eggs in small ex-
cavations on bare sand about two feeb above the sea, at the leeward
end of the cay. There were two eggs to each nest, each about 3/& inch
long, silver-grey in colour and speckled dark brown, extremely diffi-
cult to see against the sand background. Seven species of birds were
thus seen by Salvin {the seventh is the mockingbird Mumus gilvus
leucophaeus Ridgway); Blaenia and Anthracothorax make nine; and the
osprey and frigate birds seen in 1961, eleven.

Of domesticated animals, there are some black pigs and chickens
on Long Cay, and pigs on diddle Cay. Hermit crabs are found in large
numbers, especially on Northeast Cay, but it is not known whether rats
are a comnon pest to coconuts on any of these cays,

The cays of Glover's Heef

There are at present six cays on Glover's Reef, all on the south~
east side., Five of these (Northeast, Long, liddle, and Southwest I and
1I) are of a large size, ranging from 330 to 1100 yards in length; while
the sixth, Long Cay North, is a smaller island 160 yards long north of
Long Cay. All are formed of clastic reef material, and no solid rock,
apart from heachrock, oulcrops on any of them. Some confusion has been
caused by the insertion on published fAdmiralty charts of a further cay
lying within the lagoon on the wesht side of the reef, 4 miles from the
northwest corner of the atoll (Chart 1797 of 1929); it is described as
having trees 20 feet tall, This cay is mentioned apgain in the West
Indies Pilot, 1956, 459-60. according to Vermeer, who 'viewed it at a
distance from the air", "towards the centre of the lagoon a solitary
cay, which appears to be covered with mangrove, rises from the bank
to breach the otherwise continuous expanse of water" (1959, 19). This
cay does not now exist, and has not existed for many years. No local
fisherman with knowledge of these waters can remember seeing it, though
the location of the island is known (bearing Northeast Cay 130°,
Southwest Cay 11 180°, uncorrected compass bearings), near a small gap
in the leeward reef. The site was visited in 1961, and carried 3-4
feet of water; occasionaily an ephemeral sandbore breaks surface., The
site is known as "Bushy Spot" or "Bushy Cay'". It is interesting that
Owen in his MS chart of 1830 {H57) shows no cay at this point: so that
the cay marked on the chartsmust have accumulated, been vegetated, and
swept away, some time between approximately 1830 and 1930. It should be
arased from charts.

Detailed maps were made of the cays on the southeast rim, and de-
scriptions of each of these cays are given here. It might be noted that
in Owen's 1830 M5 chart, two small sandbores are marked between Middle
Cay and Southwest Cays which have now disappeared. Vermeer (1959, 19)
describes seeing "at the northern edge, two sand ridges, visible at
some distance"; these do not break surface, though they may occasion-
ally form ephemeral strips of dry land, as in fact happens in similar
circumstances along parts of the Barrier Reef, for example north of
Tobacco Cay.



8T

Northeast Cay

Northeast Cay (fig. 38) is situated at the southern end of the un-
broken east reef of Glover's Reef, on the north side of the entrance be~
tween Northeast and Long Oays. The cay is semi~circular in shape, 330
vards long along its near-siraight northern shore, and with a maxdimum
north-south width of 200 yards. The physiography of the island is
basically simple: a shingle ridge rises steeply on the south and southe
east sides, proteciting a gently-sloping surface of sand and gravel,
which falls away to the north shore. The shingle ridge begins in a
few yards from the shore on the east side of the cay, about 100 yards
from its northeast corner. 3Small coral-blocks and white rubble top
the sand beach on this side of the cay, bul the sand beach gives way
southwards to a shingle shore. The shingle ridge on the southeast
side is a double feature: grey and blackened older shingle and small
coral-blocks form a layer one foot and more in thickness, overlying an
undercut and eroded formation of grey sand at least 1% feet in thick-
ness. In front of this lies a fresh ridge of white, relstively unworn
coral fragments, heavily encrusted with Homotrema rubrum. The newer
ridge is 3~4 feet wide, and rises to a height of 2 feet; it can be
iraced without interruption round the base of the older shingle ridge
for cver 300 yards. It is separated from the older ridge by a siight
depression, and there is an undoubted difference in composition between
the two ridges. The older ridge consists mainly of grey and blackened
sticks of Acropora cervicornis, slabs of A. palmata, snd small indivie
duval coral colonies, generally more than 4-5 inches long. The new
ridge consists of smaller coral fragments, chiefly A. cervicornis
sticks comparable to those in the older ridge, though fresher, to-
gether with large quantities of Malimeda, including still-segmented
fronds, a considerable proportion of Lithothammion nedules, well-pre~
served conch shells (Strombus sp.), and tests of echinoids.

The whole shingle ridge complex averages 5 feet in height, with
an esbimated maximum of 6~7 feet nearest to the living reef at the
southeast corner of the island. Aalong the south shore it is somewhat
lower, decreasing to 5 feet in 150 yards westwards, and then more
rapidly, to 3-4 feet, along the southwest shore. UWith the decrease in
height, the size of the constituent material decreases, and the newer
ridge becomes less imporbtant. The shingle section at the scutheast
corner seems to show ccnsiderable erosion at this point after the forma-
tion of the old ridge and before the formation of the new. The greater
part of the old ridge has here been removed, leaving only its landward
feather-~edge overlying sand, across which the shingle ridge had been
advancing at the time of its destruction,

At two places on the south shove, beachrock extends seaward from
beneath the shingle ridge. Both outcrops are sandy, poorly consoli-
dated, and dip seawards, indicating a slight shift of the shore north-
westwards, away from the reef. Small blackened, rotten coral blocks
and slabs of small size litter the reef-flat along the base of the
shingle ridge on the southeast side.
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The evidence of shore retreat shown by the shingle section and the
beachrock is further reinforced by the character of the northeast shore,
immediately north of the end of the shingle ridge. The sandy shore here
consists of small bays separated by bluffs 1-2 feet nigh, outjubting
2~3 feet, and generally carrying individual coconut pzlms. The small
headlands are being gradually undercut, and in some cases, at least on
the surface, appear to consist now of a tangle of roots with little
clastic debris at all, all the finer material having been flushed out
by the waves., Many of the coconut trees have fallen, with a remarkably
constant direction normal to the shore (compass bearing 55-65° east of
north), vhich may suggest hurricane damage. Undercutting on this scale
is llmlted to this segment of the cay shore.

The other shores of the cay, to north and northwest, are low and
sandy, with intermittent scatterings of fine coral shingle. Vegetation
approaches close to the sea, and no active progradation or degradation
seems t0 be In progress., A submerged sand-spit is building out
from the northeast point into the shallow northern bay, the bottom of
which is largely covered with Thalassia. Short choppy seas are found
in this bay during moderate easterlies,

The intericr of the cay has 1little of interest physiographically,
with the exception of a mudhole toward the east side, located in the
lee of the higher shingle ridge. No standing water was seen in this
hole in 1961 (May and July), and the black soil was largely covered with
a ground mat of Wedelia trilobata, The greater part of the cay surface
consists of dirty grey sand and some fragmented coral colonies., The
windward shingle ridges form a band some 10 yards wide on the south and
southeast shores, and immediately landward there is another zone, 10-15
vards wide with an indefinite landward edge, of what McKee (1956, 8-G)
would term "rampart wash?, or a surface layer of shingle~size debris.

The vegetation of Northeast Cay is of interest. lost of the is-
land is covered with coconuts, with a ground cover of Wedelia, Euphorbia,
Ambrosia or grasses, but near the southeast side is an area of tall
broadieaf woodland, comparable to that at Half Moon Cay, Lighthouse
Reef. HNear the shore this consists of Coccoloba overlooking Tournefortia,
but inland, in addition to Coccoloba, there are tall trees of Bursera
simaruba, Ficus ovalis (?), Neea choriophylla, and a palmetto {Thrinax
pary iflora(9)). The undergrowth in this area consists of Ambrosia,
Weaelld, and the grass Eragrostis domingensis, which here reaches a
helgﬂt of 67 feeL. The seawgrdmfmczng %iorus of the cay are laned

Lrees of Covdla sebeatond the leeward shoxes are covered with low
Sporoboins and Sesuvium, wzth Conocarpus and Erithalis bushes at the
northwest point,

Long Cay Nerth

Between Long {ay and Scouthwest Cays the southeast reef of Glover's
Reef extends without break in a NE-SW direction. Long Cay and Long Cay
North are located at the northeast end of this reef, south of the gap
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between the southeast reef and Northeast Cay. Looking towards Long Cay
from Northeast Cay, one sees the coconut covered ares of Long Cay pro-
per, with two low, bush~covered areas in front. One of these 1s =
peninsula extending from the northeast corner of Long Cay; the other is
an island, here designated "Long Cay North", separated from Long Cay by
4 narrow deep channel which allows heavy seas to roll in from the reef-
flat, This smaller island is known locally simply as "sandbore'l.

Long Cay Worth {fig. 40) is approximately 160 yards long, widen-
ing reefwards to & maximum width of over 50 yards. The main body of the
cay is prolonged westwards (Jlagoonwards) by & narrow, curving 50 yard
long spit of brilliant white sand, Water 2-3 fathoms deep is found
within a few yards of the northwest point on both its north and scuth
sides. The greater part of the cay is built of ridges of coarse, un-
consclidated white sand. There are no hard-packed shingle ridges, but
fresh white shingle is scatiered over the sand surface, and forms a
ground cover, particularly at the east end. There are no large blocks,
either on the cay or immediately offshore. The beach ridges are not
more than 2 feet high, and the maximum height of the cay is probably
not more than 3 feet at any point. The western sand-spit decreases in
height lagoonwards until it is washed over by waves approaching from
each side at high tide., The whole spit is probably awash in storms.
The shape of the cay is adjusted to wave-refraction patterns in the two
adjacent gaps, as shown by the sketch-map of observed patterns. At the
extreme east end of the island, the interior is formed by small rubble,
fringed by & new white sand beach a few feet wide. This in turn is
margined seawards by a low ridge of fine white debris comparable to
that described at Northeast Cay. The island bears no sign of great
antiquity, and was not noted by Owen in 1830 (1S chart H57).

The main body of the cay at the eastern end is covered with a4 com—
pact thicket of vegetation, of which the bay cedar, Surians maritima,
is the dominant member, forming bushes 10 feet high, which in places
are wind or spray trimmed. The only other trees are a number of
Conocarpus ervectus bushes, andoneor two small coconuts on the southeast
shore. At Lhe exposed east end of the cay, and intermittently along the
north shore, are clumps of Tournefortia gnaphalodes, and in kay 1961 a
a number of tiny Tournefortia seedlings were advancing westwards along
the sand spit. The ground beneath the Suriana, and round the fringes
of the vegetation thicket, is covered wiih Sesuvium portulacastrum, some
grasses, and Buphorbia. A single specimen of Sophora tomenbosa wes seen
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on the south shore, bubt not in flower.

o beachrock is exposed round the cay margins.

Long Cay

Long Cay (fig. L1) is situated near the northeastern end of the
southeast reef; it is a long, narrow island, aligned with its long axis
paraliel to the reef, and has many features of interest. The cay 1s
680 yards long along its main axls, which ranks it among the largest
sand cays on this coast, and is roughly hour-glass shaped: the width
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decreases from a maximum of 130 yards in the west to 70 yards in the
centre, increasing again to 160 yards near the eastern end., The addi-~
tion of & low, bush-covered peninsula, similar in appearance to Long
Gay North, at the northeast end of the cay, gives a maximum north-south
width of nearly 250 yards at this end of the cay. The south shore is
falrly straight and overlooks a shallow, boulder-studded reef-flat, with
waves breaking on living reef only 30-40 yards from the shore. The
north shore forms a broad, arcuate embayment, terminated by lagoonward
projections at both ends.

The dominant physiographic feature of this cay is the massive
development of shingle ramparts on the seaward side, which cannot be
matched on any other island on this coast. The main features of the
rampart can be seen from the map and section. The ridge begins at the
southwest end of the island as a mound of small shingle and scattered
coral blocks up to 2 feet in diameter. Already at this point the ridge
is & double feature-~-an inner mound of blackened debris, and an outer
lower ridge of glistening white, Homotremz-~encrusted small coral and
nodular Lithothamnion. In the slight intervening depression there is a
cover of Hymenocallis littoralis growing directly on the shingle. The
whole ridge system rapidly rises to a height of 5 feet on the southeast
shore, where again the seaward face of the inner ridge is formed of
grey-white interlocking shingle, chiefly Acropora cervicornis sticks
and A, palmata slabs, with a fresh white ridge at its base. From its
crest the surface dips slightly inland, and presents a barren expanse of
rough, blackened coral blocks, generally between 6 inches and 2 feet in
diameter, Some 30 yards inland {20 yards from the first ma jor crest) a
second blackened ridge of coarse, broken blackened blocks rises ahove
the backslope of the first (fig. 43). The material composing it seems
coarser than that composing the first ridge, and nmuch coarser than that
composing the depression between the two crests, It is also consider-
ably older, as shown not only by the degree of blackening of the con-
stituent coral (Teichert, 1947), but also by the breakdown of the coral
blocks themselves., BMany of these, notably Montasirea snnularis, are
breaking down by subaerial radial fracture, first into large segments of
the original colony, then into cuboidsl fragments averaging 1 inch
across, and then intc constituent limestone prains.

As these two ridges are followed eastwards the crests move to-
gether and the intervening depression becomes less pronounced; the two
ridges can, however, be clesrly traced along the whole length of the
shore, both topographically and by debris characteristics. The cuter
ridge has a fairly constant altitude of 5-6 feet at its crest; the in-
ner ridge at the line of sectlon reaches nesrly 9 feeb and may exceed
10 feet near the eastern end. North of the second crest the debris de-
creases in size falirly rapidly and gives way to grey sand. In places,
there is a distinct step~like margin on the north side of the inmner
ridge, as though the shingle had been pushed back over a pre-existing
sand surface. The total width of this shingle complex averages 50 yards,
and in places is nearly twice that figure. Locally it occupies one
third or even one half the width of the cay. Aalong the east shore, the
ridge sinks rapidly to 2-3 feet above sea-level, and the calibre of the
material comprising it also decreases.
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Along most of the length of the cay the surface falls relatively
rapidly from the shingle wone to the north bay, and is composed of dark
sand and small fragments of rotted coral. At the east end, however,
protected by both the eastern and the scuthern shingle ridges, a de-
pression has been formed in the center of the island, occupied by a
sheet of still, stagnant water approximately 8C yards long and 40 wide.
This pond is surrounded by an apron of soft, rich brown humic soil,
which may at times be flooded., The whole of the depression containing
the pond, which lies approximately ab sea-level, is 120 yards long and
80 wide; it was impossible to survey it in detail or to excavate be-—
cause of the intense mosguito infestation.

Northwards, as has been noted, the island is prolonged by a low
peninsula similar in appearance and size (120 x 50 yards) to Long Cay
North. Long Cay has been inhabited by a single aged negro for 31
years, and according to him the peninsula is only intermittently cone
nected to the cay, but nothing was seen in the physiography to support
this. It is formed mainly of coral rubble, with a ridge structure on
the east side, sheltering an area of white sandy beach to the west. The
maximum height of the ridge is 2-3 feet., Coconuts are not found on this
peninsula, and the vegetation (fig. 42) consists of a thicket of Suriana
maritima, Conocarpus ereclus, and low bushes of Tournefortia gnaphalodes.
igain, the resemblance to Long Cay Borth is striking. A small pond has
been dammed up at the northern extremity of the peninsula by the shin-
gle ridge.

The whole of the north shore is low and sandy, fronting a shallow
bay, the floor of which is thickly carpeted with Thalagsia, Uith the
exception of the shingle ramparts and the northeast peninsula, the
natural vegetation has been removed from the whole of the cay for cocow
nut plantations. Over much of the island, beneath the coconuts, there
is now only a sparse and intermittent ground cover of Duphorbia and
grasses. Much of the shingle area is completely barren, except for
clurps of Tournefortia gnaphalodes and Coccoloba uvifera on the seaward
side, and some patches of Hymenocallis littoralis. The more diversified
vegetation of the northeast peninsula has already been described., Hven
the stagnant water and marshy flat at the east end of the island has been
cleared of distinctive vegetation, except for some small Conocarpus round
its edges. The whole of the cay, with these exceptions, is covered with
dense cocal, with much coconut trash forming a patechy ground cover. A
couple of palmettces were noted near the south end.

There is an outcrop of beachrock at the southeast corner of the
cay, where a rock promenade extends for over 100 yards along the shore
and continues beyond the cay shoreline for another 40-50 yards. The
exposure here is strikingly similar in distribution to that at the south-
east corner of Half Moon Cay, Lighthouse Reef. The rock dips to the
SSE, and varies in width from 3-5 feet. Along its landward edge there
are a number of erosional remnants rising above the general level (which
is close to mean sea level) for 6~9 inches. There are two lines of this
beachrock, parallel to each other, with water 2-3 feet deep between.

There are several huts on the cay, which is permanently inhabited
by a caretaker who keeps the cocals cleared, Fresh vat water 1s available,
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Middle Cay

Middle Cay (fig. 43) is located near the centre of the southeast
reef of Glover's Reef, without any marked reef entrance or gap nearby.
The island is of falrly simple outline, and aligned NE-SW, parallel to
the reef, It is 450 yards long, and increases in width from 120 yards
near the southwest end to 240 yards in the northeast. Recurved spits
are found at both northeast and southwest ends of the island, project-
ing lagoonward.

The seaward shore rises above a narrow, shallow reef-flat, extend-
ing outwards from the cay for 30-40 yards to living reef; it is littered
with blackened uprooted blocks of coral, most of them of small size,

The seaward shore itself is formed by a steep shingle ridge, which rises
northeastwards to a maximum height of 5-6 feet above sea-level (fig, L4).
It is formed of white to grey coral rubble, in which Acropora sticks and
slabs and small Hontastrea and other globular colonies zre abundant.
Banked along the seaward side of this ridge is a lower bank of fresh fine
debris, much encrusted with Homotrema, and containing abundant nodules

of Lithothamnion up to 6 inches long. Lagocnward of the crest of the main
ridge, blackened and decayed rubble extends for 60~70 yards, before
giving way bto sand and fine debris. Along the foot of the ridge there

is an extensive outcrop of beachrock. This begins near the northeast
corner of the cay, in the form of several yards of incipient beachrock
a3t about mean sea level; the beachrock here is little more than an in-
durated crust on fine sand, Following the rock southwestwards, it
appears after a short interval as a distinct seaward-dipping ridge of
more consolidated rock, forming a platform 1-2 feet wide, with a broken,
pitted surface, from which rise several higher fragments 6-9 inches

above the general level. These projecticns appear to be coral colonies
weathered out of the general beachrock matrix. The beachrock trends
parallel to the reef, and maintains this parallslism when the shore ridge
begins to trend away from the reef-edge southwestwards. The total

length of this more indurated rock is about 250 yards.

Near the southwest corner of the cay, the seaward shingle ridge
becomes lower, and finally is replaced by a gentle sand beach scattered
with coarser debris. DBeginning al this point, and extending northeast-
wards in the lee of the shingle ridge, is a zone of swamp and intermit—
tent standing water 200 yards long. In May 1961 there was no connec-
tion between the sea and the swamp area, because of the low sand ridge
colonised by a stand of mature Rhizophora 25-30 feet high., This colony
now stands on dry land 2 feet above sea-level round the southwest mar-
gins of the swamp area, and by its attitude appears to have been advanc~
ing seaward for some time. This evidence of outbuilding appears to con-
flict with the evidence of shore retreat at this point shown by the
beach~rock. In May 1961 the depression enclosed two mudholes with stand-
ing water, surrounded by extensive flats at about mean sea level, with
rich brown humic soil, probably at one time under mengroves. Lagoon-
ward of this depression rises a broad low sandy mound forming the lagoon
shore. Elsewhere the cay surface sinks gradvally from the edge of the
shingle zone to the lsagoon beach,
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Sedimentation appears active at both NE and SW ends of the island.
At the socuthwest end a small unvegetated sand-spit has buillt out 25
yards into the lagoon, and is continued by a broad submerged spit, with
several Rhizophora seedlings growing on it. At the northeast corner a
hook-tike spit has built out westwards into the lagoon, to enclose an
extremely sheltered bay, containing a near-stagnant shallow pool of
water, There is no evidence of undercutting round the cay margins, ex-—
cept for one or two fallen coconut trees on the northeast shore.

As with the rest of the Glover's Cays, most of the vegetation (fig.
45) has been removed for coconut plantation. At the northeast end of
the cay, and along most of the sandy lee side, there is an extensive
ground cover of Ambrosiz hispida and Stachytarpheta jamaicensis. The
shingle area supports a few small bushes of Tournefortia gnaphalodes,
whose seedlings have invaded the sand area to the northeast, and more
extensive carpets of Hymenocallis littoralis, scattered bushes of
Conocarpus erectus, and coconuts. Large red mangroves (Rhizophora) and
Conocarpus are found round the mudholes, especially on the seaward side,
but most of the vegetation round the island margins has been cleared.
The lagoon beaches are colonised only by low grasses, Stachytarpheta
and similar plants in places, and occasional Conocarvus bushes. The
greater part of the island is covered with coconuts, with little ground
cover. The bottom of the northern bay is thickly covered with Thalassia.

There are several huts on the cay, which is generally inhabited,
and a single poor quality well.

Southwest Cay L

Southwest Cays are situated near the southwest extremiiy of the
southeast reef of Glover!s Reef, and are the most southerly cays on this
atoll. There are two islands in the group (Ldmiralty charts dubliously
mark a third small one to the north of the two large islands); and these
are here termed, for convenience, Southwest Cay I (the northeast cay)
and II (the southwest cay, Salvints "Southwest-of-all Cay"). To some
extent these two cays form a unit, but as they have very diverse charac-
teristics they will be separately described.

. Southwest Cay I (fig. L6) is located 2% miles southwest of Middle
Cay. It fronts a shallow reef-flat, 60-70 yards wide, studded with
blackened coral blocks, much pitted and eroded, and is aligned with its
long axis parallel to the reef. The island is trapezoidal in shape: it
has a maximum length of almost exactly 500 yards, and decreases in
width fairly regularly from 330 yards along its southwest shore to
1ittle more than 100 yards along its northeast side. The same physio-
graphic units are present on the island as on the other Glover's Reef
cays, but their degree of development differs and their pattern is more
complex. Essentially the cay falls into three parts: a seaward rubble
and shingle area, an interior swamp zone, and the leeward sand area.
The seaward shingle and rubble zone does not form a continuous distinct
ridge, as on the other czys. I% consists of large, deeply weathered,
jagged blocks of coral, forming a low rubble carpet, gradually becoming
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sparser seawards and mcre conbinuous landwards. Many of the blocks are
no longer identifiable on casual inspection; there are hardly any fresh
blocks, and most of those exposed are coloured yellow, grey or black,
presumably by surface algae. Near the seaward edge of the rubble zone,
the blocks stand in water 3-4 inches deep, and the floor here consists

of vitted, eroded yeliow and grey rock. The width of the reef-flat and
shallowness of the water make it likely that considerable variation in
temperature, salinity and pH take place near the shore, A number of
marine melluscs are very notlceable in and around the blecks. The

rubble zone over the greater part of its extent (i.e. for some 300 yards
from the northern end ~f the cay) does not rise more than twe feet above
the sea: the blocks simply become more crowded landward, and are covered
with dense vegetation, through which one catches glimpses, from the sesa-
ward shore, of the interior swamps. Toward the middle of the seaward
side of the cay, however, a number of large Avicennia trees have advanced
across the rubble zone almost onto the reef-flat, and gouthwest of this
point, the seaward shore changes in character. The amount of rupble in
frent of the shore decreases, the shore itself steepens, and is formed
by an arcuate shingle ridge 5 feet high, overlooking a small sand beach
containing much Halimeda. This true shingle ridge is about 150 yards
long; it consists of white to grey small coral shingle, similar to that
on the other cays., From the crest of this ridge the cay surface declines
rapidly at first, then more gently, to the leeward shore.

The seaward shore does not trend parallel to the reef for its
whole extent: for the greater part it does, and 1s here fringed either
by the rubble gone or shingle ridge, but towards the scuthwest the shore
turns westwards, while the reef continues along its NE-SW axis. As the
shore swings away from the reef, the reef-flat widens and deepens, the
fringe of blackened boulders disappears, and the shingle ridge gives way
to a narrow sand beach,

From this account and the map, 1t is apparent that the seaward
shore is backed by a zone of swamp and standing water, divided into
two parts. The first extends from the northeast side of the cay, in
the lee of the rubble zone, and is some 280 yards long and up to 120
yvards wide. The second extends inland from the southwest side of the
island for distances of 120-180 yards. It is interesting to note that
the marsh zone is interrupted immediaftely in the lee of the true shin-
gle ridge, where dry land extends across the whole width of the cay, but
it is impossible to state with certainty whether this is due to sedimen-
tation and drying out of the mudhole at this point, or to higher upbuild-
ing of the original cay surface. The two swampy areas are rather different
in character. The larger one includes a number of pools of standing
water, but the natural vegetation has been cleared, and an effort is
being made to colonise almost the whole of this low-lying area with coco-
nut palms. These are planted out in rows as young seedlings, several
yards apart, and banked up with fresh sand from other parts of the cay.
There are several dozen of these conical mounds of sand, each with a
young coconut palm, often rising out of shallow stagnant water, Along
the seaward margin of this larger swamp, and along the northeast shore,
are a number of Rhizophora and Conocarpus trees,
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The southwest swamp area is wilder; there is less standing water,
but the ground is very soft and muddy. There are many coconut trees in
the swampy srea, which do not seem to have been planted, while along
the southwest shcre and in places throughout the swamp are trees of
Concearpus and Rhizophora. From the seaward side the southwest shore pre-
sents an unbroken fringe of red mangrove, 10-15 feet high, rising out of
water up to 2 feet deep. There is, however, no general connection be-
tween the sea and the swamp, for on scrambling through the Rhizophora
rim one reachesalow sand ridge some yards back from the seaward edge,
forming a barrier between sea and swamp. Isolated clumps of Rhizophora
extend reefward from the main body of mangrove, to partially enclose a
small bay on the seaward shore: this bay is very sheltered, has a low
sandy shore, and is floored with Thalassia and Penicillus.

The area between the two swamp zones, and along the north shore
of the cay, is built of grey sand with little relief. ifuch of the la-
goon shore is undercut, and in plan consists of a number of small bays
and promentories, the latter often topped with leaning or fallen coco-
nut trees, Hear the northeast end of the lagoon beach, a large num—
ber of trees have fallen landward, and now lie in a roughly north-south
direction, probably indicating storm action. The bottom is generally
shallow on the lagoon side, with a Thalassia bottom, and there is much
fresh white sand accumulation at the foot of the undercut ¢liff. At the
southwest end of this shore, a small spit is building out into the la-
goon, and several weed-covered sand~banks are exposed at low tide.

Much of the vegetation (fig. 47), especially of the sand and swamp
areas, has been removed for cocals, and much of what remains is mangrove
—~Rhizophora mangle on the southwest and northeast shores, Avicennia
nitida and Conocarpus erectus along the seaward side, and associations
of these three in the swamps themselves., There are a mumber of
Tournefortia gnaphalodes bushes on the high shingle ridge, and a little
Tournefortia and Coccoloba uvifera on the drier parits of the rubble
zone. The greater part of the sand surface, under the cocals, is
covered with Fuphorbia, grasses {(including Sporoholus v1rg1nlcus), and
coconut trash.

There are four houses on the cay, which is generally inhabited.
There are no freshwabter wells, and only small tanks for rainwater.

Southwest Cay I1

Scuthwest Cay II (fig. 48) lies immediately south and west of Cay
1, but is very different in physiography. Unlike Cay I it is not aligned
parallel to the reef-front, but at an angle of some 45° to it, the cay
trending slightly east of north and the reef NE-SW., Immed14teiy west
of Cay II is the main southern entrince of Gloverfs Reef. Cay 1I is
rather longer than its neighbour (total length 580 yards), is widest in
the south {nearly 250 yards}, and decreases in width northwards. The
northern half of the cay maintains a fairly constant width of 80-100
vards,
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Only at its southern end does the island approach the reef, and
thus shingle is absent except on the south and extreme southeast shores.
Nor is the swamp zone found on every other large cay on Glover's Reef
represented here. The cay is bullt mainly of white to grey sand, with
much Halimeda and small unrecognisable coral fragnents, with an admix-
ture of larger pleces of broken coral, Strombus shells, nodular calcare-
ous algae and other calcareous material, giving a strongly bimodal sedi-
ment distribution. The shingle ridge at the southeast end does not
rise higher than 3-5 feet above sea-level, and consists of small coral
fragments, mostly less than 6-9 inches long. The ridge overlooks z
reef-flat 25-30 yards wide, litbtered with blackened blocks and corsl
rubble. The rest of the cay margins are built of sand, which rather
anomalously forms a higher ridge on the leeward side than on the windward.
The windward beach is generally low, and shallow offshore, with in
piaces a number of Rhizophora seedlings colonising within 5-10 yards of
tide mayrk, The leeward shore is alsoc sandy, but narrow and steep; and
the floor of the northern bay falls rather steeply to depths of 4~5 feet.
In part this difference is due to more severe undercutting on the north
shore, but it probably results to some extent from greater exposure
of the lagoon shore. The seaward shore lies from 100-250 yards from the
reef-edge, the only source of abundant coarse and sand-size debris.
Further, the flat is shallow, so that only in times of exceptional wave
activity will material from the distant reef be thrown up on the seaward
shore. The lagoonward shore, trending slightly east of north, is pro-
tected, it is true, from the prevailing easterlies and northeasterlies,
but is exposed both to northers sweeping down the deep lagoon, and to
large waves refracting through the southern entrance.

The undercutting referred to affects much of the cay margins--along
the lagoon shore, and along the central part of the seaward shore. On
the lagoon shore, undercutting extends for 280 yards from the north end
of the ¢ay, and has produced a low, grey-sand cliff between L and 2 feet
high, capped by vegebation and roots, and overlooking a very narrow white-
sand beach. In plan the shore forms a series of minor embayments,
with coconut boles on the promontcries., Many trees have fallen into the
sea; others lean at perilous angles. Further evidence of recent re-
treat on this coast is found in relict beachrock offshore. There are
three separate areas of this, comprising respectively from south to north,
twe 1ines, one line and four lines of rock. The rock itself is a well-
cemented coarse sand, now rather eroded and pitted on its upper surface
and cavernous beneath. ALl the exposures show in some part a recognis—
able dip lagconward, BRach of the lines trends nearly north-scuth, some
a little west of north; the coast itself {rends alwmost NEE, and is
clearly retreating eastwards. The amount of this retreat seems, from
the extent of beachrock in each place, and its distance from the pre-
gsent shore, to increase northwards, and in fact, south of the southern-
most beachrock outcrop there is no evidence of coast erosion at all on
this side of the island. This pattern probably results from the refrac-
tion of waves round the south end of the island, through the southern en-
trance. Along the southern part of the lagconward shore the
waves are further refracted and advance transverse to it: in the south
the shore is static or even aggrading, in the north it is retreating,
and the degree of retreal increases northwards.
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The southern part of this lagoon shore is of interest., Immediately
south of the undercut zone, the shore is formed by a beach of hard-packed
white sand, some 20 yards wide, and rising 2-3 feet above sea~level.
Vegetation begins at the crest of thils beach, though a few bushes of
Conocarpus in places occur below it. At the extreme southwest corner of
the cay, aggradation is now active. The line of the "core-island" can
be traced as an undercut lew cliff of grey sand, capped with coconuts,
and partially obscured below by fresh sand accumulation. This fresh
sand extends lagoonward for 20-30 yards from the old shors, and is
throvn up in three main ridges, approximately equidistant, with a fourth
much smaller ridge very recently built round the present shore. Thatb
this whole accumulation is not seasonal is demonstrated by the vegeta-~
tion. On the Yeore-island" above the ¢liff, there is little bub coco~
nuts and some lilies. The succesding depression is either bare or has a
sparse cover of Sporobolus virginicus, but on the first sand ridge from
the cliff there are a number of young coconuts, probably less than 5
years old., The backslope of the second ridge is covered with typical
strand piloneer colenisers, forming a low mat, chiefly of lpomcea,
Sesuvium and Fuphorbia, with occasional Conocarpus. The third and most
seaward of the ridges is yel unvegetated. Thus the long-term erosion
farther north is halanced by aggradation in the south, extending back
over several yvears at least. Between this zone of aggradation and the
windward shingle ridge i1s a further short extent of undercut shoreline,
with a bay-promontory plan, cliffs 1-2 feet high, and some fallen coco=
aut trees.

The seaward shere possesses many points of interest too, but is
more enigmatic. North of the shingle ridge (where there is no sign of
either erosion or aggradation), the shore is retreating for a distance
of 200 yards, as shown by undercut and outstanding coconut boles. But
the erosion 1s not so rapid as that on the west side; the offshore area
is gentle and colonised by many mangrove seedlings. Urosion is clearly
ecaused by waves traversing the wide reef-flat almost normally. Beach-
rock is exposed on this side of the cay also, along the present shoreline.
There are several patches of poorly to moderately well-cemented sand
with Halimeda, the longest extending for 15 yards. There is only one
line of the rock, about Z feet wide, passing under beach sands, not
eroded on its surface (which is covered with a rather slimy grey coat-
ing), and dipping lagoonward. This is the only example of beachrock
with reversed dip on a seaward shore noted on this coast; though examples
in other parts of the world are numerous. The reverse dip of exposed
surfaces was confirmed by pit-digging 1 and 2 yards up the beach, when
the rock was found in both pits at slightly lower elevations than its
seaward exposure. Lf the beachrock now stands in its position and atti-
tude of formation, then it seems that the whole cay has migrated bodily
at least 100 yards away from the reefw-edge and towards the lagoon since
it was formed, in spite of the relatively clear evidence of present
erosion on the west, lagoonward shore, In this case the unweathered
appearance of the rock is explained by its protection beneath the cay
sands. Alternatively, the islandward dip may result from some at pre-
sent unexplained anomaly, and may have formed recently along the present
gseaward shore.
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Farther north, the evidence of erosion is less, and the shore is
margined by a belt of tall Rhizophora 2-3 yards from it, and comparable
to the similar belt on the southwest shore of Cay I across the bay.
Between the Rhizophora belt and the north end of the island the shore
is low and sandy, with very numerous brown sea anemones in shallow
water offshore, and some surface induration of sands on the beach it-
self, presumably almost contemporaneous in age and too frisble to col-
lect. The sheltered state of this site might be noted. At the north
end of the cay, where it approaches closest to Cay I, a narrow sand-—
splt some 40 yards long, exposed at low tide, is developing, growing
outwards towards a similar spit at the southwest end of Cay I.

The natural vegetation of the cay has been very largely removed
for cocals, which now cover almost all the island. One or two
Conocarpus bushes are found around the cay margins, especially at the
north end, but otherwise vegetation is restricted to a ground cover of
climbing plants and grasses, chiefly Sesuvium portulacastrum, Buphorbia
5p., Llpomoesa sp., and Cakile lanceclata. Sporobolus wvirginicus is wide-
spread, with much Andropogon glomeratus at the northern end. Towards
the southwest end of the cay, the cocal has an undercarpet of the lily,
Hymenocallis littoralis.

The colony of brown noddies (Anoﬁs stolidus) on the island has
already been mentioned; the number of these birds contrasts sharply with
the relatively birdless appearance of most other sand-cays. Pelicanus
occidentalis and Fregata magnificens were seen here in July 1961, There
are two houses on the cay, for cocal caretakers, and a tank rainwater

supply.

It is interesting to speculate on the relations between Cays 1
and II, and their very different appearance. They have certainly
existed in thelr present form for at least 2 centuries (cf. Owen, H57,
1830). The wide, sand~floored bay on the seaward side, between the two
islands, is generally placid, and probably not more than 3 feel deep in
any part. The channel between the two cays is kept open by tidal cur—
rents, which will probably prevent the two spits, now advancing toward
eazch other from the southwest end of I and the northeast end of II,
from meeting. A lobate sand delta, shown on air photographs, has deve-
loped on the lagoonward side of the gap between the cays, and will
build further lagoonward as more material is supplied from the reef-flat.
Whether the two cays were ever commected is a difficult question; Cay I
in particular looks like & cay in the process of growth and consoli-
dation rather than a remnant of 2 larger island. On the other hand, If
Cay II formerly stcod 100 yards further seaward, as perhaps indicated by
the lagoonward-dipping beachrock of its seaward shore, then the two
cays would be appreciably closer together, and the bay much smaller, It
is difficult to envisage a bay of this size being eroded under present
conditions. One may expect a progressive attenuation of the northern
part of Cay II, by erosion on the lagoon side, which may ultimately
widen the gap between the two cays, while at the same time the southern
part of Il increases in size. The consolidation of Cay I, much of
which ig—-or was--standing water, will be largely the result of human
activities,
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VIII. FORE AND DEVELOPHENT OF THE CAYS

It is net propesed in this section to give a full review of the
physiography of sand and mangrove cays: this must awail the completion
of work on the 45 barrier reef cays mapped during the two expeditions,
when the results of both studies can be compared. Certain types of cays
are unrepresented on the atollis; while conversely, some problems aris—
ing on the atoll cays find no counterpart on the barrier reef. This is
not, therefore, a full analysis of cays and their problems; rather it is
an interim repert on the atoll csys, in which attention is especially
directed to some of the main probklems awaiting sclution.,

Vermeer in his study of the British Honduras cays classified them
into "1, The coral sand cay. 2. The mangrove cay. 3. The mangrove-
sand cay or transition type cay" (1959, 29). While this must be ex~
tended for the barrier reef cays, 1t is applicable to the atolls, where,
as the detailed descriptions show, all three types are to be found.

A. The sand cays

Form of sand cays

Sand cays are developed near the inner edges of reef flats, gene-
relly on the windward reefs of atolls, and are usually--but not invari~
ably--associated with reef-gaps. They are not found on the most ex-
posed reefs, such as the east reefs of Lighthouse and Glover's Reefs,
nor on the most protected. Ideally they are located at the norithern or
southern ends of linear eastern reefs, as on Lighthouse Reef, or on the
more protected southeast reef of Glover's Reef. Turneffe is rather a
special case, since its eastern reefs are protected from the prevailing
winds by Lighthouse Reef; hence numercus small sand cays are found close
to the reef-edge, in positions where they would certainly be destroyed
were the reef more exposed.

Sand cays may range in size from small ephemeral unvepetated sand-
bores a few yards in diameter, to forested islands several hundred yards
in length. The largest on the atolls is Half koon Cay, 1100 yards long;
the sand cays of Glover's Reef vary from 150 to nearly 700 yards in
length; while the Turneffe cays are much shorter, being generally less
than 200 yards long. lost of the cays are regular in shape, their width
being one-third to one-fifth their length: variations may be caused by
shape of the reef hasement (Half ioon Cay) or accumulation patterns
{Sandbore Cay). The cays are highest on their seaward side, where they
overlook a shallow reef-flat: their surface slopes from the crest of the
seaward beach towards the leeward shore, which faces a sheltered bay
carrying ab least 1 fathom of water.

Three main classes of unconsolidated material are present in the
cays: rubble, shingle and sand. Rubble includes coarse coral blocks,
dark-coloured and deeply weathered, which are too heavy to be thrown up
the seaward shore of the cay, and have accumulated at the foot of the
seaward beach, In some cases (Southwest Cay I, some of the Deadman
Group) it forms the beach iltself. Generally, however, the seaward beach
is formed of shingle, chiefly small globular corals, brcken larger
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corals, and shells. The mean diameter of the material varies with ex-
posure of the ridge, and varies from 1 to 6 inches., Shingle ridges may
rise to a height of 10 feet above sea level, but usually do not exceed

5 feet. They are almost always single features, though two are de-
scribed, one behind the other, at Long Cay (Glover's Reef). 4t the foot
of each modern shingle ridge there is a smaller ridge of fine white
shingle, 2~3 feet high, which contrasts strongly in colour and grain-size
with the older, higher ridge against which it rests. The older ridges
are thought to be storm and hurricane constructions, the small white
ridges to be formed by day to day waeve action, ['inally, the area to
leeward of the shingle ridge is formed of coarse coral-algal sand, often
with a surface scattering of larger blocks and shingle ("rampart wash").
Fresh sand spits are frequently found building lagoonward from the ends
of the cay, to enclose a sandy leeward shore. Where no shingle is

found (some of the Turneffe cays, Sandbore Cay), the whole island is
built from sand, rising to a crest on the windwsrd side, and declining
gradually to leeward,

Freguently the cay surface is not smooth, but descends to a cen-
tral depression, containing a mudhole or lagoon, and rising to a leeward
beach ridge. This feature is best developed on the most exposed cays,
where the shingle ridges are highest, notably on Glover's Reef (where,
however, the leeward beaches are exposed to considerable lagoon waves).
The central depression 1g absent from most of the protected cays of the
barrier reef. 3oldier Cay, Turneffe, has a partly formed depression and
leeward beach ridge at the north end of the cay.

Origin of sund cays

Sand cays are typlcally developed at gaps in linear reefs
(Northeast Cay, Glover's Reef; Sandbore Cay, Lighthouse Reef), on small
arcuzte reel segments (many examples known from the barrier reef), or
at prominent elbows or bends in reefs {Soldier Cay, Turneffe), but this
relationship is not invariable. Some cays exist on unbroken reefs, and
their origin demands an explanation (Cockroach and Deadman's Groups,
Turneffe; Saddle and Hat Cays, Lighthouse Reef; liddle Cay, Glover!s
Reef). The presence of gaps or bends in reefs (i.e. variation in bot-
tom topography)leads to refraction of surface waves (Funk and Traylor,
1947). Without refraction, waves simply sweep surface debris aeross
reef-flats and into the lagoon, perhaps forming occasional short~lived
Linear sandbores, as reported along the north side of Glover's Heef.
With refraction at gaps, however, and consequent opposed wave directions,
waves both help to wash debris onto the reef-flat, and to keep it there,
This was recognised in general terms by Charles Darwin (1842, 26), and
later by Davis (1928, 13), but it was left to Steers to demonstrate it
from field studies in Australis (1929, 250; 1930, 12; 1937, 13) and
Jamaica. The effect of wave refraction on cay formetion has been ex-~
perimentally verified in the wave tanks at the Department of Geography,
Cambridge. Here an arcuste 'reef! was built with bricks, its upper sur—
face rising to water-level, and sand was fed in along the seaward edge
of the reef. Waves approached normal to this edge and refracted
strongly on elther side. 3and was washed back across the reef and was
halted by the refracted waves, to form an elongate drying 'cay! with
its long axis parallel to that of the reef-patch., The stronger the
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the waves striking the reef, the farther from the reef-edge is the cay
formed, until with very strong waves all the material is washed off the
pateh into the lagoon. It is interesting that, given uniform wave con-
diticons, nc cay remains in existence perpetually: they tend to form and
reform at 20 minute intervals until the lagoon is choked with sand.
This series of experiments 1s proceeding.

Patterns of refraction in reefl areas are well shown on 2 larger
seale for Cocos-Keeling by Wood Jones (1910) and for Low Isies, Great
Barrier Reef, by Stephenson and others (1931). The important point is
the occurrence of refraction around the reef itself, rather than around
the cay, and in theory the degree of refraction and hence the location
of the cay on the reef-flat (the flat and bottom topography being assumed
uniform)} will depend on the degree of exposure and strength of wave action.
A1l other conditions remaining the same, the cay will be formed further
from the reef edge on exposed reefs than in less exposed areas, on deeper
flats than on shallower ones. Thus Sandbore Cay, Lighthouse Reef, stands
several hundred yards from the reef edge, whereas most of the Turneffe
cays lie within a hundred yards of it. The fact that "all the sand cays
are located at the back edge of the reef flat" {Vermeer, 1959, 113)
doss not in itself form evidence of refraction, as Vermeer argues: this
condition is widespread but not universal, and simply indicates the de-
gree of refraction involved, the size of the reef flat, and other compli-
cating factors of cay evolubion.

Cays are, therefore, accumulations of unconsclidated debris formed
by the action of refracted waves, These wave patterns originate under
the influence of prevailing winds, which on the British Honduras coast
approach from the northeast, east and southeast, and, during the winter
months, from the north (Section III). According to Umbgrove it is "the
wind, and in a minor degree the breakers' which "forces the sand into a
crescent-shaped sand bar® (1947, 734), but it is doubtful whether in
British Honduras the wind plays any direct part in cay formation: it
acts wholly through wind~generated surface waves. HMuch interesting
work has been done in Indonesia on changes in cay physiography result-
ing from seasonal wind changes (Krempf, 1926, 1928; Umbgrove, 1929) and
even longer-term climatic fluctuation (Verstappen, 1955), but it remains
to be seen whether such changes can be demonstrated in British Honduras.
Since the time of Hague, however, it has been known that relatively small
seasonal changes in wind direction can lead to the growth of short-term
‘sand-spits: some instances are given by Vermeer (1959, 114-115). Unvege~
tated cays, too, may appear and disappear seasonally: examples are known
from the British Honduras barrier reef, and one is reported from Arrecife
hlacran by Folk (personal communication).

There are three important factors limiting the influence of wave
refraction, assuming an abundant supply of debris., One is the tidal
range, here not more than a foot. Without such a small range many sand
cays on exposed reefs simply could not exist, for the large waves cross-
ing the reefs at high tide would wash all debris into the lagoon.

Hence on the Australian Great Barrier Reef, where the tidal range may be
over 10 feet, there are very few cays indeed on the outer reefs. High
tidal range helps minimise it. In this connection British Honduras 1s
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an 1deal area for cay study on both practical and theoretical grounds.
Secondly, the existence of a czy depends fundamentally on its reef base-
ment——its depth and its extent. Cays can only be formed on reefs which
lie within the vertical zone of wave action (Vermeer, 1959, 110-112),
and British Honduras experience suggests that few cays indeed are built
on flats carrying more thun 3 feet of water. In this connection,
Spender attempted to show that the type of sediment accwaulation on cays
was comnected with the depth of the reef-flat (1930, 285-287), shingle
ridpes only appearing on the highest reef-flats, and pure sand cays on
much deeper ones. Colman (1937, 143) reached similar conclusions in the
Dry Tortugas, but his paper was never published. In British Honduras,
on the other hand, all the evidence seems to fevour Steers's contention
{1937, 137) that exposure is the main control. Vermeer (1959) outlined
mere evidence for this view, and more is given in these reports. The
factors governing cay physicgraphy are so complex and inter~yelating
that to isclate one as a general control is to invite error, but if cne
control is to be named, within the framework of wave refraction, then,
with Steers and Vermeer, I would choose degree of exposure in its widest
sense, The area of the reef patch is of imporiance as well as its
depth: if the patch is so small that the locus of cay growth by wave re-
fraction lies lagoonward of it, no cay will be formed., Experiments
suggest that in exposed sreas reef-patches need to be larger for cays to
form than in proteclted areas—-&s is often the case, Yet 2 third limiting
condition concerns the debris itself, which varies greatly in grain-
size and ease of transport: cosrse material is mere difficult to trans-
port than fine, and hence will accumulate cleser to the reef edge, thus
forming rubbly cays on even narrow reef-flats., The more easily wave-
transported finer sands will b2 entlrely washed off narrow patches and
will accumulate only on wide ones. These principles indicate some of the
factors affecting cay location under relatively static conditions;
tittle so far has been done on elther the geometry of cays and assoclated
reefs, or on the processes ab work on them, and the subject may benefit
by more refined experimental work.

One major problem, already stated, concerns the formation of cays
not located at gaps or bends, bearing in mind the greatly diminished,
perhaps negiigible role of refraction. 1t is a problem which cannot
at present be solved. The cays of eastern Turneffe (Deadman's and
Cockroach Groups) form one class, where it can be suggesbed that cay
growth 1s iargely random following the accumulation of great amounts of
detritus, with no other cutlet, between the reef znd the mangrove rim.
In the case of Middle Cay, Glover's Reef, however, there is no barrier
to the washing of debris into the larcon, and one can only suggest that
in certain cases cay growth obeys no general rules, bul depends on the
chance accumulation of boulders on the reef-edge, followed by sand accu-
mulation to leeward of the obstruction. Chance accumulation may also
account for such apparently short-lived cays as Saddle and Hat Cays,
lighthouse Reef. :

Where a cay consists of sand and shingle, there seems scme agree-
ment (Wells, 1951, 3; Zans, 1958, 21) that the shingle ridge appears
first, and that the embryonic cay then grows lagoonward by sand
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accumalation, especially at the ends of the shingle ridge. Steers has
asked whether, in the case of the Low Wooded Islands of the (Queensland
coast,the prior development of the shingle ridge might not derive the
sand cay to leeward of its main source of debris supply, and this gues-—
tion is relevant also for some of the barrier reef cays of British
Honduras., On the atells, however, the sandy areas of cays are usually
in such exposed locations that they could not survive without the pro-~
tection of the shingle ridge, 2nd hence could not have accumulated with-~
out ils prior existence. No examples of shingle ridges without leeward
sand areas are known from the atolls.

Constituents of sand cays

Having reviewed briefly the form and main ressons for development
of sand cays, we may consider thelr material constitution. Since sedi-
ment analyses are not complete, this oulline will be brief, The materials
ol sand cays fall into two groups: the loose, incoherent uncemented
sedinents, and the lithified rocks.

(a) Unconsolidated sediments.

On the atolls, unconsolidated sediments of sand cays range from
fine sand to boulders, with coarse sands (0.,5-2mm) and shingle {20-
100mm) predomirant. The sediments of all sizes are usually well-sorted,
but sometimes bimodal., They are almost wholly organic in origin: and
the mechanical properties of the sediment are closely associated with
the type of organic materials which constitute it. Shingle consists
largely of stony corals—-small glebular corals of the genera Hontastrea,
Siderastrea, Diploria, Meandring and others, and broken fragments of
larger branching corals, notably the Acropora and Porites. The grain
size of the sediment depends largely on the proportion of particular
corals in it; thus the first groupn are normally represented by abraded
whole colonies, whereas the corals of the second group breal down rapidly
into "sticks" and "plates". Acropora cervicornis breaks down into cylin-
drical sticks 2-3 inches long and £ inch in diameter, A. palmata into
larger more slabby plates 6 inches and wore in length. The shapes of
these particles make cay sediments difficult to analyse by normal methods,
since conventional mesh sieves bear little relaition to actual size and
weight of coral fragments. Other constituents of shingle areas are
calcareous algal nodules, especially in exposed areas, roughly cylin-
drical in shape and up to 4 inches long; Strombus and other shells,
which locally form up to 40% of shingle ridges; and of minor importance,
horny skeletons of soft corals, clumps of calcarecus green algae,
sponges, and driftwood. Rubble differs {rom shingle in its greater
size {often in excess of 50cm diameter) and more irregular shape. It
consists chiefly of the more massive coral heads (Diploria, Montastrea),
subject to weathering rather than abrasion.

Cay sands similarly derive their characteristics from contained
organisms sorted by wave action. The most important single constltuent
is the green alga, Halimeda. In the Pacific this alga is & major sedi~
ment contributor on deep lagoon floors (Funafuti: David and Sweet, 1904,
1513 Marshalls; Emery, Tracey and Ladd, 1954; Kapingamarangi: lcKee,
Chronic and Leopold, 1959), whereas in the Caribbean evidence seems to
be accumulating that it is of greatest imporiance in shallow water as a
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beach constituent (Porto Rico: Van Overbeek and Crist, 1947; Jamaica:
Steers and others, 1940). Sand analyses are not complete, but in
British Honduras, Halimeda segments in places form small beaches con-
taining no other material, and many beach sands, particularly near tide-
levels, consist of 80-95% of this alea. This may result from the
greater mobility of the flat, plate-~like segments under wave-action,

and their concentration in this zone, for away from the beaches, whole
Halimeda segments form a lesser proportion. The segments range in dia-
meter from 0.8-2mm; some are larger. A sand consisting largely of
Halimeda will thus be concentrated in this size group, and have a very
small standard deviation. In addition to whole Halimeda plates, cay
sands contain broken Halimeda plates, Homotrems nodules in exposed situ-
ations, small amounts of tests and spines of echincderms, sponge spi-
cules, fish bones, shells and similar remains, and variable quantities
of unrecognisable coral fragments.

The wide difference in characteristics and composition of shingle
and sand on the cays is primary evidence of one most important factor
in cay composition: the discontinuous breakdown of constituent organic
material, The importance of discontinuous brezkdown is well-known in
fluvial landscapes, but is less studied with respect to cays, 7To take
exanples: A. cervicornis and A. palmata break down first into sticks
and plates which vary in size within narrow limits, and then into consti-
tuent carbonate grains, with no intervening "fine gravel® stage.
Halimeda breaks down inte separate whole plates or leaves, each of which
may split into two or three parts before disintegrating into fine parti-
cles, Llarger globular coral heads in the zone of wave action seem to
pass directly to the constituent particle stage, These changes are
brought about mainly by mechanical abrasion of sediments, partly by
chemical and biclogic breakdown.

Many studies have been made (Otter, 1937; Bertram, 1936) of the
breakdown of corals by boring aigae, molluscs, fish, echinoderms and
other organisms. On the atolls Scarids were frequently seen rasping
the surface of coral boulders, and Holothurlans were seen in great
numbers excreting characteristic c¢ylindrical rods of sand-size material,
but we made no special studies on their role in rock comminution.
However, attention may be drawn to one means of coral breakdown, active
on cay surfaces beyond the zone of wave action, seen over wide areas.
This is the splitting of globular colonies (single heads) by radial
fracture, generally on heads 1-2 feet in diameter. It occurs mainly in
Montastrea annularis, M. caverncsa, and Diploria clivosa, and was seen
on one occasion in folpophyllia natans., It presumably results from some
form of chemical weathering, and specimens have been taken for analysis.
The primary splitting is intoc perhaps half a dozen pyramidal segments,
and the process is repeated, until the end products are cuboidal seg-
ments of rock 3-3/4 inch long, which themselves disintegrate to coarse
sand. OSpeciles can often be determined until the penultimate stage.
Breakdown of this sort must be a major means of comminution away from
wave action,

Clays and silts are not found on cays, at least not in signifi-
can guantities.
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The British Honduras sediments agree in most essentials with those
of Arrecife Alacpran studied by Folk and Robles (I am much indebted to
Dr. Folk for sending me 2 copy of his unpublished paper), but differ cone
siderably in orgsnic content from other areas. Thus at Bikini, beach
sands contsin up to 60% FPoraminifera, including the large foran
Marginopora reaching 5 mm in diameter (Bmery, Tracey and Ladd, 1954,
36-37); while in the southern Carclines the orange foram Amphistegina
forms up to 98% of lagoon beach sands at Kapingsmarangi (McKee, Chronic
and Leopold, 1959, 509-512). Foraminifera nowhere form an important
constituent of beaches on the atolls, and those which do occur on the
reef-flats and in the lagoons (Cebulski, 1961) are microscopic forms,
which cannot long resist wave ahrasion when mixed with larger material,
4lcyonarians are not well represented in beach sands, in contrast with
the dominance attached by Cary to them in the Dry Tortugas and Samoa
(1918, 1931 and other papers), though they probably contribute to the
large amount of small calcureous Ffragments which are no longer identi-
fiable., Halimeda at Bikini is “usually rare" (Emery, Tracey and Ladd,
1954, 36), is absent in the Hawaiian Islands (Emery and Cox, 1956, 383),
and is not mentioned in the Kapingamarangi beach sands (lcKee and others,
1959), in contrast to its importance in the Caribbean. In sands, as
opposed to shingles, fragments derived from stony corals and from cal-
careous algae are probably of nearly egual importance in British
Honduras, especially in the lower grade sizes where identification is
difficult.

Finally, a note on "erratice" sediments on atoll islands. These
are of four types: pumice, lava, quartz, and brown limestone. Pumice
is everywhere widespread on coral islands, and can often be used in dat-
ing when correlated with known eruptions. Miss Sachet has reviewed its
distribution, and noted the lack of evidence so far from the Caribbean
(1955, 27). Vermeer (1959, 121) mentions that "rounded pieces of
pumice....found on many of the cays appear to have been carried....from
the volcanic Windward Islands fo the offshore area of British Honduras
and then thrown up on the cays by the wind driven surface waves and
current,” The distribution of pumice on the cays is erratic: one cay
may have abundant pumice and a nearby island very little. Generally,
it is more abundant on the exposed cays of Lighthouse Reef, Gloverts
Reef and the southern barrier reef, than on Turneffe and the northern
barrier. The greatest amounts are found on the southern barrier reef
cays. #ost of the pumice is in small rounded pieces 0.5-2 inches in
diameter, but there are numerous smaller fragments, and some larger ones
up to 9 inches long. The pumice is silver-grey when fresh, often black-
ened on the outside, and has undergone some weathering. It does not form
distinct zones on cays, as in some reef arsas, and cannot be used for
dating or as evidence of shoreline change. It seems to be accumulating
at a fairly steady rate. '

The second rock, a lava, is much less common, but a number of speci-
mens can soon be found by searching shingle ridges, as at Half Moon Cay.
It forms subrounded blocks up to 6 inches long. Dr. C.L. Forbes of the
3edgwick kHuseum, Cambridge, kindly comments that it is a very vesicular
scoriacecus lava, red in fresh section, weathering to yellowish-brown
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with many black spots which may be original or & weathering product.
The zone of weathering extends inwards for % inch from the surface of
specimens. The lava contains shell inclusions. It does not flcat in

water, and has probably been brought in tree roots (Bamery, 1955).

The third rock, white quaritz, is known only from a single speci-
men 1 inch in diameter picked up by Murray on iiddle Cay, Glover!s Reef,
it, too, has presumably been rafted in by floating trees: suggesting an
origin for both lava and quartz on the relatively close Honduras and
Nicaraguan coasts, rather than in the Lesser Antilles.

Finally, the browm limestone, known from Half lioon Cay is rounded
iarge pebbles up to 1 foot in diameter. T am indebted to Dr. Forbes
for examining this rock in thin section and making the following obser-
vations: "The rock is a calcarenite with subordinate guartz sand and is
much recrystallized. This means that it originated as a sand of which
the grains were formed from a pre—existing limestone, being cemented by
the addition of wmore ldme to form the present rock. The small amount of
quartz sand was presumably blown in by the wind or washed in by water be-~
fore the final cementing. The limestone of which most of the sand-grains
are composed, is of an obscure nature, but was most iikely a caleilutite,
I think. It could have been formed from a fing-grained calcareous mud,
such muds being common deposits of warm marine lagoons. Thus, the rock
could represent an earlier episode in the history of the place where
you found it, But it could equally well have been brought in from some
other region, along with the scoriacecus lava and pumice samples vou
showed me. (The white waterial filling pipes in the rock is also car-
bonate of lime presumably precipitated from vadese ground water in the
burrows of organisms, in holes left by decaying plant-roots, or simply
by replacement of the limestone along passages of easier permeability).!

None of these "erratic" rocks are of any quantitative imvortance
in cay formation, though pumice may form a very local ground cover.

(b) Consolidated sediments

Lithified rocks on reef islands are of such variety and in some
cases so difficult to distinguish that they may be incorrectly mistaken
for each other and false conclusions as to their origin drawn. The more
comaon types of rocks on reef islands may be grouped as follows (there
are probably cthers):

1. GColites and aeclianites dating from an earlier period in the
island's history. Aeolisnites are well seen in Bermuda (hgassiz, 1895),
and oolites in the Bahamas (Newell and others, 1951) and on Pedro Bank
(Zans, 1958, 8-11); they have not been seen in British Honduras.

2. True elevated reef rock, characterised by the presence of
corals in the position of growth in a matrix of other calcarecus sedi-
ments, described for example by Gardiner (1903-6) and Seymour Sewell
(1935, 1936) in the Maldives. At lower elevations this may appear as
the "honeycomb rock" of Stephensen and others (1931, 53, 101). It has
not been certainly identified in British Honduras, except for small areas
along the windward reefs of Lighthouse Reef.
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3. Shingle conglomerste and shingle limestone, Shingle conglomer-
ate was the name given by Stephenson to "recently cemented platforms of
coral debris... everywhere more or less compacted together by means of
mud and silt to form a hard rock" (Stephenson and others, 1931, 25}, 1In
GQueensland it is formed from lithified shingle ridges on low wooded isw
lands. In the Houtman's Abrolhos, Teichert sharply distinguished "rocks
that result from the cementation of intertidal deposits largely com-
posed of coral fragments. As far as the Abrolhos are concerned 2 clear
distinction between shingle beach ridges and shingle limestones has
always been easy to make, for nowhere were consolidated beach ridges
found, and shingle limestone deposits are normally of such & nature as
to suggest formation in the zone of breakers slightly outside the zone
in which beach ridges are built! (Teichert, 1947, 152), The two depo-
sits can best be distinguished, it seems, by their physiography and
field relaticns.

L. "Promensde Rock". The exact status of this is uncertain; it
has been described from the Great Barrier Reefs and from the korant Cays,
Jamaica., On the low wooded islands of the Queensland coast, Steers
speaks of "a platform or promenade of coral conglomerate" (1937, 119),
which may be Va cemented, ancient, and presumably raised rampart® (1937,
27)(cf. 1929, 252-56, and Spender, 1930, 209-210), Steers later gave
this description of promenades on the Morant Cays: '"The lorant promen-—
ades are made essentially of beach rock, with larger fragments of coral
and shells. They are always to windward of the cay; they are very rough
in detail, but appear level from a short distance;... they often show
clear dips, but these dips are not consistent in direction. At first
sight, they can easily be taken as raised features, especially as they
are often partly covered with Sesuvium and grass and are about & foot
above mean sea-level, but there is nothing to prove it. ... What is
difficult to explain is their flat upper surface" (1940b, 309); and
again: "YThey are mainly composed of cemented sand and... are of the
same nature as crdinary beachrock; they may contain shells and coral
fragments. Their outer and upper surfaces are eroded into very Jagged
forms. Apart from the detailed erosion forms, the average surface is
often remarkably level, and from about 12 to 18 inches above high water
mark; it is this characteristic which makes the term !promenade’ appli~
cable. ... The outer surface layer of the promenade, about a quarter
to a half an inch in thickness, was usually hard and compact, and stalag-
mitic in appearance when broken. ... The promenade rock often shows
clear dips, but they are not regular in direction. The promenades ocCa-
sionally show long and fairly straight cracks or joints, not in any
particular arrangement, but on a considerable scale" (1940a, 39-40).

These descriptions have been quoted at some length hecause of
their similarity to some of the Half poon Cay exposures described in
Section VI. Steers did not think the Morant promenades should be too
closely compared with those of the Great Barrier Reefs, and left the
question of their origin open, in the hope that work elsewhere, espe-
cially in British Honduras, might provide a solution (1940a, A0;

Steers and others, 1940, 310). Unfortunately promenades are noit common
in British Hondurgs, even on the most exposed cays, nor are they found
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on Pedro Bank, where the similarities with the Morant Cays might be
expected tobe greatest (Zans, 1958). I doubt whether they indicate up~
1ift, at least in the sense of a eustatic fall in sea-level, since, as
Spender pointed out {1930, 210} we should in that case find more ex-
tensive remnants in more sheltered positions.,

In parenthesis the formation of "ironshore" on tropical limestone
coasts may be mentioned, since it may conceivably be confused with pro-
menade rock. Ironshore only seems to form on coasts of solid carbonate
roclk, and has been widely described in the Caribbean (Caymsns: Matley,
1929, Doran, 1954; Cozumel and mainland Yueatan: Bdwards, 1957, 23-28;
Ruatan, Bay Islands: Richards, 1938; San Andres, Nicaraguan coast:
Parsons, 1956); but it is not found in British Honduras even on those
sections of the mainland coast where limestone forms low cliffs.
Parsons (1956, 55) considers it the same as the lorant and Queensland
promenades, bub such a conclusicon seems dubiocus.

5. Intertidal beachrock and intertidal beach conglomerate. These
are undoubtedly the best known lithified materiazls on sand cays and other
tropical beaches., They seem to be mainly intertidal in origin, and
generally form ribbons following the shore, dipping seaward at the angle
of the beaches. Beachrock is found either on windward or leeward sides
of cays, but never wholly surrounds them. In British Honduras, most
of the ocutcrops cccur on the windward side of cays, where erosion is
currently laling place, and only rarely on prograding lagoon shores,
There are many recent reviews of the beachrock problem (Emery and Cox,
1955; Ginsburg, 1953; Kaye, 1959; Russell, 1959), but no agreement has
been reached on its origin, the most difficult factor to explain being
its patchy distribution. It occurs in British Honduras on cays too
small to have appreciable fresh water seepage through cay sands, as
Gardiner (1931, 40) and others supposed; and it is found on both very
exposed and very protected shores. All the incipient (newly exposed,
poorly indurated) beachrock (BR I1 at Northern {ay, Lighthouse Reef;
Deadman I, Turneffe) is in & very sheltered location, with the excep-
tion of that at Middle Cay, Glover's Reef; this is also the case on
the barrier reef cays. The suggestion that blue-green alpgae are
active agents in cementation has been disproved (Krauss and Galloway,
1960) .

6, Rocks formed by cementation of sands in cay interiors, in-
cluding the "cay sandstone" of Kuenen (1933, £6-88) and Seymour Sewell
(1935, 502ff.), and the phosphate rock widespread in the drier parts of
the Pacific (Fosberg, 1957). This group has not been certainly identi-
fied on the atolls, though it may occur at Harry Jones, Turneffe, and
in the interior of Half licon Cay, Lighthouse Reef. Sewell was "by no
means fully cenvinced" of the distinciion between cay sandstone and
beachrock (1935, 501-502).

This review illustrates the diversity of rocks recognised by
reef workers; of them, oniy the beachrocks have been investigated with
any thoroughness. The difficulties of differentiating between the groups
of reefrock, shingle limestones and conglomerates, promenade rock and
intertidal beach conglomerate have been illustrated in the account of
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Half FMoon Cay in Section VI. One camnot emphasise too strongly the
need for caution in interpreting lithified materials at this stage.

The facts of distribution alone suggest that these and similar rocks,
which at first sight may seem to indicate relative uplift, may in fact
be lithified storm or hurricane constructions. To take a recent exam-
ple: some months after Typhoon Ophelia at Jaluit Atecll, Marshell Islands,
the reef-flat was partly covered with “broad, low tracts of imbri-
cated slabs and boulders" developed from storm ridges (Blumenstock,
Fosberg and Johnston, 1961, 619), If these are lithified, into what
clear category will they fall--shingle limestone or conglomerate, beach
conglomerate, or promenade rock? "There are necessarily, al the pre-
sent stage, many structures described in the existing accounts of coral
reefs of which one can only say with Professor Sollas (Funafuti Reporb,
p. 24)t 'T do not understand it, and forbear from speculationt®
(Stephenson and others, 1931, 91).

Relict beachrock and present svolution of sand cays

Assuming that true beachrock is essentially intertidal, then it
becomes a valuszble tool in interpreting cay history. To some extent it
forms an ‘farmourplate" against cay erosion, but its success is not in-
variable, and once a besch shifts under wave action a line of relict
beachrock may be left as evidence of its former position. DMultiple
shifts leave multiple lines of beachrock, recording pesitionand orienta-
tion of former beaches. The record is not complete: beachrock is notor-
iously patchy in distribution, and may be eilther subsequently covered
by fresh beach sands, eroded away, or itseif broken and moved by wave
action. Russell {1959) has shown how beachrock exposures may alter
drastically with seasons, and there is no doubt that many inconsplcuous
exposures are not seen by investigators, even in careful surveys. Much
attention was devoted during both expeditions to mapping relict beach-
reck in shoal water near cays, and several general conclusions emerge.
In most cases, lines of relict rock record continuing migration of cays
away from reef edges and reef openings, back across the reef flat to-
wards the lagoon. Days are eroding to windward, aggrading to leeward,
and very little beachrock is thus exposed on lee shores (an exception
is Southwest Cay II, Gloverts Heef, discussed in Section VII). This is
in striking agreement with evidence from other areas, including the
Maldives (Gardiner, 1903-6; Seymour Sewell, 1935, 516-517, 1936, 85) and
the Carolines (dcKee, 1958, 2,8-249). There is also a tendency, noted
particularly on the barrier reef cays, for the outer, presumably older
lines of beachrock, to lie at a lower level than inner newer lines: some
even form 2 base for branching corals, which would be impossible in
their original intertidal location. This evidence is discussed else~
where (Stoddart, 1962), and taken to indicate slight drowning of the
cays in modern times, perhaps associated with the present climatic
amelioration: but the difficulties of such an interpretation are stressed.

There is much other evidence of erosion on cays, chielly in the
form of undercut cay margins, toppled coconub trees, and unusual shape
of cays. Undercutting has been almost universally noted in the detailed
cay descriptions, Kuenen noted the same phenomenon in Indonesia (1933,
19505 also Sewell in the Indian Ocean, 1935, 512-518), and interpreted
it as evidence of a fall in sea-level of the order of 2 metres; several
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workers have recently adopted this as an essential element in reef
theory (Cloud, 1954; Wiens, 1959). Vermeer (1959) described evidence
which in his opinion showed a similar 5-7 foot fall in sea level in
recent times in British Honduras. There is no evidence of this on the
atolls (Sections V, VI), and none on the barrier reef which can be re-
garded a2s substantiated beyond reasonable doubt. The gquestion of such
a 6 foot fall is discussed with reference to the reefs in Section IX,
but it can be stated here, quite unequivocally, that if the sea level
stood 6 feet higher than now, the cays as we know them would simply not
exist., MNone of the cays are so high that they cannot be referred to a
sea-level at or near the present; conversely, if such a stillstand did
take place, cay development must have been weak in the extrenme, for
while present seas can build ridzes 10 feet high, the 6 foot seas can
only have constructed beaches 3-4 feet high. Further--and this is a
significant point—rise of sea level by 6 feet would have the effect of
increasing degree of exposure, considerably altering patterns of wave
refractlon, and moving the locus of cay accumulation lagoonward. The
only way out of this dilemms is to assume that the reefs grew up en-
tirely to the é foot level, and have subsequently been completely planed
away: an improbable circumstance in the 2,000 years which Fairbridge
{1961, 168~169) allows., If this stillstand can be demonstrated on the
British Honduras cays, which after much detailed work I regard as very
doubtful, then the cays must all postdate it, and be less than 2,000
vears old; this, too, I find improbable,

There remains the possibility of minor fluctuations of sea-level,
The evidence consists of the undercutting noted, which is generally in
beaches 2-4 feet high, and has nothing to do with a 6 foot stillstand,
and of raised beachrock., The undercutting is almost universal on atcells
ant harrier reefs, the raised beachrock limited to Lighthouse Reef and
Turneffe. No raised beachrock or other lithified material is found on
the barrier reef or Glover!s reef, and for this reason cannot indicate
a eustatic fluctuation. In the case of Turneffe and Lighthouse Reef it
seems to indicate positive local uplift, and the case of Turneffe is
briefly discussed below. This leaves little but the undercutting. One
may follow Kuenen and believe that a fall in sea-level will lead to
ercsion of the cay by erosion of its foundation——in which case, why are
raised beachrock and reefrock not more widespread? Or one may consider
it to result from a slight rise in sea-level shown by drowned beachrock,
in which case it should be a world-wide phenomenon, This drowning is
estimated at about 4 inches in the last century, increasing in rate in
the last 20 years (Fairbridge, 1961, 102-105). It may be significant
that in those areas where the raised beachrock is found, undercutting
of cay margins is very poorly developed. Speculation on such limited
evidence is bound tc be dangerous, and the guestion is besi left open
at this stage. However, we may note that a deevening of water te this
extent 1s equivalent to increasing the degree of exposure, and hence
in shifting the locus of cay accunulation lagoonward., The known rise
is small, but still considerable when compared with the tidal range.

Fortunately we are able to estimate in one case {Sandbore Cay,
Lighthouse Reef) the rate of cay erosion and migration, at approxi-
mately 1 yard per annum, becoming more rapid in the Jast 15 years.
This figure is probably much too high for most cays, since Sandbore is
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in an excepticonally exposed pesition and is unprotected by shingle
ridges. Detailed mapping over a period of years should lead to more
reliable data., ¥hether the cays are decreasing or increasing in size
is a moot point, which has been argued for other areas., It has been
suggested that as the seaward shore retreats further from the reef edge,
the waves reaching it will be less powerful and sroslon will slow down,
without any necessary reterdation of lagoonward growth. On the cther
hand, in their migration lagoonward, many cays have now reached the
inner limit of the flat on which they stand. Verwey (1931, 203) pub-
1ished a diagram showing a cay extending lagoonward on the flat on its
own detritus, without perhaps realising the vast amount of material re-
guired. Once a cay begins Lo be pushed off its reef flat, it will rapid-
ly decrease in area and may disappear altogether; evidence indicates
that this stage is now being reached on the British Honduras reefs.

Turneffe: a special case

The sand cays of eastern Turneffe form a special case, distinct
from cays elsewhere in British Honduras. The following facts zre rele-
vant: At Soldier Cay, where the atoll is widest, there is a short sece
tion of exposed, drying reef along the main eastern reef, AY nearby
Harry Jones there is a tilted beachrock rising to 2 feet above the sea,
Extending north and south from this point, along the east side of the
main mangrove belt, is a sand ridge, which is underlain by the Harry
Jones beachrock, and hence must have shared in its uplift. North and
gsouth of the ends of this sand ridge, where the atoll begins to narrow, .
are a number of atypical sand cays, located back of unbroken reefs on
unusually shallow reef flats-—the Deadman Group in the south, the
Cockroach Group in the north. These may represent a stage in the develop-
ment of & continuous sand ridge., It is suggested, as a point for dis-
cussion, that this is in fact the case, and that these facts taken to-
gether show slight recent warping of the Turneffe bank, reaching 2 maxi-
mum in the Harry Jones-Soldier Cay area, and decreasing north and south.
This would also help to explain the development of the Deadman and
Cockroach Groups. For ressons already made clear, we cannot accept
gustatic fluctuations of sea level as explanations of these several fea-
tures.

Effect of hurricanes on sand cays

The incidence and effect of hurricanes have been briefly noted in
Section III., Elsewhere their general effects are well known, witness the
accounts of the 1934 cyclone at Low Isles, Great Barrier Reef (fioorhouse,
1936), and the devastations of Arnoc Atoll recorded by Wells (1951, 5-7).
Recently hurricane effects have been studied in great detail following
Typhoon Uphelia at Jaluit, Marshsll Islands, in 1958 (Blumenstock, 1958a,
1958b, 1961; McKee, 1959). & recent resurvey at Jaluit indicates that
some of the changes may be only temporary interruptions (Blumenstock,
Fosberg and Johnson, 1961). Long term effects may be summarised from
British Honduras data as follows:

1. <Catastrophic ercsion of cays, which in conditions of rising
sea~level cannot easily be repaired; illustrated by Saddle Cay,
Lighthouse Reef. This may lead to
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2. Destruction of cays, where the whole island is washed away.
This can be well illustrated from the barrier reef, not so easily from
the atolls. The second of the Pelican Cays, Turneffe, and Bushy Cay,
Gloverts Reef, may have disappeared in this way. Once a vegetated cay
1s destroyed and replaced by a "second generation"” sandbore, a long per-
iod must elapse before chance colonisation by vegetation takes place,
if at all. About six cays have disappeared in recent years through
hurricane activity; indeed, many areas now lacking cays, where islands
might ressonably be expscted (such as reef gaps), may be only temporarily
without them, and search may well show traces of beachrock at these
points,

3. Physiographic effects include the exposure of beachrock and
other rocks as shores shift under hurricane wave action, as at Half
tioon Cay; the stranding of large boulders as at this cay and ¥iddle Cay,
Glover's Reef; the breaking up of beachrock; and the accumulation of
large rubble on reef-flats, as at Soldier Cay, Turneffe. '"Rampart
wash' and fresh sand carpets may be largely hurricane deposits.

Lo DBEffects on vegetation: these are difficult to determine in
the absence of vrevious surveys, and only aligned fallen coconuts
(Glover's Reef cays) can be ascribed to hurricanes at present. Hurri-
canes may help to account for the haphazard distribution of some species
of plants on cays, and for the destruction of mangrove areas, revealed
by abnormally low regrowbh compared with other areas.

These are all very general observations, However, it is hoped
that the physiography of the atoll cays is described in sufficient de~
tail in this paper to make possible accurate estimates of the effect of
future hurricanes. In this respect, regular resurveys to establish long-
term changes are required (perhzps every decade), to distinguish these
from hurricane effects, which ideally should be assessed as soon as
possible after the damage. :

Vegetation of sand cays

Little will be said here concerning cay vegetation, partly because
I have no botanical knowledge, partly becduse present vegetation pat-
terns on cays are so artificial and ephemeral. The startling change in
appearance of many cays between the two expeditions, and the record of
clearing at Half Moon Cay, is sufficient evidence on this point. A
large number of cays are now virtually unvegetated apart from coconuts,
while the ground vegetation of most of the remainder is subjscted to re-
peated cutting back, particularly on inhabited cays. Vegetation, how-
ever, is of the greatest importance in stabilising sand cays, more so
in my opinion than beachrock, yet very little is known of reef island
ecology and flora in the Caribbean. Millspaugh has described the Florida
Keys (1907} snd alacran (1916), Bowman the Dry Tortugas (1918), Howard
Bimini, Bahamas (1950), and B@rgesen the Virgin Islands (1909). The
most relevant regional accounts have been those of Aspreyin Jamaica
(asprey, 1959; and Robbins, 19533 and Loveless, 1958), Chapman on the
Jamaican cays (1944 Steers and others, 1940}, and J.H. Davis on the
Florida Keys, Dry Tortugas and Marquesas {(1942). Sauer (1959) has pub-
lished 2 recent survey of coastal pioneer plants of the Caribbean and
Gulf of Mexico, based on wide-ranging field studies.
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The dominant vegetation of the cays is the coconut, Cocos nucifera,
though it is probably not nztive to this region (Bruman, 1944; Beccari,
1917). according to Hdwards, the only references to coconuts in the
Relaciones de Yucatan refer to plants imported from other Spanish posses-
sions {&dwards, 1957, 100), He comments (p. 89): "It may have been
brought from the West Indies by the early Spaniards and planted in
Yucatan, but we find no mention of its occurrence along the Caribbean
coast of the peninsula until the latter part of the Nineteenth Century."
However, coconuts were widespread on the sand cays cof British Honduras
by 1810 (Henderson, 1809; 1811, 21~-22), and were established on the
atolls at least as early as 1720 (Saddle Cay, Section VI). They have
probably greatly increased in importance in the last 50 years.

In their natural state the cays may have supported broadleaf
forests, of which traces remsin only on Half Moon Cay, Lighthouse Reef,
and Northeast Cay, Glover's Reef. The dominant constituents are Cordia
sebestena, Bursera simaruba, Bumelia retusa, Pithecellcbium keyense
and Pouteris campechiana, with perhaps sapodilla and mahogany. Pinusg
caribaes, found on one of the uninhabited barrier reef cays, is not
seen on the atolls,

With the exception of cocal and restricted broadleaf forest, the
vegetation of the cays falls into six groups: (z) strand plants; (b)
marginal thicket; {c) interior thicket; (d) other interior areas, chiefly
grass; (e) marsh and swamp; (f) mangrove. The strand plants include
those species, many pan-tropical, common to sand beaches—-an outer zone
of Sesuvium vortulascastrum and Ipomoes, 4n inner zone with the hardy
colonising grass Sporobolus virginicus and other plants such as
Fuphorbie and Canavalia. Sesuvium is found on both shingle and sand,
ITpomoea generally on sand. The "marginal thicket!, lying landward of
the strand zone, differs according to substrate and exposure: in ex-
posed shingle areas Tournefortia gpaphalodes and Cordia sebestena are
most common; on less exposed sand shores they are replaced by Suriana
maritima and Coccoloba uvifera. The "interior thicket" is less well
known. DBesides Suriana it includes Conocarpus erecbus, Brithalis
fruticosa, Rivina humilis and Ernodesa litoralis. Areas not covered by
thicket are generally under coconuts, with an undercarpet of low herbs
(Stachytarpheta jamaicensis, Wedelia trilobata, Ambrosia hispida, Gakile
lanceolata), the grasses Andropogon glomeratus and Cyperus planifolius,
the lily Hymenocallis littoralis, and the legume Sophora tomentosa.

The vegetation of interior marshes has been almost entirely removed,

and they are now usually covered by a mat of Wedelia frilobata, which
seems to prefer damp, shady locations, with a few relict mangroves. The
mangrove zone is not, by definition, well developed on sand cays, and

is represented only by scattered mature trees round cay margins, and
innumerable Rhizophora seedlings in shoal water offshore.

The strand plants are evergreen, fleshy, and adaptedto cay condi-
tions (thus Sesuvium leaves are plump and fleshy in direct sunlight,
thinner in shade; while Tournefortia and Sovhora show xerophytic adap-
tations). No cacti are found on the atoll cays which distinguishes them
from the Jamaicen and Florida cays, nor are cultivated fruit trees, in
distinetion to the breadfruit and other fruit trees of the Pacific
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islands. One fact of interest ig the irregularity of distribution of
cay plants: Ambrosia hispida is widespread on Sandbore Cay, Lighthouse
Reef, and Cay Bokel, Turneffe, but is of minor importance elsewhere;
Sesuvium and especially ITvomoea may be entirely absent on some cays.
Many of the cay plants have seeds viable after long immersion in salt
water, notably Tournefortia, which can germinate after six months
(Sauer, 1959, 9.

Attempts have been made to relate the praesent distribution of
plant assoclations on cays to stages in the development of vegetation on
new cays: that the bare sand is first colonised by a strand association
(Sesuvium, Ipomoea), which ultimately develops into tall interior thicket
(David, 1942, 126~131; Chapman, 1944). The succession in space is also
3 succession in time. If this is to have value it requires detailed
work by trained botanists and in this connection it should be noted that
the maps showing vegetatlon distribubion on the cays are intended to show
gross features of the vegetalion only. Strand vegetallorn alone is re-
corded in any detail. No previous collections have been made from these
cays, so that the list of plants collected (Appendix 2) will probably be
much extended, I am very grateful to Dr. F.R. Fosberg for the identifi-
cations, and much advice on botanical matters.

Marine algae and cther plants have been neted in some of the de~
tailed cay accounts. Algae were collected and the identifications are
awalted. For an account of some algae from the barrier reef, see
William Randolph Taylor (1935).

B. The mangrove cays

In addition to sand cays, Vermeer described two other i{ypes from
British Honduras: '"mangrove cays”, consisting of clumps of Rhizophora
mangle, which he noted from the barrier reef lagoon and Turneffe, and
"mangrove-sand cays", which he described only from the barrier reef la-
goon (Vermeer, 1959, 32-40). Both these types are found on Turneffe,
the mangrove-sand cay is also found on Lighthouse Reef, and they are
abgent only from Glover!s Heef. '

The mangrove cay

Little information is available on mangrove cays, pirtly because
of the difficulties of studying and mapping them. They are frequently
large and cover a much greater area than the sand cays; they have little
or no dry land, consist wholly or predominantly of Rhizophora mangle,
and have little wild life apart from birds and boa constrictors. As
Vermeer notes, one of the closest approaches in the literature to the
British Honduras type of mangrove cay is in the Bogue Islands of
Jamaica, described by Steers (19402), which I was able to see from the
shore in 1960, On the atolls, simple mangrove cays are confined to
Turnefle, where they often rise from falrly deep water, suggesting some
kind of basement. The completeness of the canopy and stilt and drop
roots give 2 unigue and disconcerting aimosphere to this type of cay,.
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It has often been loosely stated that mangrove colonisation leads
to growth of land areas, but it can be seen that mangroves can only take
root in shallow water (Vann, 1959, 359-360}. 4 drying shoal is not
necessary, for Rhizophora seedlings can grow in 2-3 inches of water;
they are found on varied substrates, from coarse shingle to sand, but
are most numerous on sheltered shores of medium~fine sand. Where a man-
grove cay rises from water deever than 1-2 fathoms, then some kind of
basement must underlie it: such as a sand bank or coral patch-reef.

Once Rhizophora is established on such a shoal, however, there is
little doubt that its intricate rcoot system will serve to trap further
sediment and raise the floor level, partly at least because of humus
aceumulation and the formation of peaty mangrove soil (David, 1940,
325-327; Newell and others, 1959, 224-225), DMangrove may even be a
fine-sediment producer by alding chemical erosion of reef rock on which
it stands (Wharton, 1883; Fairbridge, 1950, 33L4).

As the floor level rises, ecologic conditions change, and there
is a fairly well documented transition from pioneer Rhizophora, through
Avicennia, to Conocarpus bush, and finally to dry land thicket and forest
(Richards, 1953; Davis, 1940). This leads to an ideal succession in
time at any one point, and to a succession in space at any particular
time, In British Honduras, however, one has the impression that
Rhizophora is overwhelmingly dominant in the true mangrove cays, and
thal the general succession is not here established. Rhizophors grows
rapidly, and in the case of one barrier reef cay the entire island is
known to have developed since 1819; on the other hand, map evidence
{which is admitiedly lisble to error) does not show any great extension
of mangrove area on Turneffe since about 1750. This may partly be due
to the contemporary rise in sea level of L inches per century cancel-
1ling out the effect of mangrove sedimentation and retarding the succes-
sion., Alternatively, the fuact that mangrove cays, especially in the
Turneffe lagoons, do not seem to be expanding laterally, may result (a)
from limited foundation area, and (b) tidal current scour. It has al-
ready been suggested (Section V) that many of these cays may stand on
karst-ercoded foundations of Glacial age.

Generally the mature Rhizovhora of these cays reachesa height of
20-30 feet; the tallest seen, on the east side of Turneffe, reached 40
feet,, While young they are liable to be uprooted in hurricanes; no ex—
amples were seen on the atolls, but unusuvally low mangrove cays in
parts of the barrier reef lagoon suggest such action.

The mangrove-sand cav

This type of cay was described by Steers in the Bogue Islands,
north coast of Jamaica (19402, 36-37). These are a group of mangrove
islands, the imnermost with no dry land, the outermost with "low sand
areas lylng on or near the outside of the mangroves... The lee side shows
no land at all," The sand areas here are up to 250 yards long and 20
yards wide, but do not rise more than 18 inches above the sea. Vermeer
(1959, 35~40) describes the mangrove~sand cay type from the British
Honduras barrier reef lagoon, where he found cays up to 5 miles in
length, bounded on their seaward, exposed side by sand ridges 1-200 yards
wide and L~12 feel high; hence on a much larger scale than in the Bogue
Islands. From the detailed cay descriptions in Sections ¥ and VI it
will be seen that mangrove-sand cays are well~developed on both
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Turneffe and Lishthouse Reef. Indeed, one might say that Turneffe is
really one large mangrove-sand cay, in view of the extensive sand ridge
on the eastern side of the main lagoon mangrove mass. On Lighthouse
Reef, Northern Cay and Long Cay are examples: both have extensive sand
areas on their northern sides, and Long Cay has a long, low narrow sand
ridge along its eastern, reef-facing shore.

tangrove~sand cays include fourmain vegetation zones: ({a) the
strand vegetation of the seaward sandy shore; which is comparable to
similar strand areas on sand cays, except that shingle-loving plants such
as Tournefortia are unimportant; (b) the sand-ares thicket of palms,
Conocarpus, Suriana, Coccoloba, and other trees and bushes, with an
undercarpet of Hymenocallis, Wedella, Stachytarpheta, Andyropogon, Cyperus,
iragrostis; (c) the mangrove-~transition zone, with Conccizrpus, Avicennia,
Lapuncularia, and some tall ancient Rhizophora; and (d) the Rhizophora
zone, often "hollow", with much standing water and dead and dying trees,
fringed with vigorous, bushy mangrove, On boih the atolls today the
vegetation of the sand areas of the mangrove-sand cays has been largely
cleared for cocal, and the vegetation boundary between sand and mangrove
areas is now unnaburally abrupt. Beachrock forms along the sandy shores,
exactly as on true sand cays, and the main difference between the two is
that shingle 1s generally absent from mangrove-sand cay shores on ac-
count of their distance from the reefs.

Origin of the mangrove-ssnd cays

T Vermeer explained the three cay types (sand, mangrove-sand, and
mangrove) of the barrier reef lagoon as resulting from differing degrees
of exposure to wind and waves. "Thus, in going from the main barrier
reef to the (mainland) shore one might expect to encounter, in succes-
sion, sand, mangrove-sand and mangrove cays' (1959, 39-40). This is
attractively simple, and undoubtedly contains much of the truth; bub in
the case of the barrier reef it depends largely on the shallowness of
the lagoon floor back of the barrier, and where deeper water is found
quite a different zenaticn results. Further, mangrove cays may occur
in very exposed locations (Pelican Cay, Turneffe; Columbus and other
czys, barrier reef), suggesting that degree of exposure, or proximity to
the reef, is in itself not a sufficient explanation.

The only other area in which detailed botanical work on mangrove-
sand cays has been cayried out is in the liarquesas Group, off southern
Florida, studied by J.H. Davis. Here cays are found with inner mangrove
zones, and outer sea-facing sand ridges. In the adjacent Dry Tortugas,
few or no mangroves are found, and only sand cays occur (Davis, 1942,
131-133), in spite of the fact that "seeds and seedlings of all three
(mangrove) species float there by the thousand" (134), This Davis ex-—
plains primarily by the fact that "at the Harquesas there are no coral
reefs, but at the Tortugas living coral reefs ahound" (122); hence sedi-
ments at the Marquesas are finer than at the Tortugas. In an earlier
paper, he pointed out that mangroves grow better on marl muds than on
coarse caleareous sands and shingles {Davis, 1940, 358), These conclu~
sions can be applied to the mangrove and mangrove-sand cays of British
Fonduras (Stoddart, 1962): the presence of mangrove is related largely
to the grain size of the debris supply, which depends both on exposure



“1LT-

and on the source of the debris. Mangroves are least comuon on exposed
coral reefs, where there is a constant supply of coarse debris; they
take hold elther on sheltered coral resfs, or on lagoon sand shoals,
vhere the debris is fine sand or even mud, and coarse material is uncom-
mon. henever coral reefs are found close to mangrove islands in fairly
exposed locations, then sand and even shingle ridges will be formed
(exposure in this sense includes not only distance from the reefs and
sbsence of intervening islands, but depth of water offshore). This ex-
plains the formation of the low wooded islands of the Great Barrier
Reefs, with their distinctive association of shingle ridges, mangrove
and sand cays on one reef patch {Spender, 1930); the very similer cays
described from the Java coast by Unbgrove (1928, 1930); and the precise-
ly analagoue islands, unnoticed by Vermeer, from the British Honduras
barrier reef lagoon, which I hope to describe shortly. The size of the
debris determines the effect, on cays, of exposure, ia the breoadest
sense. This suggests a general principle, of world-wide application

to all types of cays--mangrove, mangrove-sand, sand, shingle, and low
wooded islands.

The mode of development of the mangrove-sand cays of f British
Honduras, in the Marguesss and Bogue Islands, is largely unknowi.
Vermeer (1959, 116) considers that this type of cay "appears first to
have been formed as a sand cay and subseguently colounised by mangrove
swedlings on the leeward side”. I doubt whether this is the case, for
if so we might ressonably expect to fiand embryonic mangrove-sand cays
not yet colonised by mangrove: in other words, sand cays lacking all
the characteristics of Torm and location of true sand cays. Such
iglands are not Tound, and one doubts whether the sand ridge ltself
could accumilate without the cbstructive effect of the mangrove. This
is in fact suggested by the Bogue Islands. The two sections probably
originate and develop as a single unit, rather than form sequentiaily.

TMinally, the largest problem of all: why are the mangrove cays so
extensive on Turneffe and Lighthouse Reef, and absent on Glover's BReef?
This appears fundamentally a question of levels, Turneffe owes its man~
grove to its highstanding, shallow upper surface, perhaps developed by
karst erosion in CGlascial times to give the lagoon-rim form (Section TX).
There is evidence of recent local warping which would locally expand
the shoal area and lead to further mangrove colonisation. On Light-
house Reef there is evidence of local uplift of the entire bank of not
more than 2 feet: sgain, this would cause shoaling of the lagoons and
increase the possibility of mangrove grovihk. On the barrier reef and
on Glover's Reef there iz little or no suggestion of any similar move-
ment, and here, respectively, mangrove-cays differ significantly in
their distribution, or are absent.

C. Conclusion

n this review the probable origin of the atoll cays has been out-
lined, and the problems connected with them stressed. Many comparisons
have had to be made with the barrier reef cays, on which work is pro-
gressing, and when this is complete, it is hoped to conbine both accounts,
compare them with cays described from the Caribbean, Indonesia and
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Australia, and outline a general theory of cay formation. Most previous
descriptions of cays have been from barrier reef or patch reef areas,
rather Tthan from &tolls: many Indian and Pacific Ocean atolls have is-
lands which include much elevsted 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 gqualify them. To take one pro-
blem: are we justified in assuming (as the evidence suggests) that cay
retreat is everywhere al 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
ocne 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-
feet equilibrium structure due to the drift over the reef flat, the
wave system of the lee of the reef, and the 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, 141). This may apply
to simple sandbores, but not to large vegetated islands of the type
found on these Caribbean reefs and atolls, which are both more complex
and more interesting than Spender's sumary might suggest. An extension
of cay studies throughout the Caribbeanarea, especially along the west
coast of Central America, would add immeasurably to our knowledge in a
completely unknown area,
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Ix, ORIGIN AND DEVELOPMENT OF THE BRITISH HCNDURAS ATOLLS

Though this paper chiefly described the results of a reconnais-
sance of the British Honduras atolls, and is mainly concerned with
their present condition, some brief remarks may be made in conclusion on
their development towards their present form. As stated in Section II,
the reefs appear to be built on fault-controlled ridges and platforms,
bounded eastwards by steep slopes carrying the sea [loor down to depths
of over 10,000 feet., The faulting is asscciated with the evolution of
the Bartlett Trough, the main movements of which were of FPliocene date,
and thus the reef foundations probably came inte being in late Tertiary
times, No solid rock cutcrops on the atolls, and no drilling has been
carriea out, so it can only be suggested that the fault-bounded plat—
forms may consist of Cretaceous and Tertiary limestones overlying
Palaeosoic rocks, as they do on the adjacent coastlands. The three
atolls rise 900-1,000 feet from the platforms on which they stand, Make-
ing maximan allowance for Pleistocene fluctuations of sea~level, this
is several hundred feet deeper than reef-bullding corals can grow
{Stearns, 1946, 261). If the foundation of the atolls below about 450
feet can be shown, by boring or seismic work, to consist of reef-build-
ing corals and their debris, then subsidence of the fault-blocks and
upgrowth of reefs from them is indicated (Darwin, 1842). The alterna-
tive, implied by Ower (1928), is that the foundations of the atolls,
below the maximum depth of reef-building corals, consist of isolated
fault-blocks of limestones or Palaeogzeics, delimited by faults trans-—
verse to the main lineations. The only evidence for such faults lies
in the existence of the reefs themselves; and thus this fundamental
question remains unsetile.

Pleistocene events

The subsequent course of events is by no means clear, but it is
possible that reef-building corals became established on the Platforms
before the onset of Pleistocene glaciation; indeed, it is possible that
they had built 2 reef several hundred feet in thickness in late Tertiary
times. Certainly when glaciation began the banks stood at or near their
present level: Turneffe with its upper surface 2-3 fathoms below pre-
sent sea-level, Lighthouse Reef 2-4 fathoms, and Glover'!s Reef 15--24
fathoms; or rather lower, allowing for subsecuent reef-growth and sedi-~
mentation. The onset of glaciation brought, as Tylor first recognised
in a long-neglected statement (1868, 1869, 18, 72), and as Daly subse-
quently stressed (1910 and later), multiple falling of sea-level coin-
ciding with each separate advance of the continental glaciers. This
would have the two-fold effect of killing all near-surface reefs by the
mere fact of exposure, irrespective of temperature change, and of ex-
posing the summits of the banks, & mass of reef and lagoonal limestones,
to subaerial erosicn. The question as to whether corals could survive
during the glacial periods--whether the atolls are located in Davis's
coral seas or marginal belts (Davis, 1923, 1928)-—is thus, on such steep-
sided blocks, somewhat academic. Palaeotemperature curves published by
EBniliani (1955), based on isotope ratios of near-surface Foraminifera in
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two Caribbean deep-sea cores, suggest that over the last 280,000 years,
near-surfuce sea temperatures in the Caribbean have undergone fluctua-
tions of not more than 6°C. Even a fall of this amount in the winter
surface temperatures recorded at Hendezvous Cay would not extinguish
the reef's, though the species~composition might be radically changed
and the reefs attenuated.

The major effect of glaciation would, however, be the sea-level
fall. Daly estimated this at a maximum of 33-38 fathoms (1915, 17&),
Stearns at 45 fathoms (1946, 261) {200-230 and 270 feet respectively).
Charlesworth in 2 recent review gives figures of 93 metres {300 feet)
for the last glaciation and 120-130 metres (4L00-430 feet) for maximum
glaciation (Charlesworth, 1957, 11, 1354~1355), Such a fall would ex-—
pose the whole of the British Honduras coastal shelf, lead to deep inci-
sion of river valleys now filled with alluvium (e.g. North Stann Creek:
Dixon, 1956, 29), and to the extension of drainage lines across the
emerged area, It is thought that the Belize Deep-dater Channel, mean-
dering across the coastal shelf and cutting through the barrier reef,
with depths of up to 190 feet, is such a drainagé line, though why it
should pursue this course, and why it should cut so great atrench, is
unknewn. At the same time the coastal shelf reefs and the summits of
the outer banks, would be exposed to karst erosion. Hoffmeister and
Ladd (1945) showed experimentally that under erosion a limestone block
tended to develop an irregular concave surface, and MacNeil (1954) used
this 2s the basis for a theory of atoll development on subaerially pre-
Tormed foundations. Such a process may well have resulted in the pre-
sent form of Turneffe, where a mangrove covered rim surrounds a deeper,
extensive lagoon area {fig., 49). In this case the present reels are
superficial additions to the edges of the atoll-like bank, rather than
its essential cause.

Glover's Reef (fig. 49) is somewhat different, for here the la-
goon floor descends to depths of over 140 feet, and averages $0-120 feet.
This is still well above the presumed low limit of the glacial seas, and
must have been subjected to karst erosion. On Lighthouse Reef (fig. 49)
the general lagoon floor level is only 20-25 feet below present sea-
level, and would be similarly affected: the Blue Hole provides evidence
of karst erosion down to 480 feet. lYorkers on the Gulf Coast of the
United States envisage a glacial low limit of about 450 feet (Le Blanc
and Bernard, 1954). Why such features as the Blue Hole are not much
wore numerous is not clear. Dimpling of the Lighthouse lagoon floor on
s much smaller scale than the Blue Hole, and some of the deep passages
and holes on the Barrier Reef, may be ascribed to subaerial erosion,
but evidence is lacking from Turneffe and Glover's Reef at present.

Karst erosion certainly continued therefore during glacial low
sea-levels, and may have resulted in the basining of the tops of the
banks and the creation of a rudimentary atell form, though this was pro-
bably already in existence. Daly (1910 and later) stressed low-level
benching of islands and banks by the glacisl seas, but the absence of
such benches in British Honduras lends support to Newell's view (1960)



~121~

that such benching was of small effect. There is no evidence from the
atolls of deep abrasion platforms, while on the coastal shelfl the bar-
rier reef edges a tilted antecedent platform of probably pre-glacial
age, in vhose formation it played no part, much as Vaughan supposed

(1916, 1919a).

Daly recognised (1919) that reefs might become re-sstsblished dur-
ing inter-glacial high sea-levels, and there is some evidence of major
reef upgrowth of either pre- or inter-glacial age on both the harvier
reei and Glover's Reef. 'The evidence is entirely physiographic. On the
barrier reef, the present reef-flat rises from & broad platform 3-4
miles wide in the north and 2-4 fathoms deep. Farther south, where the
gurface reef becomes fragmented, the "lower flat”, as it may be termed,
becomes narrower (averaging L mile in width), but maintains its depth
for over 100 miles. Tts surface is irreguler and in places deeply
pitted, suggestive of erosion; it rises steeply on the lagoonward side
from the lageoon floor, and is edged on the seavard saide by the present
"upper" reef-flat and reef. Serial sections across the coastal shelf
and barrier reef show the remarkable persistence and regularity of this
feature. It was shown in Section VIT that a similar "low platform" is
found at a depth of L fathoms surrounding the Glover's Reef lagoon; this
oo is rimmed on ils seaward side by the present reef-flat and living
reef. It might also be noted that the Lighthouse Reef lagoon floor
lies at or a little above the level of this "lower platform”.

" This feature is clearly not related in origin to the present, post-
Wurm liviang reefls, which date entirely from the last rise of the sea.
Dr. B.G. Purdy informs me that a peat from the BelizeDeep-Water Chamnel
at 7O feet in depth has been dated at 8,000 years BP, which narrowly
cilrcumscribes the age of present living reefs. It 1s unlikely that the
lower platform results from the subaerial erosion described by MaclNeil,
on zccount of its width, horizontality and extent, and one is led to the
conclusion that it can only be an old reef surface, developed during =
much longer period of time than present living reefs. Much of the evi-
dence for this rests on data from the barrier reef which cannot be dis-
cusged here, but the conclusions must also be valid for the atolls.
Whether the surface is one of upgrowth or degradation is ancther matier:
its surface on the coastal shelf is idrregular and piltted, and was probp-
ebly much eroded during exposure. It is intersected by the Belize Deep-
Water Chamnel and a few other gaps. Work carried out by Dr. B.W. Logan
on Campeche Bank (personal communication, 1961} suggests that a similar
level cannct be traced north of the Yucatan Peninsula. He Tinds marked
eustatic benches at 50-55 fathoms (correlated with the Wisconsin glacia-
tion), 30-35 fathoms, and 16-20 fathoms; and suggests that a level at
2. fathons might be related to the lower depth limit of Acropora palmata
reefs. He describes such a constructional bhench on the Campeche Bank
et depths varying from 30 feet in windward locations to 10-15 feet to
leeward., It seems unlikely, however, that this can be applied as a gene-
ral. explanation for a feature of such size as the British Honduras
"lower reef-flat”. The absence of such a level on Campeche Bank throws
some doubt on its eustatic origin; wyet its horizontalily over a large
area suggests that foundering cannot account for its present low level.
Whatever its origin, this bench is of the greatest importance in the
physiography of the British Honduras yeefs, for on it all the present
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surface reefs are built, and its presence at Glover's Reef shows thatb

the atoll-form was already established when it was built. Benches under-
lying modern reefs have been described from Bikini (15-50 feet deep:
Tracey, Ladd and Hoffmeister, 1948; Fmery, Traceyand Ladd, 195k, 26ff.),
from Raroia (edges at 25 and 65 feet: Newell, 1956, 33k, 341), and Andros
Islands, Boshamas {an inner platform at 2 fathoms separated by a line of
oolite cays from an outer platform at 2-16 fathoms: Newell and others,
1951, 10, 2h); but there seems little point in attempting to correlate
these with benches in British Honduras.

The lower levels described as eustatic by Logan cannot be identi-
fied in British Honduras; they probably exist as unconformities within
the reef-mass, and have been buried by later growth and sedimentation.
They have also been described from the Gulf Coast by Shepard and others
(1960), and the 16-20 fathom level in particular seems widespread in the
Caribbean basin. Zans {1958, 7) describes it from the Pedro Bank, and
examination of charts shows widespread occurrance of levels of from 1l
to 23 fathoms on at least 13 banks in this area (Admiraity charts 450,
486 and 762). Stillstands of the sea at such levels, connected with
glacial eustatism, have undoubtedly been imporitant incidents in the
growth of present reefs,

The emphasis in reef-growth is thus placed cn glacial control of
fluctuating sea-levels, though this does not preclude earlier subsidence
on the Darwinian model. Whether or not subsidence has taken place is,
in view of these fluctuations, irrelevant insofar as present surface
form and features of the reefs is concerned (MacFeil, 195%). Darwin
himself thought subsidence an unlikely explanation for these atolls,
basing his opinion on Captain Allen's reports of Cwen's survey. He
doubted that both the barrier reef and its lagoon floor were built by
reef~corals, thinking rather of an accumulation of sand similar to that
vhich he thought was taking place on the Nicaraguan and Yucatan banks.
On the atolls he wrote:
Tl imeediately on the outside of this barrier-like reef,
Turneffe, Lighthouse and Glover Reefs are situated, and these
reefs have so completely the form of atolls, that if they had
occurred in the Pacific, I should not nave hesitated about
colouring them blue. Turneffc Reef seems almost entirvely
filled up with low mud islets; and the depth within the cther
two veefs is only from one to three fathoms. Trom this cir-
cumstance, and from their similarity in from, structure, and
relative position, both tec the bank called Horthern Triangies,
on which there is an islet bhelween seventy and eighity feet,
and to Cozumel Island, the level surface of which is likewlse
between 70 and 80 Ffeet in height, I consider it more probable
that the three foregoing banks are the worn-dowvn bases of
upheaved shoals, fringed with corals, than that they are true
atolls, wholly produced by the growth of coral during sub-~
sidence...." (Darwin, 1842, 202).

Thus Darwin's view is comparable with that adopited here, though for

rather different reasons; his undogmatic approach is still instructive.
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Posteglacial history

With the rise of sea~level in the last few thousand years, reefs
grew to the surface and expanded seawards, leaving a shallow sandy reef-
flat averaging 1 wile in width. Cays were formed on this flat from
reef-debris, and vegeltated, and beachrock formed around their margins
(Section VIII). The evidence talen from British Honduras as & whole
seems to indicate that sea-level has not at any time since the last
glaciation stood considerably higher then at present-—a view taken by
many workers on the Gulf Coast {Le Blanc and Bernard, 19543 Shepard and
others, 1960). On the other hand, work in the Pacific seems to indicate
a r§cent higher stillstand of the sea, as swmmarised by Tayama (1952,
271)

"The so~called sea level Joral Reefs are not of Recent origin.

The Sea Level Coral Reefs have been generally accepted as re-
cent, bub mest of the present reef-flats are abrasion sur-
faces, like pavements, displaying cross-sections of truncated
reef~building corals, benches and mushroom rocks. The so-

called Recent Coral Reefs are relicts of coral reefs of cor-

als of the age of the Younger Raised Coral Reef Limestone,

As Dr. H. Yabe has stated, the coral reefs, in the recent

seas, -re in process of destruction rather than of construc-

tion. The scope of the destruction, however, is limited to

an area approximately 2 metres above low tide.t
Stearns so interpreted the reef-flats of BEniwebtok atell, rarshall Islands
and other Pacific areas (19452, 19450, 1946) (cf. Ladd and Tracey, 1949,
300, and Emery, Tracey and Ladd, 1954, 92), and Cloud, follewing work
on Onotoa, saw in this supposed fall from a & foot stillstand a general
explanation for the appearnce of existing reefs (1952, 1954). On the
characteristics of a reef-flat developed by downwearing of an earlier,
higher surface, he wrote: "If it is sparse in living coral and veneered
with green algae and clastic debris, and particularly if it is also a
relatively smooth surface, it was probably truncated" (1952, 5L). These
characteristics, taken by themselves, hardly seem an adequate foundation
for 2 conclusion of such importance. Hore positive evidence of emer—
gence is needed, such as areazs of dry reef-rock and mushroom rocks,
shallow rock-floored reef-flats, raised beachrock, raised beaches and
abnormally high cays, all found consistently over wide areas and deve-
loped on diverse structural units,

Vermeer (1959), however, considered that there is sufficient evi-
dence of a 6 foob high stillstand on the British Honduras reefs to
justify correlation with the Pacific 6 foobt bench. His evidence for
this is threefold: (a) Vermeer described raised besches from two cays,
Ambergris Cay, barrier reef, and Long Cay, Lighthouse Reef. Both were
visited in 1961, and no evidence was found to establish this view.
These he correlated with the Harry Jones raised beachrock, Turneffe,
figured in Dixon's (1956) report as 7 feet above sea-level--a misprint,
since the beachrock does pot rise more than 2 feet above the sea at any
point. (b) He considers that the reef-flat of the central barrier reef

 is sbnormally wide and shallow, and that it must therefore be an ero-
sional surfazce. (c) He correlates these instances with nearby areas,
especially in Quintana Roo, where similar instances are said to have
been found.
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' Vermeer's conclusion is thought to be erponeous, for the follow-
ing reasons. The raised beaches which form the basis of the theory are
not established, and no trace of similar besches has been found on any
of the 70 cays mapped in detail on the British Honduras reefs since
1959.  Regarding the reef-flats, nowhere on the British Honduras reefs
do we find a single erosional mushroom rock or exposed eroded reef above
present sea~level: with the exceptions only of the patches on the windward
reef of Lighthouse Reef, and the dry reef at Soldier Cay, Turneffe.
Beachrock remnants at Halfl iicon Cay, Lighthouse Reef, stand 12-18 inches
above mean sea~level, and extensive remnants at Northern Cay on the same
atoll at similar elevations, taken together with the patches of drying
rgefwrock, suggest that the atoll as a whole has undergone a recent posi-
tive uplift in recent times, bub that this has not been greater than
about 2 feet. On Turneffe, the restriction of drying reef to a single
area at Soldier Cay, and the fact that it lies only & few hundred yards
from the Harry Jones raised beachrock, thought, on account of its late-
ral dip, to be tectonic in origin, suggests that here too is evidence

of local uplift, rather than of eustatic shifts of sea-level. Height-
equivalence alone is an insufficient ground for correlation of evidence
in support of the eustatic theory, for many other factors relating to
each item of evidence must bhe considered. Local differential movement,
resulting from crustal instebility, is only to ke expected on the mar-
gins of a tectonically active area such as the Bartlett Trough-~witness
upraised reef limestones of recent age in Cuba, Haiti and Jamaica. To
accept the eustatic theory of a 6 foot fall in sea-level, we must first
explain the total absence of erosional mushroom rocks and similar evi-
dences on the reefs; Vermeerts reference to a so-called "Negro Head!
marked on charts of the barrier reef lagoon is misleading, for the name
simply applies to a small mangrove island south of Middle Long Gay,

and does not have any wider implication. Furthermore, all the cays at
present found are referable to present sea-levels (Section VIII), none
being so abnormally high that they must have developed in such a high
stillstand, Detailedsurveys are of assistance here, for without instru-
mental levelling on a number of cays as standard, one consistently over-
estimates their heights by as much as 30-40%. Most of the more protec-
ted cays apre less than 4 feet above the sea, and very few indeed rise
more than & feet. Thus, after a fall of sea-level of 6 feet to the pre-
sent level, only very restricted small areas could possibly be referred
to the earlier stillstand. Kuenen (1933, 1950) and many others
(Gardiner, 1903-6, 1931; Sewell, 1935, L6L-479) have considered reef
islands to be relicts exposed by such a fall of sea-level, and some have
gone so far as to argue that without such a fall very little or even no
land at all would exist on the reefs. Since so very liittle of the land
of the British Honduras cays can possibly have existed above a & foot
sea~level, this is not thoupht to apply to these reefs to more than a
very limited extent, which has been discussed in Section VITL.

Finally, we may briefly examine the instances which Vermeer cor-
relates with his supposed 6 foot stillstand in necarby areas. First he
mentions elevated reefs in northern British Honduras (Romney and others,
1959). Flores (1952) briefly mentions these and considers them "Mio-
Pleistocene! in age, which would meke them very considerably older than
the sea-level stand to which Vermeer thinks they have developed
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(Fairbridge terms the 6 foot stillstand the "Abrolhos Submergence" and
dates it at only 2600-2100 vears BP (Fairbridge, 1958, 479; 1961, 147)).
Dixon, too, doubts whether these exposures have any relation to exposures
on the offshore cays at the present time (personal communication, 1961).
Vermeer also refers to elevated coral found by Ldwards (1957) on the
Cuintana Ree coast., Very little information is available on these ex-
posures, and they may be equivalent %o those of northern British
Honduras. There seems little basis for Hdwards's statement (1957, 22)
that on Chinchorro Bank "coral reefs....occur above their level of
formation" {See Appendix 3).

While dismissing therefore the idea of a 6 foot eustatic still~
stand {and a fortiori the numerous other high stillstands of post-glacial
time listed by Fairbridge (1961)) because of lack of evidence, there re-
mains the possibility of minor fluctuations of sea level affecting the
area 4s a whole. These have been discussed in ancother paper (Stoddart,
1962), and the evidence consists largely of physiographic features of
the cays and drowned beachrock., The difficulties of such an interpre-
tation are there stressed, and the tentative conclusion reached that
undercutting of cay margins and the migration of cays awsy from reef
edges may indicate a slight negative shift of sea level, as envisaged
by Kuenen (1933); and that drowning of relict beachrock and intensifi-
eation of cay erosion has resulted from a subsequent small rise of sea~
level. (Fairbridge, 1947), perhaps associated with the recent shrinkage
of glaciers {ahlmann, 1949). These changes are on a very much smaller
scale than anything required by the & foot and higher stillstands.

Kaye (1959) has stressed the difficulties of precision in determining
levels and changes of levels, especially in short visits to cays; he
considers it doubtful whether measurements can be accurate to more than
+ 1 foot, and doubtful whether sea-level shifts of less amplitude than
+ 2 feet can be detected in rapid surveys (though Newell has claimed teo
identify relative movement of only 15-20 cms (much less than a foot) at
Raroia (1956, 334)). The writer would agree with Kaye's opinion, even
st the risk of excessive caution. It is possible that all these effects
may result from a slowly rising sea-level, and that erosion has been
initiated without any fall of sea-level at all,

These conclusions may well be upset by future detailed work, par-
ticularly on the British Honduras coast and the infill of the deeper
valleys, but even if fluctuations are found there and can be dated, the
problem of correlation with the reefs and cays is immense, as australlan
experience shows (Steers, 1929, 1931, 1937). Conversely, if these con~-
clusions are shown to be correct, then Cloud's views.on the origin of
surface reef features (1953, 195A) do not have universal application,
and some reefs at least have not been affected by a recent fall in sea-
level, but' results from "an essentially static pesition of sea level during
a considerable period" {McKee, 1959, 243).

Classification of the reefs: some considerations

In a previous paper (Stoddart, 1960), the three reefs considered
here were termed the "outer bank reefs", while in the present paper they
are termed atolls. It is fitting in conclusion to consider briefly the
validity of this term as applied to these reefs, and to suggest its
limitations.
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Since the time of Chamisso, the atoll has been recognised as "a
mass of rock, which rises with perpendicular walls from the unfathomable
depth of the ocean, and forms on the surface an overflowed plateau. &
broad dam, constructed by nature round the edge of thigplatéau, changes
it into a basin" (Chamisso, in Kotzebue, 1821,III, 140; See 1L0~159,
331-336). Darwin (1839, 1842) subsequently elaborated on this picture,
but went further and tended to exclude from the atoll-class atoll-like
reefs not clearly formed by subsidence (exemplified by his treatment of
the British Honduran reefs quoted above). Yet even so thoroughgoing a
Darwinian as Davis was compelled to admit that atolls are "inscrutable
structures" (1928, 14), and that the definition of an atoll must depend
upon its surface features rather than inferred or even demonstrated
origin. Thus the fundamental question of what constitutes an atoll
revolves round certain observable phenomena. Thus Cloud (1957, 1009)
states that "atolls consist of ringlike organic reefs that surround la-
goons in which there is no pre-existing land. The ring-reef, the lagoon,
and the absence of pre-existing land are all essential features.” This
definition differs in one important respect from Chamissc's, for Chamisso
adds (with a certain poetic license) that atolls rise "with perpendicu~
lar walls from the unfathomable depth of the ocean." This criterion is
of scme importance, for by accepting it we exclude reefs rising from
shallow shelves with poorly developed reef-rims, having only a superfi-
cial surface resemblance to true deep-sea atolls. Thus, in the Caribbean,
Glover!s and Lighthouse Reefs would qualify as atolls, Alacran Reef
would not. In my view there are not sufficient similarities between these
reefs to classify them all as atolls, if the term is to retain its use-
fulness, Any definition must, therefore, include (1) the fact that reefs
rise from depths greater than the depth at which reef-building corals
can grow, which, taking glacial low sea-levels into account, may be
placed at 75 fathoms; (2) that they possess a well~developed reef-rim
and reef-flat, which for example, Glover's does and Alacran does not;
and (3) that the reefs contain a lagoon.

Further refinement is needed in the matter of lagoon depths, whose
variability has been precognised since Darwin's time. Daly (1915), Yabe
and Tayama {1937) and Tayama (1952) have subsequently traced relation-
ships between lagoon depths and the size of the atoll. Cloud (1957,
1013) recognises that "atolls may thus grade to table reefs with emer-
gence or filling of the lagoon", citing Washington Island as an example
of an atoll with "a very shallew brackish pond instead of a lagoon."
Since table reefs (Tayama, 1935) will normally have more vigorous coral
growth on their edges than in their centres, the question arises as to
what depths a lagoon must have before a table reef becomes an atoll.
Tayama attempts to deal with this difficulty by erecting the intermediate
class of "Almost Table Reef' (1952, 221, 258-9), with small lagoons
"generally less than 5 metres deep, but a depth of 20 metres is recorded"
(258). Table reefs in his view zre small and have no lagoon. For true
atolls, Tayama found that in the South Seas the "shallowest record of
all the lagoons is 9 metres" {1952, 247), or 4} fathoms, Clearly no
general depth can be proposed at which an atoll ceases to be an atoll
and becomes a table reef. One simple criterion may be proposed: if a
definite lagoon exists, i.e. 1f there is a marked and recognisable



127~

break of slope between the peripvhersl reef-flats and the interior part
of ‘the bank, and other conditions are satisfied, then the name atoll
iz justified; and if not, not. I there is no well-marked reef-flat,
then the bank is a table reef rather than an atoll.

What of the application of these criteria o the British Honduras
recfsi! {lover's Reefl emerges as a splendld example of a trae atell,
comparable to anything in the Pacific or Indian Oceans: it has Chamisso’s
"unfathomable ocean' surrcunding it, and a beautifully defined reef-
rim, with in addition a deep, basin-shaped lagoon. Lighthouse Reefl
has Chamisso's basic attributes, but the lagoon is shallow--with deptis
mostly less than Tayama's shallowest South Seas atoll. Nevertheless,
because there is a well-marked break of slope bhelween the peripheral
reef-Flats and the interior of the bank, which lies deeper than the reef-
Plats, it must be a true atoll, though rapidly becoming marginal to
this class through reefl-upgrowth and sedimensvation.

Turneffe has only one of Chamisse's characteristics: it rises
Trom a deep sea floor below the limit of growing coral. Growing reefl
corals are found in a well-defined belt round the edges of the banks,
but do not form a discrete wave-breaking zonc round its entire margin,
and--nore Important--only locally fringe a reel-flat. There is thus no
evidence that the preseant living reefs countribute significantly to the
form of the Turneffe bank, and further, since there is no reef-flat
‘the lagoon cannot be saild to lie below it, and hence the term atell is
inapplicable. In fact the central lageons are very shallow, and even
without the mangrove rim the bank could hardly be termed an atoll ex-
cept for convenience of discussion. The presence and distribution of
the mangroves appear to be slmost unique, as nothing quite comparable
hag been described in the literature; the negrest approach seems o be
the Marquesas, off southern Florids, described by J. H. Davis (1942).
OFf the termg already in existence, only two seem to apply to Turneffe:
"hummoek reef", proposed by Teichert (1947) for the Houtman's Abrolhos,
and "bank reef", Davis's term for reefs “which rise bvack from the outer
margin of rimless shoals' (1928, 19, 29). Teichert's term seems Lo be
restricted to reefs rising from shallow sea floors, and is thus inappli-
cable to Turneffe, with which Houtman's Abrolhos have Little in common.
Pavis's term seems beslt suited, if siripped of its marginal-belt conno-
tations and used descriptively. Given an appreciable rise in sea-level,
it is quite probable that Turneffe would be rapidly transformed into
a true atoll, and it is equally possible that it has passed through a
true atoll stage sometine in iits history.

The title of this paper is thus seen, in conclusion, to be parti-
ally a misnomer. Glover's Reef is a full-fledged atoll, Lighthouse Reef
warginally so, while the Turneffe Islands may be termed a "bank reef"
or “reef-fringed bank', and is not an atoll at all in the sense here
defined. It should in my view be deleted from Brysn's "Checklist of
Atolls", while the others remain. If the criteria here used are rigor-
ously applied to atoll-iike reefs, then more would probably he deleted,
and those that remaln possess more unity and common characteristics
than before.
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X, APPENDICES

1. Surveying

Problems of surveying sand and mangrove cays have been fully dis-
cussed clsewhere——by Lofthouse (1940a, 1940b), Kemp (Steers, 1934,
51-52), Spender (Stephenson and others, 1931), and in the revised edi-
tion of Handbook of atoll Kesearch, edited by Dr. Fosberg and Hiss
Sachet (1953). Outlines of the cays were mapped by compass traverse
and pacing, with surprisingly accurate results. Greatest closure errors
were found where beaches consisted of diverse material such as rough
coral blocks, or on cays with lighthouses. Iiaps were as far as possible
drawn up immediately. Where topography was considerable, lines of
levels were surveyed across the island with a tripod guickset level, and
again distances were paced. Details of cay composition and vegetation
were booked round the cay margins during the inltial traverse, and in-
terior detail later filled in by transects normal to the shore., Speed
and accuracy here depends on the recognition of Yecologic field units"
of the type listed by Cloud (1952), and increases greatly with experi-
ence, Interior detail is least reliable where vegetaticn is most dense.
Liangrove areas present special problems and cannot be surveyed to the
same standards as dry land areas. ihere mangrove zones on sand cays are
less than 100 yards long the traverse was normally carried to seaward
of them, but this was lizble to disruption by deepening water, soften-
ing bottoms, and inguisitive sharks and barracuda. Elsewhere, the tra-
verse was cirried to landward, ana the exterior sketched in very
roughly. BRecognition of vegetation units alsc improves with practice,
and is helped by the fact that many plants (Sesuvium, Wedelia, Tournefortia
and so on) occur in pure stands, offen sharply delimited. Distribu-—
tion of plants was normally sketched in {with pacing of distances) on
completed maps. The cay was located with respect to its reef by inter—
section of conspicucus points—-stranded trees, boulders, ete.

Beachrock mapping has problems of its own. Normally one member
swars out (op if sufficiently shallow, paced out) to submerged beachrock
exposures, and intersections were taken on him at salient points, by
the other member from fixed shore stations, The geolegic hammer proved
a useful measuring rod for depth, thickness and widih of beachrock,
data being communicated to the person on shore for booking. Where the
beachrock is complicated, it is useful to have a third person in a boat
to tazke verbatim notes from the swimmer, and also to collect specimens.

The Turneffe cays were among the first to be mapped in this inves-
tigation, before technigues were worked out and the problems appreciated,
so that the detall for certain cays on this atoll is less than one might
wish,

It should be noted that the cay maps zccommanying this paper are
oriented according to compass north, not true north.
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2. List of plants collected

The following list of determinations of plant specimens collected
on ‘the three atolls was furnished by F. R. Fosberg. Several of the
specimens were in rather poor condition, or missing from the collec-
tion sent to Fosberg, and the names of these are from a set submitted
to the British Musewm. These are indicated as determined by W. T. Stearn,
of that institution, who also sent suggestions on the nomenclature of
several other species. The numbers cited are those of the collector,

D. R. Stoddart, in all cases. Several specific names were changed
after the stencils of the Bulletin were finished, hence the names used
in the report differ from those in this 1ist. In such cases, the
synonym used in the report is added in parentheses in this l1ist. The
unldentified plant mentioned on p. 47 From Mauger Cay is Batis maritima.

Gramineae

Andropogon glomeratus (Walt.) B.S.P.
Lighthouse Reef, Sandbore Cay, no. 553

Eragrestis ciliaris (L.} R. Br.
Lighthouse Reef, Half Moon Cay, no. 547

Eragrostis domingensis (Pers.) Steud.
Glover's Reef, Northeast Cay, no. 62

Paspalum plecstachyum Doell.
Glover's Reef, Northeast Cay, no. 63

Sporeholus virginiecus TL.
Lighthnouse Reef, Half Moon Cay, no. 4O

Sporobolus gg.
Lighthouse Reef, Northern Cayno.52 (Det. W. T. Stearn)

Cyperaceae
Cyperus lisularis L. (Cyperus planifolius L. C. Rich.)

Lighthouse Reef, Half Mcon Cay, no. 41
Glover's Reel, Hortheast Cay, no.

Fimbrigtylis cymosa R. Br.
Glover's Reef, Middle Cay, no. 80

Palmae

Thrinax parviflora Sv.
(lover's Reef, Northeast Cay, no. T7
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Amaryllidacese
Hymenocallis littoralis ({Jacq.) Salisb.

Turneffe, Harry Jones Point, no. 512
Lighthouse Reef, Half Moon Cay, no. 39

Orchidaceae

Brassavola nodosa  (L.) Lindl. ?
Glover's Reef, Hortheast Cay, no. 65

Batidaceae

Batis maritima L.
Turneffe, Mauger Cay, no. 542

Moraceae

Ficus ovalis (Liebm.) Miq.?
Glover's Reel, Northeast Cay, no. 7Ti

Amsranthacese

Alternanthera ramosissima (Mart.) Chod.
Lighthouse Reef, Halfl Moon Cay, nos. 6551, 42

Iresine diffusa H. B. K. {(Iresine celosia IL.)
Turneffe, Harry Jones Point, no. 28
Glover's Reef, Southwest Cay, no, 82

Nyctaginaceae

Neea choriophylla Standl.
Glover's Reef, Northeast Cay, no. 68

Phytolaccaceae

Rivina humilis L.
Half Moon Cay, Lighthouse Reef, nos. 545, hb

Alzoacesae

Sesuvium portulacastrum (L.) L.
Lighthouse Reef, Half Moon Cay, no. 46
! K Hat Cay, no. 57
Glover's Reef, Northeast Cay, no. 75
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Portulacaceae

Portulaca oleracea L.
Lighthouse Reef, Hat Cay, no. 56

Lauraceae

Cassytha filiformis L.
Lighthouse Reef, lalf Moon Cay, no. 32

Leguminosae

Capavalia rosea (8w.) D.C.
Lighthouse Reef, Half Moon Cay, nc. 59

Sophora tomentesa L.
Glover’s Reef, Long Cay, no. 79

Surisnacess

Surians maritima L.
nghﬁhouse Reef, Sandbore Cay, no. 5il
" Half Moon Cay, no., 47

Euphorbiaceae

Drypetes brownel Standl.
Lighthouse Reef, Half Moon Cay, no. 60

Euphorbia blodgettil Engelm.
Glover's Reef, Northeast Cay, no. 70
" ¥ Southwest Cay IT, no. &b

Tuphorbia mesembrianthemifolia Jacq. (Fuphorbia buxifolia

Lighthouse Reef, Half Moon Cay, nos. 33, 58
Glover's Reef, Northeast Cay, no. T4

Duphorbia trichotoma Xunth
Glover's Reef, Southwest Cay, no. 81

Passifloraceae

Passiflora suberosa T 7
Glover's Reef, Northeast Cay, no. 66

Lam. )
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Combretacese

Conocarpus erectus L.
Turneffe, Mauger Cay, no. 549
Lighthouse Reef, Sandbore Cay, no. 538
Glover's Reefl, Hortheast Cay, no. 67

Apocynacesze

Stemodia meritima L.
Lighthouse Reef, Half Moon Cay, mno. 40

Convolvulacesac

Tpomoea pes-caprae subsp. bragiliensis (L.) v. Ooststrom
Lighthouse Reef, Half Moon Cay, no. 3L (det. W. T. Stearn)

Ipomoea tuba  {Schlecht.) Den
Lighthouse Reef, Half Moon Cay, no. 34+ (det. W. T. Stearn)

Ipomoea sp.
Lighthouse Reef, Half Moon Cay, no. 37

Boraginaceas
Cordia sehastena L.

Lighthouse Reef, Half Moon Cay, no. 38
Glover's Reef, Hortheast Cay, no. 76

Tournefortia gpaphalodes (L.) R. Br.
Lighthouse Reef, Half Moon Cay, nc. 45

Verbenaceae

Avicennia germinans (L.) L.
Lighthouse Reef, Northern Cay, no. 55

Lantans involucrata L.
Lighthouse Reef, Horthern Cay, no. 53

Stachytarpheta jamaicensis (L.) Vahl
Lighthouse Reef, Half Moon Cay, no. 35
Glover’s Reef, Souwthwest Cay II, no. 83
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Rubiaceae
Brithalis fruticcosa 1.

Lighthouse Reef, Half Moon Cay, nos. 546, 30
Glover's Reef, Hortheast Cay, no. 73

Ernodes liﬁtoralig S

Lighthouge Reef, Malf Moon Cay, no. 552
" " HNorthern Cay, no. 51

Hamelia patens Jacq.
Lighthouse Reef, Half Moon Cay, no. 36

Compositae

Ageratum Littorale CGray?
ighthouse Reef, Half Moon Cay, no. b8
Glover's Reef, Long Cay, no. 78

Ageratum maritimum H. B, X.?
Turneffe Is., Mauger Cay, no. 543
Iighthouse Reef, Half Moon Cay, no. 43

Ambrosia hispida Pursh
Lighthouse Reef, Bandbore Cay, nos. 554, 50
Glover's Reef, Northeast Cay, no. 72

Borrichia arboregcens (L.) IC.
Lighthouse Reef, Half Moon Cay, no. 548
" : Hat Cay, no. 54

Wedelia trilobata (L.) Hitche.
Lighthouse Reef, Half Moon Cay, no. 61
Glover's Reef, Northeast Cay, no. 69
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3. A Note on Chinchorro Bank Atoll, Mexico

It was planned to visit this atoll also in 1961, but this proved
impossible owing to the great expense involved. It appears similar in
many respecls to the British Honduras atolls farther south; but like
them it has never been properly described. This note briefly summarises
wh“t is known of it. The atoll is kidney-sheped, 26 miles long and &5~
9% miles wide, surrounded on all sides by a steep-to reef, whieh is best
developed on the windward side (West Indies I'ilot, I, 1956, L84~486).
Chinchorro is the only atoll in this area to have been surveyed in de~
tail, by Commander Barneit in 1839, the chart being published in 1850 and
not since revised. The lagoon, like that of Lighthouse Reef, ilg shallow-
est on the west side (1-2 fathoms) and deepens eastwards to 29~4 fathoms,
The deeper portion is bisected by a tongue of shoal water (1-13 fathoms)
extending NNE-35W, and forming the foundation for Great Cay, rising in
the centre of the atoll, The greatest depth found in the lagoon is L&
fathoms,

There are four cays on the atoil: Cayo Lobos in the south, Great
Cay (Cayo Centro or Grande) in the centre; and Cayos Nortes in the north.
The cays are described as follows in the Yest Indies Pilot, I, 1956:
"Cayo Lobos (Lat. 18°23'N, Long. 879221W) is about 5 feet (1¥5) high and
composed of indurated sand and blesched coral Cayo Centro (Grande)
lies in the middle of the lagoon about 13 miles from the eastern edge of
the reef. It is a low ridge of sand covered with vegetation and palms,
the tops of which are from 40 to 50 feet (12M2 to 15™2) high. The centre
of the cay is occupied by a salt-waber lagoon. Uayo Norte consists of
two low narrow cays situated close together about 1 3/4 miles within the
northern edge of the bank. They are covered with dense vegetation and
the tops of trees on them are from 40 to 50 feet (122 to 152) high."
(p. 485). These observations presumably derive from Barnett's in 1839,
The ornithologist Griscom spent three days on Chinchorro in 1926, visit-
ing Cayos Nortes and Cayo Centro. One of the Cayos Nortes is uninhabiteqd,
and he described it as a "miniature atoll about 200 yards long, with a
somewhat higher beach (than Cayo Centro), and no treest (1926, 1). Cayo
Centro he described at greater length, calling it a'perfect atoll",
which somewhat strains the ussige of the term. He found it

feonsisting off a narrow ring of sand beach, enclosing & cen-

tral lagoon with one small outlet. The central lagoon is &

mangrove swamp with very little open water, full of herons

and crecodiles, The leatherwood 1s the only plant on the is-

land which could be called a fair-sized tree, the flora of

the beach otherwise consisting of serub palms, sea-grape,

and a few other shrubs with fleshy leaves of halophytic West

Indian types. The destructive hurricane which visited the

coast some ten years ago caused the sea to break over the

whole island, killing all the taller trees and probably

greatly reducing the resident land-bird population. The is-

land has never been inhabited, and is visited cccasionally

only by turtle fishermen. The forest of dead trees, their

gaunt and twisted arms gleaming white and naked in the tropi-

cal sunshine, rises above the scrub, and adds a touch of sad~

ness and desolation to a scene, which is, to say the least,

lonely and remote"{1926, 1).
Cayo Centro thus seems comparable to Northern Cay, Lighthouse Reef.
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Edwards {1957, 22) considers that, from chart evidence, "coral
heads and reefs here occur above their level of formation.' He presum-
ably refers to Blandford Ledge and Skylark Ledges at the scouthern en-
trance, which have been chizrted in detail; there is no evidence that
they are raised. &llen (1841) described the Chinchorro Reefs as “even
with the sea-—a description which he alsc gave to unraised reefs on
Lighthouse and Glover!s Reefs. Griscom says that "The outer reefs are
nearly half a mile wide in places, and the biggest coral heads are four
to six feet below the surface. Inside the reef is a lagoon with a
white sand bottom, the water gorgeously coloured and clear® (1926, 1).
He does not mention raised reefs. The lagoon itself has many patch reefs.

There are two lights on the atoll: one, 4i feet high, on Cayo
Lobos; the other, 52 feet high, on the northern cay of Caycs Nortes.
The Cayo Lobos light is said by British Honduran fishermen to have been
out of action since Hurricane Janet passed over this area in 1955.
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