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MAN AND THE VARIABLE VULNERABILITY OF ISLAND LIFE.
A STUDY OF RECENT VEGETATION CHANGE IN THE BAHAMAS

1
by Roger Byrne

I. INTRODUCTION

A question of increasing concern to scientists and lay-
men alike is to what extent plant and animal communities can
withstand disturbance by man. In this context the histori-
cal Dbiogeography of small islands is especizally relevant.
Island 1life has proved to be particularly vulnereble to
human disturbance. In the brief period of human settlement
faunal extinction rates have been proportionally much higher
on islands than on the continents. For plants the situation
is less clear. Few island studies have dealt in detail with
the consequences of man's impact and as a result the vulner-
ability of insular plent communities is poorly understood.
It was with this general problem in mind that the present
study was undertaken.

More specificelly, an attempt was made to determine the
extent to which man has modified the vegetation of Cat
Island, a small island in the Bahamas. Originally, 1t was
intended to dezl with the vegetation of the island as a
whole, but for several reasons the detailed analysis was
limited to the mixed evergreen-~deciduous woodland, or "cop-
pice™ as it 1s locally known. The woodland covers more than
90 percent of the island and has been intensively disturbed
by man. On a theoretical level the question was considered
as to whether or not the vegetation of offshore islands such
as Cat is vulnerable in the same way as that of the Hawailian
Islands or the Galapagos. The choice of Cat Island was to a
certain extent fortuitous. As a low-limestone island it
provided a comparatively simple setting, it was reasonably

T. Present address: Department of Geography, Universi-
ty of California, Berkeley, California, 94720.

(Manuscript received November 1978--Eds.)
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accessible, and like the Bahamas as a whole 1its vegetation
was virtually unexplored.

Field work was carried out during three visits: July to
October 1967, June to August, 1968 and June to September
1970. In addition short visits were made to three other

Bahamian islands: Bimini, Mayaguana, and New Providence.
Historical evidence was gathered in London during the spring
of 1968. Particular attention was paid to the manuscript

collections at the Public Records Office, the British
Museum, the British Museum of Natural History, and the Royal
Botanical Gardens at Kew. This text represents a revised
version of a doctoral dissertation submitted to the Univer-
sity of Wisconsin in 1972 (Byrne, 1972).



ITI. THE THEME: MAN AND THE VULNERABILITY OF ISLAND LIFE

The idea that island life is inherently vulnerable to
disturbance by man was first proposed by Charles Darwin sas
supporting evidence for his theory of natural selection.
Since Darwin's time, however, the whole question of insular
vulnerability has been variously interpreted and as yet
there is no consensus.

Farly Interpretations

During his voyage on the Beagle (1831-1836), Darwin was
particularly impressed by the extent to which man had dis-
turbed the plant and animal 1life of so many remote islands.
On S3t. Helena, for example, the woodland had been virtually
removed by the combined effects of selective <cutting and
grazing, and the native plants had been apparently replaced
by introduced species.

The many imported species must have destroyed some
of the native kinds; and it is only on the highest
and steepest ridges that the indigenous floras 1is
now predominant (Darwin, 1839: 485).

In his account of the voyage, Darwin made no attempt to
explain why the plants and animals of remote islands should
have been so vulnerable to disturbance., His explanation was
to come twenty years later in The Origin of Species. Here
he suggested that continental species have a competitive
advantage over 1insular species Dbecause the struggle for
existence is more severe on continents +than on islands.
Islands, because of their small size and inaccessibility,
have fewer species and consequently the competition among
those present 1is 1less vigorous. To support this idea he
pointed out how relict floras and faunas had survived on
islands long after they had become extinct on the mainland.

On a small island the race for 1life will have been
less severe, and there will have been less modifi-
cation and 1less extermination. Hence, we can
understand how it is that the flora of
Madeira...resembles to a certain extent the
extinct tertiary flora of Europe (Darwin, 1859:
108).

This view of islands as natural museums in which plants
and animals are preserved by isolation was generally
accepted by the great nineteenth century naturalists.



Wallace, for example, agreed with Darwin that species from
continental areas, particularly Europe, were more aggressive
than insular types. Like Darwin, he noted how the native
flora and fauna of St. Helena had been drastically changed
during the few hundred years of European settlement.

When first visited by civilized man it was in all
probability richly stocked with plants and
animals, forming a kind of natural museum or
vivarium in which ancient types, perhaps dating
back to the Miocene period, or even earlier, have
been saved from destruction which has overtaken
their allies on the great continents (Wallace,

1902: 308, 309).

Darwin's close friend Joseph Dalton Hooker was also
impressed by the vulnerability of island 1life. He wrote at
length on the success of European weeds on oceanic islands,
and 1like Darwin attributed it to their supposedly superior
competitive ability (Hooker, 1860, 1865, 1867a, 1867b).

In general terms, Darwin, Wallace, and Hooker were all
agreed that island 1ife was inherently vulnerable. What was
not clear was the detailed nature of this vulnerability and
to what extent 1t was due to man. The nineteenth-century
naturalists were limited in their thinking by the typologi-
cal species concept, and because of this they reduced the
intricacies of competition to a battle in which the 1length
of species lists assumed an inordinate importance. This 1is
not to say that they were entirely unaware of the signifi-
cance of man's role. Wallace (1902: 306), for example,
emphasized that European weeds could not have successfully
invaded New Zealand had man not disturbed the native vegeta-
tion first.

Before reviewing more recent views of the vulnerability
of island 1life, mention should be made of the important role
oceanic i1slands played in the development of the theory of
natural selection. In The Origin of Species Darwin argued
strongly against the then popular land-bridge theory that
had been used to account for the origin of insular floras
and faunas. Oceanic islands, he maintained, had never ©been
connected to the continents and consequently were poor in
species of both plants and animals; furthermore, many impor-
tant taxa were not represented at all. This impoverishment,
he argued, was further evidence against the doctrine of
independent creation.

T. AITan (T936), 1In nis critique of the hypothesis of
insular wvulnerability, failed to give Wallace credit
for this observation.



He who admits the doctrine of the creation of each
separate species, will have to admit that a suffi-
cient number of the ©best adapted plants and
animals were not created for oceanic islands; for
man has unintentionally stocked them far more
fully and perfectly than did nature (Darwin, 1859:
370).

This argument reinforces his earlier conclusion that
the inhabitants of oceanic islands are inherently vulnerable
to disturbance. Both Hooker and Wallace emphasized the
difference between continental and oceanic islands; the
former having at some time been connected by land bridges to
the continents, whereas the latter had always been isolated.
Wallace elaborated on the distinction and defined oceanic
islands as follows:

Islands of volcanic or coralline formation, usu-
ally far from continents and always separated from
them by very deep sea, entirely without indigenous
land mammalia or amphibia, but with a fair number
of birds and insects, and usually with some rep-
tiles (Wallace, 1902: 243).

Recent Views

In the present century the broad approach of the
natural scientist has generally been abandoned in favor of
narrow specialization.

Botanists have been divided on the question as to
whether or not insular plants are inherently vulnerable to
disturbance. OCne school of thought has held that Darwin's
interpretation was basically incorrect. Allan (1936), for
example, argued that continental plants are not inherently
more aggressive than insular types. According to Allan, in
New Zealand the introduced species owe their success to
prior disturbance of the natural vegetation by man and his
domesticated animals. Much the same conclusion was reached
by Egler in his review of the status of alien plants in
Hawaii.

In the absence of anthropic influences, the evi-
dence strongly favors +the view that most of the
aliens will be destroyed by the indigenes, such

aliens surviving only in greatly reduced numbers
and as very subordinate members of the resulting
ecosystem (Egler, 1942: 23).



At the same time, Egler argued against the need for any
general theory to account for the processes involved, and
suggested that the history of each alien species should be
looked at individually,

A somewhat different view of insular vulnerability has
been presented by Fosberg (1936, 1965, 1972). Fosberg has
argued that the ecosystem concept provides an especially
useful means of evaluating the significance of man's impact
on island life. 1In essence, he has restated the Darwinian
hypothesis in modern terms. In his introduction to the sym-
posium Man's Place in the Island Ecosystem, he characterizes
the island ecosystem as follows:

Limitation in organic diversity; reduced inter-
specles competition; protection from outside com-
petition and consequent preservation of archaic,
bizarre, or possibly ill-adapted forms; tendency
toward climatic equability; extreme vulnerability,
or tendency toward great instability when isola-
tion is broken down (Fosberg, 1965: 5).

In another paper on this theme, Fosberg emphasized the
contrast between old continental ecosystems and young island
ecosystems. The former, he suggests, are floristically and
faunistically diverse, well-balanced, rarely invaded by
aliens, and quick to recover after disturbance. The 1latter
are poor 1In species, often imbalanced, often invaded, and
slow to recover after disturbance (Fosberg, 1963: 557-561).
The ecosystem concept has been of considerable value in
guarding against too narrow a view of man's impact on island
life.

Another botanist who has emphasized the idea that
island 1life 1s 1inherently vulnerable is Carlquist (1965,
1970). Like Darwin and Wallace, Carlqguist has suggested
that 1islands have been refugia for species that have become
extinct on the continents. In his recent Ubook on the
natural history of Hawaii, he devoted a chapter to a con-
sideration of the loss of competitiveness in native plants,
(Carlquist, 1970: 173-179). He notes that the flora is espe-
cially poor in poisonous, strongly-aromatic, or spiny plants
and concludes that this reflects the lack of any grazing
pressure from mammals. He also points out that few Hawaiian
plants are weedy and that most species are less competitive
than their continental counterparts. These factors,
together with inbreeding, small population sizes, and highly
specialized habitat requirements, have made the Hawaiian
species especially vulnerable to disturbance. Unfor-
tunately, Carlquist avecids the subject of man's impact. His
mailn concern 1s the fate of the rare endemics, and



introduced species are dismissed as uninteresting weeds,
whose story could "only have been a catalogue of sorts"
(Carlquist, 1970: viii). This attitude has been charac-
teristic of many island botanists. Rare endemics and remote
virgin forests have attracted much more attention than
cosmopolitan weeds and secondary woodland.

Unlike botanists, zoologists have rarely questioned the
idea that island 1ife is inherently vulnerable to distur-
bance. Simpson and Mayr, for example, have accepted the vul-
nerability thesis and have tried to place it in the frame-
work of modern evolutionary theory.

Simpson (1953: 306) suggested that islands, particu-
larly small, strongly isolated islands, are "evolutionary
traps,” in which the possibilities of further evolution are
extremely restricted. The organisms reaching such islands
become specifically adapted to a small number of niches, and
thereafter a rather static, closed ecological situation per-
sists. Populations are likely to be small, with 1little

genetic wvariability available for change. If dinvasion
occurs, the native organisms are particularly subject to
rapid extinction. On the other hand, he rejects the idea

that islands are ephemeral features and therefore unlikely
to be very old.

Mayr (1963: T74-76) has likewise noted that insular fau-~
nas are particularly vulnerable to competition from intro-
duced species. 1In general terms he accepts the 1idea that
species from large areag have a competitive advantage over
species from small areas.“ At the same time he cautions
against the acceptance of any sweeping generalizations and
points out that there are many exceptions to the rule.

Another zoologist who has been concerned with the
consequences of the invasion of islands by alien species is
Wilson (1965). From a statistical analysis of Hawaiian bird
faunas he concluded that there was no evidence to suggest
that continental species were intrinsically superior to
insular species. His approach, however, involving as it did
only faunal 1lists, could hardly be expected to provide any
conclusive answers.

A broader approach to the whole problem of insular vul-
nerability has ©been advocated by Elton. In The Ecology of
Invasions by Animals and Plants he devoted a whole chapter
to a consideration of "The Fate of Remote Islands" (1958:

Z. Mayr expressed the same idea in his concluding re-
marks to the symposium on The Genetics of Colonizing
Species (Baker and Stebbins, Tg65T 559) . ~




77-93). Having documented the drastic changes on islands
such as Juan Fernandez and Hawaii, he repeats the argument
that insular plent and animal communities are vulnerable to
invasion because of their comparative simplicity.

Natural habitats on small islands seem to be more
vulnerable to invasion than those . on the con-

tinents. This is especially so on oceanic islands
which have rather few indigenous species (Elton,
1958: 147).

The idea that species diversity can be directly corre-
lated with stability has since become a canon of the conser-
vation movement. In essence 1t 1s a restatement of the
Darwinian hypothesis put forward nearly a hundred years ear-
lier. Unfortunately, Elton does not explain on Jjust why
small 1slands are so vulnerable or, more particularly, to
what extent man is responsible for this vulnerability. As
Elton himself admits, this is a poorly-researched topic and
ecologists have 1n general avoided such complicated ques-
tions.

Geographers who have explored this theme have rarely
been 1intimidated by the complexities of island life. 1In
most cases they have taken an holistiec approach which has
included plants, animals, and man. A pioneer study of this
kind is Clark's The Invasion of New Zealand by People,
Plants, and Animals (1909). Here, however, the main concern
was with the invaders, particularly man, and the changes 1in
the native flora and fauna are only briefly described.

More recently, Harris (1965) has explored a similar
theme 1in his Plants, Animals, and Man in the QOuter Leeward

Islands. This study involved a detailed review of the his-
torical evidence for man's impact on the plant and animal
communities of Antigua, Barbuda, and Anguilla. Harris's

conclusions were much the same as Elton's, namely, that
small oceanic islands are particularly vulnerable to 1inva-
sion Dby alien plants and animals, especially man. The plant
and animal communities of the Outer Leewards are highly
vulnerable because they lack the "ecological resistance® of
more complex communities, and although the number of species
that have become extinct since man first settled the islands
is not known, it is thought to be large (Harris, 1965: 141).

In another publication, Harris (1962) reviewed Darwin's
hypothesis in the 1light of his research in the Outer Lee-
wards. Like Allen and Egler, he emphasized the point that
without prior disturbance by man, alien plants would make up
only a small proportion of the total plant cover. 1In other
words, alien plants are not inherently more aggressive than



the native species. A very similar conclusion was reached
by Watts (1966, 1970) in his study of man and vegetation
change in Barbados. Having shown that alien species had not
been able to invade areas of comparatively undisturbed vege-
tation, Watts concluded that alien species were dependent
for their success on prior disturbance by man.

In a2 similar study Kimber (1969) analysed the history
of recent vegetation change in Martinique, a small volcanic
island in the Lesser Antilles. Although her approach was
primarily historical, it was strongly influenced by the
ecosystem concept. The gquestion of insular vulnerability
was not considered as such, but the evidence presented
clearly shows that the vegetation of +the 1island has been
disturbed drastically by man. In her conclusion she states
that the island ecosystem of Martinique is out of ©balance
and that the plant cover has been degraded and simplified by
man's interference (Kimber, 1969: 599).

A somewhat different approach to the problem has been
taken by J.D. Sauer (1960, 1967). Unlike Clark, Harris,
Watts, and Kimber, Sauer combined the historical approach
with detailed analyses of the contemporary vegetation. His
research on the coastal vegetation of Mauritius and the Sey-
chelles 1is especially relevant to the present study insofar
as it shows that the native species were inherently well-
adapted to withstand the impact of disturbance by man.
These findings do not necessarily mean that Darwin's
hypothesis should be rejected. They do mean that coastal
species with their cosmopolitan distributions are not typi-
cally insular. Significantly, the inland vegetation on both
Mauritius and the Seychelles has been extensively modified
by man.

Unresolved Issues

In general terms Darwin's hypothesis has withstood the
test of empirical research rather well, although it must be
admitted that few biologists or geographers have concerned
themselves with a detailed analysis of insular vulnerabil-
ity. In some cases vulnerability 1is easily wunderstood.
Flightless birds without fear of predators are obvious can-
didated for extinction. For plant populations the situation
is less clear.

With a few notable exceptions, such as Egler, Fosberg,
and J.D. Sauer, botanists have tended to ignore the subject,
and have concerned themselves with systematic studies or
with the analysis of wundisturbed vegetation. Several
biogeographers have explored the theme but for the most part
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have restricted themselves to the historical approach.
Unfortunately, the historical record alone is rarely
detailed enough to allow for anything more than a very qual-

itative reconstruction of vegetation change. For some
islands it has been possible to establish the chronology of
introductions and extinctions, but these 1in a sense

represent only the first and last chapters of the story.
The complex processes of vegetation change that have been
started by man on small oceanic 1islands are still only
poorly understood.

On a different level, the question as to what extent
islands vary in their vulnerability remains unanswered,
Theoretically, one would expect that the vegetation of inac-
cessible 1islands such as the Hawaiian Islands or the
Galapagos would be more vulnerable to disturbance than that
of off-shore 1islands such as the Bahamas. The former are
inhabited by rare endemics, the 1latter by wide-ranging
species. Somewhat unexpected, therefore, are the conclu-
sions reached by Harris (1965), Watts (1966), and Kimber
(1969), which suggest that the plant and animal life of the
Lesser Antilles is vulnerable in much the same way as that
of the Hawaiian 1Islands. If this is indeed the case, the
plant and animal 1ife of the Bahamas might also be expected
to be vulnerable.

With these guestions in mind, it was decided to study
in some detail man's impact on the vegetation of one small
island in the Bahamas, Cat Island. More specifically, the
study attempts to determine to what extent cutting, burning,
browsing, and the introduction of alien plants and animals
have brought about changes in the native vegetation.

Although Cat Island is an oceanic island in the Ssense
that it has never been joined to the continent, it is
clearly less isolated than remote islsnds such as Hawaii or
the Galapagos. As an offshore island with a lesser degree
of insularity, it provides an interesting test for the
hypothesis of insular vulnerability.
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ITI. THE SETTING: A LOW LIMESTONE ISLAND

In spite of their wearly discovery, the Bahamas are
still in many respects unknown. Wallace (1902:5), in his
introduction to 1Island Life, briefly commented on the
remarkable contrasts 1in flora and fauna between peninsular
Florida and the Bahamas, only 50 miles to the east (Figure
1. The differences, he argued, could not be explained by
existing conditions, as the climate and soil of the two
areas were the same. The Bahamas were different, he
implied, because they were islands. Unfortunately, although
he went on to discuss, with the aid of many examples, "the
complex causes of insular floras and faunas," the Bahamas
were not referred to again. Then, as now, very little was
known about them. Unlike the formerly prosperous sugar
islands to the south, the Bahamia? environment has attracted
little attention from scientists.

Thiﬁ has Dbeen particularly true for remote "Out
Islands"“ such as Cat Island (Figure 2). Apart from some
botanical exploration at the beginning of the present cen-
tury (Britton, 1907) and a study of land snails in the 1930s
(Clench, 1938), virtually no scientific research of any kind
had been carried out on Cat Island before the present study
was started in the summer of 1966. Lind's study of coastal
landforms began shortly afterwards and his findings have
since been published (1969).

Cat Island provides a comparatively simple setting for
a study of man and vegetation change. It is only 250 square
kilometers in area and has a subdued relief, the highest
elevation being just over 60 meters. Because of its small
size and low elevation it is climatically more or less uni-
form. The differences that do exist are due to differences
in exposure; the eastern and southern coasts face the trade
winds, while the western coast is comparatively sheltered.
As far as bedrock geology is concerned, again there is 1lit-
tle wvariation; the entire island is composed of virtually
pure calcium carbonate. There is, however, some local vari-
ation in 1lithology which in large part reflects the degree
to which the limestone has become indurated by exposure to
the atmosphere. Also, there is considerable local variation

T. This 1S not strictly True in certain areas of biolo-
gy and geology, as a lengthy bibliography compiled by
Gillis et al. (1976) indicates.

2. The " term "Out Island" in the Bahamas refers to is-
lands other than New Providence, the seat of the capi-
tal, Nassau.
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in the degree to which +the 1limestone surface has been

dissected by solution. In some areas there are numerous
potholes, in others the surface 1is still more or less
intact. These 1local differences in lithology and relief

have an important influence on the composition and structure
of the vegetation.

Insularity

Cat Island is located in the east central part of the
Bahamian archipelago, less than a hundred miles north of the
Tropic of Cancer (Figure 1). Like most Bahamian islands it
fringes the windward margin of a shallowly submerged bank.
Together the island and the bank form an easterly arm of the
Great Bahama Bank which projects out into the deep water of
the Atlantic. Off the northern, eastern and southern coasts
precipitous slopes descend to depths of more than 2,500
fathoms. To the west ten miles of bank 1lie between the
island and the comparatively shallow Exuma Sound, only 1000
fathoms deep. To the northwest a narrow submarine ridge
connects Cat Island with Eleuthera and the Great Bahama
Bank, There is, however, no evidence of any geologically
recent land connection between the Great Bahama Bank and
either Florida or Cuba, so in this sense, Cat Island 1is an
oceanic island.

On the other hand, the sea level fluctuations of the
Pleistocene drastically changed the relative areas of land
and sea. A fall in sea level of only 10 fathoms, such as
occurred several times during the Pleistocene, would double
the present land area of the island and make it a peninsula
of the Great Bahama Bank (Figure 1). For the Bahamas as a
whole it would increase the land area from 5,400 to 60,000
square miles and would make the minimum salt water distance
to Cuba only 10 miles and to Florida 50 miles. C(Clearly, Cat
Island's insularity has varied significantly in the recent
geological past; even today this is not an oceanic island to
the same degree as remote 1islands such as the Hawaiian
islands or the Galapagos. Cat Island's insularity is also
qualified by the proximity of other islands in the archi-
pelago.

Geology and Geomorphology

The shallow water of the Bahama banks provides an ideal
environment for the accumulation of a great variety of car-
bonate sediments, and borehole data indicate that similar
sediments have been accumulating in the area since at least
the Early Cretaceous and possibly the Palaeozoic (Lynts,
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1970: 1227). This accumulation has been made possible by a
long-continued subsidence, and indicates that the Bahamian
environment has in the long term been a remarkably stable
one (Newell and Rigby, 1957).

Even so, the present Bahamian islands are in a geologi-

cal sense very young. The surface rocks are aeolianites and
shallow- water marine sediments of late Pleistocene or Holo-
cene age. On Cat at least three age-surfaces can be identi-

fied. They are easily recognized in the field by the degree
to which the 1limestone has been indurated and potholed.
Because of the homogeneous nature of the bedrock, differ-
ences 1in surface characteristics are important in determin-
ing the character of the vegetation. For this and other
reasons that will be discussed later it was decided to use
landform types as a framework within which to analyse vege-
tation change. Although some of the details of the origins
of Bahamian landforms are still unclear, the general pattern
seems plain; furthermore, it 1s a pattern that repeats
itself on all the larger islands.- What follows here 1is a
brief account of the sequence of landform types observed on
Cat Island. Figure 3 represents a geomorphological c¢cross-
section of the island and Figure 4 shows the distribution of
the more important habitat-types.

Dune Ridges.

On the windward side of the island three discontinuous
dune systems run sub-parallel to the present coast. The
oldest lies furthest inland and is usually higher than the
other two, reaching just over 60 meters in places. The aeo-
lianite 1s indurated to an unknown depth, and its surface is
pockmarked with potholes. Although no dates are available
for the age of these dunes, they may have been formed during
the Yarmouth or early Sangamon interglacial. That they were
partly submerged prior to the present sea 1level rise 1is
shown by s wave-cut bench at about 1 meter above the present
high tide mark. Fossil coral was occasionally observed at
about the same elevation, although nowhere was it as common
as on other Bahamian islands, such as Andros and Mayaguana.
Isotope dates for presumably synchronous corals on the
Florida Keys range between 80,000 and 150, 000 years
(Broecker and Thurber, 1965; Newell, 1965).

A mile or so to the eastuof the older dunes is a dune
system of intermediate age. These dunes are generally

3. Doran (1955) has provided a useful account of the
landforms of the southeastern Bahamas.

4, 1In some areas, as for example behind the northern
coast of the island, the intermediate-age dunes have
overridden the older dunes.
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between 15 and 20 meters high. Their surfaces are also
indurated, but 1lack the numerous potholes of the older
dunes. 1In localized areas the limestone is loosely consoli-
dated and breaks down to produce a sandy soil. On the
ground, the intermediate dune system has a comparatively
fresh appearance, with steep 1lee slopes and gentle dip
slopes easily distinguished. Also Pleistocene in age, they
do not show any evidence of marine erosion apart from that
which has accompanied the recent rise in sea level.
Directly behind the windward coast is the youngest dune sys-
tem. These dunes rarely reach more than 15 meters in height
and are usually around 6 meters high. The lime sand has
been only shallowly indurated and is easily kept 1loose by
cultivation. Like the two older dune systems, the younger
dunes are fossil landforms, and erosion rather than dune
formation characterizes the present coast. These Holocene
dunes were studied in detail by Lind, who obtained dates for
them of between 4,000 and 500 years (Lind, 1969: 126).

Casual inspection with a hand lens suggested, all three
dune systems are composed of similar carbonate sediments.
Oolites are particularly important, with fragments of shell,

coral, and calcareous algae also being common. Fossils are
not abundant, although in certain layers shells of the 1land
snails Cerion and Cepolis can be found. The differences in

the surface characteristics of the three dune systems are
important as far as the cultivation of crops is concerned
and as a consequence they are recognized locally as distinc-
tive habitat-types. The two Pleistocene dune systems are
known collectively as "the blackland,"” while +the Holocene
dunes are called "the whiteland".

Beach Ridges.

On the leeward side of the island, water has been =&
more important depositional agent than wind, and here beach
ridges are the most prominent land form. They curve round

in multiple series independent of whatever was the prevail-
ing wind direction at the time they were ©Dbeing formed.
Their distribution has apparently been influenced by the
movement of currents in the lee of the dunes.

Again three age surfaces can be distinguished, each one
corresponding to a dune system on the windward side of the
island (Figure 3). Collectively they differ from the dunes
both 1in their lower elevation and in the symmetry of their
cross profiles. In terms of surface characteristics, each
beach ridge system is much the same as its equivalent dune
system, and fto this extent offers similar opportunities for
plant 1life. This is true of cultivated as well as wild
plants, and as a result the 1local people make the same
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distinction between the younger, older, and intermediate-
aged surfaces as they do on the dunes. The former is known
as "the whiteland," the other two "the blackland".

Lagoonal Plains.

Between the dunes, and between the dunes and beach
ridges, are two comparatively level surfaces. Their origin
is indicated by the marine shells they contain, including
the conch Strombus. Apparently they are of different ages.
The higher surface at about 6 meters above sea level is rid-
dled with potholes, whereas the lower one, only a few meters
above sea level, is comparatively intact. The higher sur-
face 1is "~ probably the same in age as the oldest dune/beach-
ridge system while the lower surface corresponds to the
intermediate dune/beach-ridge system. A third surface,
corresponding to the youngest dune/beach-ridge system, can
be seen below present sea level at an average depth of about
3 fathoms.

Unlike the cross-bedded aeolianite that makes wup the
dunes, these marine sediments have bedding planes that are
close to horizontal and as a result the land surface tends
to be much smoother, Especially 1level areas are known
locally as "platey land"™ and, as will be shown later, have a
distinctive vegetation cover. The plains are not entirely
flat, being characterized by 1low undulations with wave-
lengths in the order of 1 x 10 meters. The proximity of the
water table in low-1lying areas means that slight changes in
elevation can produce sharp changes in vegetation.

Soils

The soils of the island are thin and discontinuocus,
For the most part they vary according to the age of the land
sur face and the extent to which it has been disturbed by
man . Mooney (1905), 1in the only comprehensive account of
Bahamian soils yet available, lists four soil types as being
present on Cat: (1) Coral sand, (2) Bahama Black Loam, and
(3) Bahama Red Loam, (4) Bahama Marl.

The coral sand type refers to the soil found on the
Holocene sand dunes and ridges, or in local terms, the
whiteland. The term "coral sand" is a misnomer since coral
fragments form only a very small percentage of these sedi-
ments. The whiteland soil type is 1immature in the sense
that there is little profile development. The A1 horizon is
very thin, rarely more than a few inches thick if it is
present at all. In most parts of the island, cultivation
has disturbed whatever profile had developed in the pre-
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agricultural period.5 According to Mooney (1905: 157), this
soil is quite rich in potash, phosphates, and nitrates. How-
ever, a more recent government report states that the white-
land soil is poor in nutrients and too droughty for success-
ful agriculture (Anonymous, 1960).

The Bahama Black Loam is the most widespread soil type
on the 1island. It covers all but a few areas of the
indurated Pleistocene surfaces. Like the whiteland soil it
has been severely disturbed by cultivation and is rarely
more than a few inches thick. During cultivation it col-
lects in pockets and crevices in the limstone surface, leav-
ing large areas of bare rock exposed. According to Mooney
(1905: 158), it is a residual soil derived from the underly-
ing limestone by weathering. An alternative explanation
would be that it consists of broken-down organic matter.
Because of the capillary rise of water through the underly-
ing 1limestone, this soil type 1is less droughty than the
whiteland soils (Anonymous, 1960: 2). It is recognized as
the most productive soil type on the island and is therefore
frequently cultivated.

The Bahama Red Loam has a restricted distribution on
Cat Island. It is found on the older dune and beach ridge
systems and in the 1land-locked depressions between them.
This red soil is almost certainly a fossil soil that formed
under different weathering conditions during the Pleisto-
cene. Similar fossil soils have been described in several
areas of the West Indies (Ruhe et al., 1961; Kaye, 1959).
It is a 1lateritic soil rich in iron and aluminum and has
been derived from the underlying 1limestone by weathering.
Although it appears to be 2 loam in the field, particle size
analysis has shown it to be a clay (Ahmad and Jones, 1969).
This 1s also indicated by the way in which it floods after
rain and becomes hard and compacted when dry. According to
Mooney (1905: 166), it is rich in nutrients, particularly
phosphates, nitrates, and potash, It has & slightly lower pH
than the Bahama Black Loam (7.0-7.5 cf7.5-8.0) and probably
because of this has been especially favored for ©pineapple
cultivation (Anonymous, 1960: 2).

Mooney's fourth soil type, the Bahama Marl has a8 very
restricted distribution on Cat Island, being found only in
small areas of low ground east of McQueens settlement (Moo-
ney, 1905: plate XXXI). Basically it is a freshwater marl
overlying decayed organic material. TIts proximity to the
water table makes cultivation precarious, and as a result it
has only been used for grazing in recent years.

5. Lind (T960) failed to take this into account in his
study of the coastal landforms of the island.
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The importance of soil differences as far as the compo-
sition of the wild vegetation is concerned is not clear.
The whiteland is a distinctive habitat-type, but not because
of its soil characteristics. The boundary between the Black
Soil and Red Soil is wusually distinct, but as Mooney
reported (1905: 165), it does not appear to have any signi-
ficance as far as wild vegetation is concerned. The Bahama
Marl 1is too 1localized to be of major importance. For the
island as a whole it is probably a safe assumption that soil
differences per se are not an important cause of variation
in the structure and composition of wild vegetation.

Climate
As might be expected from its location, Cat Island has
a seasonally wet and dry sub-tropical climate (Table 1).
TABLE 1
CLIMATIC DATA 1952-1962

THE BIGHT, CAT ISLAND
Bahamas Dept. of Agriculture, cited in Lind (1969: 10)

Temperature Rainfall
F C inches mm.

Jan 72 22.2 1.2 30.5
Feb T4 23.% 1.2 30.5
Mar 73 22.8 1.6 40.6
Apr 75 23.9 4.5 114.2
May 78 25.6 3.9 99.1
Jun 31 27.2 1.9 4g.3
Jul 82 27.8 3.8 96.5
Aug 83 28.73 5.0 127.0
Sep 82 27.8 9.1 231.1
Oct 80 26.7 9.1 231.1
Nov 76 24,4 3.6 91.4
Dec 77 25.0 2.1 53.3

Total 39.2 985.7

Mean - 78 25.6

The basic climatic control is the north Atlantic sub-
tropical high pressure cell. 1In winter the cell moves south
and intensifies, limiting convection and reducing rainfall.
Occasional outbreaks of modified polar air bring cloudy
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weather from the north and temperatures fall as low as the
60s, but for the most part the sky is clear and temperatures
average in the 70s. In summer the high pressure cell moves
north, convection is stronger, and trade wind cumulus clouds
may tower as high as 50,000 feet. This is the rainy season,
during which sporadic convectional showers provide most of
the total precipitation. Afternoon temperature may reach
the 1low 90s in July and August, although the comparatively
cool trade winds keep the averages in the 80s.

As far as plants are concerned, perhaps the most impor-
tant aspect of Cat Island's <c¢limate 1is 1its mildness.
Separated from the continent by the warm waters of the Gulf
Stream and under the influence of the trades for most of the
year, the island has a truly oceanic climate. Wallace
(1902: 5) underestimated this oceanicity when he argued that
differences in plant and animal life between Florida and the
Bahamas could not be explained by climate. Frost is virtu-
ally unknown in the islands, and because of this many plants
are able to grow that could never survive for long on the
mainland. To the northerner Bahamian vegetation is very
definitely tropical.

In 2 negative sense rainfall 1is a more important
climatic wvariable than temperature. Although the data
presented in Table 1 do not show it, summer droughts are a
common occurrence in the Bahamas. In some years no rain may
fall for several months and at such a time plant 1life 1is
dependent wupon either the formation of dew or the upward
movement of water through the limestone by capillary action.
A visitor to Cat Island from the West Indies or Central
America would see few plant species that were new to him,
but he would probably be surprised by the generally stunted
nature of the vegetation. Early students of +the Bahamas
flora were especially impressed by the many morphological
adaptations to drought shown by Bahamian plants, for exam-
ple, hairiness and small leathery leaves (Coker, 1905: 215).
Deciduousness is also a response to the seasonally-dry cli-
mate, and during the "winter® many trees and nearly all the
shallow~-rooted bushes lose their leaves.

A phenomenon closely related to the occurrence of
drought is fire. Unfortunately, the significance of natural
fires as far as Cat Island vegetation is concerned is diffi-
cult to assess. According to local informants, no lightning
fires were known to have occurred within 1living memory.
Even so, the possibility remains that they could occur,
especially in the seasonally-flooded savannah. The ever-
green woodland could also burn naturally if there were
enough dry fuel available on the ground. This is rarely the
case today, although 1t may have been more common in the
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past. The significance of natural fires in the Everglades
area of South Florida has been recently emphasised by Craig-
head (1971) and Robertson (1962).

Another important aperiodic climatic wvariable 1is the
frequency of hurricane strength winds. 1In 186 years, 12
hurricane eyes have passed over the island, an average of
one every 16 years (Lind, 1969: 132). Although no studies
have been done on the effects of hurricanes on Bahamian
vegetation, the conclusions drawn from studies in similar
areas elsewhere are probably applicable (Craighead, 1962,
1964; Stoddart, 1965; Sauer, 1962; Wadsworth and Englerth,
1959). Native species are usually quick to recover after
the storm. Flexible trunks and branches, bushy habits, pho-
tosynthetic bark, and deep root systems are characteristic
of many Bahamian species.

Hydrology

The porosity of the limestone exaggerates the droughti-
ness of the surface, but on the other hand it means that
rainfall is not quickly lost as run-off. In the indurated
Pleistocene dunes, the water table may be at a considerable
depth below the surface. At the Devils Point settlement,

for example, deep wells are required to reach fresh water.
In the summer of 1970 the water table was 12 meters below
the ground surface and only 3 meters above sea level. Plant

life on these hills must therefore rely upon water from the
unsaturated zone. 1In the loosely-consolidated younger dunes
and beach ridges the water table is very close to sea level.

Although there are no permanent fresh water streams on
the 1island, several low-lying, land-locked depressions are
flooded after heavy rains in the summer and autumn. This
flooding makes tree growth impossible and means that slight
changes in elevation can cause sharp changes in vegetation.
In these areas the location of the water table has an impor-
tant influence on the character of the vegetation.

The Environment as a Whole

A low, limestone island such as Cat appears to provide
a rather difficult environment for plant 1life. Droughts,
hurricanes, and an apparently infertile 1limestone surface
all combine to place 1limitations on plant growth, and at
first acquaintance it is somewhat surprising that anything
can grow here, wild or cultivated. Yet, paradoxically, the
island is floristically rich. In an area of only 250 square
kilometers, probably a thousand species of vascular plants
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are present.6 In large part this diversity must reflect the
fact that the low, limestone island is an ancient environ-
ment. In the area that is now the Bahamas, islands similar
to Cat have probably been discontinuously present since at
least the early Cretaceous. Plants and animals have there-
fore had a long time to adapt to this sort of setting. It
is interesting to note here that of 60 genera identified 1in
the Wilcox Flora of the Southeastern United States, which
dates to the early Eocene (Berry, 1930), roughly 40 percent
are 1living in the Bahamas today. This is not to suggest as
the nineteenth-century authorities might have done, that
Bahamian vegetation has survived undisturbed since the early
Tertiary. The Bahama islands as they are today are geologi-
cally young. Furthermore, the sea level oscillations of the
Pleistocene must have caused drastic changes in hydrological
conditions and corresponding changes in vegetation indepen-
dent of any changes in regional climate. On a shorter time
scale, natural disturbance, in the form of dune formation
and erosion, flooding by salt and fresh water, hurricanes,
and lightning fires, has wundoubtedly played an important
role in the development of Bahamaian vegetation. How this
vegetation has been able to withstand the new types of dis-
turbance introduced by man 1is the main concern of the
present study.

6. This estimate 1is based on the Bahama Flora (Britton
and Millspaugh, 1920:vii), whieh IT1s5ts 995 spermato-
phytes and 33 pteridophytes for the archipelago as a
whole. These totals, however, only include cultivated
species such as have shown "a strong tendency to become
spontaneous.”
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IV. THE PRESENT VEGETATION: A GENERAL VIEW

Ideally, a study of man and vegetation change would
begin with the vegetation as it was before man arrived and
then trace the changes that have occurred as a result of his
presence. In practice, even for recently settled islands,
this is rarely possible. The problem, of course, 1is that
there are so few accurate accounts of aboriginal vegetation.
Certainly for Cat Island there is nothing. The Arawaks left
no written record, and the =early European accounts are
disappointingly vague. An alternative approach was there-
fore <called for. The one that is followed here is similar
to that used by Harris in his study of the Outer Leeward
Islands (1965). The present vegetation is described first
in general terms. This general account then provides the
basis for the later, detailed analysis of man's impact.

In most respects, the vegetation of Cat Island is simi-
lar to that of the rest of the Bahamas and indeed to that of
similar environments 1in the New World subtropics as a

whole.' A low, largely evergreen woodland covers all but the
lowest ground, where 1t gives way to either salt-tolerant
vegetation or seasonally-flooded savanna. Because of the

island's small size and low relief, climate is not an impor-
tant cause of variation in the composition or structure of
the vegetation. The differences that do exist can largely
be attributed to disturbance by man or to differences in
topography, lithology and drainage. For purposes of general

description, therefore, the vegetation was classified
indirectly on the basis of landform or habitat- types. The
resulting classification is shown in Table 2. It has the

advantage that it avoids the arbitrary problem of classify-
ing vegetation itself and at the same time provides a
coherent framework within which to study the processes of
vegetation change.

The Original intention, was to study man's 1impact on
the vegetation of the entire 1island. However, it soon
became clear that such a broad approcach would have to be of
limited depth and it was therefore decided to restrict the
study to an analysis of man's modification of the evergreen
woodland, or "coppice" as it is locally known. Unlike the
vegetation of salt water habitats and seasonally-flooded

T. It differs from several BRahamian Islands (New Provi-
dence, Abaco, Andros, Grand Bahama, Caicos) in that the
Caribbean pine (Pinus caribaea) is not present. There
is no obvious €xplanation for the anomalous distribu-
tion of pine in the Bahamas.
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areas, the woodland occupies ground on which cultivated
crops can be grown, and as a result it has been drastically
disturbed by man. In the general account that follows, the
comparatively undisturbed vegetation of the uncultivated
areas 1s described first, since it providss the background
for the later discussion of the woodland.“ Figures 5 through
15 illustrate the general aspect of the vegetation of the
uncultivated areas.

Salt Water Habitats

Salt water is never far from the surface in the Baha-
mas. No part of Cat Island is more than 3 kilometers from
the sea, and the fresh water lens at its deepest is probably
not more than 30 meters thick. All the larger lakes are
saline and tidal. Around the margins of these 1lakes there
is a transitional zone of brackish water, the width of which
varies from a few meters to over a kilometer. Its extent
largely a function of topography and bedrock characteris-
tics.,

The vegetation of the salt-water habitats is distinc-
tive, few of the salt-tolerant species are adapted to life
in a fresh-water environment. None of the species present
is peculiar to Cat Island and most of them are widely dis-
tributed throughout the New World sub- tropics. The differ-
ences 1in vegetation within the salt-water habitats are
largely to differences in parent material and exposure. The
latter 1s most important, and accounts for the contrast
between the vegetation of the coast and that of the tidal
flats and lagoon margins.

Coastal Environments

The coastal environment presents problems that few
species have been able to overcome. The plants that live
here are ‘adapted-to periodic flooding by salt  water, salt
spray, high evaporation rates, and geomorphic instability.
Soils are thin or non-existent and the species present are
capable of growing in & raw sand or bare rock substrate.
The nature of the substrate is the main determinant of local

2. Most ot tThé specieS Iisted in this account were col-
lected in the field. A voucher collection including
some 600 specimens has been deposited in the University
of Wisconsin herbarium, and an almost complete dupli-
cate set in the herbarium of the Arnold Arboretum, Har-
vard University. A systematic list of the species en-
countered 1is given as Appendix I, and a list of 1local
names and their scientific equivalents as Appendix II.
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Figure 5. Holocene beach-ridges at North Bird Point. Mal-
latonia gnaphaloides is in the central foreground, Suriana
maritima in the lower left. Herbaceous cover consists of
Uniola paniculata and Iva imbricata. The coconuts in the
background are planted.

Figure 6. Holocene dune c¢oast east of Stevenson. Large
thickets are primarily Coccoloba uvifera. In the foreground
is Hymenocallis declinata together with Uniola Ppaniculata
and Ipomoea pes caprae.
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variation in floristic composition.

Holocene Dunes and Beach Ridges. Most of the dunes and
beach ridges that fringe the coast were formed during the
postglacial rise in sea 1level. They are composed of a
variety of carbonate sediments that are as yet poorly conso-
lidated and are in fact being constantly eroded and redepo-
sited, especially along the exposed east coast. This is a
particularly unstable habitat and as one would expect,
herbs, vines, and shrubs are especially important.

The zonation of species that <characterizes so many
tropical coasts 1is not always evident on Cat Island. Dis-
turbance by waves, wind, and man usually prevents the estab-
lishment of any stable pattern. In several exposed areas
along the eastern and northern coasts the sand is virtually
bare of shrubs. Here sea oats (Uniola paniculata) and the
sea 1ily (Hymenocallis declinata) are common. The sand 1is
usually crisscrossed by trailing vines, Ipomoea pes-caprae,
Cassytha filiformis, Canavalia maritima, and the bay mari-
gold (Ambrosia hispida). several grasses (Paspalum vagina-
tum, Cenchrus tribuloides, Distichlis spicata) and succu-
‘lents (Sesuvium portulacastrum, Iva imbricata, Chamaesyce
mesembrianthemifolia, Cakile lanceolata). ©Not all of these
species are likely to be found in any one locality, but all
are common along the coast. 1In other areas a thicket of
evergreen shrubs reaches down to the edge of the beach.
Probably the two most common species here are the sea grape
(Coccoloba wuvifera) and bay cedar (Suriana maritima). Also
characteristic of the coastal thickets are Scaevola
plumieri, Mallatonia gnaphaloides and Guilandina bonduc.

In some areas along the comparatively quiet western
coast the Holocene sands have become partially ‘indurated.
The harder surface offers different opportunities for plant
life and is characterized by different species combinations,
This transitional type of habitat can in fact be included in
the next sub-heading.

Pleistocene Dunes and Beach Ridges. The indurated
Pleistocene surfaces offer a more stable habitat for plant
life and, the vines and stoloniferous grasses are less com-
mon here. Fleshy beach plants such as Sesuvium portulacas-
trum are occasionally seen but for the most part 1low xero-
phytie shrubs provide +the only cover. Two very common
species are Strumpfia maritima and Rachicallis americans.
Suriana maritima is sometimes present as also are Antirrhea
myrtifolia, Erithalis fruticosa, Ernodea littoralis, Eugenia
longpipes, Jaquinia keyensis and Bumelia retusa. The Iime-
stone surface 1s very droughty and even on sheltered sites
the shrubs are rarely more than 2 meters tall.
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Tidal Flats and Lagoon Margins.

Along the exposed eastern coast no plants can survive
for 1long in the inter-tidal zone. However, this is not the
case along the more sheltered 1leeward <coast. Here 1is an
extensive area of tidal flat most of which occupied by
mangroves. All four New World mangrove species are native
to Cat 1Island, the red mangrove (Rhizophora mangle), the

black mangrove (Avicennia germinans), the white mangrove
(Laguncularia racemosa), and buttonwood (Conocarpus erecta).
Rhizophora is by far the most common of +the four, ranging

from the high tide mark to the edges of the tidal channels.
On the flats it rarely reaches more than a meter in height,
whereas along the tidal channels it may reach 2 to 3 meters.
Avicennia, more tree-like in habit and 1lecking the prop
roots, appears to prefer a more stable substrate than lime
mud. Characteristically, it is seen fairly close to the
high tide mark or in an area where the limestone bedrock is
close to the surface. Laguncularia is the rarest of the
four and s&sppears similar in habitat preferences to Avicen-
nia. Conocarpus is very definitely restricted to a narrow
zone Jjust above the high tide mark. Also, salt-tolerant
herbs such as Batis maritima, Salicornia perennis and Borri-
chia arborescens are frequently found just above the high
tide mark,

Along the central axis of the 1sland and ©behind the
coastal dune barriers are several salt water lagoons, some
narrowly onnected to the sea, others completely
landlocked.-” For reasons that are not immediately apparent
the lagoons vary considerably in their physical and biologi-
cal characteristics. Some are comparatively clear while
others have the consistency of thick soup due to the accumu-
lation of algae. The vegetation around their margins, how-
ever,. 1s similar to that found along the coast or on the
tidal flats. and floristic differences <can be 1largely
attributed to differences in substrate.

Unconsolidated sediments, such as cover a wide area
around the QOrange Creek Blue Hole (Figure 2), are usually
characterized by Rhizophora and other typical tidal flat
Species. On the other hand, salt-tolerant shrubs such as
Rachicallis, Strumpfia, and Conocarpus are more common where
the shoreline is rocky.

This generalization does not always hold true, as for exam-
ple along the rocky shoreline of the Blue Hole east of Dum-
fries, where there is a forest of pure Rhizophora, with

3. Séveral of the deeper lagoons are known as "blue
holes." Some are thought to be inhabited by sea mon-
sters and are therefore avoided by the local people.
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Figure 7. Leeward limestone coast at Wilson Bay. Species
present are Conocarpus erecta, gevola plumierii, Coccoloba
uvifera, Reynosia septentrionalis, Borrichia arborescens,

and Strumpfia maritima.

Figure 8. Exposed limestone coast south of north Bird

Point. Suriana maritima showing the effects of exposure to
the trade winds.
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Figure 9. Rhizo-
phora mangle at the
Dumfries Blue Hole.
Epiphytic bromeliads
are the only other
vascular plants

present here.

Figure 10, Margin of a tidal channel south of Dumfries.
Avicennia nitida dominates the foreground, its pneumato-
phores are growing in a meter of peat and marl. The most

common species in the background is Conocarpus erecta.




trees as high as 8 meters, growing on peat that was measured
to be at least 6 meters thick in places. Samples were taken
from this peat for pollen analysis, but unfortunately they
proved to be barren.

Man's Impact on the Vegetation of Salt-Water Habitats.

For the most part the vegetation of salt-water habitats
has not been disturbed by man. Only near the settlements on
the sheltered leeward coast has really significant modifica-
tion taken place. Here mangrove swamps in tidal inlets have
been locally cleared or filled to reduce the mosquito prob-
lem and generally improve sanitary conditions. Rhizophora is
cut for charcoal, although not in sufficient quantities to
affect 1its overall distribution. Likewise Conocarpus has
not become noticeably rare around the settlements even
though it is the most popular source of firewood.

A few horses are grazed on the whiteland, although it
is doubtful that they have had much of an impact on the coa-
stal vegetation as most of the common species are not really
palatable. Fires were occasionally observed to have spread
down to the coast from inland fields; however, their effect
has probably been small in the long term.

As far as the invasion of alien plants 1s concerned,
only the Australian Pine (Casuarina equisetifolia) has been
really successful. It was introduced to the island probably
less than a hundred and fifty years ago and has since spread
along most of the sheltered west coast. It is planted in
the settlements as an ornamental and occasionally on the
whiteland as a windbreak. From these plantings it has
rapidly colonized a narrow zone just above the high tide
mark. Characteristically, it carpets +the ground with a
cover of needles that few species can cope with and has
replaced the native plants over a considerable section of
the 1leeward coast. On the windward coast it has been less
successful, possibly because erosion is more active there.

Apart from Casuarina, the only other exotics that have
become established are Spanish Bayonet (Yucca aloifolia) and
the Mahoe (Thespesia populnea), neither of which have spread
far outside of the settlements. The coconut (Cocos nuci-
fera), although often seen in the beach drift, has for some
reason failed to establish 1itself spontaneously on Cat
Island. The same is true of the Indian Almond (Terminalie
catappa).

In general, the vegetation of salt water habitats has
proved remarkably resistant to disturbance by man. Except
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Figure 11. Competition between Casuarina equisetifolia and
Gundlachia corymbosa. The accumulation of Casuarina needles
has somehow caused the death of the Gundlachia bushes. Crab

holes are evident in the foreground.
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on the leeward coast where Casuarina has become so impor-
tant, there is little evidence of man's intervention.

Seasonally~Flooded Freshwater Habitats

Over most of the island fresh water is quickly absorbed
at the surface. However, in low-lying areas, particularly
land-locked areas, the surface may be flooded to a depth of
several feet after heavy summer rains. The water may stand
on the ground for several days before being absorbed by the

limestone. These floods, together with drought in the dry
season, provide a combination that few perennials can with-
stand. Woody species may survive 1long enough to become

saplings, but in the long-term, tree growth is not possible.
The vegetation of these areas is in many respects similar to
that of the Florida Everglades and to seasonally- flooded
savannas in general.

The largest area of savanna on Cat Island 1is just to
the east of McQueens (Figure 2). To the north and east it
is bounded by a Pleistocene dune ridge whose fairly steep
slopes provide a sharp limit to the flooded area, whereas to
the south and west a gradual rise through a series of low
ridges produces a more broken transition. The ridges appear
as islands, or "hammocks," of evergreen woodland surrounded
by savanna. With increasing elevation the woodland
increases in area at the expense of the savanna, until the
distribution 1is reversed and small pockets of savanna sur-
vive in depressions surrounded by woodland. These in turn
disappear on the higher ground.

In the lower parts of the larger savannas fresh water
may be present throughout the vear. These marshy areas are
characterized by Eleocharis caribaea, sawgrass (Cladium
Jjamaicense), and cattail (Typha domingensis). In seasonal
ponds several aquatics were <collected, 1including Nymphaes
ampla wvar. pulchela, Potamogeton heterophyllus, and Pros-
perinaca platycarpa. Around the margins of these ponds
Echinodorus berteroi Jussiaea suffruticosa, Centella erecta,
Lippia stoechadifolia are commonly encountered, together
with the sedges Albilgaardia monostachya, Dichromena
colorata and Rhynchospora cyperoides. Around the edges of
the smaller, potholes the pond apple (Annona glabra) is
often found.

In the drier areas several species of herbs are charac-
teristically present; for example, Pluchea rosea, Buchnera
elongata, Eustoma exaltatum, Sabbatia stellaris, Eupatorium
villosum, Walthera 1indica, Cynoctonium mitreola, and Linum
bahamense. The savannas are not grasslands in the true
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Figure 12. A "hammock" in the McQueen's savanna. A poison-
wood (Metopium toxiferum) has become established on a small
ridge. On either side are palmettoes (Sabal palmetto); in

the foreground Pluchea rosea, Andropogon gracilis, and Aris-
tida ternipes.

Figure 13. A small seasonally-flooded depression just above
the McQueen's savanna. The white bracts of Dicromena
colorata are visible in the foreground, as are saplings  of
Tabebula bahamensis. In the background are Coccoloba uvi-
fera and Metopium toxiferum.
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sense of the word, as grasses cover only a small percentage
of the total area. Andropogon gracilis and Aristida ter-
nipes were the only grasses seen, and both were rare.

Around the edges of the savannas, pioneer shrubs and
small trees often obtain temporary foothold; especially com-
mon are horsebush (Gundlachia corymbosa), sweet gale (Myrica
cerifera), coco plum (Chrysobalanus icaco), beefwood (Torru-
bia Longifolia), and ~ five finger (Tabebuia bahamensis).
Palmettoes (Sabal palmetto) mark the upper margins of the
flooded ground and in turn give way to evergreen woodland on
the well-drained sites.

Man's Impact on the Seasonally-Flooded Freshwater Habitats.

As in the salt-water habitats, the growth of crops 1is
not possible in the seasonally-~flooded areas, and conse-
quently the native vegetation has been relatively wundis-
turbed. Fire has probably been the main cause of changenu
A11 Dbut the youngest palmettoes show scorch marks on their
trunks (Figure 14). According to local information, savanna
fires served no useful purpose and were simply the work of
children. There were no reports of any lightning fires, but
this does not mean they never occur. In the Everglades, for
example, they are not uncommon events (Robertson, 1962).

Grazing by horses was observed in the more accessible
areas, although what species were affected was not deter-
mined. The savannas are generally regarded as poor pasture
because they dry out during the winter months.

No alien species appear to have established themselves

in the seasonally-flooded areas. Casuarina, which has
colonized analogous areas in the FEverglades (Egler, 1952),
is conspicuocusly absent. On the other hand, the McQueens
savanna does provide a good example of man having 1locally
extended the range of a native species. As can be seen from
Figure 15, the trail through the savanna passes through an
avenue of palmettoes. These have grown from berries dropped
during the harvesting of palmetto inflorescences for hog
feed. For the most part, however, the seasonally-flooded

savannas have been of little value to man, and for this rea-
son they have remained relatively undisturbed.

4. There 1s no evidence tc suggest that the area cf sa-
vannas has been enlarged by repeated fires. 1In all
cases the woodland comes down to the edge of the sea-
sonally flooded areas.
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Figure 14. Palmet-
toes (Sabal pal-
metto) recently
burned by children.
The palmettoes were
not killed by the
fire and were actu-
ally sprouting new
leaves at the time
the photograph was
taken.

Figure 15. "Footpath distribution" of palmettoes near
McQueens. The individuals alongside the trail have grown
from accidentally dropped fruits, that had been gathered for
hog feed.
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Well-Drained Freshwater Habitats.

Most of the island is covered by a low, largely ever-

green woodland, locally known as "the coppice". And as its
local name implies, it has been drastically disturbed by
man . Seen from above it has the appearance of a patchwork

quilt, the abandoned fields of shifting agriculturalists
showing progressively darker shades of green according to

their age (Figure 16). On the ground, sharp changes 1in
height and floristic composition give further clues as to
the history of disturbance. It was this obviously disturbed

aspect of the woodland that made it particularly interesting
in the context of the present study

In mature woodland on the more mesic sites, the dom-
inant trees reach a height of 10 meters or so, with the
larger trees having diameters at breast height of from 20 to
30 centimeters., On dry sites, where the fresh water lens is
thin or the limestone surface is steep, the woodland degen-
erates into a «cactus scrub. Here the shrubby trees are
rarely more than 3 meters tall, and the dildo cactus
(Cephalocereus millspaughii) adds to the xerophytic charac-
ter of the vegetation.

As a vegetation type the Cat Island woodland is prob-
ably equivalent to Beard's (1955) "Evergreen Bushland" and
dry "Evergreen Thicket". This kind of vegetation 1is fre-
guently encountered in low limestone environments throughout
the New World sub-tropics. To the northerner the woodland

is definitely tropical. The great majority of species
present range south to the Greater Antilles or ©beyond, and
very few are found north of the Florida Keys. Furthermore,
it is floristically rich. Coker was certainly correct when

he reported that:

As one passes through a typical Bahamian coppice,
different plants are met with at every step. The
variety seems interminable and on first acquain-
tance one 1is appalled with the difficulty of
becoming acquainted with them (Coker, 1905: 232).

In the present study, 120 species of trees and shrubs
were encountered during systematic sampling, and herbarium
collections were made of 30 more (Appendix I). This floris-
tic diversity 1s to a large extent masked by a remarkably
uniform physiognomy. Most of the woody species have small,
entire-margined and leathery leaves. This uniformity pro-
vides a classic example of convergent evolution, species
having adapted in similar ways to the problems of life on a
low limestone island.
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On the other hand, the woodland is not entirely uniform
in structure or floristic composition. As was indicated
above, both vary from place to place, largely as a function
of the availability of moisture. This in turn is largely
determined by the location of the water table and the nature
of the substrate. Although the former was difficult to
identify in the field the latter was not. Therefore it was
decided to simplify the analysis by subdividing the woodland
into three types on the basis of 1landform or "habitat"
characteristics (Table 2). More specifically the three
types are: (1) Holocene dunes and beach ridges; (2) Pleisto-
cene marine plains; and (3) Pleistocene dunes and beach
ridges--or, in local terminology, the whiteland, flatland,
and blackland, respectively. As will become clear later,
these habitat-types are not floristically distinct, as many
species are present in all three. Even so, by subdividing
the woodland in this way it was possible to control some of
the environmental variability that would otherwise have com-
plicated any analysis of man's impact. Figures 17 to 23
give a visual impression of the three habitat types.

The Whiteland

The largest area of whiteland on the island forms a
discontinuous strip along the east coast (Figure 4). On the
west coast there are localized areas near Orange C(Creek,
Bennet's Harbour, and McQueens. Not all of the whiteland is
covered by evergreen woodland. On 1its seaward margins it is
occupied by the salt-tolerant vegetation of the coast or
tidal flats, and inland by the seasonally-flooded savanna,
or other varieties of evergreen woodland, depending upon the
location of the water table.

The woodland is generally lower on the whiteland than
el sewhere. The trees have a characteristically bushy
appearance, and are rarely more than 6 meters tall. The
number of species present is proportionately lower. There
are probably three basic reasons for this impoverishment.
First, the 1loose sand does not have a very high moisture-
retention capacity and ground water is not able to rise very
easily by capillary action (Anonymous, 1960). Second, the
sand provides a rather insecure rooting-medium for trees so
often subject to hurricane-strength winds. Third, and
perhaps most important, the whiteland has in most areas an
exposed 1location on the coast and evapotranspiration rates
are therefore high. This is particularly significant on the
southern and eastern coasts, which face the persistent trade
winds.

In spite of the impoverished aspect of the whiteland
vegetation, a considerable diversity of species is likely to
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Figure 18. A whiteland field, the light area in the middle
distance, 1s in the process of being cleared. 1In this case
the fallow period has not been long enough to allow shrubs
to Dbecome established. Uniola paniculata, Chloris petraea,
Cenchrus echinatus and Bidens pilosa are common in the fore-
ground.

Figure 19. Corchorus hirsutus dominates this whiteland
field The bushes are probably about ten years old Coccoloba
uvifera is present in the left foreground and also 1in the
distance.
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be encountered at any one locality. Especially common in
areas of older woodland are cassina (Acacia choriophylla),
ramshorn (Pithecellobium keyense), dollen plum (Reynosia
septentrionalis, poisonwood (Metopium toxiferum), milkberry

(Bumelia retusa), and beefwood (Torrubia longifolia). On
less favorable sites sea grape (Coccoloba uvifera), coco
plum (Chrysobalanus icaco), black torch (Erithalis fru-

ticosa), and white torch (Amyris elemifera) may be present.

On exposed sites, the woodland degenerates. into a coa-
stal thicket in which the area of bare sand exceeds the area
covered by vegetation. Such eas are occasionally washed
by salt water and are therefore not cultivated. Apart from
a few remote areas, as for example west of McQueens (Figure
2), the whiteland has been repeatedly cleared and burned for
agriculture during the past three hundred years. The wood-
land is in fact secondary vegetation in various stages of
recovery after clearing, burning, and grazing.

The Flatland

Retween the whiteland and the Pleistocene dunes and
beach ridges is the flatland. In total area it accounts for
the largest part of the island. On its 1lower margins it
grades 1into either +the whiteland, the seasonally-flooded
freshwater areas, or the saline lagoons; on higher ground it
is bordered by the Pleistocene dunes and beach ridges.

The woodland 1s generally higher on the flatland than
on the whiteland. In relatively undisturbed areas, trees
were seen 10 meters in height with diameters at breast
height of 20 to 30 centimeters. In contrast to the almost
impenetrable whiteland thickets, individual trees are spaced
2 to 3 meters apart . The more common species are pigeon
plum (Coccoloba diversifolia), poisonwood (Metopium toxi-
ferum), wild tamarind (Lysiloma bahamensis), kamalamzy (Bur-
sera simaruba), and mastic (Sideroxylon foetidissimum). The
ground is covered with a thick accumulation of leaves, which
in turn may be covered by a dense growth of terrestrial
bromeliads. The trees themselves characteristically support
a rich growth of epiphytic orchids and bromeliads, The
woodland as a whole has a distinctly tropical appearance.

Such undisturbed areas are comparatively rare, as most
of the flatland has been repeatedly cleared and burned for
agriculture. Second-growth woodland in various stages of
recovery covers most of this habitat-type. Here a great
variety of species are present including horsebush
(Gundlachia corymbosa), granny bush (Croton linearis), jum-
bay (Leucaena leucoephala), and soap bush (Corchorus hir-
sutus). The individual trees and shrubs are closely spaced,
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Figure 20. A flatland field close to the edges

of the seasonally=-flooded savannah. Cultivation is
precarious here because of the risk of flooding.
Palmetto fronds have been laid out to dry before
burning.

Figure 21. Second growth on the flatland south-east

of Bennet's Harbour. The bushes are three meters tall
and probably about twenty years old. The palmetto
is the buffalo top (Thrinax microcarpa).
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Figure 22. A severely burned blackland field. Note that
many of fthe bushes 1in the background are still without
leaves. The photograph was taken in June 1967 after an
unusually dry dwinter.

Figure 23. The same field in 1970, from a slightly dif-
ferent angle. The field had been abandoned in 1969.
Recovery is slow probably because of the deep burn. The
sprout in the foreground (Coccoloba diversifolia) is one of
the few to be seen.
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making the woodland almost impossible to penetrate without a

machete. The canopy in thinner and as a result a luxuriant
growth of epiphytes is not possible. Vines, however, are
common, particularly the troublesome Smilax havanensis,

together with Jaquemontia <cayensis, and several morning
glories (Ipomoea microdactyla, I. acuminata).

The Blackland

The Pleistocene dunes and beach ridges in a sense form
the backbone of the island, and sre covered with the highest
and floristically most diverse woodland. Except in exposed
areas facing the trade winds or in areas where slopes were
excessively steep, this is the optimum habitat for tree
growth.

As on the flatland, comparatively undisturbed woodland
was hard to find because most of the blackland has been
intensively used for agriculture. However, in a few areas
trees were seen on the order of 12 meters tall with diame-
ters at breast height of around 30 centimeters. This mature
woodland has a distinctly +tropical appearance not only
because of the great number of species present, but also
because of the many epiphytic orchids and bromeliads. The
dominant tree species are pigeon plum (Coccoloba diversi-
folia), poisonwood (Metopium toxiferum), hog cabbage palm

(Pseudophoenix vinifera), mastic (Sideroxylon foetidis-
simum), and madeira (Dipholis salicifolia).

In older woodland the differences between the flatland

and Dblackla.d are not too obvious. This is not the case in
the younger woodland. On the blackland the 1limestone sur-
face 1s riddled with potholes and small crevices. These
microhabitats play an important role in slowing soil erosion
and reducing evaporation. The broken surface also reduces
the severity of the fires set by the shifting agricultural-
ists. As will be shown later, the rate of succession is

more rapid on the blackland than on any other habitat-type.






