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ABSTRACT

Site and vegetation characteristics were examined in 113 Florida Keys locations that had been undisturbed for at
least 50 years. Detrended correspondence analysis (DECORANA) indicated that Keys vegetation was arranged along
two major environmental gradients: an elevational gradient within islands, and a geographic gradient associated with
position along the NE-SW trending island chain. Both were complex gradients, with soil depth and type, periodicity
of tidal inundation, ground water depth and salinity, climate, and geological substrate as potential contributing
factors. Two-way indicator species analysis (TWINSPAN) was used to divide the samples into 14 major groups on
the basis of plant species composition. Finally, the TWINSPAN classification was modified to recognize 13 Ecological
Site Units which were homogeneous in important site factors as well as vegetation characteristics. Plant species diversity
increased from intertidal to upland site units, while canopy height, basal area, and fine litter production increased

both upslope and downslope of the supratidal units.
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ECOLOGICAL SITE CLASSIFICATIONS which express the
interrelationships between vegetation, physiogra-
phy, and soils (Barnes ez @/. 1982) have been de-
veloped in Europe and applied in Canada (Jurdant
et al. 1975, Hills & Pierpoint 1960) and the United
States (Spies & Barnes 1985a, b). A classification
based on one factor alone (e.g., vegetation, topog-
raphy, soil) may ignore important ecological char-
acteristics that are not expressed by that factor. For
instance, subsoil characteristics can affect deep-root-
ed trees without affecting shallow rooted herbs, and
different topographic settings can support similar
vegetation. In low islands like the Florida Keys, the
ecosystem effects of physical changes such as sea
level rise or anthropogenic impacts on ground water
are best projected on a habitat classification which
includes physical as well as vegetation features.
Previous authors identified and described broad
vegetation units in the Florida Keys (Small 1917,
Davis 1943, Snyder ez /. 1990), but none used
the multifactor approach discussed above, or were
specific enough to express the ecosystem diversity
apparent in field observations. Elsewhere in the West
Indies, there have been a number of descriptive
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studies of floristically and ecologically similar veg-
etation complexes. Beard’s (1944, 1955) classifi-
cation of tropical American vegetation included a
number of units applicable to the Florida Keys.
Studies in Jamaica (Asprey & Robbins 1953, As-
prey & Loveless 1958, Kapos 1986), the Bahamas
(Howard 1950), Cuba (Seifreiz 1943), and Ven-
ezuela (Medina ez /. 1989) describe several veg-
etation types that were similar in species composition
and site characteristics to those found in the Keys.
Nevertheless, none included the full assemblage of
sites found in our study area, nor expressed inter-
relationships between adjacent units important in
the Florida Keys.

Our overall objective was therefore to develop
a site classification which was organized in an eco-
logically meaningful way, and which subdivided the
natural areas of the Florida Keys into units that
were physically and compositionally homogeneous.
Our approach was to use an ordination technique
to assess the association of important compositional
gradients with measurable site variables; to apply a
classification procedure to point out natural divisions
among species assemblages; and, to adjust the units
resulting from Step 2 to create field-recognizable
Ecological Site Units which were as homogeneous
as possible in important site and structural char-
acteristics, while retaining compositional homoge-
neity.
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FIGURE 1. South Florida and the Florida Keys.

STUDY SITE AND METHODS

The Florida Keys are a 210 km island arc sweeping
southwest from Soldier Key (25°36'N, 80°10'W)
to Key West (24°33'N, 81°49'W). The islands
have traditionally been grouped into Upper, Middle,
and Lower Keys (Fig. 1), a division based on con-
trasting climatic, geological, and geographical fea-
tures. Although the Keys lie a few degrees north of
the Tropic of Cancer, the climate can be considered
tropical. The Keys had a mean annual temperature
of 25.2°C for the period of 1951-1980 (U.S. Na-
tional Climatic Data Center 1989). Brief periods
of freezing temperatures have occurred in the north-
ernmost Keys closest to the Florida mainland, while
temperatures below 5°C have never been recorded
in the Lower Keys (pers. comm., U.S. Weather
Service). Rainfall is seasonal, two-thirds occurring
during the months of June through October, with
conditions becoming drier and slightly warmer from
Upper to Lower Keys (Fig. 2). The effect of climate
on upland vegetation in the Florida Keys is apparent
in the drought-deciduous nature of many of the
dominant plants. The March—April period of water
deficit illustrated in Figure 2 is an interval when
much of the forest canopy is leafless (Carrington &
Ross 1991). The Keys are included in Holdridge’s

(1967) Tropical Dry Forest Life Zone and Walter’s
(1985) Zonobiome II (tropical with summer rain).
Homoclines of the Keys occur in Cuba, Bahamas,
Yucatan Peninsula, and the north coast of Jamaica
(Walter 1975, Kapos 1986).

The highest elevation in the Keys is 5.5 m above
sea level, but most of the land area is below 2 m.
The islands are comprised of two types of Pleisto-
cene-aged limestone of marine origin: Miami and
Key Largo Limestones (Hoffmeister & Multer 1968).
The Keys were part of the Florida peninsula until
approximately 4000 years BP, when rising sea level
began to inundate low lying areas between the pres-
ent islands (Lidz & Shinn 1991). Key Largo Lime-
stone, a rock comprised of fossil coral reef materials,
forms the surface rock substrate in the Upper, Mid-
dle, and southeasternmost Lower Keys. The Miami
Limestone which covers the remainder of the Lower
Keys is formed of poorly cemented carbonate grains
(ooids), and is underlain by Key Largo Limestone
(Hoftmeister ez 2/. 1967). Both rock types are high-
ly porous, but the Miami Limestone has low per-
meability; whereas, Key Largo Limestone is consid-
ered very permeable (Hanson 1980).

The contrasting geology of the Keys is also
expressed in their geography. The ancient reefs that
formed the Upper and Middle Keys were oriented
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end-to-end along a southwest-trending arc, while
the depositional envitronment of Miami Limestone
resulted in the Lower Keys being oriented parallel
to each other and perpendicular to the Upper Keys
(Hoffmeister et @/. 1967). Furthermore, the wide
tidal passes that separate the Middle Keys contrast
with the narrow Upper and Lower Keys channels.

Most of the Keys have ground water fresher
than the surrounding sea water. Ground water sa-
linity is determined by the island’s permeability,
size, shape, and ground water recharge rate (Vacher
1978). These factors result in brackish ground water
in most islands, with only the largest of the Lower
Keys having nearly fresh ground water. The ele-
vation of the water table is affected by the semi-
diurnal tide cycle (amplitude usually less than 1.25
m) that occurs in most nearshore waters, with an
increasing attenuation in the tidal signal toward the
center of the island. In general, mean ground water
level is slightly higher than mean sea level, but
because this difference is usually 30 c¢m or less, the
elevation of the ground is a useful approximation
of the distance to the water table.

A soil survey conducted in 1987 by the U.S.
Department of Agriculture and Soil Conservation
Service categorized Florida Keys soils into 17 series
(USDA 1988). Soils generally lack strong horizon-
ation and are most simply combined into four cat-
egorties on the basis of their dominant constituent:
rocky soils, organic soils, fine mineral soils (calcar-
eous muds), and coarse mineral soils (carbonate
sands). Upland organic soils and muds are generally
thin (<20 cm), but sands and wetland peats are
often quite deep. Sand deposits are most extensive
along shorelines facing the Straits of Florida.

VEGETATIVE CHARACTERISTICS.—25 islands were cho-
sen for study, covering a 177 km stretch from North
Key Largo, 35 km southwest of Soldier Key, to
Sugarloaf Key, 24 km east of Key West (Fig. 1).
Within each island, sites were selected to represent
the variation in plant community structure apparent
on 1:24,000 aerial photographs. Vegetation surveys
were conducted in 113 locations during the periods
of December 1988—June 1989, and December
1989—February 1990. Field observations and older
aerial photos indicated that these sites had under-
gone no stand-replacing disturbance during the last
50 years, though many had been affected by non-
catastrophic storms, surface fires, or removal of in-
dividual trees.

In each of the sampled communities, a plotless
technique was used to assess tree abundance, while
fixed quadrats were used for smaller individuals.
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FIGURE 2. Climate diagram (after Walter 1985) for

Tavernier (Upper Keys) and Key West (Lower Keys),
based on monthly means for period 1951-1980. The
stippled areas represent dry conditions, the vertical bars
represent humid conditions, and the black areas represent
perhumid conditions.

Four sampling locations were randomly chosen at
least 30 m apart. From these points, sample trees
were determined using a 10-factor prism (English
units) for trees greater than 7.6 cm DBH and a
5-factor prism for trees 2.5—7.6 cm in diameter.
Species, bole diameter, crown diameter, and height
were determined for each sample tree. These data
were used to estimate tree density, basal area, and
crown cover on a species basis (Dilworth 1975).
Cover estimates for smaller stems were made in 5
x 5 m quadrats centered on each prism sampling
point. Species canopy cover was estimated separately
in four height strata: 0~30 cm, 30-100 c¢m, 1-2
m, and >2 m. Total species cover was the sum of
understory and overstory estimates. Taxonomic no-
menclature followed Long and Lakela (1978).
The annual production of fine litter was esti-
mated in 21 forested sites among the 113 sample



