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ABSTRACT

This report summarizes current knowledge of the vegetation of Long Pine Key, an
extensive limestone region in the southern Everglades that constitutes the principal
upland of Everglades National Park.

Historical review revealed that Long Pine Key was disovered about 1840, but its
location and dimensions were not firmly established until Krome's survey of 1902-
03. Since the area became accessible by road, farming (c. 1916-1976, initially in
prairies, later also in uplands), lumbering of pine (c. 1936-1947), and prescribed
burning of pine forests by the National Park Service (1958-present) have been the
principal human activities that affected vegetation.

Initial botanical exploration of Long Pine Key (mainly by Small beginning in 1909)
showed that the upland flora was predominantly West Indian and contained a
number of endemic taxa. Ecological studies have centered on the role of fire in
successional relations between pine forests and tropical hardwood forests, the
occurrence of rare and endemic plants in the area, and the invasion of abandoned
farmlands by aggressive exotics, especially Schinus terebinthifolius.

A vegetation map (scale 1:7800) was prepared from recent aerial photographs to
delineate the distribution of 12 plant cover types in an area of 7 x 15 km including
most of Long Pine Key. Principal types of native vegetation were pine forests,
tropical hardwood forests (hammocks) and Muhlenbergia prairies.

Sampling along a 2 km transect provided data for quantitative description of the
three principal plant communities in relation to site elevation, soil depth, and
height of the water table. In all, 218 plant species were recorded of which 167
occurred In pine forest, 114 in prairies, and 51 in hammocks.

A definitive listing of the names of 120 Long Pine Key hammocks, originally named

and numbered by tree snail collectors, was prepared to clarify previously confused
nomenclature.

Study of aerial photography for the period 1940-1980 showed that 90 percent of the
Long Pine Key hammocks suffered detectable fire damage during this period,
chiefly in 1945 through 1960, and that the course of recovery after fire varied
widely between sites. Despite the effects of frequent fire, hammocks tended to
retain their original size and shape over the period.

The shrub understory of Long Pine Key pine forests was found to include a total of
61 taxa 75 percent of which were of West Indian origin. As many as 29 species
occurred on plots .025 ha in extent and any of 19 species was locally dominant in
the shrub understory. Between-site variation in shrub-stratum composition and
diversity appeared to be related to long-term differences in fire effects and

possibly to relict occurrence of several coastal plants in western areas of Long
Pine Key.




Data for rockland pine forests throughout southern Florida showed a total shrub
understory flora of about 95 taxa. The most diverse shrub stratum, about 60 taxa,
occurred in the Lower Florida Keys and Long Pine Key areas decreasing to 40 in
northern parts of the Biscayne Pineland of southeastern Florida and to fewer than
30 in pine forests of Big Cypress National Preserve. Diversity was diminished
primarily by the loss of West Indian species as one proceeded ‘north in the mainland
pine forests. A few shrubs characteristic of pine flatwoods of the southeastern
United States occurred at the more northerly sites where limestone was overlain by
acid sand. The shrub stratum of pine forests in the northern Bahamas appeared
from floristic literature to be similar to that of southern Florida but considerably
more diverse.




INTRODUCTION

Long Pine Key is the collective name applied to the rocky islands, surrounded by
marsh, which extend west and southwest from Taylor Slough for about 25 km into
the southern interior of Everglades National Park and form the southern boundary
of the Everglades basin. Long Pine Key has a maximum elevation of about 5> m msl
and its total extent of approximately 8000 ha constitutes the principal upland area
of Everglades National Park. The rock islands are exposures of a mid-Pleistocene
oolitic limestone, the Miami Oolite, and represent an extension of the Atlantic
coastal ridge into the interior of southern Florida (Hoffmeister 1974). The
limestone formation was extensively modified by solution and erosion during low
sea stands of the later Pleistocene and is cavernous at depth with the exposed
portions extremely rough and pitted. Pioneer botanist, J. K. Small, gave perhaps
the most graphic brief description of the substrate in stating (Small 1909:53),
", ..the surface consists mostly of holes." Fire-maintained forests of south
Florida slash pine (Pinus elliottii var. densa) cover most of Long Pine Key,
enclosing many small (seldom as large as 10 ha) stands of broad-leaved forest,
termed hammocks. Tropical taxa predominate in the upland flora somewhat
justifying Small's (1916a: 39) characterization of the area as, ". .. a portion of the
West Indies isolated on the Florida peninsul?." Much more extensive pine-forested
limestone uplands (approximately 400 km”) of similar character (but generally
more elevated and less broken by erosion) formerly extended northeastward irom
Taylor Slough as far as the Miami River. However, except for a few small tracts
preserved as Dade County Parks, urban and agricultural development has virtually
eliminated native plant cover over this entire area. The pine rocklands of the
Lower Florida Keys, also reduced by development with few areas assured of
protection, differ considerably in aspect and floristics. Long Pine Key has, thus,
become the principal remnant of a vegetation complex unique in the United States
and the only area in which a number of tropical and endemic taxa are likely to
survive 1n our flora.

This publication is divided into two major chapters. In the first chapter, we review
the history of exploration and previous botanical work, present a detailed map of
plant communities in a major part of the area, and discuss various aspects of the
Long Pine Key flora and vegetation. In particular, the distribution of tropical
hardwood hammocks and their fire history was an important aspect of this study.
Quantitative plant analysis was undertaken along an elevation transect through
pine forest, hammock, and glades. The elevation survey gives information about
the relationship between plant communities and the environment. The second
chapter treats the understory shrub flora of Long Pine Key in relationship to other
south Florida pinelands. We hope to establish a base from which future botanical
and ecological studies of the area may proceed without the need of extensive

historical investigation, and also, perhaps, to suggest lines which such studies might
profitably pursue.




CHAPTER 1
HISTORY

At least as early as the latter part of the 18th century it had heen reported that
pine-forested rocklands of a peculiar and forbidding character existed in far
southern Florida. Thus, B. Romans (1962: 11) wrote of the soils in Florida pine
forests:

"In east Florida, in the southern parts, this kind of land is often very rocky,
but especially from the latitude 25:50 southward to the point where it is a
solid rock of a kind of limestone covered with innumerable small, loose and
sharp stones, everywhere."

Again (op. cit.: 192), describing the lands south of his Rattones River (cf., Boca
Raton):

", .. the remainder of the land is a heap of stones and rocks, very sharp, and
little water to be found, there being only a few ponds, and these dry in a dry
season. The only growth here is shrubby pine."

As far as it goes, Romans' description applies reasonably well to Long Pine Key,
but it undoubtedly was drawn from areas immediately south of Miami, where pine
rockland fronted on Biscayne Bay behind a narrow screen of mangroves and
hammock and near anchorages commonly used by sailing ships. Romans' map of
Florida and other maps as late as the early years of the Seminole Wars (Williams
1837, Mackay and Blake 1839) suggest that the westward extension of the coastal
rock ridge into the interior remained unknown.

In the late 1830's, small military groups, moving Indian-fashion in dugout canoes,
began to range widely in the southern Everglades and Big Cypress in search of the
~last Seminole camps (Griswold 1945). One result of this activity was the historical
discovery of Long Pine Key. A careful search of military archives would be needed
to identify the discovery positively, but one of the early visits (if not, in fact, the
first) was that recorded in the diary of Army Surgeon J. R. Motte (Motte 1963).
From a camp on Biscayne Bay near the present location of Cutler, Motte's party
moved inland via a transverse glade and, thence, southwest to the end of the
pinelands where "across a mile-wide prairie'" they spied an Indian camp and fought
a brief, inconclusive skirmish. The date was April 24, 18333, and a sketch map of
the itinerary (op. cit.:221) locates the farthest point of advance on the eastern end
of "Long Key." Motte's account of the march through the rocklands (op. cit.:232)
was rendered in rather purple prose, but anyone who has worked in the area would
not find it altogether unfamiliar.

". .. we pursued our way through a pine-barren, the ground being formed of
coral rocks jutting out in sharp points like oysterbeds, which caused us great
suffering by cutting through our boots and lacerating our feet at every
step. .. We suffered also very much for want of water, not a drop even of
that which was stagnant was to be met with in this parched-up region. ... It



was certainly the most dreary and pandemonium-like region I ever visited;
nothing but barren wastes where no grateful verdure quickened, and no
generous plant took root--where the only herbage to be found was stinted,
and the shrubbery was bare, where the hot steaming atmosphere constantly
quivered over the parched and cracked land--without shade--without water--
1t was intolerable--excruciating. . « « But there was neither brook, nor bird,
nor any living thing except snakes to be met with. About one o'clock P.M.,
we emerged from this rocky pine-barren ... "

The account is especially notable for its plain portrayal of the fact that very
severe spring drought occurred in the area on occasion long before there had been
any human manipulation of water. We shall endeavor to show that the rockland
vegetation (which may have burned shortly before, although Motte does not say so)
Is not as devoid of interest as he found it.

The sketch showing "Long Key," said to have been "reproduced from the Mackay
and Blake map 1840" (op. cit.:221), depicts it as a narrow, crescentic reef about
40 km long and trending northeast-southwest more or less parallel to the coast.
This representation is repeated on eight other military and U.S. Coast survey maps
of the 1840's and 1850's that we examined. Several of these, such as the well-
known Ives Map (Ives 1856), also show three military posts (Fort Henry, Camp
Hunter, and Fort Wescott) in the general area of Long Pine Key. Perhaps these
date from the March 1842 foray (Fort Dallas (i.e. Miami) to Long Pine Key to Shark
River) of the command of a Lieutenant J. B. Marchand (Tebeau 1968). In any
event, the later military expeditions do not seem to have added appreciably to
geographical knowledge of Long Pine Key.

C. W. Tebeau (op. cit.:76) relates that a Federal surveyor named Jack Jackson "ran
the township lines in the Paradise Key (Royal Palm) area in 1847," but there seems
to be no other information on this event. G. W. Cornwell and K. Atkins (1975:34)
quote Tebeau without citing him in this connection, and they are surely in error in
stating "his (i.e. Jackson's) old surveyor's trail made overland travel to Paradise
Key possible, if slow, and an increasing number of scientists visited the area."
Perhaps the mistake resulted from the fact that W. J. Krome, more than 50 years
later, gave the name Camp Jackson to one of his advance survey points. In any
case, no observers who left a record, scientific or otherwise, are known to have
visited Paradise Key, Long Pine Key, or anywhere else in that area until after
1880. The maps and reports of the Seminole War era seem to have been archived
and, generally, forgotten. Many hunters and backwoodsmen in southern Florida
doubtlessly knew of Long Pine Key and traversed (or avoided) it, but the area was
unknown to the world at large. Near the end of the 19th century, H. L. Willoughby
(1898:124) could write with tolerable accuracy:

"From the most easterly point reached on this day, I sighted the edge of Long
Key and got a bearing on it. The existence of this large island at the
southern end of the Everglades has been guessed at by white men, who have
seen It from the edge of the pine timber bordering the Atlantic coast; but

there is no accurate knowledge of its dimensions, and many have tried vainly
to reach it."




All uncertainty about the location and size of Long Pine Key should have ended in
1902-1903 when Krome surveyed the area from Florida City to Cape Sable in the
interest of a possible extension of the Florida East Coast Railroad. Notably, in the
one published item that came out of this remarkable episode, Krome himself
(1904:453) counted as a major result of the survey the thorough mapping of "Long
Key, a pine island of some 18000 acres, lying in the Everglades, the very existence
of which was previously doubted .. " Krome (1903) prepared a detailed draft map
of the uplands extending from the approximate site of present-day Homestead to
the southwestern extremity of Long Pine Key and the rough trails to his camps at
the eastern edge of Taylor Slough became the major overland access routes into
the wilderness south of Perrine and Cutler for early settlers and itinerant biologists
(Small 1916a). The trail to Camp Jackson, located near the present eastern
boundary of Everglades National Park about one-half mile north of State Road 27,
was particularly important in the biological exploration of the Royal Palm
Hammock-Long Pine Key area. C. T. Simpson and companions (Simpson 1920:
130-132) followed the Camp Jackson trail on what was probably the first
significant scientific visit to Royal Palm Hammock in December 1903, as did Small
in most of his early botanical work in the area (Small 1916b: 168-169). Many of
the early naturalists knew Krome and evidently had access to his maps, for the
depiction of "Long Key" on the maps published by W. E. Safford (1919: facing 434)
and Simpson (1920: end papers) is obvously indebted to Krome's survey. Eventually,
the Florida East Coast Railroad elected to route its Key West extension via the
Florida Keys rather than Cape Sable; Krome's survey records were "lost or stolen"
(Tebeau 1968:77) and his observations went unpublished except for a brief article in
an engineering journal (Krome 190%4), and Long Pine Key again lapsed, briefly, into
obscurity.

The definitive end to its isolation occurred in 1915 when the so-called Ingraham
Highway was extended southwestward from Homestead through Royal Palm
Hammock (Small 1916b, Simpson 1923; facing 269 and 332). Shortly afterwards, at
least by the early 1920's, but probably before that, a spur road was built from the
Ingraham Highway to the southern edge of Long Pine Key and, thence, due west for
about seven miles. Winter vegetable farming in the area began as soon as roads
were available. Cornwell and Atkins (1975:36) state that the first farming was "in
late 1916 or early 1917, and Howell (1921:259) referred to farming "on the
Everglade prairie west of the hammock" in the winter of 1917-18. Early farming
was largely limited to the higher and less flood-prone prairies near the Long Pine
Key Road, particularly the so-called finger glades. Within our mapped area, the
total extent of land affected by farming In the pre-park era was about 250 ha.
Much of the farming apparently was somewhat ephemeral and the area actually
cultivated seems to have varied widely from year to year depending primarily on
water levels. However, some areas of deeper soil, such as the lower ends of the
finger glades, may have been farmed virtually every winter for almost 60 years.

Easy access and, presently, a serviceable hotel in Royal Palm State Park led to a
rapid increase in biological investigation of the area. Small (1916b) notes that the
trip to Royal Palm Hammock, formerly about a four-day expedition from Home-
stead culminating in a three-mile slog across Taylor Slough from Camp Jackson,
could now be made by automobile in an afternoon. Small continued to visit almost
annually, though his attention was more directed to new areas opened by extension
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of the Ingraham Highway toward Cape Sable, and several ornithologists (Howell
1921, Holt and Sutton 1926) and other specialists worked in the area. However,
additions to geographical knowledge of Long Pine Key in the 1920's and 1930's
came mainly from explorations by the collectors of tree snails (Liguus fasciatus).

Liguus collecting ("ligging," Clench 1931) combined the appeal of natural history,
esthetics, and exploration and attracted many conchologists and amateur enthu-
siasts. R. H. Humes' (1965) admittedly incomplete list of the known collectors
included about 200 names. In monographing the genus, Simpson (1929) wrote that
the destruction of hammocks had "almost exterminated" Liguus, but the snail
populations proved to be more resilient than Simpson had thought. The history of
Florida tree snails is replete with announcements of the extirpation and redis-
covery of local populations, as well as of the discovery and exploration of wholly
new areas of occurrence, such as Long Pine Key. The extreme variability of Liguus
(with, ultimately, more than 50 named color forms, plus hybrids) held out hope that
any of the scores of hammocks hidden in the pine forests of Long Pine Key might
yleld an undescribed population. Accurate maps of hammock locations and a
system for identifying individual hammocks, thus, became highly desirable. Serious
Liguus collecting in the Long Pine Key area began shortly after 1900 and several of
the early collectors there, such as Simpson and C. Mosier (Humes 1965), apparently
knew of and used Krome's manuscript map of Long Pine Key. However, Krome's
map was never published, and by the 1920's the map had evidently been forgotten
or was unavailable. Thus, collectors of that era laboriously built up their own maps
by locating hammocks from the Long Pine Key Road and the numerous narrow
prairies (finger glades) that penetrated the southern edge of the rocklands. Library
files at the South Florida Research Center include copies of several of these maps.
Date and author often are not clear, some of the maps are rather fanciful as
regards hammock locations, and some evidently were prepared for sale to other
collectors. The closest approach to a standard map of Long Pine Key Liguus
localities is that prepared by W. E. Schevill and W. J. Clench, based in part upon air
photos taken for that purpose (Clench 1931:13), and eventually published by Pilsbry
(1946:65). In addition to the variant maps, various schemes existed for identifying
Long Pine Key hammocks by numbers and/or names. Clench began the method of
numbering hammocks as a means of identifying locations where he had collected
Liguus (pers. comm.). In addition to the numbering system, Clench assigned names
to some of the hammocks in honor of fellow shell collectors, scientists, and
naturalists (pers. comm.). As more hammocks were discovered the numbering and
naming system was continued by other Liguus collectors; C. N. Grimshawe,
R. Deckert, C. C. Von Paulsen, and Humes. In more recent years, efforts were
made (particularly by Clench, F. C. Craighead, Sr., Humes, A. Jones, and E. C.
Winte) to standardize the hammock nomenclature. The designations we use in this
paper are those presented by Jones, Winte, and Bass (1981).

In general, the first-cut lumbering of pine in the Dade County rocklands proceeded
southward from the Miami area with the advance of the Florida East Coast
Railroad. The pine forests of Long Pine Key were the last to be cut, and lumbering
probably began there in 1936. A U. S. Forest Service survey in the winter of
1935-36 (Eldredge 1938) showed no sawmills operating on Long Pine Key at that
time, although a mill located about one mile east of the present eastern boundary
of Everglades National Park may conceivably have received logs cut on Long Pine



Key. D. B. Beard (1938: 10) wrote, "There is not very much of the original stand of
large pines left on Long Pine Key because lumbering operations on state property
have been in progress for a year or two now." However, the 1940 series of aerial
photographs (Soil Conservation Service) suggests that the lumbering moved at a
slower pace than Beard indicated, because at that time only the areas east of the
present Long Pine Key Campground had been cut. Sawmills were located on the
north side of the Long Pine Key Road at Osteen Hammock Glade and at Twin
Hammock Glade near the present site of the South Florida Research Center, and
some activity continued at the latter mill until 1947, immediately before the
establishment of Everglades National Park. Trails used in bringing logs to the two
mills were extended into most parts of the pineland on the large eastern island of
Long Pine Key and many of these were later used as fire-break roads enclosing the
prescribed burning blocks developed by Everglades National Park. Photographs of
Long Pine Key taken in the early 1950's (Robertson 1953) indicate that the pine
forest was clear-cut, the usual lumbering practice in southern Florida, leaving only
cull trees of the original stand. Parts of the area may have been cut-over a second
time removing pines that were originally considered unmerchantable. Thus,
Cornwell and Atkins (1975:37) refer to lumbering during World War II which "cut
out everything that would make a two-by-four." It has commonly been said
(Robertson 1955:81, et al.) that all the pine forest on Long Pine Key was lumbered,
except the small area at the east end of the Long Pine Key road (now heavily
invaded by hardwoods, see D. L. Taylor and A. Herndon 1981, Fig. 1 and 2) which
was within Royal Palm State Park. However, field work for this report indicated
that lumbering did not reach several remote areas of the main part of Long Pine
Key (north edges of prescribed burning blocks C and D) nor any of the outlying pine
islands west of the west end of the Long Pine Key Road. We could find no cut
stumps nor evidence of former logging trails in these areas. We estimate the total
uncut area at approximately 1667 ha. In some of the stands concerned, such as
west of Deer Hammock, the mature pines were probably too small to be worth
cutting. Other areas, such as east of Sisal Pond, now have even-aged, younger
stands which may represent relatively recent pine invasion of adjoining rocky
glades, perhaps related to a decrease In average water levels. However, the uncut
area includes fairly extensive stands of mature appearance with pines of 25-35 cm
dbh which the timber cutters must have considered were too difficult to reach.

Until the early 1950's, farming in the Long Pine Key area was limited to prairies
and (contra Cornwell and Atkins 1975: frontis.) did not involve rocklands to any
extent. Principally because of the long-established winter agriculture, a large
area, the so-called Hole-in-the-Donut, was left outside of Everglades National Park
as originally established. Beginning in about 1954, application of newly-developed
technology for rockland farming led to a rapid, massive extension of the agri-
cultural area into virtually all of the available uplands of Long Pine Key. Thus,
between 1954 and 1969 about 2000 ha of rockland were farmed. Preparation of the
rockland sites for agriculture involved removal of the natural vegetation (mostly
thin-soil prairie and cut-over pineland, but including several small hammocks) and
pulverizing the limestone substrate to a depth of several feet. As C. E. Hilsenbeck
(1976) and R. E. Meador, II, (1977) have discussed, these alterations profoundly
affected plant growth potential of the sites, once they were no longer under
agriculture. After an extended controversy, the Hole-in-the-Donut was purchased
by the United States and added to Everglades National Park. The last farming in
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the area occurred in the spring of 1975. Management of the former agricultural

lands has continued to be a significant resources problem for Everglades National
Park.

The latest historical event which has exerted a large-scale effect upon the
vegetation of Long Pine Key was the initiation in April 1958 of a prescribed
burning program by Everglades National Park. This activity, undertaken as a result
of the work of W.B. Robertson, Jr., (1953) and others, has led to repeated,
deliberate burning of ten largely pine-forested blocks comprising the major part of
Long Pine Key. The rationale, history, and (in part) gross effects of the prescribed
burning were reviewed recently by Taylor and Herndon (1981) and need not be
considered further here. However, it should be noted that the prescribed burning
program has applied principally to the parts of Long Pine Key that were enclosed

by logging trails and more recent roads. Only accidental or incendiary man-caused
fires and lightning fires have affected the outlying westerly pine islands.

The name Long Pine Key seems to have replaced the earlier Long Key during the
1920's, although both terms continued in use for some time. The earliest reference
to "Long Pine Key" that we found was by A. H. Howell (1921: 252 et seq.). Simpson
called the area Long Key in 1920 and Long Pine Key in 1923 and later (Simpson
1920, 1923, 1929). The change may have been dictated by the existence of a
number of other places in Florida called Long Key, such as the island of that name
in the central Florida Keys. However, the gain in precision was marginal, because

Long Pine Key has rather frequently been confused with Big Pine Key in the lower
Florida Keys.

PREVIOUS WORK

Knowledge of the flora of the southern Florida rocklands, only fragmentary prior to
1900, developed rapidly thereafter, as overland access to areas south of Miami
became easier. Although others contributed (see Harper 1927, Robertson 1955),
botanical exploration of the region was primarily accomplished by Small who first
collected there in 1901 and continued almost annual visits until the early 1930's.
The results of his work in southern Dade County are embodied in his Flora of Miami
(1913) and Manual of the Southeastern Flora (1933 and earlier eds.), volumes
dealing particularly with the ferns, shrubs, and trees, and numerous descriptions of
plants new to science or to the United States flora. Small briefly visited rockland
areas west of Taylor Slough in May 1904 (Small 1904b), and, after being turned
back by high water on an attempted trip to Long Pine Key in October 1906 (Small
1907), he returned there on a two-week collecting trip in January 1909 (Small
1909). The account of the trip suggests that the collecting party ranged widely
reaching "the southwestern extremity of Long Key" (op. cit.:50) and crossing the
main rockland area at several points. However, the coverage of Long Pine Key
appears, quite understandably, to have been far from complete. Several plants
conspicuous locally (e.g. Hypelate trifoliata) are not included in Flora of Miami and
Small did not refer to such features as the Mahogany Hammocks, the royal palms
(Roystonea regia) of Small Hammock and Little Royal Palm Hammock, nor the so-
called rock reefs (linear elevations of limestone 2 to 5 m wide standing about 1 m
above the surrounding marsh) which extend for miles around the western parts of

Long Pine Key. Also, he later discussed (Small 1917) a trip to the present Osteen
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Hammock, largest on Long Pine Key, as if it was his first visit to the area. Small
later made a number of brief visits to Long Pine Key, but, as far as can be
determined from his published reports, the 1909 venture was his only extended
collecting trip to the area. Various later workers, particularly University of Miami
botanists, W. M. Buswell, T. A. Alexander, and R. O. Woodbury, collected in the
area, and in 1950-52, Robertson amassed a considerable collection primarily from
Long Pine Key. From about 1954 until the early 1970's, Craighead, Sr., collected
plants very extensively in Everglades National Park, including Long Pine Key.
Craighead's work resulted in a floristic list for the three southernmost Florida

counties (Craighead and Lakela 1965) and contributed importantly to Flora of

Southern Florida (Long and Lakela 1976), currently the standard manual for the
region. In recent years, G. N. Avery and L. L. Loope did considerable collecting In
the course of preparing their preliminary list of vascular plants of Everglades
National Park (Avery and Loope 1980). We follow their nomenclature in this
report.

Not surprisingly, because he saw the entire area when it was virtually undisturbed
by man, Small was also the first to enunciate many of the basic relationships in the
plant ecology and plant geography of the southern Florida rocklands. For the most
part, these observations appeared as passing remarks in the informal narratives of
his collecting trips published in the Journal of the New York Botanical Garden. He
recognized that the principal plant formations were pineland, hammocks, and
Everglades prairies; that the upland flora was basically West Indian with the
tropical element increasing rapidly as one proceeded south from Miami (Small
1904a); that the tropical plants new to the United States flora were found mostly in
hammocks, while the new endemic species grew mostly in pinelands (Small 1904a);
and, that the occurrence of pine forest and hammocks were largely governed by
recurring fire which was destructive to hammocks, but relatively INNnOCUouUs 1n
pinelands (Small 1911). Among early authors, E. A. Bessey (1911) and Simpson
(1920) also addressed the fire-mediated relationship between pinelands and
hammocks, still a central question in rockland plant ecology, and Small returned to
the subject frequently in his later, more formal, ecological papers (Small 1920,
1929, 1930). Observing the enormous destruction of the increasingly frequent man-
caused fires, particularly after large-scale drainage had lowered water levels,
Small concluded that the entire upland area must have been covered by tropical
broad-leaved forest before early Indians introduced fire into the area. Echoing
these views, Beard (1938) wrote ". .. the Everglades Keys were once all hammock
growth with intervening sawgrass glade lands," and F.E. Egler (1952:226)
commented, "In short, the vegetation of south Florida during late Pleistocene pre-
Indian times may have been a dense evergreen broad-leaved tropical jungle. . ."

Robertson (1953, 1955) followed up on two traditions in the study of rockland
vegetation. In the wake of the work of J. W. Harshberger (1914), R. M. Harper
(1927), and J. H. Davis, Jr., (1943), he presented a more detailed view of the
qualitative, descriptive ecology of southern Florida rocklands than had been
available before, and he also considered the matter of fire and its effects upon
rockland plant communities. In the latter context, he noted that the concentration
of endemic plant species in fire-maintained communities argued for a long history
of recurrent fire, that lightning fires appeared to be sufficiently frequent to
provide an adequate ignition source, and that, in the absence of fire, invasion of
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pinelands by hammock hardwoods proceeded rapidly enough to alter the vegetation
of sites within periods of 10 to 15 years. Based on these points, Robertson argued
that the then-current National Park Service management policy of excluding or
extinguishing all fires would lead quickly to the replacement of pinelands by young
forests of hammock hardwoods with relict pines. The result, after extended
debate, was the initiation in April 1958 of a program of prescribed burning of Long
Pine Key pinelands, the first such program to be undertaken by the National Park
Service. The prescribed burning has continued with frequent up-dating of proce-

dures, as stated most recently in the present Everglades National Park Fire
Management Plan (1979).

The past decade, especially since the establishment of the South Florida Research
Center, has seen a large increase in research pertinent to rockland plant ecology
with a move in the direction of more detailed, quantitative studies. Craighead
(1971, 1974) addressed the familiar question of the dynamics of hammock-pineland
relationships. Loope et al. (1979), and I. C. Olmsted, Loope, and Hilsenbeck (1980)
presented floristic analyses of southern Florida pineland and hammock vegetation,
both studies including stands on Long Pine Key. R. H. Hofstetter (1973) and
Hofstetter and F. Parsons (1975) commented extensively on rockland vegetation in
their review of fire effects in southern Florida pineland and marsh communities.
Taylor (1981) summarized Everglades National Park fire history, and Taylor and
Herndon (1981) analyzed the effects of long-term prescribed burning on the
pineland shrub understory, utilizing study plots that Robertson, C. W. Senne,
L. Chamberlaine, and others had established in the 1950's and 1960's. Hilsenbeck
(1976) reported on the revegetation of former Long Pine Key agricultural lands
with particular reference to invasion of these areas by Brazilian pepper (Schinus
terebinthifolius) and Loope and V. L. Dunevitz (1981) studied the effects of Schinus

invasion upon rockland pine forests. Additional work is in progress in several of the
above areas.

METHODS

Vegetation Map

Aerial photography, flown in February 1980 at a scale of 1:7800, was used as the
basis for determining the distribution of plant communities. A geographically
controlled base map, drawn from U. S. Geological Survey orthophotomaps, was
prepared at 1:15,000 by USGS, and the communities identified from the aerial
photography were transferred to the base map using a MAP-O-GRAPH projector.

Field checking was done on foot and from a helicopter between February and April
1931.

Numbers and Names of Hammocks

The Liguus collectors were the first naturalists to visit most of the hammocks.
They started numbering the different hammocks as well as naming them. Over the
years, some of the names and numbers have been changed and/or mixed up. To
determine the exact identity (location, name, and number) of each hammock we
referred to the original sources. The locations of the numbered hammocks on our
map are based on the maps of W.S. Schevill, Grimshawe, M. Ross, IJr., and
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Craighead, Sr., in library files of the South Florida Research Center. The
hammock names that we used are based on those of Clench (pers. comm.) and
Craighead (1974:56-57). We have provided a list of all the hammocks, using the
numbers as they appear on the map and indicating the names that go with each

number (Appendix I).

Elevation Survey, Soils, and Hydrologic Parameters

A transect along which elevation was determined at intervals of 30 m was surveyed
for a length of 2 km from Osteen Hammock to Redd Hammock (Fig. 1), traversing
pineland, hammocks, and glades. A Dumpy level was used as the surveying
instrument. The elevations were sighted to benchmarks on culverts along State

Road 27 (map).

Between 1979 and 1981, at irregular time intervals, groundwater level was
measured with a meterstick in two wells, near Osteen Hammock and near Redd
Hammock. These wells are located close to roads for easy access in case of fire in
one of the hammocks. Soil depths were measured along the transect at 30 m
intervals.

Quantitative Vegetation Analysis along Elevation Transect

Along the flevation transect, vegetation plots were placed every 60 m. Ten sub-
plots, | m“ in size, were sampled at each of 36 locations. Species' cover was
visually estimated in each sfluare meter, and frequency of all species determined.
In circular plots of 100 m~, all the pines were counted, dbh taken, and height
measured with a clinometer. Within the same circular area all species were
identified. The plot numbers are indicated on the elevation transect (Fig. 1).

Plants were classified as woody, forb, and graminoid. Woody vines and suffrutes-
cent plants such as Vitis rotundifolia, Passiflora suberosa, and Morinda royoc were
considered forbs. Polar ordination (Bray and Curtis 1957) was employed to group
the vegetation along the transect.

Hammock Fire History

Fire history of hammocks was determined as accurately as possible from stereo-
scopic viewing of aerial photography. The air-photo series reviewed were black
and white photography for 1940 (1:40,000), 1952 (1:20,000), 1960 (scale not known),
1964 (1:30,000), and color photography (1:7800) for 1980. In some years, especially
1960 and 1964, some hammocks were covered by clouds or otherwise obscured in
the photography so that coverage was not complete. It should be noted that this
method allows detection only of effects of major fires which kill a substantial
portion of the canopy. Ground fires which did not kill much of the canopy cannot
be detected. Similar methods were used by Loope and N. H. Urban (1980). The fire
impact code used was as follows: M = Hammock has mature appearance on aerial
photograph; PM = Hammock has mature appearance on aerial photograph, except
for small shrubby portions; IM = Hammock appears to be in condition approaching
maturity on aerial photograph; R = Hammock exhibits signs of progressive recovery
from burn in previous intervals; D = Destroyed; B = Evidence of burn during
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Interval. The difference between IM and R is age of recovery, with R being in an

earlier state. Change of size or shape of the hammocks was also considered in the
analysis.

Distribution of Shrub Stratum Plants in Long Pine Key Pinelands

Information on the shrub flora of Long Pine Key was drawn from published lists
(Robertson 1953, 1955; Loope et al. 1979; Taylor and Herndon 1981), from the
vegetation transect mentioned above and other field work undertaken specifically
for this study, and, particularly, from plant lists for 73 one-tenth acre (c. 0.04 ha)
plots established in 1958-1965 to study the effects of prescribed burning on
pineland vegetation. These permanently marked plots (for locations see Taylor and
Herndon 1981, Fig. 3) measuring 33x132 feet (c. 10x40 m, not "12x48 m", Taylor
and Herndon 1981:5) were placed at intervals of about one-half mile along the
Interior fire roads of the main part of Long Pine Key. For convenience we have
used the shrub lists compiled by Robertson when the study plots were originally
established. Taylor and Herndon (1981) found that prescribed fires and other
environmental events since 1958 have had relatively little effect upon the

composition and diversity of the pineland shrub understory of Long Pine Key.

In general, we have followed the categories established in an earlier report on the
flora of southeastern Florida pine rocklands (Loope et al. 1979) in defining shrub-
layer plants as the native woody plants and palms occurring beneath an overstory
of pines and reaching, at least on occasion, an erect stem height of .5 m or more on
such sites. We have tried also to consider only areas of ecologically functional
pineland, thus omitting stands consisting of relict pines in con<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>