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DATA ON PHOTOGRAPHS 

Fig. #1 (frontispiece) May 7, 1952 - T. 59 S., R. 35 E., Sec. 22 -
Small glades bayhead. The plants of this stand are Paurotis, 
poisonwood (Metopium), myrsine (Rapanea), wax myrtleHf Cterothamnus) 
and redbay (Tamala)7 

Fig. #2 - April 15, 1952 - T. 58 S., R. 37 E., Sec. 9 - Shot HE from 
tree marked (X19). 

Fig. #3 - April 15, 1952 - Same area as #2 - Looking E. to edge of 
Palma Vista #1 hammock. 

Fig. #+ - April 15, 1952 - T. 58 S., R. 37 E., Sec. 8 - Shot of Pine 
Area #2, Long Pine Key, looking NW from marked tree (#20) on 
Dark Hammock Road. 

Fig. #5 - April 8, 1952 - T. 58 S., R. 36 E., Sec. 25 - Pine Area #1, 
Long Pine Key, looking W. from marked tree (#11) on Sawmill Road. 
Taller understory shrubs are dahoon holly (ilex Cassine). Other 
shrubs are wax myrtle, redbay, bustic (Dipholis), satinleaf 
(Chrysophyllum), Tetrazygia, cabbage (Sabal), and rough velvetseed 
(Guettarda scabra). 

Fig. #6 - April 8, 1952 - Same area as #5 - Looking SW from marked 
tree (#12). Understory of fire-pruned buttonwood (Conocarpus) 
in pineland. 

Fig. #7 - April 8, 1952 - T. 58 S., R. 36 E., Sec. 2k - Pine Area #1, 
Long Pine Key, looking SW from 12' NW of marked tree (7C). 
Low pinewoods with pure saw palmetto (Serenoa) understory. 

Fig. #8 - April 8, 1952 - Same area as #7 - Looking NE from 25' .W. 
of marked tree (7C). Open saw palmetto flat in pinewoods. 

Fig. #9 - May 5, 1952 - T. 58 S., R. 36 E., Sec. 15 - Clump of willows 
in deep pothole in pine woods. West edge of Crabwood Hammock. 

Fig. #10 - April 30, 1952 - T., 58 S., R.. 37 E., Sec. h or 5 - View 
of the iateriof of Dark Hammock, Long Pine Key. 

Fig. #11 - April 15, 1952 - T. 58 S., R. 36 E., Sec. 13 or 25 - View 
of the west edge of Sawmill Road Hammock. Looking NE from 12' 
W. of marked tree (#15). 

Fig. #12 - May 6, 1952 - T. 59 S., R. 35 E., Sec. 16 - Trunk of a large 
mahogany (Swietenia) in Big Mahogany Hammock. 

Fig. #13 - May 7, 1952 - T. 58 S., R. 36 E., Sec. 11 - Looking across 
sawgrass marl glades at a bayhead north of Concrete Bridge. 
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Fig. #14 - May 6, 1952 - Same as #12 about 1/2 mile E. of Big 
Mahogany Hammock - View of one end of a small hammock (?) or 
bayhead (?) in glades. This is one of the rare stands in which 
hammock species seem clearly to be replacing bayhead species 
on a deep peat deposit. Individuals of bayhead species are 
more abundant than hammock species at this site, but the specific 
representation is about equal. Woody plants present are live oak, 
cabbage, gumbo-limbo (Elaphrium), poisonwood, bustic, cocoplum 
(Chrysobalanus), wax myrtle, redbay,'sweet bay (Magnolia), 
strangler fig (Ficus aurea), marlberry (Icacorea), lancewood 
(Nectandra) and myrsine. 

Fig. #JAA. - May 7, 1952 - T. 59 S., R. 36 E., Sec. 16 or 17 - View 
of bayhead trees on rows in Jennings plantation area looking 
S from Ingraham Highway. 

Fig. #15 - April 15, 1952 - T. 58 S., R. 36 E., Sec. 25 - Looking NEE 
up Twin Hammock Glade from Long Pine Key Road. Saw palmetto 
invading glades. 

Fig. #16 - May Ik, 1952 - T. 58 S., R. 37 E., Sec. 21 - Ragweed growth 
on marl glades farmed for winter tomatoes - Barne's farm. South 
of Long Pine Key. 

Fig. #17 - May 7, 1952 - T. 58 S., R. 37 B., Sec. 32 - View of west 
side of bay-cypress head north of Cocoplum Eend, looking ENE 
from iEgraham Highway across scrub cypress area. 

Fig. #18 - May 13, 1952 - T. 57 S., R. 38 E., Sec. 29, Overstory pines 
killed by fire 123-6 (March 1951). 

Fig. #19 - April 15, 1952 - Same area as 7#2. Basal fire scar on pine 
just HE of turn of Long Pine Key Road. 

Fig. #20 - April 29, 1952 - T. 58 S., R. 37 E., Sec. l6 - Fire-pruned 
wild tamarind (Lysiloma) in pineland. 

Fig. #21 - April 9, 1952 - Same area as #20 - Base of fire-pruned 
poisonwood in pineland. 

Fig. #22 - May 5, 1952 - T. 58 S., R. 36 E., Sec. 23 - Fire marked 
mastic (Sideroxylon) in pineland. 

Fig. #23 - May 5, 1952 - Same area as #9 - Trees, white ironwood 
(Hypelate) and wild tamarind, in pineland. 

Fig. 7p2U - April 8, 1952 - Same area as #20 - Gopher apple (Geobalanus) 
in bloom on new burn. 
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Fig. #25 - April 29, 1952 - T. 58 S., R. 36 E., Sec. 23 or 28 -
View of broom grass (Andropogon) growth on a one-year old 
burn. looking SSE from 30' S of marked tree (#29) on east 
side of firebreak for fire 123-12 (June 1951). 

Fig. 7#26 - May lk, 1952 - Same area as #9 - Another view of broom 
grass growth on this burn. Looking WSW toward the east edge 
of Crabwood Hammock. 

Fig. #27 - May 6, 1952 - T. 59 S., R. 35 E., Sec. 3 or k - Looking 
SW from 100 yards N of red marker on glades buggy trail HW from 
end of Canal Road. Dense fire-induced growth of palmetto. 

Fig. 7728 - May 26, 1952 - T. 58 S., R. 36 E., Sec. 30 - Severe edge 
damage (fire 123-1^, May 1950) to southeast corner of Little 
Royal Palm Hammock, Long Pine Key. 

Fig. #29 - April 9, 1952 - Same area as #20 - Small hammock area 
that turned a pineland ground fire. 

Fig. #30 - Same as Fig, #11. 

Fig. #31 - April 30, 1952 - Same area as #10 - View of the east end 
of Dark Hammock, Long Pine Key, looking H. from 35' N. of marked 
tree (#25). 

Fig. #32 - April 30, 1952 - T. 58 S., R. 37 E., Sec. 15 - View of 
burned-out interior of Paradise Key, looking E. from marked 
tree (#31) on old road to south end of Paradise Key. 

Fig. #33 - April 30, 1952 - Same area as #10 - Basal fire scar on 
a large mastic inside Dark Hammock. 

Fig. #3^ - April 30, 1952 - Same area as #32 - View of fireweed growth 
of sumac (Rhus leucantha), Paradise Key, looking HE from 35' N. 
of marked tree (#32). 

Fig. #35 - April 30, 1952 - Same area as #10 - Live oak invasion of 
pineland near Dark Hammock, looking WSW from 10' H. of marked 
tree (#26), 

Fig. #36 - Same as Fig. #3. 

Fig. #37 - April 15, 1952 - Same area as #2 - Encroachment of hammock 
vegetation into fire-protected pineland, looking E from 20' EKE 
of marked tree (#17). 

Fig. #38 - April 30, 1952 - Same area as #h - Hammock nucleus around 
a large sink hole. 

Fig. #39 - May 5, 1952 - T. 58 S., R. 36 E., Sec. 23 - View looking V. 
across Hidden Glade, Long Pine Key, at south end of Turkey Hammock. 
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Fig. #40 - April 29, 1952 - Same area as #4 - Small hammock of wild 
tamarind in pineland, Long Pine Key. Looking WNW from Dark 
Hammock Road V ME 0f marked tree (22). 

Fig. #4l - May 7, 1952 - T. 59 S., R. 36 E., Sec. 13 or 14 - Interior 
of burned-out hay-cypress head. 

Fig. #42 - Same as Fig. #14. 

Fig. #43 - May 7, 1952 - Same area as #4l - View of burned-out hay-
cypress head looking S. from Ingraham Highway. 

Fig. #44 - May 26, 1952 - T. 58 S., R. 36 E., Sec. 29 - View of ruins 
of burned-out hayhead two years after fire 123-14 (May 1950). 

Fig. #45 - May 14, 1952 - Same area as #4l - Close-up view of the edge 
of a burned-out bay-cypress head. The interior now occupied by 
a growth of willow. 
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SUMMARY 

The present report provides the results of recent field investiga
tions of the effects of wildfire upon the vegetation of Everglades National 
Park. This project was carried on in the winter and spring of 1951-52 at 
which time the author held a temporary position as Fire Control Aid in Ever
glades National Park. Earlier field investigations in south Florida "by the 
author supplied much of the original data presented here, and provided a 
background of knowledge of the area without which the present work would 
have been impossible. 

The information presented is divided into four sections as follows: 
Fire history of the Everglades National Park area; Description of the burnable 
vegetation types; Effects of fire on the burnable vegetation types; and, 
Conclusions and recommendations. The following paragraphs summarize these 
sections. 

I. Fire History - An attempt is made to reconstruct the history 
of fire occurrence throughout the geological existence of south Florida in 
its present relationship to sea level. Evidence is presented which strongly 
suggests that natural fire has "been a constant factor affecting the local 
distribution of vegetation types through the ages, and that the arrangement 
of plant cover types has probably- always been similar to that seen today. 
Fire frequency is believed to- have increased as aboriginal peoples occupied 
the area. With white settlement came another marked increase in fire frequency 
and also an increase in the severity of fire damage as drainage lowered water 
levels in the Everglades. Records indicate severe and widespread fire in 
south Florida for more than 1/3 of the years between 1900 and 1952. A half-
century fire chronology compiled from the scientific literature, from news
paper accounts and from interviews with local residents is given. A summary 
of rainfall records since 19C0 is presented. Examination of these data in
dicates that the Lake Okeechobee-Everglades system is no longer an effective 
drainage unit, and that water levels and fire danger in Everglades National 
Park now depend entirely on rainfall south of the Tamiami Trail. This section 
is concluded with an account of fire occurrence since the establishment of 
Everglades National Park including a map of fire occurrence by years, and a 
graph of fire occurrence by months in the two chief fire types. 

II. Description of Vegetation Types - This section presents ac
counts of the following burnable vegetations: Rockland pine forests; 
tropical hammock forests; bayhead forests; and Everglades marshes. For each 
the description includes as detailed a survey as is possible from data at 
hand of: The plant species and general aspect of the vegetation type; the 
major variations noted from stand to stand through south Florida; the factors 
which appear to govern local occurrence of the vegetation type; and, the 
major gaps existing in our present ecological understanding of the vegetation 
type. It is emphasized that present knowledge of the vegetation of Everglades 
National Park is incomplete and that these gaps hinder understanding of the 
affects of fire upon the plant cover. 

III. Fire Effects - For each of the above cover types a discussion 
is given of fire effects upon the soil and upon the plant cover. Recovery 
of the plant cover after fire is discussed, and the influence of fire upon 
the successional relations of the plant communities is analyzed. 
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Pineland f i res remove the ground cover vegetation and prune back 
the shrubs of the hardwood understory leaving bare limestone. The f i res 
are ground f i res which do not ordinarily k i l l the overstory pines . Recovery 
after f i r e i s marked by an outburst of bloom of the small pine woods 
herbaceous plants , and by stands of t a l l broom grass on one-year old burns. 
A single f i r e k i l l s few hardwood shrubs. The roots of these shrubs are 
deeply driven into the limestone, and are protected by i t . They soon send 
up crown-sprouts and most individuals show a typical many-stemmed growth-
form brought about by frequent fire-pruning. 'There i s some evidence that 
hardwoods tend to be eliminated from the pineland by frequently recurring 
f i r e s , and to be replaced by an understory of low palms, especially saw 
palmetto. 

Two kinds of f i re effects are noted in the case of hardwood 
hammocks:- 1.) pruning back of the hammock edges; and, 2.) complete hammock 
destruction occurring when f i res igni te the organic so i l deposit of the 
hammock. In the l a t t e r case the trees of the forest canopy are commonly 
k i l led by f i res burning around their roots , or l a te r windthrown due to loss 
of supporting so i l . Recovery i s long-delayed in the case of complete burn
outs, and some of the more sensit ive epiphytic orchids and ferns may be 
los t ent i re ly . In early stages of recovery, hammock in te r io rs become clogged 
with a rank growth of f i r e weed shrubs and vines. 

Eire prevents succession of hardwoods into pine forest by f i r e -
pruning hardwood shrubs and cutting back hammock edges. In the Long Einc Key 
area of Everglades National Park this succession i s rapid in the absence of 
f i r e . Here a fire—free per lad,of 15 to 25 years i s considered sufficient 
to establish a continuous young hardwood forest on most pineland s i t e s . 

Eire effects upon the bayheads of the Everglades are similar to 
those on upland hammocks, but more severe. These t ree islands occupy deep 
deposits of combustible peat and their occurrence requires the elevation 
above the surrounding marsh which the peat mass provides. Pires remove 
the peat entirely commonly leaving burn-out ponds, and a long period of plant 
succession must occur before bayhead forest can again occupy the s i t e , ''/here 
these peat burn-outs resu l t in establishment of ponds, they have the bene
f i c i a l effect of furnishing a dry-season refuge for many glades water animals. 

In sawgrass glades f i re damage i s severe only in the muckland 
area l i t t l e of which now remains south of the Tamiami Trai l . I t i s probable 
that over a period of years sawgrass f i r e s have decreased the water storage 
capacity of the Everglades by destruction of the peat and marl seal over 
the highly permeable underlying limestone. Over most of the marl soi l glades 
of tho park no defini te f i r e effect can be indicated. Much more information 
on the ecology of the many species of sedges and grasses which comprise the 
Everglades vegetation is needed before f i r e effects on stand composition 
can be sa t i s fac tor i ly studied. 

Kith drainage much of the Everglades area has become sui table for 
invasion by woody plants , especially willow and the woody species of tho 
bayheads. Eire acts to r e s t r i c t this forest extension into the marsh. In 
spi te of the severe f i r e s of tho las t twenty years plant succession has 
ent i re ly changed the aspect of considerable areas, from open herbaceous 
marsh to scrubby th ickets . 

- 2 -



IY. Conclusions - Fire i s a natural environmental factor in 
Everglades National Park. Elimination of f i re would resu l t in eventual 
disappearance of the fire-maintained cover types, the pine forest and 
Everglades marsh p r a i r i e s . 

The severe and frequent f i r e s occurring under present al tered 
conditons are rapidly eliminating the hardwood forest types, and seem capahle, 
also, of causing degenerative changes in the f i re types. I t thus seems im
perative that an-attempt he made to control a l l f i r e s in the area with special 
efforts to protect the t ropica l hammock and hayhead vegetation. 

P.estoration of former water levels on the glades would change the 
necessi t ies of f i re control , and should hring ahout a s i tuat ion in which only 
areas of special use or in te res t need he guarded from f i r e . 

Careful long-term at tent ion should he given to the study of f i re 
effects on vegetation of Everglades National Park with par t icular concentra
tion upon the prohlem of f i r e effects upon the stand density and composition 
of the sub-climax f i re types. A program of investigation designed to meet 
th is need i s outlined. 

The f i r e prohlem promises to remain one of key Importance in 
Everglades National Park. Enlightened administrative procedures wi l l require 
a hackground of fu l l information on a l l aspects of f i r e effects in the area. 
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Tree island with a clump of t ree 

saw-palmetto (raurot is wrighti i ) 

in sawgrass glades 
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Resume of Research Time 

The f ield investigations upon which th i s report i s "based were 
carried on over the period November 26,' 1951 - June 18, 1952. During 
th i s time the author was employed as a GS-3 Seasonal Fire Control Aid in 
Everglades National Park. Field work was thus subject to some interrup
t ions , pa r t i cu la r ly in times of f i r e emergency, by ca l l s to perform the 
more usual duties of a Fire Control Aid. A few days ear l ie r in the period, 
and morning hours during the months of April, May, and June, 1952 were 
devoted to f ie ld work directed toward the completion of a study of the 
abundance and ecological d is t r ibut ion of breeding-bird populations of the 
region, begun in the summer of 1950. Such a division of research time 
was agreed upon in discussions in June 1951 when the f i r e effects study 
was f i r s t planned. A t o t a l of 123 days or parts thereof were devoted to 
f ie ld study of f i r e effects . This t o t a l includes many l i eu days spent 
in the f ie ld . 

Previous to the above period of employment the author had spent 
nine months (June - August 1950, February - July 1951) in ecological field 
work in southern Florida, as a National Park Service Collaborator. During 
the f i r e emergency of the spring and early summer of 1951 several periods 
to t a l l i ng about one month were spent as an emergency f i r e fighter, per-
mitt ing f i r s t hand observation of glades and pineland f i r e s and thei r 
effects . Field notes and experience gained from ear l ie r work wore con-
s tant ly drawn upon in the preparation of th is report . Without th is back*. 
ground, par t icu lar ly in knowledge of the regional f lora, progress in the 
study of f i r e effects would have been much more d i f f i cu l t , 

The i n i t i a l work of preparing the report, including investigation 
of available l i t e r a tu re and interviewing local residents as to past f i re 
h is tory of the area, occupied five weeks in July and August 1952, spent 
in South Florida. Several months of additional time in the f a l l and ivinter 
of 1952-53 spent at the University of I l l i n o i s were devoted to completing 
the report . 

STUDY METHODS 

Shortly after the beginning of the present study i t was decided 
that the time available could best bo spent in obtaining an extensive 
qual i ta t ive survey of f i r e effects ra ther than in making intensive quanti
t a t ive studies of plots in par t icular burned areas. Several reasons con
tributed to th i s decision. 

1. Difficulty of determining the f i re his tory of any 
•particular s i t e . 

2. Lack of adequate ecological information on the vegeta
tion which makes UP the most important f i re- types. 

The above d i f f i cu l t i e s which now hinder study of f i re effects 
in Fverglades National Park wil l be discussed la ter in th is report . They 
make the obtaining of r e l i ab l e data on the quantitative effects of f i re 
on stand density and composition well-nigh impossible at this time. I 
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am fully conscious that quanti tat ive data are needed to complete the 
picture presented here; and aware that important f i r e effects may he 
concealed from t h i s qual i ta t ive survey, however painstaking. A study 
program calculated to meet th i s need i s presented at the end of the report. 

The .qualitative survey undertaken had as i t s object the collecting 
of information hearing on the following questions for each hurnahle vegeta
t ion type: 

1. What effect does f i re have on the soil? 

2. What i s the effect of burning on the vegetation, including 
plants k i l led and injury to those that survive the fire? 

3. What are the major features in the recovery of the vegeta
t ion after f i re? 

4. What would he the prohahle course of development of tho 
vegetation in the absence of fire? 

With these points in mind a l l major burns of known age wore 
examined and notes were obtained on f i r e effects and recovery after f i re , 
as well as l i s t s of the plant species of the areas. Areas free of f i r e 
for tho fivo years covered by Everglades national Park records were studied 
noting the development of vegetation during the f i re - f ree interval and 
evidence of ear l ie r f i r e . A number of people with long f ield experience 
in the Everglades region were interviewed in order that their observations 
and bel iefs concerning long-term f i re effects in the region might be put 
on the record. Finally, some of the l i t e r a tu re pert inent to the problem 
was examined and the bibliography accompanying th is report compiled. 

- 7 -



Introduction 

Eire and water, two of the four "primary elements" of the ancients, 
are matters of the utmost present day importance in Everglades National Park. 
Interaction between f i re and water played a major role in shaping the Ever
glades landscape. Disruption of their natural balance by ill-conceived land 
use pract ices of the past forty years has brought the ent i re region to the 
point where i t s survival in any condition resembling the original i s seriously 
i n question. The ecological problems which pose t h i s question are essential ly 
problems in the control of f i r e and water. I t i s not too strong a statement 
to say that a l l hope for the future of Everglades National Park res t s in their 
proper management. 

This report i s a survey of the effects of f i r e in Everglades National 
park. Or, more exactly, i t i s a survey of the effects, primarily upon vegeta
t ion, of a few recent f i r es , together with an attempt to synthesize from a l l 
available fragments of evidence a clearer concept of the to t a l ecological role 
of f i r e in the area. The wr i t e r ' s aim has been twofold: to array information 
now at hand in a manner designed to lead to i t s p rac t i ca l application; and, 
to provide a foundation for future study. In a region such as t h i s , where 
published information on plant ecology i s extremely sketchy, and where re l iable 
records of f i re-his tory are v i r tua l ly non-existent, conclusions formed from a 
six-months study of f i re effects are necessarily tenta t ive in large par t . 
Some talent in the employment of the prayerful "educated guess" i s required 
for one to be able to present a report at a l l . Throughout, however, I have 
f e l t the strong necessity of keeping information of various grades of r e 
l i a b i l i t y sternly categorized. I t i s hoped thus to avoid tlac downhill leap 
from insufficient data to unwarranted conclusions - so easy and frequent a 
hop in the Everglades, a country half-destroyed before i t was even half under
stood. 

To date in South Florida the approach to the problem of wildfire 
has been governed by a t t i tudes more often emotional than r e a l i s t i c . The 
debate, both written and spoken, which has gone on at length under these 
conditions has been largely unencumbered by facts, and has been vastly more 
heated than enlightening. The crying present need i s for more and far more 
rea l iable information as to jus t what f i res do here in different vegetation 
types and under different conditions. I t i s intended that th is report will 
provide a contribution in that d i rect ion. 
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I. FIRE HISTORY OF THE EVERGLADES NATIONAL PARK AREA 

A. Introduction 

South Florida is perhaps unique in that it has had more fires and 
kept less account of them than any other section of the country. Ihis 
questionable distinction of the area placed many a roadblock in the path of 
the investigator who, arriving on the scene at this late date, attempts an 
inquiry into the effects of fire. One reason for this casual attitude has 
been the very frequency of fire. The belief is widespread that wildfire is 
an intimate and perhaps a necessary part of the natural order in south Florida 
rather than an exceptional or catastrophic event. Over and over one hears 
such statements as, "This country always has burned and always will. Anyway 
fires don't hurt anything here." 

In truth there is much to justify this view. Within a few weeks 
after fire the glades are green with sawgrass shoots, and the pinelands full 
of flowering herbs and new grasses. Even the scars of burned-out hammocks 
are soon hidden by a rank growth of fireweed shrubs and vines. To a not 
overly careful observer it must seem inconceivable in many cases that the fire 
can have done any significant damage. 

These local conditions - frequent and widespread fire, fire which 
often had little obvious effect, and a vast wilderness area where fires might 
burn undiscovered for days without threat to any works of man - have long 
retarded any serious consideration of fire effects. The succession of severe 
fire years within the last decade finally brought the problem to general 
attention. The realization has gorwn that, whatever its previous ecological 
role, wildfire has gained a new and menacing importance under the radically 
altered conditions of present day south Florida. 

In consideration of fire effects it is important to reconstruct 
the history of fire occurrence in the area as fully as possible. This section 
of the report is an attempt at such a reconstruction considering the fire 
history of the region in four periods: 

The pre-aboriginal period. 

The period of aboriginal occupation of south Florida. 

The period of intensive occupation by white man 
beginning around 1200. 

The period 19^8-52, for which detailed records of 
fire occurrence are available. 

Obviously any comments on the first period are entirely conjectural, 
based on backward projection of certain present day characteristics of the 
area. Comments on the second period are also largely educated guesses, plus 
fragmentary early records. I believe that these mental exercises are justi
fiable, however, because of the theoretical importance of determining about 
how long fire has been a major ecological factor in south Florida. For the 
third period considerable information has been collected including weather 
data, accounts from the scientific literature, newspaper reports, and 
personal reminiscenses of residents with much field experience in the area. 
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This material , however, i s extremely scattered and scanty when applied to 
the picture of f i r e occurrence throughout the area for th i s period. 

3 . Fire in the Pre-aboriginal Period 

I t i s of some importance to an understanding of the area to attempt 
to determine whether or not wildfire was a major ecological factor in South 
Florida under original conditions prior to any human occupancy of the region. 
Although a def in i te answer i s not within reach here, consideration of geolog
i c a l and paleobotanies! evidence as well as character is t ics of the present 
vegetation permit certain reasonable inferences to be drawn. 

1. The Geological Background - Detailed studies of the geology 
of South Florida have been presented by Parker and Eoy (1943), Parker and 
Cooke (1944), and Cooke (1945). These accounts show that throughout the 
Pleistocene Ice Age the Florida peninsula was a l ternate ly flooded by shallow 
seas and exposed beyond i t s present shores, as sea level rose and f e l l in 
response to g lac ia l controls. Sea levels were below present sea. level during 
each of the five major ice advances of the Pleistocene. During each of the 
four warmer in te rg lac ia l periods melting back of the continental glaciers 
increased the volume of water in the oceans and submerged much of the Florida 
peninsula. High stands of the sea are well marked by marine terraces and old 
shore l ines in the southeastern coastal plain at elevations from 270 to 25 
feet above present sea leve l . During the high stand of the sea of the in te r 
g lac ia l period between the thi rd and fourth Pleistocene glaciations the 
limestones, which occur at or near the surface in South Florida, wore de
posited. The corresponding low stands-of the sea during the five glacial 
periods are more d i f f icul t to invest igate , and l i t t l e agreement ex is t s as 
to their distance bolow present sea level . I t i s probable, however, that 
sea levels at these t ines were sufficiently low to empty Florida Bay and 
establ ish broad land connection between the Florida Keys and the mainland; 
and i t i s extremely unlikely that they were low enough to establish any sort 
of land connection between South Florida and Cuba cr the Bahamas. The lower 
end of the peninsula south of Lake Okeechobee was inundated by the Pamlico 
Sea of the fourth in te rg lac ia l period (Cooke, 1945: Fig. 47), and l a s t 
elevated at the onset of the second Wisconsin glr.ciation (the las t glacial 
advance), about 50,000 years ago according to the usual time scale given for 
the Pleistocene (Schuchert and Dunbar, 1941: 160). This sets an absolute 
t ine l imit for formation of the present soi l mantle and for invasion of the 
area by i t s present 'plant and animal l i f e . The most recent geological event 
has been a r i s e in sea level in the post-glacial -period with a consequent 
reduction of South Flor ida ' s land area, and rc- isola t ion of the Florida Keys. 

2. The Faleobotanical Background - Studies of foss i l plants give 
us no reason to suspect that the group of plant species which occupied 
South Florida after i t s l a s t Pleistocene submergence varied much in compo
s i t ion from that found today. Deny of the tropical forms which characterize 
South Flor ida ' s present f lora have a long fossi l history in the southeastern 
United Sta tes . For example Berry 's (1930: 41-47) l i s t s show 31 genera of 
the Lower Socene Wilcox Flora., largely from excavations in western Tennessee 
and Kentucky, which now occur in the United States only in South Florida. 
In a l l 32;1 of the genera of woody plants in the present South Florida flora 
are known from th is foss i l f lora of 60 million years ago. Braun (1950: 
451-455) gives a general summary of the foss i l record of plants for la te 
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Mesozoic and Tertiary time. The record indicates an early period of wanner 
climates during which t ropica l and sub-tropical p lants occurred far north 
of the i r present l imits . Beginning in Miocene time there was a gradual 
cooling of climates and a southward shif t of vegetation zones. The fossi l 
f lora from the l a t e Pliocene Citronelle formation of the Gulf Coast in west 
Florida closely resembles that found in the same area today (Berry,, 1916). 
This indicates that by th i s time (about one million years ago) t ropical forms 
in the f lora of the southeastern United States must have been confined to 
peninsular Florida. 

As has been mentioned, the Florida peninsular suffered extreme 
changes in area during the Pleistocene. In general, however, the periods 
of greatest land emergence from the sea were times of cooler climates and 
the periods of submergence times of warmer climates, so that i t seems 
probable that the tropical f lora was able to maintain a continuous foothold 
on the peninsula, moving north or south as compelled by changes in the 
climate and area of i t s range. The l a t e s t elevation of South Florida marks 
only one more stage in i t s migrations before changing climates and landforms. 
Through the ages there has doubtless been continual change in the specific 
composition of th is isolated f lora with loss of species by extinction and 
a r r iva l of new species from the West Indies. I t seems unlikely, however, 
that any significant change has occurred in the r e l a t ive ly short interval 
of pos t -g lac ia l time. 

3. xhe Present Vegetation - 7,re may now ask a question more d i rec t ly 
per t inent to the f i re h is tory of the area. If the plant species present have 
evidently undergone l i t t l e rocent change, what of the vegetation typos they 
form? 

'The ecological p ic ture of present"day South Florida shows a be
wildering mosaic of vegetation typos some of which soon to bo succossionally 
re la ted . As wil l be discussed l a te r , t ropical hardwood forest rapidly oc
cupies pine forest areas; arid bay and, in some cases, mangrove swamp forests 
tend to invado sawgrass p r a i r i e areas. I t seems obvious that the s tatus quo 
could not be long maintained unless some ecological factor operated to 
per iodical ly return large areas to a sub-climax condition. At the present 
time f i r e i s such a factor. I t thus becomes of in te res t to examine the 
available evidence to see what i t may indicate concerning the occurrence of 
natural f i r e s in times before any human occupancy of South Florida. 

4, Lightning Fires - Up u n t i l two years ago or less the answer 
to the question "does natural f i re occur in South Florida?" would have been 
"Tib." There was a strong bel ief that lightning f i r e s did not occur, and in 
the absence of any direct evidence to the contrary th i s was generally ac
cepted. One feature of the newspaper coverage of f i r e in South Florida has 
been the search for other explanations for f i res occurring in remote sections 
of tho glades, which has produced some notable f l igh ts of fancy. Thi3 as
sumption that natural l ightning f i res were too infrequent to be of consequence 
has hindered understanding of the role of f i r e in South Florida, as well as 
planning for f i r e control. For example, several authors (Small, 1924, 1930; 
Beard, 1938; Lgler, 1952) have considered the present vegetation, accepted 
the bel ief that natural f i r e was rare or absent, and concluded, quite 
log ica l ly with the assumption that a continuous broad-leaved forest must 
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once have existed in south Florida. Egler ' s comment (op_. c i t . : 226) i s 
typ ica l . "In short, the vegetation of south Florida during la te Pleistocene 
pre-Indian... .times may have been a dense evergreen broad-leaved tropical 
jungle " 

With the establishment (in 1951) of two f i r e lookout s tat ions 
overlooking large sawgrass areas in Everglades national Park i t soon became 
evident that natural f i res caused by lightning do occur frequently. Several 
f i r e s were seen to s t a r t from observed lightning s t r ikes in sawgrass and in 
t ree is lands of the Everglades. In a l l , lightning was the reported cause 
of 12 f i r e s in 1951 and of 11 in 1952 (up to July l ) . Some of these f ires 
were extinguished by ra in which accompanied the e l ec t r i ca l storm, but among 
them are also some of the major f i res in the history of Everglades National 
Park. Too f ew data are at hand to permit much to be said about the seasonal 
occurrence of Everglades l ightning f i r e s . But the "dry storms" which sot 
them appear at present to be a phenomenon of the very end of the dry season. 
Of 23 l ightning f i res reported to date three occurred in l a t e May, 15 in June, 
and four in August. 

With the establishment of the present importance of l ightning-
caused f i r e s i t becomes reasonable to assune that they have been a continuing 
factor throughout the geological existence of South Florida, and that the 
fire-maintained cover types have been a continuing feature of the South 
Florida vegetation. 

(A word of caution may be needed here, With proof that lightning 
f i r e s do occur comes the natural, tendency-to a t t r ibu te a l l unexplained fires 
to l ightning. Such overemphasis wil l serve the problem of understanding 
f i r e in the area as poorly as the ear l ier reluctance to consider the possi
b i l i t y of lightning f i r e s . ) 

5. Endemic Plants - One of the character is t ics which makes the 
f lora of South Florida so in teres t ing i s the group of plant species which 
have originated in the region. Small's Manual of the Southeastern Flora 
(1933) shows 103 such species that have evolved in South Florida. These 
are distributed" in 31 plant families and 55 genera and include plants from 
both t ropica l and south temperate zones. Almost a l l of them are herbaceous 
plants or low siirubs. Examination of the habitats of these species gives 
us important additional, evidence of long ages of natural f i re in South 
Florida. Table 1 shows the d is t r ibut ion of these species according to the 
vegetation types in which they occur. Notice that well over half are limited 
to pine forest areas, and in a l l 7(Xi of the species occur in vegetation 
types that today arc maintained 6y "fire. 

Differentiation of new species requires geographic isolat ion of 
populations under new ecological conditions to which they become adjusted 
through a long period of natural select ion. The evolution of low-growing 
p lants of the kind which make up this unique South r ior id ian group certainly 
required thai their sub-climax habi tats remain constant for a long period, 
and th i s in turn required recurring natural f i r s . (Or other natural d i s tur 
bance, of course, but f i r e seems the only l ikely fac tor ) . For example, at 
the present time almost a l l of the endemic pinev/oods species are shaded out 
by invading hardwoods in pine forest areas that arc free of f i re for as 
l i t t l e as five years. I t i s quite clear that they could not have evolved 
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TJgLg I t Ecologica l 
D i s t r i b u t i o n of Endemic 
p l a n t Species of South 
P l o r i d a 

Yegetation Tyce 

Pine land 

Hammock 

Everglades 
Marshes 

Other (Strand, 
Mangrove, E t c . ) 

Ho. of Endemic 
Plant Species 

58 

22 

14 

9 

i f n a t u r a l f i r e had "been ah sen t , or even of i r r e g u l a r and infrequent occurrence 
i n the r eg ion . Their ex i s t ence as d i s t i n c t species i s inescapable proof of 
ages of r e g u l a r l y r e c u r r i n g n a t u r a l f i r e su f f i c i en t to mainta in l a r g e areas 
of sub—climax vege ta t ion . I t can thus be sa id with some assurance t h a t the 
aspec t of t h e vegeta t ion of South P lo r ida probably never d i f fe red much from 
t h a t p i c t u r e d i n the e a r l i e s t h i s t o r i c a l accounts . 

C. Indian P i r e s . 

The a r r i v a l of a b o r i g i n a l popula t ions i n South P lo r ida has not been 
a c c u r a t e l y da ted . Discovery of human remains i n d e p o s i t s a t Vero Beach, 
which a r e r e f e r r e d to the Pamlico I n t e r - g l a c i a l 3tage (Cooke, 1945: 305-7), 
may i n d i c a t e t h a t abor ig ines occupied the lower pen insu la almost as soon as 
t h e reced ing waters of the l a s t i n t e rg l ac i ah~sea made the area a v a i l a b l e . 
I t i s probable , however, t h a t with the es tabl ishment-of abor ig ina l popula t ions , 
t h e p i c t u r e of f i r e occurrence i n south P lo r ida was considerably modified. 
The fol lowing passage from the Journal of a 16th century South P l o r i d a t o u r i s t , 
Alvar Funez Cabeza, de Yaca, i s quoted by Small (1929:8) 

"Those from f u r t h e r in land have another remedy which i s to go 
about with a f i rebrand s e t t i n g f i r e to the p l a i n s end timber so as to dr ive 
off the mosquitos, and also to get l i z a r d s and s imi l a r th ings which they eat 
to coma out of the s o i l . In the same manner they k i l l deer enc i r c l i ng them 
wi th f i r e s , and they do i t a lso to depr ive the animals of pas tu re , compelling 
them to go for food where the Indians want." 

Egler (1952: 226-7) devotes cons iderable a t t e n t i o n to an ana lys i s 
of the probable ef fect exer ted on South P lo r ida vege ta t ion by abor ig ina l use 
of f i r e . He makes two main p o i n t s : 

1 - The sum effect of Indian f i res was to modify the continuous 
"prc-indian Swamp Forests" creating a mosaic of vegetation 
types similar to that seen today ( i . e . pineland with scattered 
hardwood hammocks, sawgrass p ra i r i e with scattered t ree is lands) . 

2 - Indian f i res were l ikely most frequent early in the dry season, 
occurring at a time when organic so i l s and hardwood hammock 
vegetation were s t i l l toe wot to burn, and hence caused loss 
destruction than f i res l a t e r in the dry season. 
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In the previous section compelling evidence has "been presented 
to show that natural fires must have "been sufficiently frequent in south 
Florida from the earliest times to maintain large areas of sub-climax vege
tation. I do not, therefore, see the need to invoke Indian fires as a major 
factor in the origin of these fire-maintained types. I agree, however, with 
Egler's assumptions that Indians were probably free and careless in using 
fire; that Indian fires were probably frequent; and that they probably tended 
to occur as early in the dry season as sawgrass would burn. 

Concluding, there is reason to believe that fire incidence in 
south Florida increased sharply as early Indians became established with the 
addition of their fire-hunting and escaped fires to the recurring natural 
fires. 

D. White Man Fires 

One of the statements in Egler's (ibid.) analysis of the history 
of fire in south Florida with which I cannot agree is the following: "Hie 
chief difference between Indian fires and White Man fires: Indians burned 
with no conscience, as soon as things would burn. White Man with a conscience, 
only delays burning...." Though perhaps true for many areas this view does 
not hold for the behavior of the white man in south Florida. In the Evergladet 
area white man's incendiary activities have beggared those of his dusky 
brothers. \I believe that the frequency of man-caused fires probably in
creased sharply as whites replaced aborigines in the area.-*1 White man in 
south Florida burned freely for every reason that the Indian did, and for some 
all his own. Even today with the present finally awakened fire-consciousness 
ones dees not go long in south Florida before hearing of fires set to kill 
mosquitoes, kill rattlesnakes, clear "out the brush, drive out game, create 
fresh pasture for cattle or deer, etc. Burning to locate gator holes in 
sawgrass areas was a common practice of commercial hide hunters. In a copy 
of an interview on file at Everglades National Park Headquarters, Mir. Loren 
Roberts describes the burning of the Ingraham Prairie behind Cape Sable by 
gator hunters about 1902. Add to these frankly indendiary fires those which 
spread more or less accidentally from farming and lumbering operations on the 
eastern rim of the glades, and an imposing picture of fire occurrence for 
the white man's half-century in south Florida is obtained. 

Prior to the establishment of Everglades National Park little or 
no attempt was made to control fires on wild lands. Fire protection activi
ties of local and state agencies were confined for the most part to guarding 
developed lands against wildfire. Their universal protective maneuver was 
(and is) backfiring, and it is at least to be suspected that in some instances 
the backfires themselves have spread widely to adjacent wild lands. In 
south Florida white man certainly did not, "With smug righteousness...forbid 
all fires" (loc. cit.) 

As white occupation became established, the<drainage of the glades 
began, and with lowering water levels the increasingly frequent fires did 
increasingly severe damage. Everglades water levels were lowered both oy 
local direct drainage, and by the diking of Lake Okeechobee (complete in 1935) 
which cut off the slop-over that had formerly drained off to the south and 
may have provided an important source of water for the glades. The drainage 
of the Everglades has been discussed in detail by others (see Dovell, 19k2: 

Ik 



132-161, also Turner, 19̂ -2; Eestor, 19^2; and Herr, 19*13), and will not 
"be taken up here, except for the following summarizing statement: 

"The arterial canal system of the Everglades was begun 
about 1905. The beginning of the construction was along the 
coast working toward Lake Okeechobee, Connection with Lake > 
Okeechobee was made between 1916 and 1920 for the various 
canals. I believe that you could say that drainage was partially 
effective after about 1918." (Johnson, in. litt.) 

Since drainage began to be effective, a pattern of increasingly 
severe fire has developed. Under present conditions the lower glades may 
be completely dry for months in dry years, much extending the period of 
critical fire danger. Previously a sort of balance had existed, with the 
generally higher water levels acting to restrict both the extent and severity 
of fires. Dry years with severe fires and much dBSlnruction of organic ...soils 
and hammock vegetation undjoup̂ icU but it can be safely assumed 
that these were rare^_. Fires under the altered conditions brought about by 
drainage have been notable in two respects: 

1. Destruction of organic soils, which in turn has decreased the 
water-holding capacity of the glades due to the loss of the peat 
and marl seal over the highly permeable underlying limestone. 

2. Widespread destruction of hardwood forest vegetation, both 
upland hammocks and tree islands, 

A chronological summary of fire occurrence in south Florida for 
the period I90O-I9L8, and a table of rainfall records for the period 19CO-
1952 at Ik weather stations in the Lake Okeechobee-Everglades region are 
included in the Appendix. A brief discussion of the rainfall records follows. 

Table 8 (see Appendix) shows the rainfall recorded at Ik weather 
stations in the Kissimmee River-Lake Okeechobee-Evergiades drainage for 
all years in which reports are available over the period 19CO-1952. It is 
compiled chiefly from data given in the Florida, Division of Water Survey and 
Research publication Observed Rainfall in Florida (I9*t8). The Ik stations 
surveyed are distributed over the drainage basin from Kissimmee south to 
Homestead and Everglades City. They were selected, as the stations with the 
most complete records, giving most complete geographic coverage of the south 
Florida region. In several cases, as indicated in the table, gaps occurring 
in the records of the Ik original stations have teen filled using data for the 
same year from another nearby station. The average rainfall for each station 
is shown as well as the minimum rainfall, maximum rainfall and the years of 
minimum and maximum rainfall for each station. In addition an annual average 
rainfall figure for the region has been calculated for each year in which 
reports are available from five or more of the stations. 

In the table rainfall data are broken down into 12 month periods 
extending from May 1 to May 1. The annual figures are thus arranged in what 
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may be called "biological years" rather than in calendar years, years ex
tending approximately from the beginning of one rainy season to the beginning 
of the next. This appears to me to give a much clearer picture of the re
lation of rainfall to fire danger in South Florida than does the usual pres
entation. The severity of fire danger in any late winter - spring dry season 
is largely dependent on the rainfall of the immediately preceding summer -
fall rainy season. In instances where extremely wet years have followed 
extremely dry years, as has often been the case in southern Florida, some 
confusion has arisen regarding the true date of the bad fire year in the 
period. In addition rainfall data presented in the usual manner often obscure 
the real severity of a drought period by lumping it with the succeeding rainy 
season, rather than the preceding one. A good illustration of both these 
effects is provided by rainfall data for the years 1930 through 1932. This 
span included two rainy seasons of well above normal rainfall (1930 & 1932), 
and one which was greatly deficient (1931). Various South Florida stations 
reported the following: 

1930 1931 1932 

Canal Point , 63.29 39.87 67,91 

Be l l e C-lade 63.07 42.57 65.09 

Miami 73.51 60.87 79.90 

Coconut Grove 69.96 50.61 64.75 

Pennsuco 76.50 65.35 83.92 

On the b a s i s of these f i g u r e s by calendar years 1931 i s ind ica ted as a dry 
year at some s t a t i o n s and normal or s l i g h t l y above a t o the r s . I t does not 
look l i k e a year of extreme f i r e hazard from these d a t a . Compare, then, the 
p i c t u r e when r a i n f a l l i s shown for the years May 1, 1930 to May 1, 1931 and 
May 1, 1931 to May 1, 1932. 

1930-31 1931-32 

Canal Point 57.09 33.11 

Be l l e C-lade 58.22 37.70 

Miami 77.07 48.42 

Coconut C-rove 75.34 38.62 

Pennsuco 78.14 53.42 

I t i s seen tha t there was a 12 month period of extreme drouth in t h i s span 
of years ( the second most severe on record for the region) not no t i ceab le 
in the former f igures because i t occurred between two unusually wet pe r iods . 
The effect of p r e s e n t i n g r a i n f a l l d a t a for South F l o r i d a by calendar years 
i s to smooth and minimize the r a i n f a l l extremes, and to some degree the 
r e l a t i o n between f i r e hazard and r a i n f a l l . ITotice a l so tha t the dry per iod 
extended in to 1932, and i t i s probable tha t f i r e hazard was most severe in 
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the sp r ing of 1932 a t the end of the prolonged drought . Examination of 
r a i n f a l l records p resen ted by calendar yea r s g ives no h i n t of t h i s . 1932 
i s shown as a year of above normal r a i n f a l l throughout the reg ion , yet the 
spr ing of 1932 was marked by severe and genera l f i r e . 

Close comparison of the r a i n f a l l r e c o r d s , and the n a r r a t i v e f i r e 
h i s t o r y w i l l r e v e a l some apparent i n c o n s i s t e n c i e s most of which I am unable 
to r e s o l v e . So many of the f i r e s i n the a rea are man—caused, t h a t an absolute 
r e l a t i o n between r a i n f a l l and f i f e occurrence need not be expected. Kuch of 
the a r e a w i l l burn a t almost any time except dur ing a r a i n or when covered 
by s t and ing water (and to a l imi ted extent even t h e n ) . However, t h e r e i s 
c e r t a i n l y a genera l p o s i t i v e r e l a t i o n between p e r i o d s of low r a i n f a l l and 
increased frequency and s e v e r i t y of f i r e occurrence. For t h i s reason one 
cannot he lp suspec t ing t h a t in some cases sources quoted in the f i r e h i s t o r y 
may be i n e r r o r . I t seems odd for example t h a t t he 1927 - 28 pe r iod with the 
lowest recorded r a i n f a l l for the reg ion should have passed without no t i ce , 
while 1929 i s c i t e d as a bad f i r e yea r . 

Tqking in to account the g r ea t v a r i a t i o n i n r a i n f a l l from year to 
year , and the amount of l o c a l v a r i a t i o n in a given year for c l o s e l y located 
s t a t i o n s ( e . g . Miami and Coconut Grove recorded 72.23 and 50.98 r e spec t i ve ly 
i n 1933 - 34) i t seems unsafe to at tempt to g e n e r a l i z e from the r e l a t i v e l y 
shor t records a t hand. A few p o i n t s may, hov/ever, be noted. The included 
t a b l e l i s t s the t en pe r iods of lowest recorded r a i n f a l l and shows some of 
t h e i r c h a r a c t e r i s t i c s . 

Table 2 . Mao/- 1 to May 1 Per iods of Lowest Average Ra in fa l l 

Per iod 

1927-28 

1931-32 

1938-39 

1944-45 

1921-22 

1942-43 

1943-44 

1950-51 

1951-52 

1913-14 

ITo. of S t a t i o n s 
of Record 

10 

13 

12 

13 

7 

14 

13 

1 1 

1 1 

6 

P.ecorded 
R a i n f a l l 

40 .85 

41.37 

42 .41 

42.96 

43.25 

45.78 

46.54 

47.13 

47 .51 

48.70 

Comments 

Low throughout r eg ion . 

Hear average at Dania, F t . 
Lauderdale.and Hypoluxo. 

Low throughout r eg ion . 

4" above average a t Dania. 

Hear average a t Dania end 
F t . Lauderdale. 

Low throughout reg ion . 

Low throughout reg ion . 

Above average at Taaiami T r a i l , 
40 Mile Bend. Hear average at 
Kissimmee. 

Above average a t Kissimmee, 
Okeechobee, Moore Haven and 
Bel le Glade. 

Hear average a t Homestead, 
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Bainfall records strongly indicate that water levels on the lower 
glades now depend ent i rely upon the local ra infa l l south of the Tamiami 'Trail. 
In the 1951-52 period above average ra in fa l l at Xissimmee, Okeechobee, and 
around the south rim of Lake Okeechobee did not re l ieve drought conditions in 
the Everglades national Park area where f i re hazard remained extreme through 
most of the winter and spring. Similarly, as may be seen from the above table, 
several periods of low r a in f a l l and extensive f i res , have occurred at times 
when east coast s tat ions in Broward and Palm Beach counties reported average 
or above-average r a i n f a l l . I t seems evident that the former Xlasimmee P.iver -
Lake Okeechobee - Everglades system is no longer an effective drainage unit . 
Canal and road bar r ie rs and the diking of the lake have created several smaller 
drainages each largely dependent on i t s local r a in f a l l . The importance of 
exact loca l data in ra t ing ra infa l l effects upon f i re hazard in Everglades 
ITational Park i s thus emphasized. 

A final point to be noted is the importance of ra infa l l dis tr ibut ion 
as well as to ta l rainy season r a in fa l l . Severe f i r e s have occurred in years 
of above-average to ta l hay 1 to hay 1 ra in fa l l (as in 1949-50) when ra infa l l 
i s highly concentrated in the summer and early f a l l with l i t t l e thereafter . 
In 1949—50, although the to t a l ra in fa l l was s l ight ly over average, very l i t t l e 
f e l l af ter October 1 and the following April and May were marked ~bj bad f i res . 

E. Eire Since The Establishment of Everglades "a t ional Park 

The accompanying map (see Appendix) table, and. graph summarize 
the recent f i re history of the area within the f i r e boundary of Everglades 
national Park. During th i s five year period a l l f i res (with the exception 
of a few either completely inaccessible or discovered after f i re was out) were 
act ively fought by Park Service personnel un t i l controlled. In the face of 
th is a l l -out effort the t o t a l acreage burned, 205,641 acres, i s far from 
encouraging. Two facts must be kept in mind, however: 

1. The period included 1951 and 1952 (to July l ) , both of which were 
abnormally dry years, at least by a l l previous standards. 

2. The group "started from scratch," both as regards ideas and 
equipment for direct suppression of pine rockland and sawgrass 
f i r es ; and was forced to evolve suppression techniques, and 
invent (or at leas t inventively select) equipment, as i t went along. 

TABLE 3. Summary of f i r e occurrence in Everglades national Park 1948-52., 

Year 

1948 

1949 

1950 

1951 

1952 
(to Ju ly 

Lumber of 
Eeuor table P i r e s 

11 

32 

23 

27 

15 
1) 

Acreage Burned 

1,965 

18,431 

121,370 

57,771 

6,104 

Eire Suppression 
Costs 

195.54 

1,566.12 

25,261.61 

21,230.93 

2,276.38 
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Fires of this period extensively damaged hammocks of the western 
half of Long Pine Hey. Over much of this area all hammocks are either badly 
gutted or severely hurned around the edges. Many tree islands of the Ever
glades hare suffered likewise, particularly as a result of the Ironpot 
Hammock and Shark valley fires of June 1951. Considerable destruction of 
organic soil has occurred in tree islands of the Everglades, and some of the 
remaining mulch deposits of sawgrass areas have also hurned out. 

In summation, the results of five years of fire fighting, that has 
absorbed much of the productive energy of the Everglades National Park staff, 
inspire no feeling more robust than a very reserved optimism. Much has been 
learned, and a high degree of fire—fighting skill, both strategic and tactical, 
has been achieved. However, unless the problem of additional water supply can 
be solved, the best efforts of fire detection and suppression are likely to 
provide only local victories in a lost war. Obviously the maintenance of more 
water on the glades is the central problem in management of South Florida wild 
lands. It is probable that the glades cannot be long maintained in their 
present aspect, even in the absence of firs, unless this problem is satis
factorily solved. Clayton and Heller (1939: 156) have reported that annual 
loss of water by evaporation and transpiration from experimental plots of 
sawgrass averaged 12 inches more than the total annual rainfall over a series 
of years. This indicates that the glades will continue to dry up unless some 
way is found to hold water in storage areas or to carry excess water from 
Lake Okeechobee to the south, instead of out to sea via canals. So long as 
each year of below average rainfall in the immediate Everglades National 
Park area results in a five to seven month period of extreme fire danger over 
much of the area, we can expect continued large and destructive glades fires 
in the park. 
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DESCRIPTION OF THE BURNABLE VEGETATION .TYFES 

INTRODUCTION 

This section lists the plant species and describes the aspect of 
the principal fire types of south Florida, which include all of the major 
regional vegetation types, except mangrove ewirp forests. The mangrove forests 
are probably locally burnable under some conditions but they do not present 
a major fire control problem. Material for toe following accounts is drawn 
mainly from personal field notes. Considerable discussion of these same vege
tation t3npes may be found in the scientific literature. These reports fall 
readily into two classes: Extensive qualitative surveys of the vegetation 
types of the entire region south of Lake Okeechobee, such as the papers of 
Harshberger (1912), Harper (1927), and Davis (1943); and, quantitative, (or 
at least intensive) studies of particular limited areas, as the work of 
Phillips (1940), and Egler (1952). All of these, and others which could be 
mentioned, con bain much useful, descriptive material, as well as some inter
esting comment on the factors controlling occurrence of the vegetation types, 
and the relations between vegetation types.-, References to the pertinent 
literature are included for each vegetation type discussed. 

The accumulation of full ecological data on the vegetation types 
affected by fire frrms an essential background to fire effects study, Such 
information should include: Quantitative data, on variation in the specific 
composition of the vegetation from site to site through the region; identi
fication of the factors that control the distrubution of the vegetation types, 
and the variation witnin each; and data-supported conclusions on the succes-
sional relations between the various vegetation types. Only fragments of this 
information are available in the present scientific literature. The survey 
papers present general discussions and composite lists of the plant species 
of the different vegetation types. I feel, however, that their comments on 
controlling factors and successional relationships are not convincingly sup
ported in many cases. Other papers give largely adequate portrayals of small 
areas, but are inadequate for the understanding of the vegetation types con
cerned throughout their south Florida range, The papers cited and others 
represent valuable, indeed indispensable, preliminary work tc which all later 
workers in the area must acknowledge indebtedness. Previous work has estab
lished the broad outlines of regional plant ecology, and serves as a point of 
departure for more intensive and detailed studies, 

1. PINE FOREST AREAS 

The pine forests of lower Florida are often considered to be 
southern outliers of the extensive longleaf pine forests of the southeastern 
United States. It seems to be less generally appreciated that they are more 
strongly related to pine forest areas of The Bahamas, Cuba, Hispaniola, and 
parts of Centred America.. Although there is considerable similarity of general 
forest aspect to longleaf pine forests, the different climactic conditions, 
the different substrate, end the differences in the species involved are bars 
to a close comparison with pine forests of the southeastern longleaf belt. 
On the other hand the south Florida pin? forests show detailed resemblance 
to the Bahaman "Pineyards1' and similarities to pine forests of Finar del Rio, 
the Isle of Pines, and the Atlantic shops of Central America. The south
eastern longleaf pine forests have received a great deal cf ecological 
study, particularly study of fire effects, 
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and one i s tempted to search there for information helpful in understanding 
the South Florida pine areas. For the reasons cited ahove I "believe that 
i t i s well to move with caution in attempting th i s t ransfer . For pine forest 
areas, as well as most other South Florida vegetation types, a good rule of 
thumb i s — when in search of useful ecological information from comparable 
areas, look to the South. 

Accounts of the vegetation of South Florida pine forests may he 
found in the following works: Harshherger (1912: 87-98), Simpson (1920: 
Chap. 7), Harper (1927: 90-92, 176-179), Davis (1943: 160-166), and in many 
of John K. Small's narrative accounts of "botanical exploration in South Florida. 

SLLBSTPJkTS. - The pine forests of South Florida are res t r i c ted to 
elevations of Miami Limestone. These occur in two widely separated areas: 

1. The so-called Miami Sock Ridge, predominantly a pine forest 
area, which extends southwest from Miami to "below Florida City, 
and thence west "by s l igh t ly south (as Long Pine Key) into Ever-
glades Rational Park almost to the Dade-Monroe County Line. 

2. The Lower Florida Keys, where extensive pine forests are found 
on Big Pine, ITo Fame, L i t t l e Pine and Cudjoe Keys, and additional 
small stands of pine on Sugar loaf, Howe,- and Big Torch Keys. 

The actual elevation of these "upland8 limestone areas i s s l ight , ranging, 
on the mainland, from near 25 feet ahove sea level at Miami to five feet, or 
perhaps l e s s , in parts of Long Pine Key. Some s i tes on Big Pine liey may reach 
15 feet ahove sea level, hut most of the Lower Florida Keys pine area i s 
considerahly less elevated." Lower par t s of the pine forest area, par t icular ly 
that of Long Pine Key, are subject to some flooding during the summer rainy 
season. I t appears that adequate elevation ahove the water tahle i s the 
essent ial character is t ic of pineland s i t e s , rather than any re la t ion to the 
specific geological formation. Exposures of Miami Limestone at lower eleva
t ions subject to longer periods of annual flooding are occupied "by other 
vegetation types. At a l l hut a few s i t e s the boundary between pine forest 
and adjoining vegetation types, (such as sawgrass pra i r ie ) i s clear-cut with 
only a narrow zone in which plants of the two vegetation types occur together. 

The grotesquely eroded limestone substrate i s a character is t ic 
feature of the South Florida pine fores ts , and one which presents much dif
f icul ty to f i ref ight ing in the pinelands, A statement by G-insburg ( in. l i t t . ) 
attached as an appendix to th is report , discusses the erosion processes in 
de t a i l . Limestone i s exposed at the surface throughout the pinelands. The 
usual reaction of one seeing such an area for the f i r s t time is to wonder 
where the trees find so i l to grow in . There is v i r tua l ly no soi l in the 
usual sense hut in the Lone Pine Zej area, and more commonly in the so-called 
"Redlands" section west and north of Homestead, potholes in the limestone 
often contain small quant i t ies of a reddish clay which is apparently a product 
of limestone decomposition. Despite the formidable material and the expense 
of preparation, the rockland area i s presently enjoying an agr icul tural boom. 
Large t r ac t s of pineland have been cleared for mango, avocado, and lime groves, 
and for winter vegetable f i e lds . At the present rate of development the 
South Florida pineland seems l ikely to disappear almost entirely except for 
the Long pine Key section in Everglades ra t iona l Park. In addition, the 
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method of a g r i c u l t u r a l p repa ra t ion (by bul ldozing off vege ta t ion , scar i fy ing, 
and rock plowing) produces such extreme changes t h a t p ine i s very slow to 
r e c o l o n i z e abandoned rockland f i e l d s . 

TSGETATIOH - TEE PUTS OTBRSTORY - South P l o r i d a pine f o r e s t s are 
composed e n t i r e l y of Caribbean pine (Pinus car ibaea) in open s tands with a 
v a r i o u s l y developed shrub unders tory , and a ground cover of g r a s se s and herbs . 
In mature s tands the p ines t y p i c a l l y have long c l e a r t runks and small , often 
much tw i s t ed , tops . The photographs below (Pigs , k, 2, & 3) show the appear
ance of the only near-mature 3tand of Caribbean p i n e remaining i n South 
P l o r i d a . This i s the small area of p ineland of the o r i g i n a l Royal Palm 
S t a t e Park now included i n Everglades n a t i o n a l Park . The l a r g e s t t r e e s here 
reach 16" D3K. With the exception of t h i s small t r a c t a l l of the rockland 
p ine f o r e s t of South P l o r i d a has been cut over, much of i t severa l t imes . 
Severa l small sawmills s t i l l operate i n the Homestead area , but ver3^ l i t t l e 
useab le timber remains. 

The following account of e a r l y lumbering opera t ions i n the region 
i s l a r g e l y from information provided by a former lumberman, Hr. P. L. Sk i l l 
of Homestead. — Cutt ing began i n the Redlands a rea about 1905. The chief 
sawmill was at Pr ince ton a few miles no r theas t of Homestead, Mules and oxen 
were used to get out the logs , and l a r g e steam t r a c t o r s to haul them to the 
m i l l . The so—called "Dade County p ine" was the ha rdes t pine timber known, 
and was a lso s t rongly t e rmi te—res i s tan t . Logs "more than t h i r t y inches in 
b a s a l diameter" were not uncommon, and during World Ear I many t h i r t y foot 
12 x 12" t imbers were suppl ied to the U. S. Havy. To Mr. S k i l l ' s knowledge 
no South P lo r ida p ine f o r e s t s were ever tu rpen t ined . Lumbering began on 
Long P ine Hey around 1935 and continued up to 1945 or 1947. Mr. S k i l l s t a t ed 
tha t the p ines of Long P ine Key were smaller than those of the Hedlands, the 
l a r g e s t being about 24" in basa l d iameter . Beard (1938: 10) says "There i s 
not very much of the o r i g i n a l stand of l a rge p ines l e f t on Long P ine Key 
because lumbering opera t ions on S ta te p rope r ty have been i n p rogress for a 
year or two now," Two sawmills operated on Long Pine Hey, one at Osteen 
Hammock Glade about one mile west of the east end of the Key, and a l a t e r 
one a t Twin Hammock Glade, some four mi les f a r t h e r west . According to 
informat ion supplied by >."r. C. C. von Paulsen of Homestead, c u t t i n g a t the 
Twin Hammock Glade m i l l proceeded u n t i l 1947. T r a i l s used in b r i ng ing logs 
to t he se m i l l s run throughout much of the Long Pine Key p ine l ands . These 
have r e c e n t l y been used as access roads for f i r e f i g h t i n g , and occas iona l ly 
as f i r e b reaks . Apparently cons iderab le cu t t i ng was done a f te r 1940, as many 
of the p resen t logging t r a i l s do not appear on a e r i a l photographs of the 
1940 s e r i e s . Pig . 4 shows a pine stand t y p i c a l of much of Long Pine Key, 
wi th a t h i n overs tory of c u l l t r e e s l e f t a t the l a s t c u t t i n g , and a vigorous 
unders to ry of young p i n e . Other areas of Long Pine Key now have even—aged 
second growth s tands of somewhat l a r g e r p i n e s , roughly 35 - 50 f ee t t a l l and 
4 — 8" D3E (see Pig . 7 ) . Mr. S k i l l s t a t e s tha t c lean c u t t i n g was the usual 
lumbering p r a c t i c e in south P lor ida , and tha t Long Pine Key was lumbered i n 
t h i s manner. He bel ieved tha t p a r t s of Long Pine J.ej were gone over again, 
a t which time any remaining usable t r e e s were cu t . This would account for 
p r e s e n t v a r i a t i o n s in p ine s tands of the a rea . 

YEGETATIQIT - 5HEIJ3 ulTDEHSTOHY - The rockland pine f o r e s t s of South 
P l o r i d a a re cha rac te r i zed by an extremely varied unders tory of low palms and 
hardwood shrubs . In some areas of Long Pine Key 40 or more spec ies can be 
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found growing within a radius of a few yards. More than 100 species occur 
in the understory of South Florida pine woods, and perhaps half of these 
are of f a i r l y regular occurrence. Table 10 included in the Appendix shows 
the specific composition of the pine woods shrub understory vegetation at 
18 South Florida s i tes and the constancy of occurrence of the various 3pecies. 

As might "be expected from the large number of species involved, a 
great deal of variat ion occurs in the composition of pine woods understory 
vegetation from stand to stand. Some of th i s var iat ion may "be well correlated 
with s l igh t differences in the elevation, topography, and/or soi l of the 
s i t e s occupied. The following series of photographs show some of the major 
understory types found in the Long Pine Key area which I interpret as the 
resu l t of such s i t e differences. 

Figures 5 shows a shrub small t ree understory of mixed hammock 
hardwoods which i s typical of the "upland" pinewoods s i t e s . These are the 
most elevated sections of rockland with much-eroded limestone at the surface, 
and with many deep solution holes and occasional small areas of red clay 
(Eedlands) s o i l . 

The height and density of the understory developed at any such 
s i t e depends largely on i t s recent f i r e his tory. Vegetation of th i s sort 
variously modified "by f i r e occupies much of the Long Pine Key pineland. 

Figure 6 shows a shrub understory characterized by fire—pruned 
buttonwood (Conocarpus erccta) occurring at t rans i t iona l low pineland si tes 
along the slope from pine forests to sawgrass glades. These s i tes have less 
exposed limestone, and the pot holes are f i l led with marl. The size of the 
area occupied by this buttonwood zone seems to depend on the steepness of 
the slope from pineland to glades. Along many of the transverse "finger" 
glades, which indent the south side of Long Pine Key, th is slope i s abrupt 
(for South Florida.), and the buttonwood s t r ip i s narrow. Elsewhere on more 
gradual, slopes, as at the s i t e shown, extensive buttonwood areas occur in 
pinelands. 

Proceeding along the "slope" from "elevated" pine rockland to saw-
grass glades one encounters areas where most of the limestone i s covered by 
a thin layer of marl, with l i t t l e rock exposed. At such s i tes the under
story i s dominated by saw palmetto (Serenoa reuens). FTo hardwoods occur, 
and the grasses and charac ter i s t ic herbaceous plants of the higher pinelands 
are replaced by sawgrass, and other sedges, and many gladeland herbs. Figure 
7 shows an area where palmettos, occur under pines, higher rockland with a 
nixed hardwood understory appears in the background. On s l ight ly lowor 
s i t e s the pines disappear end extensive palmetto f l a t s are found (Figure 8). 

The stages discussed are rather a rb i t r a r i l y chosen. Their occur
rence i s apparently controlled by gradual changes in elevation and substrate 
developed along a gentle slope. As would be expected one finds complete 
intergrading, with few abrupt t rans i t ions between "stages." 

Another def ini te ly s i t e - r e l a t ed variation in the pineland shrub 
understory i s that brought about by deep solution holes of the high rockland 
areas. These holes come in a l l sizes up to 50 feet in diameter. In the 
Long Pine Koy area six feet i s about the i r maximum depth. The holes arc 
usually wel l - f i l l ed in summer, and may hold water well into the dry season. 
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Hardwood species characteristic of wet sites (such as the bayheads of the 
glades) are often found growing from the bottoms of these potholes in the 
pinelands. Species commonly occurring are: Dahoon holly (Ilex cassine), 
pond apple (Annona), willow (Salix amphibia), sweetbay (Magnolia), and 
redbay (Tamala). Figure 9 shows a clump of willows growing from a bathtub-
sized pineland solution hole on Long Pine Key. Such locations enjoy some 
fire protection, and the plants often survive to reach tree size. 

Variations discussed above may be more or less definitely associated 
with obvious site differences. In addition there is much variation in the 
total density and specific composition of the hardwood shrub understory of 
"upland" pine forest which is evidently not related to site differences. Part 
of this undoubtedly results from the different fire effects histories of the 
various sites but the absence of exact information on the fire histories of 
local areas makes this relation difficult to demonstrate. 

In order to get a clearer idea of the extent of the variation of 
the shrub understory in a extremely limited area counts of understory plants 
were made on a series of 12 closely adjacent l/lO-acre plots. The pineland 
area chosen for this quantitative study has a poorly developed shrub under
story and is believed to represent the lower limit of variation in pinewoods 
understory vegetation. The plots studied show no obvious differences in 
soil or elevation and are so nearly contiguous that any differences in fire 
effects history seems most unlikely. The results of this study are presented 
in Table 11 (Appendix). 

In this case the specific composition of the shrub understory is 
fairly uniform. One of tiro species, rough velvetseed (Guettarda scabra) or 
varnish leaf (Dodonaea jamaicensis), predominates in numbers on all plots. 
Seven species occurred on all plots studied, and these include the six most 
abundant species. Sixteen species occurred on two-thirds or more of the 
plots. In contrast, the plots studied show great variation in the density 
of the shrub understory. The plot with the most dense shrub layer supports 
over five times more woody plants than the plot with the least dense shrub 
growth. 

For the Long Pine Key area as a whole, variation in the specific 
composition of the shrub understory is much more marked. As noted in Table 
10 any of ten or more species may predominate in local areas. Also as shown 
in Table 11 either or both of the two species which were predominant on the 
present quantitative study plots may be absent elsewhere. It seems probable 
that some of the variation results from variations in the frequency and 
season of burning at different sites, but the influence of this possibly 
important fire effect cannot be determined from data now at hand. 

VEGETATION - GXIASS-ILERMCSOUS MYER. To complete the description 
of south Florida pine forest vegetation some account of the rich herbaceous 
flora is in order. This flora contains many striking species, and should 
eventually prove to be a considerable attraction even to casual visitors. 
In addition a sizeable proportion of the species are endemics, found only 
in south Florida, which adds to their botanical interest. Since virtually 
all pineland fires are ground fires, the development of this grass-herba
ceous layer varies greatly from place to place according to how recently 
the area lias burned. This relation will be discussed in the next section 
of the report. A list of the characteristic pineland ferns, grasses and 
herbaceous plants is included in the Appendix. 
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2. T3CPICAI HAI CHOCK FORESTS 

Introduction 

The hammock forests of Everglades National Park are one of 
the Park's most notable biological features. Along with the mangrove swamp 
forests they serve to give the region its tropical character. And, since 
they fulfill to some extent the popular idea of "Jungle", they are of great 
visitor interest. Information on their ecology is valuable both for proper 
interpretation and as a guide for management practices. However, despite 
the botanical interest of these forests their ecology is still but poorly 
known. Phillips (1940) study of Castellow Hammock is the only detailed 
ecological work yet published. This section of the present report provides 
a considerable amount of new data on the flora of hammock forests on a 
variety of sites, and quantitative data on the forest composition of some. 
In addition an attempt is made to point out some of the geographic and 
theoretical areas from which further' information is to be desired. 

In considering the hammock forests two basic ideas should be kept 
in mind. - 1. xhe tropical element of the flora represents that part of 
the Antillean, particularly the Cuban, flora that has been able to become 
established across a water barrier through the action of natural agencies 
of dispersal that are still operative. There is every reason to beliove 
that the process continues and that the chances of dispersal and establish* 
ment will bring additional species of tropical plants to South Florida. 
There is at least some reason to suspect that some of the present species 
which are rare or, which show puzzling patterns of distribution in South 
Florida, may be the more recent arrivals. - 2. hithin the range of the 
tropical vegetation in South Florida occur two climatic gradients which 
may influence the distribution of the tropical species and the aspect and 
composition of tropical hammock forest vegetation. Those arc the south 
to north gradient of increasing frequency of killing frosts, -and the roughly 
ea-st to west gradient of decreasing annual rainfall from an average of 
about 60" per year at Hi ami to 40-" per year at Key '"'est. 

The South Florida tropical hammock forests must be considered to 
be in a tentative state of development which reflects the geological youth 
of the region, the vagaries of dispersal across water barriers, and the 
approach to a critical climatic boundary. 

0PJ.GI1T OF JpyjJ IE0PICAI FLOEA 

The point of origin of South Florida's tropical plants and the 
probable modes of transport are matters for interesting speculation though 
no "answers" are likely to be forthcoming. Of the two nearby Antillean 
areas Cuba seems a more likely source than the Bahamas both because it is 
geologically older and because ocean, currents appear to favor Cuba to 
Florida transport over the other. Simpson (1932, pp. 53-54) indicates 
the source more precisely as the Sierra de las Organos region of north
western 'Cuba, and calculates that fruits or seedlings carried.into the 
Gulf Stream by rivers draining these mountains would be off the Florida 
Keys in two and one-half days. Considerably more rapid transport either 
~by wind or water presumably could occur during hurricanes. 
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The possible natural vectors of plant propagules from the West 
Indies to Florida include ocean currents, migratory birds , and hurricane 
winds. There i s considerable interes t in attempting to evaluate the 
re la t ive importance in the South Florida si tuation of these several trans-
nort f a c i l i t i e s . 

At the present time casual f ie ld observations suggest that hur
ricane winds and tides are the major factor in the natural establishment 
of West Indian plants in South Florida. Simpson (1932, p . 55) writes "I 
have seen again and again l i t t l e bays and shallows of the sea in Cuba, 
Jamaica, Hait i , Central America and the Bahamas f i l l e d with logs, branches 
of t rees , decaying v/ood and leaves, as well as mill ions of seeds . . . here 
the cargo lay awaiting shipment . . . Once about a month after a severe 
hurricane I v is i ted the Lower Keys where the water overwhelmed a considerable 
par t of the land and I found hundreds of acres on Big Fine and other keys 
simply buried in West Indian trash and seeds; mill ions of the l a t t e r were 
sprouted and growing, the very same species that constituted the f lora of 
these i s lands ." Darlington (1938) has discussed the role of hurricanes in 
the origin of the fauna of the Greater Anti l les . Although his paper deals 
mostly with transport of animals by hurricanes much of the discussion is 
also pert inent to the present problem. Careful f ie ld observations in the 
wake of future South Florida hurricanes may provide additional information 
on the hurricane as a vector of organisms, a bio-geographical factor of 
great importance throughout the Caribbean area. 

The role of migrant birds in the spread of plants across water 
bar r ie r s in the Antillean region i s uncertain. Howard (1950) considered 
birds as well as other agencies of in ter- is land transport in his study of 
the vegetation of the Bimini Islands, Bahamas, From resu l t s of feeding 
tray experiments conducted on Bimini in Hay (ibid, p . 239) he concluded 
that birds are probably effective vectors only of species with small f rui ts 
and seeds that are completely ingested and may remain viable after passing 
through the digestive t r a c t . He found that the pericarp of larger fleshy 
f ru i t s (such as those of pigeon plum, Coceolobis laur i fo l ia) was usually 
pecked away and eaten, while the seed i t s e l f was seldom carried for any 
dis tance. Accordingly in h i s very in teres t ing table (pp. c i t . pp. 342-349) 
Howard l i s t s birds as a probable major factor in the inter- is land dispersal 
of a number of species. Several questions may, however, be raised in regard 
to Howard's feeding s ta t ion experiments. The species of birds which p a r t i c i 
pated in the experiments are not named, nor is i t def ini te ly stated that 
they v;ere migrants rather than resident Bahaman species. The exact dates 
in Kay on v/hich the work was done are not given. Since specific differences 
in plant food preferences among birds almost undoubtedly exist, as 'well as 
specific differences in the method of dealing with the same plant food item, 
i t would scorn to be important to dist inguish the bird species involved. The 
exact Hay dates are equally important, so far as South Florida i s concerned, 
since the bulk of spring migrant passerines have passed through South Florida 
beforo the middle of May. The following comment of Simpson (1932, p. 52) i s 
of in te res t in the consideration of seed transport to Florida by birds . 
Near ly a l l the trees and shrubs of Cuba and the nearer tropics blossom 
in the spring or early summer and ripen their f rui t in l a t e summer or f a l l . 
This i s especially true of those that bear drupes or b e r r i e s . . . . They 
furnish excellent food for migrating bi rds , but unfortunately they are 
going south - the wrong way. When they como back on the homeward fl ight 
in the spring nearly a l l the f ru i t s have fal len." 
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Proper evalua t ion of the p o s s i b l e r o l e of "birds i n the d i s p e r s a l 
of West Indian p l a n t s to South F lo r ida w i l l r equ i r e much da t a on the co inc i 
dence of a v a i l a b l e seed sources wi th the spring migra t ion da te s and routes 
of p a r t i c u l a r "bird spec ies ; on the food h a b i t s of the b i r d species involved; 
and, on the v i a b i l i t y of seeds of var ious p l a n t s a f t e r passage through a 
b i r d ' s d i g e s t i v e t r a c t . There seems no reason to doubt the importance of 
b i r d s i n South F lo r ida i n the l oca l d i s p e r s a l of many p l a n t s . In addi t ion 
to seeds passed with f e c e s , many f i e l d observa t ions , involving a wide va r i e ty 
bo th of p l a n t s and b i r d s , suggest t h a t e n t i r e f r u i t s of many p l a n t s a re 
commonly c a r r i e d d i s t ance s up t» s eve ra l hundred yards by adul t b i r d s feeding 
n e s t l i n g s . The rapid appearance of such p l a n t s as Trema f lo r idana on any 
newly a v a i l a b l e bare a rea i s l i k e l y due l a rge ly to seeds dropped by b i r d s . 

Eoward rs study of p o s s i b l e methods of p l a n t d i s t r i b u t i o n by feeding 
experiments with var ious f r u i t s and seeds offered to b i r d s and land crabs 
seems to of fer many p o s s i b i l i t i e s for s i g n i f i c a n t work in a f i e l d where the 
r h e t o r i c a l approach has been more common. Other l i n e s of i n v e s t i g a t i o n i n 
exper imental p l an t geography, such as experimental study of t o l e r a t i o n of 
exposure to s a l t water by f r u i t s of v a r i o u s species immediately suggest 
themselves . 

THE TSHH "HAIA-iOCS" 

Much effort has been spent in attempts to define, de—limit and 
derive the term "Hammock" in its use in reference to southeastern United 
States forest types. The term enjoys wide (and unfortunately rather flexible) 
lay usage locally and throughout Florida and tries at a scientific definition 
have not been signally successful. I am compelled to cite some of these 
for two reasons: 1. To give a brief historical review of the development 
of scientific notice of the difficulties involved in use of the term, and, 
2. To illustrate some of the clustering ambiguities which almost defy a 
precise application of the term. 

(Harper, 1905, p. 400-402) "... It may be broadly defined as a 
limited area with comparatively dry soil (at least never inundated and thus 
distinguished from a swamp), containing a large proportion of trees other 
than pines, and located in a region where "prairies", marshes or open pine 
forests predominate. Topographically a hammock may be either a slight 
elevation or a depression, or a slope, and its soil may be sandy, clayey 
or rocky. The soil is usually rather rich, and the trees growing in it are 
usually mostly evergreens — though there is probably no one tree which 
characterizes all hammocks - and they usually grow so close together as to 
shade the ground and allow the formation of humus, which is almost wanting 
in the adjacent areas ... A hammock as here defined is always characterized 
by its vegetation rather than by its topography, it can hardly have anything 
to do with 'hummock'." 

(Harper, 1911a, p. 217 footnote) "Many residents of other states 
who have written about Florida have attempted, t» define "hammock" (a term 
which is used in Florida more than in all the rest of the world) but most 
of them have missed the mark by attempting to correlate it with soil. A 
hammock is nothing more or less than a certain type of vegetation: namely 
a comparatively dense growth of trees other than pines on comparatively 
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dry soil ... in a region where open pine forests predominate. The ground 
in such places is usually covered with more or less humus derived from 
the trees "but under the humus may be either sand, clay, marl or limestone." 

(Small, 1916, p. 165) "A hammock - the word probably of indian 
origin - is a dense growth of mostly broad-leaved shrubs and trees, thus 
giving shade, in a pine forest or on a prairie. The use of the word is 
confined to Florida and adjacent states." 

(Simpson, 1920, p. 190) "The word "hammock" is generally applied 
in Florida to the forests of broad-leaved trees as distinguished from pine 
woods." 

(Small, 1930, p. 14, footnote 2) "... Sometimes hammock growth 
occupies a whole geologic formation, at other times it exists as islands, 
so to speak, in pinewoods or on prairies, or surrounded by other plant 
associations. They occur only in regions protected from fire, or in fire-
ravaged regions they represent areas that fire has not yet run through. It 
cannot be correlated with altitude or with soil, for beneath the humus ... 
may be sand, clay, marl or rock," 

(Byers, 1930, p. 227) "In Florida the term hammock is used to 
designate hardwood forests." 

(Small, 1931, p. l) "It (hammock) was formerly confused with the 
word hummock, a topographic term. Eammock is a phytogeographic term." 

(Phillips, 1940, pp. 166-7) "Southwest of Miami on the limestone 
ridge there are namerous islands of vegetation known as tropical hammocks. 
These particular hammocks are composed of a dense growth of trees of tropical 
origin ... The term hammock is applied to several different types of plant 
associations. The term as here used corresponds to the definition given by 
Harper (1905) in a paper in which he discusses the derivation of the word 
and its various corruptions. In a later paper Harper uses the term hammock 
as synonomous with climax. The term hammock as used in northern Florida by 
Thone (1927) also refers to the climax type of vegetation and does not give 
the idea of an island of vegetation." 

(Carr, 1940, p. 15) "In Florida the word hammock is applied to 
any hardwood forest. The prevalence of coniferous woods - pinelands and 
cypress swamps - lend significance to a term which distinguishes between 
these common types and the hardwoods ... (ibid., pp. 17-13) A mesophytic 
forest of hardwoods mostly Vfest Indian in species, appears to be the climax 
association for the Florida Keys and the peninsula south of Palm Beach 
County on the east coast, Hendry County in the interior and Lee County on 
the west coast. Hammocks of this type occur in potholes or in old detritus-
filled depressions in the limestone flatwoods; as insular elevations in the 
Fverglades; along the banks of many creeks and rivers; and intermittently 
in the prairie land and buttonwood forests back of the mangrove swamps in 
the Cane lable region and along the shores of Florida Bay."' 

(Laessle, 1942, p. 35, and footnote 14) "Hammocks are woods 
dominated by Broadleaved Fvergreen trees. ~ They occur on a variety of 
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soils, ranging from well-drained to nearly saturated, hut never occupy areas 
that are seasonally or periodically flooded ... Although Watson (1926), 
Carr (1940) and others have defined hammocks as hardwood forests, I helievo 
that a more restricted definition of the term is not only desirable- hut is 
closer to the accepted usage of the term in Florida. Areas of considerable 
size dominated by evergreen hardwood trees are so abundant and well-marked 
over most of the state that they constitute a characteristic feature of the 
landscape and require some distinguishing term. The term hammock as used 
in Florida nearly always connotes such evergreen hardwood associations, and 
should be restricted to this use as a definite ecological term." 

(Davis, 1943, pp. 16697) "The term hammock as used in Florida 
has come to mean groups of broad-leaved trees, either evergreen or deciduous, 
which are frequently associated with the cabbage palm or other palms. These 
groups of trees usually form a dense forest as compared to the surrounding 
forests, marshes or prairies. They also usually cover small areas and ... 
stand out on the horizon as islands of trees ... The outstanding feature 
of the southern Florida hammocks is the great diversity in the kinds of 
plants that form then." 

(Douglas, 1947, p. 32) "The islands are like the sawgrass, the 
particular feature of the glades ... They look like hummocks and many books 
persist in calling them so. They are called also "heads", "strands" and 
"tree islands", but the right name is "hammock" from "hamaca", an Arawak 
word for jungle or masses of vegetation floating in a tropical river." 

(Sgler, 1952, p. 232, footnote) "Hammock, a vernacular south 
Florida term, derived from Hamaca an Arawak Indian word for jungle, or 
masses of vegetation floating in a tropical river (Douglas, 1947). A 
hammock (not to be confused with hummock) is a physiognomic vegetation 
type, an "island" of dense forest in a "sea" of open forest or grassland. 
Hammocks nay be higher than, lower than, or on the 3ane soil level as the 
surrounding vegetation. They nay be developmental!:/ younger than (i.e. a 
pioneer stage) or older than (i.e. nearer a "climax") than the surrounding 
vegetation. They axe usually more fire resistant, and less often burned, 
than the surrounding vegetation." 

Table 4 summarizes the hammock definitions. The difficulties 
involved in the use of the word stem from amalgamation of several concepts 
into one torn. The term "hammock", as applied to vegetation incorporates 
two main ideas: the physiognomic idea of a limited or island stand of 
vegetation; and the structural idea of a definite type of vegetation (i.e.. 
a floristically diverse, mature hardwood forest with a deep humus deposit 
occupying a non-swamp site). Perhaps the term was originally applied only 
to islands of the particular forest type. If so, usage has long 3ince 
ceased to observe this restriction. The use of the term has varied from 
the extreme physiognomic sense, in which any island stand of forest, regard
less of type, is called a "hammock"; to the extreme structural sense, in 
which any stand of presumed climax or near-climax vegetation, regardless of 
extent, is called a "hammock". Cases offering opportunity for confusion 
are far more numerous than are the stands qualifying as "hammock1' by both 
counts, thus, the continuous tropical forests of the Upper Florida Keys are 
"hammocks" in local parlance and in structure, but they are not islands of 
vegetation. And, a stand of cypress in a flatwoods pond is a "hammock" in 
the strictly physiognomic sense of being an island of dense vegetation, but 
in no other. 
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T$EW %. 1 summY OF THE DEFINITIONS CM "HMwoerc" 

: Authority 
: Harper 
: (1905, 1911a) 

JSraall 
:(1916, 1930, 
: 1931 et al) 

:Simpson 
: (1920) 
:Byers 
:- (1930) 
:Phillips 
: (1940) 

:Carr 
; (1940) 

Laessle 
: (1942) ; 

". Davis 
: (1943) 

: Physiognomy : Topography 
:A limited area :v0 special 
:in a region :topography, 
:where other :may be an el-
:vegetation pre-:evation a de
nominates :pression or a 

: slope 
Allay either oc- JCannot be 
:cupy an entire : correlated 
^geological for-Swith altitude 
:mation or exist: 
:in islands '• 

:(S. Florida) s 
:islands of : 

:vegetation : 

(S. Florida) :(,S. Florida) 
Not necessarily Depressions in 
islands of veg-*limestone flat 
etation " woods - insu-

: lar elevations 
* in the Ever-
* glades 

Usually cover ( : 
: small areas *: : 

; and stand out : 
: as islands 

: Soil Type i 

Mth humus de-: 
posit - No : 
characteristic: 
substrate : 

'•A variety of : 
soil types 
beneath the i 
humus deposit • 

A variety of 
soils 

Soil Water 
Relations : 

Comparatively : 
dry soil : 

.Never season
a l ^ or peri
odically 
flooded 

Flora : 

Trees other : 
than pines : 

(S. Florida) : 
of tropical : 
origin : 

((S. Florida 
(Mostly best 
Indian in 

I species 

Frequently as
sociated with : 
palms (S.Fla.; 
great diversi-: 
ty in the : 
kinds of plants 

Forest Type : 

Mostly ever- : 
green : 

Mostly broad- : 
leaved trees : 
and shrubs - : 
usually fire- : 
protected : 
Broadleaved : 
trees 
Hardwood : 
forests : 

(Any hardwood 
(forest - (S. ( 
'Florida) a cli
max mesophytic( 
forest of 
hardwoods 

Roods dominat-* 
ed by broad-
leaved ever
green trees 

Groups of j 
broadleaved • 
trees either : 

evergreen or : 

deciduous : 

Forest Aspect 

C omparatively 
dense 

A dense 
growth 

(S. Florida) 
A dense growth 
of trees 

usually form 
a dense 
forest 
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: Authority ; 

: Egler : 
(1952) 

• i 

* • 

Physiognomy : 

Island of for-: 
est in a sea 
of open forest; 
or grassland 

• « 

Topography : 

Higher, lower: 
or on same 
soil level as: 
surrounding 
vegetation : 

Soil Type 
Soil Water 
Relations Flora 

* « 

Forest Type 

Developmentally 
younger or older 
than the surrounding 
vegetation - usually 
less often burned 

. Forest Aspect : 
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The foregoing definitions were not summoned out of the literature 
for the purpose of providing the author with antagonists. There is really 
no question of right usage vs. wrong usage involved, except, perhaps, where 
authors have failed to clearly distinguish "hammock," in their own defi
nition, from other forest types (such as "bayhead") to which they apply 
different terms. Egler's (1952) use of the term in its strictly physiognomic 
sense with reference to "cypress low hammocks" (p. 235) and "Avicennia 
hammocks" (p. 259) seemed completely foreign at first glance. I acknowledge, 
however, that this usage is perfectly at peace with his definition. 

It is difficult to see how one should proceed in the fact of this 
semantic stalemate. A possible solution, of course, is to abandon ecological 
usage of the term. However, it is so firmly entrenched in the vernacular, 
that this extreme measure would be advisable only as a last resort, and if 
no restricted usage can be agreed upon. Certainly the problem merits the 
careful attention of all southeastern botanists. 

Eor the purposes of this paper the term "hammock" is used in its 
structural or floristic sense. Since the flora of South Florida "hammocks" 
largely differs from that of "hammocks" elsewhere in the region where the 
term has currency they will here bo referred to as "tropical hammocks," 
following Phillips (1940) and Carr (1940) in this usage. As here used, 
"tropical hammock forest" refers to both extended and island stands of the 
forest typo composed of a variety of predominantly West Indian hardwoods 
which is the presumed climax vegetation on all sufficiently elevated sites 
in South Florida. This usage definitely excludes such vegetation as the bay 
and cypress islands of the Everglados which some authors (Ledin, 1950; 
Egler, 1952; et al.) have termed "hammocks," These are herein referred to 
as "bayhoads" or "cypress heads." Usage of both terms is in accord with my 
understanding of their local employment in South Florida. I have not, 
however, conducted a plebiscite on the matter, and admit the possibility 
that the present interpretation may be a mistaken one. 

ZONAL POSITION OF SOUTH FLORIDA HAIUOCK F0HE3TS 

It has become customary to refer to the South Florida hammocks as 
"sub-tropical". Thus, Davis states (1943, p. 140) "There is little doubt 
that nearly tropical conditions exist in southern Florida, especially on the 
Florida Keys, because so many tropical plants are at home there, but the 
climate is, however, considered sub-tropical and the hammocks are therefore 
sub-tropical and not tropical." — I confess a failure to follow this 
reasoning completely. It is true that frost occurs throughout South Florida, 
perhaps more widely and more frequently than weather records may show. It 
is also true that occasional frosts are severe enough, at least on the main
land, to do extensive damage to native tropical vegetation. This factor, 
however, has not had sufficient influence to prevent the development of 
vegetation types v/hich show detailed resemblance to several in the unabashedly 
"tropical" Antilles, Since the vegetation developed under the reigning 
climate is a community composed of tropical plant species, there seems no 
clear need for a prefix. The term "sub-tropical hammock" does not describe 
or exnlain anything and it contributes confusion by suggesting differences 
that do not exist. What "sub-tropical" suecies are involved? Most of the 
plants concerned occur throughout the West Indies., or even more widely in 
the Nootropics, It seems much more important to emphasize the striking 
similarities, rather than the minor differences, 
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The ecological understanding of the South Florida hammock forests 
is not likely to be served by forcing them into classifications of vege
tation developed for the southeastern United States, a3 has sometimes been 
attempted (Davis, Fla. Acad. Sci. , Fov. 1951, p. 5).* The union seems most 
unnatural. Lower Florida from about the line Tampa-Gape Canaveral south is 
a region where species of south temperate and tropical floras both approach-* 
ing their climatic range extremities, meet and sometimes mingle to form 
transitional vegetation types. It nay be said that the tropical species 
and vegetation types tend to predominate near the coasts with the south 
temperate assemblages extending far south on suitable sites in the interior. 
There is no sharp junction and no reason to expect one, but it is evident 
in traversing the region that a major zonal boundary is crossed. One passes 
from an area in which the dominant elements of the flora are almost wholly 
south temperate to one in which they are almost wholly tropical. South of 
the latitude of Miami the passage into the zone of a tropical flora is 
virtually.complete. Here the proportion of south temperate species which 
enter into the self-maintaining hardwood forest community becomes insignifi
cant. 

It seems reasonable, therefore, to try to relate the South Florida 
hardwood forests to vegetation-type classifications developed for the Few .' 
World Tropics and particularly for the West Indies. This point will bear 
much emphasis, It indicates the direction in which we need look in order to 
obtain ecological information of use in the interpretation and management of 
these tropical forests v/hich are one of the high spots of interest in Ever
glades National Fark. 

One of the most useful classifications of neotropical vegetation 
types is that developed in the paper "Climax Vegetation in Tropical America" 
(Beard, 1944). This classification arranges vegetation types into a number of 
"formations" primarily distinguished by physiognomic aspect rather than 
floristics. These plant formations are grouped into "formation-series" 
formations which occur under similar habitat conditions. Moisture relations 
are considered to be the most significant environmental factor in detormining 
the stage at maturity of vogetational development on most sites. In Beard's 
classification the tropical hammock forests of South Florida fall into the 
series termed "seasonal formations" (ibid., p. 137). The important feature 
of tho habitat of those vegetation types is seasonal drought, a more or loss 
regular annual period during which evaporation - transpiration exceeds pre
cipitation. Board cites the work of"Charter (1941) in British Honduras 
which indicated that in tropical America the drought point is reached (on 
sites with normal drainage) with a monthly rainfall of less than four inches. 
Sites with excessive internal drainage, such as may be true of some in South 
Florida* may experience drought conditions at a somewhat higher monthly 
rainfall. 

*In his discussion Davis indicates that ho has considered and rejected the 
possibility that South Florida hammock forests may belong to the tropical 
formations of Beard. In his classification (p. 5, Table l) these forests 
are listed under the "Southeastern Broadleaved Hardwoods Forest Formation" 
as "Subtropical Hammock Forest Associations and Associes." Still more 
singular is tho inclusion of mangrove vegetation in this formation. 
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Table 9 (included in the appendix) was prepared in order to better 
estimate South Florida rainfall on the basis outlined above. The table 
shows by years (1900-1947) all periods of two or more consecutive months 
in which less then four inches of rain per month was recorded at 3ix South 
Florida stations. Also shown are the months of each drought period and the 
recorded rainfall for these months. From the data shown the average length 
in months of the annual drough period, and the average total (and monthly) 
drought period rainfall is calculated for each station; The table shows 
that a well-marked annual drought period occurs throughout South Florida. 
There is much variation and records from several stations are short. It is 
perhaps safe, however, to generalize to this extent. In the Miami-Homestead 
area the drought period generally extends from November or December to April 
or May. Proceeding south and west out the Florida Keys the drought period 
is lengthened, primarily through the occurrence of a secondary midsummer 
period, and approaches eight months duration at Key West. 

Some authors have referred to the South Florida hammocks as "rain 
forests" (see Harshberger, 1912; p. 120, and Byers, 1930; p. 229). This view 
is completely in error, justified neither by the aspect of the forest nor the 
regional rainfall. Beard states (loc. cit.) "These (seasonal) formations are 
typically the expression of a seasonal — as against a well-distributed 
rainfall ... The duration of seasonal drought determines the degree of diver
gence of physiognomy in the formation from rain forest." 

Six formations distinguished by tho relative severity of the 
seasonal drought comprise Beard's seasonal formation - series. It is empha
sized that the transition is complete, and that the stages sclectod, ranging 
from near rain forost to desert, are rather arbitrary. The South Florida 
tropical hardwood forests evidently belong near the more mesophytic end of 
this series with the "Evergreen Seasonal Forests", "Semi-overgreen Seasonal 
Forests", and "Deciduous Seasonal Forests." Salient characteristics of 
those forest t3np.es arc given below. 

Evergreen Seasonal Forests (on. cit., p. 138), 

Forests with three tree strata - a discontinuous upper 
layer reaching 100 /'; a middle layer forming a closed canopy at 
45' - 90'; and a lower layer at 10' - 30'. Occasional large trees 
in a forest of smaller growth. Larger trees branch low and have 
spreading rounded tops. Lianas and epiphytes are common, and 
ground vegetation is abundant. — Predominantly an evergreen 
forest but some species in the upper tree layer may be deciduous. 
Species of the lower strata are evergreen. Compound-leaved species 
predominate in the upper two strata.- Host species in the lower 
strata have simple leaves. — A rich flora with 80/ tree species 
ptSr association, 

Semi-evergreen Seasonal Forests (op. cit., p. 138-9) 

Forests with two tree strata — an upper story at 
60' - 80' and 0. lower between 20' - 45'. Occasional large trees, 
but with most of the mature specimens about 18" in diameter. Tho 
trees fork low and tend to be umbrella-shaped. Lianas are very 
abundant, epiphytes arc relatively rare, ground vegetation is scanty. 
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Fan palms may bo common. Species in the lower story are 
mainly evergreen, most of those in the upper story are 
deciduous in varying degrees depending upon the severity of 
the dry season. Compound leaves predominate in the upper 
story, simple leaves in lower story. 50 to 80 tree species 
per association. 

Deciduous Seasonal Forests (op. cit., p, 139-40) 

Two layered forests with a closed canopy formed by 
the lower story at 10' - 30' and a scattered upper layer of 
trees reaching 60'. The trees branch low and are often crooked. 
Lianas-and epiphytes are rare, ferns and mosses are virtually 
absent. Ground vegetation is sparse to absent, Tv/o-thirds or 
more of individuals in the upper stratum are deciduous. Trees 
in the lower stratum are mostly evergreen. Compound and simple 
leaves are about equally distributed in the upper story, simple 
leaves predominate in the lower story, a relatively poor flora 
with 30 to 50 treo species per association, 

It is scarcely to be expected that forests developed in a tropical 
fringe area such as South Florida would fit all details of this classifica
tion. In addition much of the data needed in order to test the closeness 
of the fit are still in the woods. It may be said, however, that such 
forests as thoso of Paradise Key and the Mahogany Hammocks appear to closely 
approach the Evergreen Seasoned. Forest type; while hammocks of the middle 
and lower Florida Keys (such as that of Lignum-Vitae Key) tend equally toward 
the Deciduous Seasonal Forests. 

DECIDUOUS'JESS II SOUTH FLORIDA Hd-DIOCK FORESTS 

As shown, degree of deciduousness of the emergent tree stratum 
is a key point in the classification of the seasonal forest types, The 
scarcity of precise information on this point is typical of the general 
state of ecological knowledge concerning South Florida hammock forests. 
Harper (1927, 108-112) seems to be the only author who considered this 
aspect in any detail. In his lists of plants for hammock forests of several 
areas some evergreen and deciduous tree species are distinguished. Pioneer 
South Florida naturalist, Charles Torrey Simpson, was intrigued by this 
matter and makes several general observations about deciduousness in South 
Florida hammocks. He writes (1932, p. 174) "In that part of the state which 
may be truly called semi-tropical only a few trees such as the willows and 
the red mulberry among the hardier ones, and, the Gumbo-limbo and Metopium 
or poisonwood, partially or even almost wholly cast their leaves in winter." 
Simpson evidently concluded that deciduousness was inconsequential since he 
later states (ibid., p. 182) "Put the most accomplished northern botanist 
into one of our hammocks and I defy him to tell whether it is June or 
January, Spring or Autumn." 

Notwithstanding the above statements many hardwood tree species 
are regularly deciduous in South Florida and others appear to drop their 
leaves irregularly depending on the severity of the dry season. Three 
general typos of deciduousness may be distinguished. 

-35-



1. One type i s that shown by wood?/ species of northern 
origin that are regularly deciduous in l a t e autumn as 
in temperate regions. These species usually are hare, 
for only a short period, beginning to leaf out again 
soon after leaves are dropped. Species in th is group 
include: 

Salix amphibia (willow) 

Morus rubra (Red mulberry) 

Celt is mississirjpiensis (southern hackberry) 

Rhus leucantha (sumac) 

2. A number of tropical species appear to be irregularly 
deciduous in south Florida, the degree of leaf fall varying 
with the intensity of the drought period. Cool weather ma?/ 
be another factor that affects deciduousness, since Simpson 
observed (p_p. cit., p. 172) that gumbo-limbo and poisonwood 
didn't drop their leaves in the cool winter of 1930-31. — 
This sort of deciduousness can be very misleading. There 
is no general leaf fall and the change in aspect of the 
forest from week to week may be scarcely noticeable. None
theless the crowns evidently thin gradually until at the end 
of a severe dry season, such as the winter of .1951-52, the 
hammock canopy may be virtually leafless, and the usually 
dark forest interiors are open and sunny. The following 
lists some of the notable members of this group. It should 
be noted that this list also includes most of the specios 
which enter the upper canopy of the hammock forests. 

Ficus aurea (strangler fig) 

Dipholis salicifolia (bustic) 

Sideroxylon foetidissimum (mastic) 

Slaphrium simaruba (gumbo-limbo) 

Metopium toxiferum (poisonwood) 

Lysiloma bahamensis (wild tamarind) 

Ichthyomethia piscipula (Jamaica dogwood) 

Swietenia Mah.agoni (mahogany) 

Simaruba glauca (paradise tree) 

3. Resides the above irregular deciduousness several 
tropical species regularly drop most or all of their leaves 
at the very end of the dry season, flower on bare branches 
and then put out new foliage. This is striking in the case 
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of Jamaica dogwood, soapberry (Sapindus), coral bean 
(Erythrina), mahogany, and gumbo-limbo, and also occurs 
in poisonwood, rough velvet seed (Guettarda scabra), 
blolly (Torrubia), Pisonia rotundata, and the armed ham
mock liana, Pisonia aculeata. 

Additional information on the extent of deciduousness in south 
Florida hammock forests and its more precise correlation with climactic 
conditions would he of considerable interest. 

DESCRIPTIONS OF SOUTH FLORIDA HAMMOCK FORESTS 

The distribution of hammock forest vegetation in the region is 
governed by the occurrence of sufficiently elevated sites. These elevations 
may either be features of the original substrates (e.g. the Miami Rock Ridge), 
or vegetation-induced through peat deposits built up under swamp forest vege
tation types (bay and perhaps mangrove forests). A third class of eleva
tions occupied by hammock forests are the mounds resulting from the activities 
of early Indians. In areal extent the hammocks of natural elevations are 
much more prominent than those occupying deep peat deposits, although the 
latter are of great ecological interest. The necessary elevation for ham
mocks on deep peat is provided by soil that is subject to destruction by 
fire, as discussed later. This may account for the relative rarity of such 
hammock sites. Disregarding these, it may be said that the available ele
vations are located in four discrete regions: 1. The Miami Rock Ridge, 
2. The south and southwest coasts; 3. The Upper Florida Keys; and k. The 
Lower Florida Keys*. The hammock forests of sites within each of these 
regions show certain similarities, and differ somewhat as a group from those 
of each of the other regions, both in floristic composition and in general 
forest aspect. At present it cannot be definitely stated to what extent 
many of the supposed differences are due to inadequate knowledge of the 
regions (e.g. incomplete botanical exploration, comparison of forests not 
strictly comparable in age or disturbance history, etc.). Some of the dif
ferences, however, appear to truly represent the vegetational expression of 
differing characteristics of the particular regions (i.e. regional variation 
of climate, substrates, geographic location and geological history). 

In the following account these hammocks of four regions are briefly 
discussed and the regional peculiarities noted. Table 5 shows the floristic 
relations between the regions as indicated by present knowledge of the dis
tribution of the woody plant species of the tropical hammock forests. Table 
13 (see Appendix) gives complete lists of the woody plants of 25 sites rep
resenting all four regions. 

MIAMI ROCK RIDGE HAMMOCKS 

These are hammocks occurring on the ridge of Miami Oolite which 
extends south and southwest from Miami into the Everglades.. Within the 

* A complete consideration of the south Florida hammock forest vegetation 
would have to include hammocks of the Pinecrest area of upper Monroe Co., 
and the more northerly hammock outliers along both coasts of the peninsula 
and both sides of the Everglades. None of these areas were covered in the 
present survey. 
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region individual stands often show much floristic variation. This appears 
to be associated with two factors: 1. Nearness to the coast and 2. Fire. 

1. The rock ridge fronts on Biscayne Bay from the present site 
of Miami south to the vicinity of Cutler. This is the most elevated oolite 
area, probably the oldest part of the rock ridge, and the area most accessible 
to water-borne seeds. Much of it originally supported hammock forest, 
isolated patches of which remain. These coastal rock ridge hammocks because 
of their location and because they are evidently older and less disturbed by 
fire contain a number of woody plants not found elsewhere in the region. 
Some of these species occur generally in hammocks near the coasts and their 
presence merely indicates a coastal site. Examples of these are Sophora 
tomentosa, Jamaica dogwood (Ichthyomethia), bay cedar (Suriana), Geiger tree 
(CordiaJ7 and seven year apple (Casasia)T Other restricted species are not 
necessarily limited to coasts, and their presence in the coastal rock ridge 
hammocks may be a floristic indication of the greater maturity of these 
hammocks as compared to others on the rock ridge. Some of these species are 
bitterbush (Picramnia), Misanteca triandra and red stopper (Eugenia confusa). 

2. With the possible exception of the coastal hammocks just men
tioned all rock ridge hammocks show signs of fire damage. The effects now 
visible vary greatly from stand to stand and it is likely that no two have 
the same history of fire disturbance. Available fire history information 
for any particular area is vague at best, and it is not now possible to form 
a clear picture of fire effects on the composition of the rock ridge hammock 
forests. Provisionally I attribute the great floristic variation often 
seen in closely adjacent stands of hammock forest (especially in the Long 
Pine Key area) to variations in the effects of fire. 

Eighteen woody plants are limited to the hammocks of the rock ridge 
of which ten (») represent widespread south temperate species here reaching 
their southern range extremities. The species restricted to rock ridge 
hammocks are: Salix amphibia, *Morus rubra, *Celtis mississippiensis, 
^Magnolia virginiana, Laurocerasus myrtifolia, Alvaradoa amorphoides, *Rhus 
leucantha, Ilex Krugiana, -;sTlex Cassine, *Ampelopsis arborea, Misanteca 
triandra, Tetrazygia bicolor, Anamomis Simpsonii, *Diospyros Mosieri, Bumelia 
reclinata, Forestiera pinetorum, *Callicarpa americana, and "'Cephalanthus 
occidentalis. 

The rock ridge hammocks are more uniform in aspect than in compo
sition. In general they give the impression of moist forests with an abun
dance of mosses and hepatics (including epiphyllous species) and often with 
a dense growth of ferns on the forest floor. Wet sinks with the rock walls 
covered with ferns and mosses are frequent. Epiphytic ferns, orchids and 
bromeliads are abundant and lianas of several species are common. The 
stratification of the woody vegetation is difficult to judge because many 
stands are obviously disturbed and immature. If such a hammock as Paradise 
Key represents near-mature structure, it appears that three fairly well 
defined strata are present: A discontinuous upper layer of scattered large 
trees-; the closed forest canopy; and a shrub-small tree layer. Figs. 10 and 
11 show views of two Long Pine Key hammocks; an interior picture of Dark 
Hammock and a view of the edge of Sawmill Road Hammock from the adjacent 
uineland. 
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The Mahogany Hammocks ly ing southwest of the west end of Long Fine 
Key near the inner mangrove edge do not proper ly belong to any of the four 
main reg ions ou t l i ned . In s t r u c t u r e , however, they resemble the rock ridge 
hammocks more than they do those of the other r eg ions . They are a l so moist 
f o r e s t s , wi th many l i a n a s and epiphytes and severa l s t ra ta , of woody vegeta
t i o n . The eco log ica l ly i n t e r e s t i n g po in t about these hammocks i s t h a t they 
appear to occupy deep peat depos i t s b u i l t up over marl and not o r i g i n a l rock 
e l e v a t i o n s . This suggests t h a t they may represen t a more mature s tage in 
the development of vege ta t ion on s i t e s once occupied by bayheads. Flo evidence 
of f i r e was found in the mahogany hammocks i n v e s t i g a t e d . They a re c e r t a i n l y 
burnable but the s i t e s may l i e beyond the usual l im i t of sawgrass f i r e s burn
ing down toward the mangrove edge. The southwestern most f inger of the May 
1950 Long F ine Key f i r e reached to wi th in a l i t t l e over a mile no r theas t of 
the nor theas te rnmost mahogany hammock. F i r e p r o t e c t i o n i s provided by two 
c h a r a c t e r i s t i c s of the surrounding marl g lades , 1. Glades in t h i s area a re 
flooded for a longer per iod than most of the r e s t of the south g l ades . They 
may be completely dry l a t e in the dry season, however, and one can often 
h ike dry-shod to the nearer mahogany hammocks (as was t rue on s eve ra l t r i p s 
made i n Apr i l 1952). 2. Sawgrass vege ta t ion of g lades surrounding these 
hammocks i s very sparse and poss ib ly would not ca r ry f i r e r e a d i l y . 

L i s t #11 (Table 13: appendix) shows the woody p l a n t s of the most 
a c c e s s i b l e of the Mahogany Hammocks. The f l o r a shows r e l a t i o n s to t ha t of 
the nearby Long Pino Zoj hammocks in the presence of such species as l i v e 
oak, b u s t i c end Hip-poor at ea. The po in t of g r ea t e s t i n t e r e s t of course, i s 
the occurrence here of numerous l a r g e mahogany t r e e s some of which exceed 
41 DBH. F ig . 12 shows one of those . Only the two or three northeasternmost 
(and most acces s ib l e ) hammocks have been explored b o t a n i c a l l y , and i t i s 
qu i t e p o s s i b l e t ha t knowledge of the f l o r a of the Mahogany Hammocks i s i n 
complete. There i s , for t h a t mat ter , some reason to doubt tha t the extent 
of the mahogany hammock area i s e n t i r e l y known. 

Also located a t (or within) the inner mangrove edge a re t r e e 
i s l a n d s cha rac t e r i zed by the presence of the r a r e palm, Fauro t i3 Wrigh t i i . 
T h i s - b e l t i s crossed by the Ingraham Highway to Flamingo and the ha l f dozen 
or so s tands most e a s i l y reached from the road have been much v i s i t e d and 
qu i t e a few of the palms wore removed in pro-park days. The P a u r o t i s b e l t 
extends for a cons iderable d i s t ance on both s ides of the road. I t i s one 
of the l e a s t known areas of Everglades Nat ional Park which prompts one to 
sneak c a u t i o u s l y in d i s cus s ing i t . 

This vo.geta.ticn type may be descr ibed as i s l a n d s of hardwood fo res t 
loca ted in a hush-savannah of red mangrove (Rhizophora). The ground cover 
vege t a t i on i n openings between the mangroves c o n s i s t s of s c a t t e r e d t u f t s of 
small sawgrass or t h in ly d i s t r i b u t e d "31eocharis c o l l u l o s a . The s o i l of su r 
rounding a reas i s deep marl . The f o r e s t s i t e s themselves a r e cha rac t e r i s ed 
hy deep pea t d e p o s i t s , and hence are s i m i l a r to the mahogany hammock and 
bay-head s i t e s . C h a r a c t e r i s t i c s of the surrounding glades provide f i r e - p r o 
t e c t i o n in the manner j u s t noted for the .mahogany hammocks. This vege ta t ion 
may be c a l l e d e i t h e r hammock or bayhcad almost equal ly ap t ly . Egler (1952, 
up. 353-259) p o i n t s out the general s t r u c t u r a l s i m i l a r i t y to bar/heads of the 
more landward glades and g ives a p l an t l i s t for the one stand s t u d i e d . To 
h i s l i s t of species the following may be added: Trees - spicewood (Calyp-
t r a n t h e s pal lon .s ) , Kar lborry (Icaeorea. n a n i c u l a t a ) , poisonwood (M*etopiun 
toxiferum.) and gumbo-limbo (Elaphrinn sinojruba), Lianas-Kinpocra tsa v o l u b i l i s , 
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hesmnook snow-berry (Chiococca a l b a ) . and poison ivy (Toxicodendron). The 
few s tands v i s i t e d in the course of t h i s study showed considerable v a r i a b i l i t y 
in the r e l a t i v e importance of bayhead and hammock spec i e s . The observed 
f l o r i s t i c v a r i a b i l i t y , cons ider ing the very few s tands i n v e s t i g a t e d , suggests 
the wisdom of await ing more da t a before making any more d e f i n i t e pronounce
ment on the s t a t u s of t h i s vege t a t i on . I t i s p o s s i b l e tha t the Paurot is . 
t r e e i s l a n d s represen t a number of s t ages in the replacement of bayhead 
vege t a t i on by t r o p i c a l hammock f o r e s t . They c e r t a i n l y meri t much more study. 

SOUTH AND SOUTHWEST COAST HAMMOCKS 

Hammocks here r e f e r r e d to occur on two s u b s t r a t e types : 1. Elevated 
areas of marine marl near the coas t ; and, 2. Shel l beach r idges f ront ing on 
F lo r ida Bay or the Gulf of Mexico. I t i s convenient to d i scuss these sep
a r a t e l y al though there i s evidence t h a t mature hammock f o r e s t s of the two 
s i t e s may not d i f f e r g r e a t l y . 

The marl hammock areas are l a r g e l y confined to a discont inuous 
b e l t along the south coast extending from near Bear Lake east as far as 
Trout Cove. Other hammock s tands such as those occurr ing along the north 
s ide of Cuthbert , Munroe and Seven Palm Lakes are perhaps also to be i n 
cluded h e r e . The hammock a reas e re shown on U. S. Coast and Geodetic Survey 
Topo. Sheets T-5439, T-5440 end T-5441 prepared from the 1940 s e r i e s of 
a i r pho tos . The t o t a l hammock a rea i s qu i te ex tens ive , end much of i t has 
suffered from f i r e and h u r r i c a n e s . Many large mahogany t r e e s were repor tedly 
cut i n the hammock s t r i p between Snake Bight and Crocodile Po in t , and e l s e 
where along the south coas t , in the years p r io r to the establ ishment of Sver-
g lades Nat ional Park; but I was not ab le to loca te much d e f i n i t e information 
on t h i s unique chapter i n the h i s t o r y of U.S. lumbering. Only small sect ions 
of t h i s hammock area have rece ived ca re fu l bo tan ica l exp lora t ion . The present 
account i s based on the hammocks of the Bear Lake - Coot Bay - Snake Bight 
s ec t i on (see l i s t #9, Table 13), the only area in which t h i s vege ta t ion type 
was s tud i ed . 

Hammock f o r e s t s of t h i s a rea resemble those of the F l o r i d a Keys 
more than they do rock r i d g e hammocks both in f l o r i s t i e s and in aspec t . 
The f l o r a l r e l a t i o n i s shown p o s i t i v e l y by the prominence of such species 
as Jamaica dogwood, s lender t ha t ch palm (Thrinax u a r v i f l o r a ) . soapberry 
(Sa-oindus), s eve ra l spec ies of columnar c a c t i , mahogany, Eugenia bux i fo l i a , 
wild cinnamon (Canolla) and raanchineel (Hiunomano). The:/ seem to lack such 
c h a r a c t e r i s t i c p l a n t s of the rock r i d g e hammocks as b u s t i c (D ipho l i s ) . l i v e 
oak, p a r a d i s e t r e e (Simaruba) and Lysiloma. As now known the woody f l o r a 
i s much poorer in species than tha t of any of the o ther reg ions , but fur ther 
exp lo ra t i on w i l l doub t less add many spec ies to the p re sen t l i s t . 

In appearance the marl c o a s t a l hammocks .are dry f o r e s t s , Epiphytes 
a re not common i n the hammocks, a l though adjacent buttonwood and mangrove 
f o r e s t s have- many bromeliads and had a t one time an abundance of l a rgo spray-
orch ids (Oncidium). Lianas are not well-developed, and no ferns occur on 
the f o r e s t f l o o r . Some of the t r e e s a re r egu la r ly dry-season deciduous, 
Ho s tands which appeared mature wero seen but i t seems l i k e l y t h a t the mature 
f o r e s t s of the region w i l l be of simpler s t r u c t u r e and l e s s s t a t i f i e d than 
the rock r idge hammocks. 
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The hammocks of shell beach ridges are found in this region and 
on the Florida Keys and Florida Bay Keys wherever sufficiently elevated 
beaches occur. The vegetation is quite similar at sites throughout this 
area. Plant lists for several beach ridge hammocks are given in Table 13 
and these sites are briefly discussed. Davis (19^2) has discussed a 
number of beach ridge hammocks in his study of the vegetation of the keys 
west of Key West. 

Early hammock growth on beach ridges is usually a low thicket 
composed of a few pioneer species. Usually prominent at this stage are: 
sea grape (Coccolobis uvifera), blolly (Torrubia), bay cedar (Suriana), 
Pithecolobium guadelupense, Sophora tomentosa, buttonwood (Conocarpus), 
Spanish stopper (Eugenia buxifoliaj, Joewocd' (Jacquinia), sea lavender 
(hallotonia), seven year apple (Casesia), Erithalis and Eorrichia arborescens. 
From this community, which is quite distinct in composition, development 
evidently proceeds toward a mixed forest dominated by gumbo-limbo, Jamaica 
dogwood, mastic, strangler fig, poisonwood, pigeon plum (Coccolobis laurifolia, 
and inkwood (Exothea). The mature forest on beach ridge sites (as repre-
sented by the Cape Sable hammocks) will evidently be similar in aspect and 
composition to those developed on other substrates in the south coast 
region and the Florida Keys. 

An interesting feature of the beach ridge vegetation is the 
frequent development of distinct vegetation belts, especially at places 
where the foreshore slopes steeply. The exact arrangement of these varies 
with the profile of the beach ridge. Commonly there is an outer hedge of 
bay cedar developed. In some cases as near kiddle Cape Sable, a double 
hedge, (the outer a pure stand of bay cedar, the inner a pure stand of 
Pithecolobium) occurs in front of the hammock proper. 

The tropical hammock forests of the Florida Keys do not enter 
Everglades National Park and remarks on them here will be accordingly brief. 

UPPER FLORIDA KEYS E1M0CKS 

These hammocks occur on elevations of Key Largo coral Limestone 
which forms the keys from Soldier Key to the West Summerland Keys. This 
geological formation also forms the Hawk Channel front of some of the Lower 
Florida Keys, including at least Big Pine Key and the Newfound Harbor Keys and 
perhaps others southwest to Sugarloaf Key. On the main Key Largo Limestone 
keys hammock forest originally occupied virtually the entire upland area 
between mangrove belts on either shore. Much of the hammock area has been 
obliterated by clearing and the remainder disturbed to some extent by fire 
so that little original forest remains, except for that of such outlying 
islands as Lignumvitae Key and Pumpkin Key. Abandoned cleared areas are 
occupied by tangled thicket growth of such species as Lantana involucrata, 
Solanum verbascifolium, Trema and hog plum (Ximenia). Hammock forest appears 
to replace this thicket vegetation directly, if no further disturbance occurs. 

The Upper Keys extend southwestward across a sizeable sector of 
the east-west gradient of decreasing rainfall. This is evident in comparing 
the aspect of the hammock forests of upper Key Largo and Lignumvitae Key. 

1+1 



The former more resemhle those of the Miami Hock Hidge, while the 
Lignuravitae Key hammock i s s imi lar to hammocks of the south coast , except 
t h a t i t i s apparent ly s t i l l dryer and lacks epiphytes almost completely. 
The dec reas ing r a i n f a l l may a lso a f fec t the d i s t r i h u t i o n of some species 
such as Lysiloma, which i s not conspicuous i n the hammocks south of upper 
P l a n t a t i o n Key, and tha t ch palms, which "become i n c r e a s i n g l y prominent as 
one proceeds southwest along the keys . 

The f l o r a of the Upper Keys hammocks lacks a l l of the south 
temperate spec ies which occur spar ing ly in the rock r i d g e hammocks. Two 
woody spec ie s nakedwood (Coluhrina r e c l i n a t a ) and l ignumvitae (Guaiacun) 
a re l i m i t e d to Upper Keys hammocks. A nuraher of spec ies are shared "between 
Upper Keys hammocks ( e s p e c i a l l y nor th Key Largo) and the coas t a l rock ridge 
hammocks. These inc lude : b i t t e r b u s h (Picramnia), red stopper (Eugenia 
confuaa) and Oalyptranthss zuzygium. 

LOWER FLORIDA KEYS HAMMOCKS 

A3 ind ica ted i n the preceding sect ion the geo log ica l Lower Keys 
a r e not p r e c i s e l y equivalent to the geographical Lower Keys due to the 
southwestern extension of the Key Largo l imestone. These a re keys formed 
by Miami Oo l i t e which extend from L i t t l e Pine Key to the Marquesas. Only a 
few of them have extens ive uplands and most of the upland area i s occupied 
by pine-palm f o r e s t . The p ine lands burn f requent ly and the hammock-pineland 
r e l a t i o n appears to be s imi l a r to t h a t ex i s t ing on the Miami Hock Hidgo. 
The Lower Keys hammock f o r e s t s are probably the most x e r i c hammock type in 
South E l o r i d a . * These hammocks v i r t u a l l y lack ep iphytes , l i a n a s and fores t 
f e r n s , many of the t r e e s a re deciduous, and fo res t s t a t i f i c a t i o n i s not 
h igh ly developed. 

The f l o r a i s i n t e r e s t i n g for several r easons . Six t r o p i c a l species 
of woods'- p l a n t s occur i n F lo r ida only in the Lower Keys. These a r e : P isonia 
ro tunda ta , Gaesalpinia -paucif lora. Savin behamenais, Gymincla l a t i f o l i a , 
Cunania g l a b r a and Clus ia rosea . Several species of the rock r i dge hammocks, 
absent from the Upper Keys, reappear in the Lower Key3. These inc lude : 
wax myr t l e , Byrsonima cuneata , redbay, cocoplum, myrsine, and Guettarda 
scabra . F i n a l l y some expected spec i e s , such as mast ic and mahogany, appear 
to be absen t . 

*This excepts the hammocks a s soc ia t ed with t r ee c a c t i (Gephalocereus) 
which a re of l imi ted ex ten t in South F lor ida . Stands were o r i g i n a l l y 

p re sen t on Lower Katecumbe Key, Key West and Big Pine Key (Southeast 
Hammock). Tho f i r s t two of these have probably been des t royed. These 
hammocks perhaps r ep re sen t an approach to the "Thorn Woodland" or "Cactus 
Scrub" formations of Beard (1944; 140). 
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TABLE 5. Distribution of woody plants of tropical hammock forests in the 
four hammock regions of south Florida. 

Ridge Coasts Up. Keys Lower Keys 
Total number of Species 110 71 ~~W ~~W 

Species Limited to the Region 19 2 3 6 

Number of Species in Common and (in parenthesis) No. of Sp. Limited to 
two regions. 

Miami Rock Ridge 56(2) 76(8) 72(10) 

South and Southwest Coasts 56(2) 65(1) 6l(0) 

Upper Florida Keys 76(8) 65(1) 7^(3) 

Lower Florida Keys 72(10) 61(0) 7L(3) 

HOW MANY HAMMOCK "TYPES" IN SOUTH FLORIDA? 

The foregoing section has shown that considerable variation, both 
in composition and structure, occurs in the tropical hammock forests in their 
south Florida range. The above question is thus obvious, but it is one that 
cannot be finally answered from information now at hand. Provisionally, it 
seems best to consider that there is a single tropical hammock forest type 
in south Florida which varies, probably in response to many factors, of which 
the principal ones appear to be increasing frequency of destructive frost 
northward, decreasing rainfall westward, and location of the site in relation 
to the coast. There has been considerable speculation attempting to explain 
the total floristic similarities and differences between various south Florida 
regions (see Simpson, 1920, Chapters I and VII) by juggling the sequence of 
late Pleistocene geological events. It seems preferable in an ecological 
consideration of this vegetation type to determine first just what the extent 
of variation is in stands of comparable maturity in the various regions. 

Several things suggest the desirability of this suggested hypothesis 
as a working position that deserves careful testing in the field. 

1. With few exceptions the species of large trees available in 
the flora as possible dominants of a self-maintaining -hardwood forest are 
prominent throughout south Florida. This is true of poisonwood, gumbo-limbo, 
inkwood, strangler fig, shortleaf fig, pigeon plum, leadwcod, Jamaica dogwood 
and satmleaf. The apparent exceptions such as the absence of live oak 
except on the iMiami Rock Ridge"-, of bustic from much of the Upper Keys and the 
south coast; of Lysiloma from the south coast and Lower Keys; of paradise 
tree from the south coast; and of mastic and mahogany from the Lower Keys, may 
have ecological rather than geological or phytogeographical explanations. 
It seems, therefore, that an eventual hammock forest permitted to mature 
should have much the same dominants throughout south Florida. Simpson (hoc, 
cut., Chaps. IX and X), for example, has described the elimination of live 
by succession in 

* Occurs very rarely in Key Largo (Alexander, 1953). 
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TABLE jp\ Species composition of the forest canopy at four South Florida 
tropical hammock forest 3ites. 

S u e d e s 

Quercus v i r g i n i a n a 
( l i v e oak) 

Metopium toxiferum 
(poisonwood) 

Elaphrium. simaruba 
(gumbo-limho) 

Dipholia s a l i c i f o l i a 
( h u s t i c ) 

Calyptranthes zuzygium 
(no common name) 

Fious aurea 
( s t r a n g l e r f ig ) 
SimaruDa g lauca 

(pa rad i se t r e e ) 
Laurocerasus m y r t i f o l i a 

( l a u r e l cherry) 
Exothea p a n i c u l a t a 

(inkwood) 
Roystonea r e g i a 

( roya l palm) 
Ficus b r e v i f o l i a 

( s h o r t l e a f f ig ) 
Sideroxylon foetidissimurn 

(mast ic) 
Lysiloma hahamensis 

(wild tamarind) 
Coccolobis l a u r i f o l i a 

(pigeon plum) 
Ichthyomethia p i s c i p u l a 

(Jamaica dogwood) 
Krugiodendron ferreum 

(leadwood) 
Torruhia l o n g i f o l i a 

( h l o l l y ) 
Gymnanthes l uc ida 

(crabwood) 
Sapota aclrras 

( s a p o d i l l a ) 

Humber of Species 

Parad ise 
Key 

45/o 

11$ 

9$ 

8$ 

7$ 

5$ 

:-5$ 

4$ 

3$ 

.1$ 

1* 

1$ 

# 

# 

12 

Long Pine Key 
Dark Hammock 

4$ 

6$ 

9/ 

17$ 

3$ 

# 

JL 
IT 

1$ 

58$ 

2$ 

8 

Long Pine Key 
- Saw-Mi11 

Road Hammock 

19$ 

11$ 

9$ 

4$ 

3$ 

1$ 

# 

3$ 

43$ 

7$ 

9 

Lignum-
v i t a e 
Key 

26$ 

30$ 

# 

3$ 

7T 

11$ 

12$ 

8$ 

6$ 

2$ 

1$ 

1$ 

10 

1 Data from random counts of trees entering the forest canopy. Based on 
counts of 200 $ treeg in the least disturbed part3 of the four sites. 

# Occurs in canopy stratum elsewhere in the hammock but not in area studied. 
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mature rock ridge hammocks, an occurrence which (if general) eliminates the 
major difference in the hammock dominants of this region. The great difference 
in the relative importance of the various canopy species from stand to stand 
(see Table 6) are provisionally regarded as due (in part at least) to the 
different stages of maturity and different disturbance histories of the stands 
studied. 

2. It seems probable that most of the floristic differences eventually 
found between mature forest stands of the various tropical hammock regions will 
involve sub-dominant woody species, ferns and epiphytes. These species are 
more dependent on a narrow range of micro-climatic conditions than are the 
dominant trees that form the hammock canopy. The differences in aspect and 
structure of hammocks of the various regions have been noted. Some of these 
can certainly be translated into environmental differences that affect the 
sub-dominant plants and limit them to a particular segment of the climatic 
range represented within the tropical hammock forest vegetation type. 

It appears to me that species distributions should first be carefully 
examined to see whether or not the various range limits can be explained in 
relation to present temperature and rainfall gradients in South Florida, or to 
other ecological factors. Only in instances where the present variations of 
environmental factors seem inadequate to explain the facts of distribution 
does it appear either wise or necessary to entertain more remote speculations. 

BAYEEADS - SUBSTRATE 

This vegetation typo occupies deep deposits of organic soils. Bayhead 
soils of South Florida aro classified as "(randy Feat" by Henderson (1939) who 
also gives a description of the components and characteristics of the soil typo. 

BAYHEADS - VEGETATION 

The principal study of South Florida bayheads is that of Egler 
(1952s 241-249), who discusses their floristic composition, structure, site 
relations, origin, and successional trends and the factors affecting them. 
His study was limited to the southeastern area between the Miami Hock Ridge 
and the coast. A briefer general account of the bayhead vegetation of the 
"slough and tree island area" of the main Everglades drainage is given by 
Davis (1943: 265-268). In view of this recent work only a brief description 
of this vegetation type will be given here. 

The bayheads are hardwood forests composed of relatively few species, 
which occur a3 tree islands in the Everglades prairies. As Sgler's table 
of frequency of occurrence of species (on. cit.s 242) shows the most constant 
of the woody plants are red-bay (Tsmala Eorbonia), wax myrtle (Corothamnus 
ceriferus), myrsine (Raoanea guavanensia). cocoplum (Chrysobalanus icaco), 
dahoon holly (Ilex Cassine), and sweet bay (Magnolia virgin!ana). These 
species make up the major part of the bayhead vegetation throughout the region. 
Locally, cypress (Taxodium) and pond apple (Annona) may occur in bayheads, 
and willow (Salix) and buttonbush (Conhalanthus) are frequently present, 
especially in the main glades. Toward the southern part of the region various 
tropical hardwoods and palms enter this vegetation type, but these arc usually 
present only as scattered individuals, Many hammock tree species may be found, 
but among the more frequent are marlbcrry (Icacorea), strangler fig (Ficua aurea 
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poisonwood (Kotopium), white stopper (Eugenia a x i l l a r i s ) , cahhage palm (Sabel)< 
and Wright ' s palm ( p a u r o t i s ) . 

In s t r u c t u r e the hayheads a re dense f o r e s t s of low-growing t r e e s . 
Typical ly they have a t i g h t hedge border of cocoplun with more open fo res t 
i n s i d e . Shade i s dense and herbaceous p l a n t s ere few. The fo res t f l oo r may 
lack vege ta t ion , or support an unders tory of fe rns , Blechnum ser.vulatum and 
Dryopter is n o r n a l i s being two species f requent ly found. The fo res t i s char
a c t e r i s t i c a l l y much overgrown by such l i a n a s as Sni lax l au r i fo l i a , , Vi rg in ia 
creeper (Par thenoc i s sus ) , and muscadine (Muscadinia). Re l a t i ve ly few epiphytes 
occur, these ch ie f ly b r o n e l l a d s . P ig . 13 shows the manner of occurrence of 
the bayhsads as i s l ands in sav/grass marshes. Pig. 14 g ives a c loser view of 
the edge of a bayhead shov/ing the abrupt t r a n s i t i o n between fo res t and sav/grass, 
and the outer cocoplum hedge. 

BAYHEADS - ECOLOGICAL PROBLEMS 

The bayhead v e g e t a t i o n i s r e l a t i v e l y simple in f l o r i s t i c s and 
s t r u c t u r e . Desc r ip t ive ly the vege ta t ion type i s well understood, ye t i t 
p r e sen t s a t r i o of unsolved eco log ica l problems, and a vexing quest ion of 
terminology, which have plagued every s tudent of South P lo r ida vege ta t ion . 
These nay be ind ica ted as fo l lows: 1* What; i s the r e l a t i o n of the bayhead 
vege ta t ion type to other r e g i o n a l hardwood f o r e s t s ; 2 . What f ac to r s control 
the l o c a t i o n of bayhsads; 3. What i s the t r ue nature of c e r t a i n d isputed 
c h a r a c t e r i s t i c s of bayhead s i t e s ; and, 4 . What i s the proper t e rn to des ignate 
t h i s f o r e s t type? The na tu re of these problems v/ i l l be b r i e f l y sketched here . 
Their so lu t i on w i l l demand much careful f i e l d study. 

Re la t ion of Bayheads to Other Plardv/ood Fores t Types. 

The f l o r i s t i c p i c t u r e of the bayhead vege ta t ion i s as fol lows: 
In the South F lo r ida area hundreds of separa te stands of t h i s fo res t type 
occur as i s l a n d s in the g l a d e s . In composition the f o r e s t i s remarkably 
uniform throughout the r eg ion . Wearly a l l stands arc composed almost e n t i r e l y 
of the f ive or s i x species l i s t e d e a r l i e r . These spec ies appear to possess 
in common the a b i l i t y to t o l e r a t e v/etter s i t e s than most of the hardwoods of 
the reg ion . As a group they a lso appear to be i n t o l e r a n t of competi t ion on 
hammock f o r e s t s i t e s , and a re found only spar ingly in the hammock f o r e s t s . 
Throughout the bayhead v e g e t a t i o n type occur sca t t e red i nd iv idua l s , f requent ly 
seed l ings , of hardwood spec ie s c h a r a c t e r i s t i c of hammock f o r e s t s . These 
seldom c o n s t i t u t e more than a very s n a i l percentage of the t o t a l vege ta t ion 
in any s tand, but most bayheads, at l e a s t in the southern pa r t of the region, 
conta in a few specimens. The species of hammock hardwoods which occur more 
f requen t ly have been mentioned. A complete l i s t of a l l species t h a t have been 
observed would inc lude a l a r g e p ropor t ion of the woody p l a n t s of the hammock 
f o r e s t vege ta t ion type. 

Prom information such as the above the inference tha t hammock fo re s t s 
w i l l r ep l ace bayhead v e g e t a t i o n on undis turbed s i t e s i s e a s i l y drawn. Both 
Davis (op. c i t . : 211-212) and Egler (op. c i t . : 247-248) have reached t h i s 
conclus ion. The bayhead v e g e t a t i o n i s viewed as a p ioneer fores t community 
on wet s i t e s , which i s r ep laced by a. hammock fo res t of mixed hardwoods in the 
course of success ion . I agree with t h i s concept of the r e l a t i o n of the two 
hardwood vege ta t ion types , but wish to po in t out tha t i t s present s t a t u s i s 
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that of a reasonable working hypothesis, which awaits convincing demonstration. 
Two chief d i f f icu l t i es exist : 

1. Intermediate stages showing bayhead species being 
replaced by hammock hardwoods have rarely been observed. 
If succession occurs as outlined above one would expect 
to find forests showing mixed dominance. I t i s probable, 
as Fgler suggests, that f i re prevents th i s development on 
most s i t e s ; that most bayheads burn out before the s i t e can 
develop to the point where i t i s suitable for hammock forest 
species. 

2. The exact nature of the changes in the character is t ics 
of the s i t e which permit replacement of bayhead vegetation 
by hammock forest are obscure. 

The Mahogany Hammocks and Paurotis Hammocks of the extreme southern 
3verglades occupy s i tes which are similar to bayhead s i t e s . These hammock 
forests , near the inner mangrove edge, are well-protected from f i r e by the 
nature of the surrounding glades. They are possibly hammock forests developed 
from bayheads during a long f i re-free in terva l . Careful study of these s i tes , 
and comparison with bayhead s i t e s i s indicated as a l ike ly s ta r t ing point in 
investigation of the successional re la t ions of the bayheads. Also further 
botanical exploration of the bayheads should reveal at least a few clear cases 
of succession of hammock forest species on bayhead s i t e s , if th is phenomenon 
r ea l ly occurs. 

Factors Determining Bayhead Location. 

The ecologist in South Florida is 3oon faced with the problem of 
explaining why bayheads are located at the part icular s i t es they now occupy. 
Two views are possible: 1 - that present bayhead locations represent survival 
s i t e s of islands of a former continuous forest; or, 2 - that occurrence of 
bayheads is limited by special topographic character is t ics of the s i t e s they 
occupy. 

The extreme in terpre ta t ion of the f i r s t view would hold that bayheads 
are actual fragments of a former forest whose present locations are entirely 
the resul t of chance survival . A modified interpretat ion i s that the bayhead 
t ree islands are segments of former forest that have survived only at s i tes 
where special topographic charac ter is t ics provide f i re protection. The evident 
f l o r i s t i c immaturity of the present bayhead vegetation seems to be strong 
evidence against the idea that they are in any manner actual fragments of an 
old forest , and no author has maintained th i s view. Egler (op, c i t . i 234) 
has presented the hypothesis that a continuous sv/amp forest clothed tho entire 
glades in preaboriginal time, and that f i r e acted to r e s t r i c t the remnants 
("bayheads) to their present s i t e s . He believes, however, that present bayheads 
have also been reduced by f i r e , probably many times, and that they have been 
able to become re-established only at s i t e s which enjoy special f i r e pro
tect ion. 

The second possible in terpreta t ion is that only certain s i t e s in the 
glades are suitable for invasion by bayhead vegetation. This contrasts with 
Fjgler'3 ( ib id . ) view that a.ny glades s i t e i s open to invasion by bayhead 
species, but that f i re prevents establisliment of bayheads except at certain sib< 
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Just what the special characteristics of "bay-head sites are remains 
obscure. In some areas "bayheads are oriented with the direction of 
flow (or former flow) of Everglades surface waters, and many of 
them exhibit a teardrop shape with rounded upstream "head," and 
tapering downstream "tail," These characteristics have "been inter
preted as indicating a relation "between drainage channels-and the 
location of "bayheads, "but the nature of the relation is not clear, 
Davis (op. cit,; 258) discussing the "slough and tree island area" 
of tho main Everglades drainage, states that bayheads develop on 
"ridges".between tho slough runs. Egler (on. cit.:246) discussing 
the area southeast of Long Pine Key, believes that the initial 
bayhead establishment is in a drainage channel where the wetter 
site provides additional fire protection. In addition there are 
sizeable areas where bayheads show no regular orientation in relation 
to drainage pattern. 

This question of the factors which determine the occurrence 
of bayheads is still entirely undecided. Of the suggested factors 
I believe that elevation is tho most likely control, and suggest the 
hypothesis that duration and extent of annual flooding determines 
whether or not bayhead species can invade, a glades site. The requi
site elevation for the occurrence of bayhead species could occur 
either in the original topography or by buildup of peat deposits. 
Under the above hypothesis a lowering of glades water levels should 
result in an expansion of bayheads. I believe that this is now oc
curring throughout tho lower glades, 

Dis-outed Characteristics of 3ayhead Sites. 

The uncertainty about the factors controlling location of 
bayheads stems from the existence of seemingly contradictory in
formation concerning their site characteristics. Ho agreement 
exists as to whether or not bayhead sites are more elevated than 
the adjacent glades. A wealth of random observational evidence sug
gests that they are considerably more elevated. However, Eglor (op, 
cit. ;244) found that the surface of tho peat mass in two bayheads 
he studied was at the some leval as the marl surface of the surround
ing glades. Careful study of a series of levels along a transect 
from glades through the centers of bayheads, at a time when both 
glades and bayhead soils ore dry, suggests itself as a means of ap
proach to this puzzling problem. There is so much casual evidence 
that olevation does affect the occurrence of boyhood species that 
despite Egler's findings, further investigation seems required. 
Pig. Mo. shows how bayhead species occupy relatively slight eleva
tions in the sawgrass marsh. The picture, a view of the old Jennings 
Plantation, shews plants of roclbay, swectbay, nyrsino, was myrtle, 
and dahoon holly tha.t have invaded elevated sites on rows in the 
onetime citrus grove. The soil is thin marl over oolite throughout. 

There is also question as to whether tho pH of the soil 
solution in tho boyhoods is acid or alkaline. Davis (1943:115) writes: 
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"The "bay-head t r e e s , Persea , Myrica, and Magnolia. 
and f e rns , Osnunda and 31echnun. occur on very acid to 
c i r c u n - n e u t r a l s o i l s . . . I t ranges fron pK 3.55 to pH 
6.80 for the surface s o i l s . The hay f o r e s t s grow on a 
great v a r i e t y of s o i l s hut i n genera l t h e hunus and pea t 
l aye r s they forn a re s t rongly a c i d . " 

Ledin (1951:63) r e f e r s to "hay t r e e hammocks i n the Everglades on 
very acid p e a t . " However, Egler (1952:244-5) w r i t e s : 

"Mr. G a l l a t i n r e p o r t s t h a t of severa l hundred s o i l 
t e s t s ho has nacle on hannock pea t , t he pH ranges fron 7 .5 
to 8.5, with an oxtrene of 7 .0 . Fron theso da ta , i t must 
ho assumed t h a t t he s o i l so lu t ion i s normally "basic." 

Egler (ihicU) however, cont inues : 

"Without i n any way r e f u t i n g these da ta , i t nus t he 
said t h a t t h e r e a r e c e r t a i n h o t a n i c a l condi t ions ( i n 
cluding not only the kinds of p l a n t s p r e s e n t , hut the 
s i z e rad shape of the peat l en s "below the hannock) t h a t 
lead one to i n f e r t h a t the s o i l so lu t i on con under c e r 
t a i n ahnomal and temporary c i rcumstances , "become suf
f i c i e n t l y ac id to a l t e r r a d i c a l l y the c h a r a c t e r i s t i c s of 
the hammock i n ways t h a t p e r s i s t through succeeding 
a l k a l i n e t i m e s . " 

This hypothesized occas ional a c i d i t y i 3 t h e important olenent i n 
E g l e r ' s explanat ion of the f l a t n e s s of the hayhoads. He w r i t e s (cm. 
c i t . : 2 4 6 - 7 ) : 

"The hypothes i s i s p resented t h a t pea t -depos i t i on 
and n a r l - d i s s o l u t i o n work s imultaneously. Although t e s t s 
e a r l i e r r e f e r r e d to i n d i c a t e t h a t the 30 i l so lu t ion of 
the pea t i s no rna l l y a l k a l i n e , i t was then suggested t h a t 

' t h i s s o l u t i o n could "bo ac id a t i s o l a t e d t i n e s under u n 
usual c i rcumstances . On such r a r e occas ions , t he "basic 
marl could "bo d i s s o l v e d . . . t h a t sone so r t of "balance e x i s t s 
"between the two processes i s i nd ica t ed "by the f l a t n e s s of 
the horrtocks, i . e . , pea t does not "build up f a s t e r than t h e 
n a r l d i s s o l v e s "below." 

L i t t l e more can "be sa id of t h i s problem, except t o no te 
t h a t the r epor t ed pH range, 3.55 to 8.5, i s except ional , i f no t un
precedented, for a presumed s ing le s o i l t ype . The need for ca re fu l 
r e - i n v e s t i g a t i o n i s obvious. 

3AX3SASS - TaaMIHOLOGY 

I have h e r e r e f e r r e d to the t r e o i s l and hardwood f o r e s t s 
dominated by Tanala . Magnolia, Oorothamnus. I I ox Gas s ine , and 
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OhrysoDalanus as bayheads. Davis (1943) uses this tern pud also 
refers to "Bay Tree Forests" and "Bay Tree Islands." Other authors 
(Egler, 1952: Ledin, 1951: et al_.) have referred to this vegetation 
typo as "hannccka." Objections to this usage were given earlier. ~ 
This vegetation type differs fron the bannock forests only in i t s 
floristics. Since bannock forests will (quite possibly) invade and 
eventually replace bayhead vegetation, those floristic differences 
nay bo expected to disappear in the course of succession. The need 
for two terns nay thus be easily questioned on logical grounds. I 
believe, however, that the usefulness of the two terns is apparent 
in the field. The reason for this is that, due perhaps to fire, 
extrenely few forests representing intemediate succcssional stages 
exist. The terns "bayhead" and "hannock" are thus alnost nutually 
exclusive under present conditions, and the practical value of dis
tinguishing the two floristically different forest types by corxion 
nanos is apparent. 

I on not prepared to go to bat very vigorously for the tern 
"bayhead." It enjoys local usage, and I have followed this. However, 
as noted for the tern "hannock," i t is variously used elsewhere in 
Florida, and the southeastern states. In other areas the tern is 
connonly applied to forests occurring in flatwoods ponds and to some 
riparian swanp forests, laesnle (1942, p. 41) terns bayheads the 
"G-ordonia - Tanala nubescens - Magnolia virgin!ona Association" and 
states., "the tern * bey-head' designates an association doninated by 
broadleaved ovorgroon trees that grow in very acid, saturated soils 
which .are subject to periodic flooding.I! Although I an not f a n i l i a r 
wi th tho llorbh F l o r i d a "Bayheads," i t appears fron publ ished d e s c r i p 
t i o n s t h a t these "bayhead" s i t e s nay d i f f e r considerably fron those 
of South F l o r i d a though sone of the sane t r e o species a re proninent 
i n bo th . Confusion i s thus p o s s i b l e (perhaps, l i k e l y ) but I have no 
a l t e r n a t i v e t e r n to sugges t . 

SAVJG-BA3S GLADES - SU3STPATE 

The sawgrass a reas of Everglades n a t i o n a l Park occur on 
low- ly ing seasona l ly flooded freshwater n a r l and peat s o i l s which 
f o m a b lanke t of varying th ickness over the Miani Ool i t e . At tho 
p r e s e n t t i n e no a t of the deep sawgrass peat a reas in the park are 
found in the Shark River "Val ley ," which forns the nain southwestern 
dra inage of the Everg lades . Elsewhere n a r l predoninates wi th only 
s c a t t e r e d a reas of n e a t . Davis (1946, Figure 13, p . 122) has d i s 
cussed and nag/ped tho pea t a reas of the southern Everglades. His 
nap shows l i t t l e deep -peat p r e s e n t i n the Everglades Ra t iona l Park 
a r e a . 

At nrJiy p l a c e s p a r t i c u l a r l y near the edges of the glades 
and around Long P ino Key t h e r e a re extensive g lades rockland a r e a s . 
Here nuch-eroded i i n e s t c n e "p innac le rock" i s exposed and the n a r l 
s o i l i s l i n i t e d to s o l u t i o n pockets in- the ool i te , , 
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SA¥GBASS QLAHES - vEG-ATATIOH 

The sawgrass g l ades .vege t a t i on occupies a l a r g e r a r e a 
than a l l o ther vege ta t ion types of Everglades Nat ional Park conhined, 
hut perhaps l e s s , d e f i n i t e information i s a v a i l a h l e concerning i t 
than for any o the r vege ta t ion t y p e . The vege ta t ion can he descr ihed 
i n gene ra l t e r n s as a winter dry marsh dominated hy var ious g ras ses 
and sedges of which sawgrass (Marlsous .iamaicensis) i s the most 
prominent s p e c i e s . Severa l l o c a l va r i a t ions , i n the vege ta t ion may-
he d i s t i ngu i shed such as t h e a reas modified hy farming o p e r a t i o n s , 
t he "aqua t i c pockets" and ga to r h o l e s , the savanna areas of red 
mangrove or cypress , and a reas dominated by g rasses and sedges other 
than sawgrass; hut we cannot say with much assurance j u s t what con
t r o l s tho occurrence of many of t he se v a r i a t i o n s . Data a re no t a t 
hand to permi t d i s cus s ion of the d i s t r i h u t i o n of glados p l a n t species 
i n r e l a t i o n to s o i l type , to tho l eng th of the per iod of annual f lood
ing or to s a l i n i t y , a l l of which a r e f a c t o r s of poss ib le importance. 
This eco log ica l h l indspo t i s most unfor tunate "because the sawgrass 
g lades i s undoubtedly the vege t a t i on typo most l i k e l y to undergo 
widespread changes under the impact of dra inage and f i r e . Some of 
these changes tha t involve extens ions of shrub vegeta t ion i n t o tho 
marsh a r e a l ready n o t i c e a b l e as mentioned i n the previous s e c t i o n . 
I t i s p o s s i b l e t h a t important and widespread changes in the dominance 
r e l a t i o n s of tho va r ious herbaceous species of tho Everglades forma
t i o n may a l so he t ak ing p l a c e . The importance of a program of c a r e 
f u l eco log ica l study of the Everglades marshes scorns c l e a r , 

Tho fol lowing sec t i on w i l l "briefly doscr ihe some of the 
major v a r i a t i o n s t h a t occur i n the glades vege ta t ion of the Everglades 
Ha t iona l Park Aroa. 

•Agricultural. Aroas — Eglcr (1952, pp . 249-251) has descrihed 
t h e modi f ica t ions of vege t a t i on i n tho c u l t i v a t e d marl glados eas t of 
the park . A s imi l a r p i c t u r e i s apparent in tho farm aroa south of. 
Long Pino Zcy* Tho genera l success ion on abandoned farm lands p r o -
coeds from weed f i e l d s of ragweed (Ambrosia, o l a t i o r ) , soshania 
(Sosban enorus) and g ian t p a n i c - g r a s s (? and cum maximum), to a low 
t h i c k e t community dominated by primrose willow (Juaeiaea s c a h r a ) , 
t o woody growth of willow and 3accha r i s (3„ ha l inn i fo l i c , and 3 . 
g l o m e r u l i f l o r a ) . At presen t tho e l d e s t abandoned farm lands i n tho 
innoc'liatc park a rea a r c occupiod hy t h i s willow-Bacchari3 growth. 
Sca t t e r ed t r e e s of bryhcad p l a n t s a re to ho found throughout, which 
suggests t h a t , given t ime, a v e g e t a t i o n typo s imi la r to bayhead 
v e g e t a t i o n Wil l occupy what wore o-pon glades before c u l t i v a t i o n . 
P ig . 15 shows dense summer growth of ragweed on marl glades a f t e r 
win te r farming. 

A number of p l a n t s have become es t ab l i shed around tho 
c u l t i v a t e d glados a r e a s below Long Pine Icy, many of thorn widespread 
wood spoccics. most of those w i l l probably disappear when t h e land 
i s f i n a l l y abandoned,hut sonc may ho pwton t i a l nuisances . A l i s t 
of some of tho sp^ccics observed i s givon below: 
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Argemene nexieana (prickly poppy) 
Cheirinia cheiranthoidcs (wornseed nustard) 
Yerbena bonariensis (vervain) 
Yirma renens (a vining legune) 
Meclicago lupulina (black nedic) 
Suilanth.es re-pens (a vining conposite) 
Solanum nigrum (common nightshade) 
Melilotus alba (white sweet clover) 
Sonchus aspor (sow th i s t l e ) 
Lactuca intybacea (wild let tuce) 
Sperno1epi s divaricata ( in carrot family) 
Yerbena scabra(vervain) 

"Aquatic Pockets" and Gator Holes - Throughout the glades 
are found scattered depressions of various sizes wetter than the 
surrounding marsh plains and characterized by different vegetation, 
Sgler (ibid.,, p , 249) has termed these "aquatic pockets," They are 
also commonly called " 'gator holes" from thei r resemblance to the 
ponds often maintained by large a l l i ga to r s . These ponds have 
probably originated in several ways. Some are actually 'gator holes 
though the i r d i s t r ibu t ion i s much more general over the glades than 
that of the a l l iga tor a t present . Others may represent spots where 
deep peat accumulations have burned out. Whatever their origin the 
deeper ones are extremely important in the ecology of the enimal 
l i f e of the glades in dry years. Plant species of such areas include: 
c a t t a i l s (fypha). cane (Phra-urites), .glades l i l y (Crinum aoericanum), 
pickerel weed (pontedarla). f i r e flag (Thalia) and arrovrleaf (Samittaria) 

Scrub Oyvrcss Aroa - Southwest of Paradise Key i s an area 
of considerable extent, crossed by the Ingrahan Highway, in which 
snai l pond cypress (Taxocliun ascend ens) occur scattered through the 
glades. A similar separate area l i e s along the north side of the 
west end of Long Pine Key. This weird vegetation f i r s t came to a t 
tention whon the construction of the Ingrahan Highway reached the 
lower cypress area. Since that t ine many authors have given brief 
descriptions (Small 1920, 1931a, 1933; Eorpor, 1327; Sglor, 1952, 
Aubfd«)» "t^* r i0 adoquato explanation of the vegetation type has been 
advanced. The general assumption has been that the cypress hero occur 
at an unfavorable s i t e and are dwarfed in consequence. Certainly the 
aspect of the area hasn ' t changed noticeably since Smell's f i r s t 
pictures and descriptions, end growth of the cypress here i s evidently 
vory slow. At some places along i t s borders th i s cypress savanna 
vegetation has en abrupt junction with the surrounding open glades, 
which ra i ses questions as tc x-rhat the controlling s i t e factors may bo, 

Hollowing i s a description of the area from f ie ld notes.— 
The substrate i s th in marl over oo l i t e with scattered areas of 
exposed rock. The ground surface i s covered by the algal mat that 
occurs tlirnughout the glef.es. The overstory i s scrubby gnarled pond 
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cypress nearly a l l under 20' in height with nany trees showing 
severe f i r e danage. The grass-sedge-herb layer under cypress i s 
iden t ica l with that of the surrounding glades with black rush 
(Schoenus nigricans) doninant on higher s i t e s , and sawgrass (Mariscus) 
on wetter s i t e s . I r regular ly throughout the scrub cypress area are 
clunps and strands of t a l l e r cypress in denser aggregations. These 
stands seen to occupy places lying below the level of the general 
area. Also throughout the area are bayheads usually with f a i r ly 
large cypress around the edges, and the usual mixture of broadleaved 
t ree species in the in t e r io r , — This i s yet another vegetation 
type of Everglades National Park deserving close ecological study. 
Eig, 16 shows the aspect of the scrub cypress area with a bayhead 
and open glades without cypress i n the background. 

Bed Mangrove Bush Savanna —• Where the sawgrass glades 
neet the coastal nangrove forests a be l t up to several n i l e s in 
width occurs, in which red nangrove (Bhizophora) bushes are scattered 
over the glades. There i s considerable evidence that th i s nangrove 
vegetation i s extending inland, and widely scattered plants are to 
be found well in advance of the nain bol t throughout the glades south 
of Long Pine Key. Sevoral authors have studied th i s vegetation 
(Eavis, 1940; Eglor, 1962) but the ecological controls over relat ions 
between the two vegetation types cannot be regarded as well-understood. 
Eactors involved are cer ta inly complex and possibly include f i r e , 
s tom effects in dispersing Bhizoahora seedlings, and r i s ing sea level 
and surface water s a l i n i t i e s . The present survey did not involve 
t h i s vegetation and i t can only bo indicated here. 

General G-lades Vegetation - Herbs — Over the glades areas 
of Everglades National Park nany herbaceous species occur along with 
the doninant sedges and grasses. These are seldon important in 
t o t a l numbers over any extended area, but they characterize the 
glades vegetat ion. In general these species appear to be more common 
in thin n a r l and rocky areas, and more common in areas recent ly 
burned than in those that have gone a number of yoars without f i r e . 
The following l i s t s some charac te r i s t ic species; 

Calomogon barbatus 
Alotr is bracteata 
Acnida cusnidata 
Tubiflora angust i fol ia 
Oxyyolis f i l i f o r n i s 
Proseryinaca malustr is 
Sabatia E l l i o t t i i 
Kostolotzkye. virginice. 
hydro co ty le ve r t i c i l l e . t a 
phyla nodiflora 
Sanolus floribundus 
Samodca ebractoata 

Agalinis Harperi 
Poomoea sagi t ta ta 
Bvncricum galioidcs 
Keliotro-pium Leavenworthii 
Ascleulas laneeolata 
Polygonum sp. 
Eunatoriurt camllifolium 
Suuatoriun nikanioidos 
Conoclinium coelestinum 
Mikania ba ta t i fo l i a 
Holonium vernale 
Pluchea foetida 
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leucrium ITashij Pluchea rrarourascens 
Jus t i c ia lanceolata Cirsiun v i t t a tun 
Lobelia glandulosa Cprreopsis Leavenworthii 
Solidago pe t io la t a 

General Glades Vegetation - Sedges and G-rassos — The 
l i s t "below gives the species of glades sedges and grasses detected 
in the course of t h i s survey. I t i s certainly incomplete. 

G-rassos Sedges 

Andropogon gloneratus Oyperus surinanensis ) 
("broom grass) Cyporus polystachyos ) sweot 

Setaria geniculata GTgoerus l l g u l a r i s ) rushes 
(foxtail) Oyperus odoratus ) 

Schinochloa Orus^galli Mariscus .iamaicensis (sawgrass) 
(baxnyard grass) Schoenus nigricans, ("black rush) 

Ohloris glauca Eleocharis cellulosa (spike rush) 
("branching foxtai l ) Bynchos-pora glopulari.3 ) 

Bynchospora Tracyi. ) "beak 
Bushes Bynochospora corniculata. ) rushes 

Dichromena colorata 
Juncus sclrpoides (white top)1 

Sawgrass i s cer tainly dominant oyer a much larger area 
than any of tho associated species, "but the glades vegetation i s 
not a vegetationally f oatureloss sawgrass p la in throughout. Over 
some areas of the park i t i3 more a mosaic of pure stands of several 
different specios evidently associated with small differences in 
elevation. I t i s important that tho ecological re la t ions of these 
species to wetter or dryer s i t e s "be caxefully worked out, "because 
they may offer a ready index to the direction of development of the 
glades vegetation, and a means of estimating the effects of futuro 
water management measures. Wo can easily note the invasion of 
sawgrass areas by shrubs or palmetto and associate th is with the 
drying of the glades, but wo cannot at present say whether changes 
in tho areas occupied by various sodges and grasses of the glades 
mean anything or not. Yot, trends in drying of the habitat as i t 
affects vegetation must bo apparent f i r s t as changes in the dominance 
re la t ions of specios within tho marsh vegetation. 

The following notes some of the major variat ions seen. 
1. Around Long Pino Key the black rush (Schoenus) occupies large 
areas to the exclusion of sawgrass. This species nay bo associated 
with s l ight ly dryer s i t e s as i t sometimes occurs as a.narrow bel t 
around boyhoods, or on obviously elevated spots. In somo glados 
locations immediately adjoining rockland areas the vegetation i s 
a mixture of black rush and various grasses. Also in such areas 
tho advanco of saw palmetto into the glades i s often apparent. 
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BAYHEAD VEGEGATION OF 
REDBAY, DAHOON HOLLY, 
BAYBERRY, AHD SWEET BAY 

WITH AN UED3RGR0WTH OF FERNS 

FRINGE OF WILLOW, COCOPLUM. BUTTOFBUSH, AMD BAYBERRY 

S{IRAND 
OF 
TALL 

SAWC-RASS 

OTHER SEDGES AND GRASSES 

"NEEDLE GRASS" SLOUGH RUN 
VEGETATION OF BEAK RUSHES 
(RHYFCHOSPORA TRACYl) 

f "'' GATOR HOLES" WITH ARROW1EEAF, GLADES LILY (CRINUM), PICKEREL WEED, CATTAIL, 
ETC: AND OCCASIONAL WILLOW AMD POND APPLE TREES. 

Diagrammatic cross section of an Everglades slough run — T. 57 S., R. 35 g, 
Dade County, Florida. 
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Shis zoned configuration i s quite apparent in ae r i a l photographs of 
t h i s section. Much variat ion from the above may he found, lov 
e;aample the "ridges"' hetween slough runs are sometimes occupied ~by 
sawgrass strands without woody vegetation or hy dense willow th ickets . 
Iron hrief study the major ecological control determining th i s a r 
rangement of vegetation appears to ho length of the period of annual 
flooding as governed hy r e l a t ive elevations. 
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HFESCTS OF FIES Oil SOUTH IdUQRIDA V1GSTATI011 TT?F3 

" I t i s ny conten t ion t h a t the herbaceous Sverglades 
and the surrounding p ine lands weroborn i n f i r e s ; tha t 
they can surv ive only with f i r e s ; t h a t they a re dying 
today because of f i r e s . " 

(Fgler , 1952, p . 227) 

PUTS F0R5ST iLHMS - SLHS'IHATF, SOIL. A1TD GHOUHD • LITTER 

Direc t e f f e c t s of p ine land f i r e s upon the erosion of the 
l imestone s u b s t r a t e of the pincwoods a re apparen t ly very minor. 
This i s d iscussed i n tho a t t ached statement by Gin3burg (Appendix). 
The i dea t h a t f i r e s cause s l ak ing of tho l i n o s t o n c evident ly o r ig ina t ed 
with Small (1930) and has been perue tua tcd by l a t e r authors (Garren: 
1943) . 

As p r e v i o u s l y mentioned, - l i t t l e s o i l e x i s t s i n South F lo r ida 
p ino f o r e s t a r e a s . The e f f e c t s , i f any, of f i r e s upon the pa tches 
of Hedlands c lay 3 0 i l s which occur i n pinolands have not been repor ted 
upon, so f a r as 1 could d i scover . The chief observed effect of p i n e 
land f i r e s upon the s u b s t r a t e i s to destroy most of the organic 
m a t e r i a l accumulated s ince the l a s t f i r e ; t he ground cover mat of 
p ines t raw, d r i ed g r a s s e s , and l eaves ; v i r t u a l l y a l l small ground 
l i t t e r ; and many down logs and stumps. 

BJjjgj FCSDST AH3AS "PIKE! 0VFH5T03.Y 

Small (1911:151) s t a t e s "Tho p i t c h of the Caribbean p ine 
docs not flow r e a d i l y , consequently those t r e e s arc not , as a r u l e , 
much damaged ~oy f o r e s t f i r e s . " Various s tud i e s of f i r e e f f ec t s on 
s l a sh (or Caribbean) p ine f o r e s t s wi th in the Southeastern Longloaf 
Be l t a re summarized by Garrcn (1943: 631-633). In genera l , f indings 
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of th i s work indicate that Caribbean pine i s loss f i ro tolerant 
than longleaf pine, and that i t usually occupies s i t es having a 
lower f i re - frequency where the two species occur in the sane 
region, Gemination and seedling survival of Caribbean pine was 
l i t t l e stimulated "by f i r e in narked contrast to longleaf pine, and 
survival of l ight "burning "by seedlings was only 10$ that of longleaf. 
After passing the seedling stage, however, Caribbean pine was found 
to "be v i r tua l ly as f i r e tolerant as longleaf, 

Iho pineland f i res of South Florida are alnost ent i re ly 
ground f i r e s . Snail crc\m f i res occasionally occur in areas where 
pine reproduction i s very dense, but they are too infrequent to be 
of much consequence. Damage to t rees beyond the seedling stage i s 
l i n i t e d to f i re-scarr ing of trunks, which nay k i l l the troos. Fig. 
18 shows a part of the burned area of f i ro 123-6 (March 195l) where 
nary overstory pines in an even-aged (appropriately 20-year old) , 
second growth stand were k i l led by trunk-charring. Older t rees nay 
accumulate severe banal f i r e scars a.s a resul t of repeated f i r e s . 
J ig . 19 shows a pine 15 inches in diameter breat high fire-narked to 
a height of over s i r feet . 

Counts nadc on new burns in South Florida show that about 
50$ of pine seedlings under three feet in height and a few of the 
larger seedlings are k i l l ed by the usual ground f i r e . 

Pjjgj F0B5SF. AZEA5 - 5IFBU3 UlDFlSgOIg 

Ihe tyuical Long Fine 7.QJ pineland s i t e has a diverse shrub 
understory of hardwoods nany of which arc the same species which occur 
as t rees in the hammock fores ts . Pineland f i res usually k i l l the 
above ground parts of these shrubs. Boots of the plants, often 
deeply lodged in the limestone, usually survive f i res , and the plant 
soon sends up a number of root-sprouts . Fig. 20 shows a sizeable tree 
of wild tamarind (Ivsilona bahemensi.s) k i l led by f i r e (123-25: Dec, 
1951) with the growth of root-sprouts evident four months l a t e r . 

Fig. Fo. 20 
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(These pineland hardwoods connonly have a fire-pruned growtli forn with 
several stems r i s i ng fron the surface of the limestone. Pig. 21 
shows a typical ly fire—pruned specimen of poisonwood (Mcto-oiun 
toxiferun'! shortly after i t had suffered s t i l l another setback by 
f i r e . Iron the size of the gnarled bases of sone of these shrubs i t 
seens clear that they nay survive nany pineland f i res and reach con
siderable age. Most of the fire-dwarfed pineland hardwoods flower 
and f ru i t regular ly . Widely scattered individual hardwoods escape 
fire-pruning, and survive to achieve t ree size in pinelands, usually 
as nuch stunted and severely fire—scarred specimens. Hardwood species 
nost frequently seen as sizeable isolated t rees in pineland are? 
l i v e oak, poisonwood, pigeon plun (Coccolobis l au r i fo l i a ) , wild 
tamarind, gunbo-linbo (Slaphriun sinaruba), and nas t ic (Sideroxylon 
footidi.ssinun). Pig. 22 shows the f ire-scarred base of an isolated 
6n DEH nas t ic in pineland. Pig. 23 shows two such isolated hardwoods. 
The t r ee at the l e f t i s white ironwood (Hyp,elate t r i f o l i a t a ) , a 
t rop ica l species f i r s t located in Svergla&es national Park in tho 

course of f ie ld work for th is report . Tree on the right i s a wild 
tamarind. Such troos arc often rooted in spots which enjoy sone 
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fire protection, notably at the edges or on the walls of deep 
solution holes in the limestone substrate. It appears evident 

that nony of the pineland "shrubs" are hammock trees dwarfed by 
recurring fire-pruning. 

Most of the smaller seedlings of the understory hardwoods 
are killed by fire, and a few shrubs over two foot in height aro 
also killed. She following table shows the effects of a single 
pinewoods fire (123-25: Dec. 1951) on several shrub species. Per
centages are based on a random count of 200 or more individual 
plants over two feet in height for each species made four months 
after the fire. It is believed that nearly all of the survivors 
would show evidence of resprouting "oir this time. A high percentage 
of resprouting after complete fire—pruning was also recorded on this 

Suecios. 
Sorrubia longifolia (blolly) 
Byrsonima cuneata (locust berry) 
Metopium toxiferun (Poisonwood) 
Dodonaea jamaicensis (varnish leaf) 
Hapanoa guayancnsis (myrsine) 
Icaccrea paniculata (marlborry) 
Dipholis salicifolia (bustic) 
©uottarda clliptica (velvet seed) 
Gucttarda scabra (rough velvet 

seed) 

gable 7. Pirc Effects on Shrub Understory Species in Pineland 
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burn for such l e s s common shrub unders tory spec ies as "bay "berry 
(Oerothamnus c e r i f e r u s ) , Croton l i n e a r i s , sumac (gfagj l e u c a n t h a ) , 
red "bay (Tainala borbon ia ) . Tet razygja "bicolor, x-zhite stopper 
(Bogenia a x i l l a r i s ) , and Mo3iera longj-pes. Palm species occur r ing 
i n pinewoods a re seldom k i l l e d "by f i r e s except i n unusual c ircum
s tances , as where the stem l i e s a longside a down log t h a t "burns 
completely. Recovery of palm spec ies , e spec i a l l y saw pa lmet to , i s 
u sua l l y more r ap id than resprou t ing•of the hardwoods. 

PIEES FORDST ARRAS - GRA5S-HEK3 LAYER 

Pineland f i r e s k i l l annual herbs and g r a s se s , and f i r e -
prune pe renn ia l spec ies in much t h e same manner as they a f f e c t the 
shrub hardwoods. Many of t h e p e r e n n i a l s have l a r g e root masses 
deeply dr iven i n t o f i s s u r e s and s o l u t i o n pockets in the l i n o s t o n o . 
ITotablc i n t h i s r e s p e c t a re such species as bracken ( r t e r i s caudata) , 
p a r t r i d g e pea (Charaocr i s ta Depr ina iana) . and r a b b i t b e l l s ( C r o t a l a r i a 
p u n i l a ) . The usua l ground f i r e i n p ine woods completely removes the 
ground covering f e rn -g ra s s -he rb f l o r a leav ing bare l imestone. These 
f i r e s , however, seldom cover the e n t i r e surface over any extended 
a r ea "but l eave unburned i s l e t s , where vege t a t i on h a s n ' t been touched. 
These p ro toc tcd spots r e s u l t from the i n t e r p l a y of burning condi 
t i o n s , e s p e c i a l l y wind v e l o c i t y and d i r e c t i o n , and the l o c a l micro-
topographic c h a r a c t e r i s t i c s of the fo re s t f l oo r ; and i t seems un l ike ly 
t h a t the sane areas would go unburned i n any two f i r e s , 

PETE P0P1ST .AREAS - ,R3C0vPa.Y APTTE EIRE 

The fo l lowing account p r e s e n t s a b r i e f view of the s tages 
i n the recovery of t h e vege t a t i on on upland p ine woods s i t e s a f t e r 
t he usua l ground f i r e . As for a l l vege ta t ion types t h i s i s a. 
composite p i c t u r e pu t toge ther from q u a l i t a t i v e examination of 
s eve ra l burns of d i f f e r e n t known ages, and hence, i s open to much 
p o s s i b i l i t y of e r r o r and m i s i n t e r p r e t a t i o n . Data on p o s t - f i r e r e 
cover;,'-, as wa l l as on success ion, i s most convincing when acquired 
from q u a n t i t a t i v e s tudy of s i n g l e a reas over a span of t ime. 

V.'ithin a month a f t e r p ine land f i r e s , sprouts of f i re -pruned 
hardwood shrubs and herbaceous p e r e n n i a l s , and seedl ings of herbaceous 
annuals and g ras ses begin to make a show of green on the f r e sh burn. 
The f i r s t no tab le event i n the pos t - f i r e - recovery of p ine land vege ta t ion 
i s the ou tbur s t of bloom of herbaceous p l a n t s . This phenomenon i s 
f ami l i a r to a l l who have done b o t a n i c a l c o l l e c t i n g i n South Blorida,, 
and I n.otcd i t on r ecen t "pineyard" burns i n the 3ahana.s i n Ju ly 1952. 
new burns severa l months a f t e r f i r e arc much b e t t e r c o l l e c t i n g 
c o l l e c t i n g l o c a l i t i e s for the herbaceous elements of the p ine land 
f l o r a , than a re p ine areas which have gone seve ra l years without f i r e . 
This quick d i s p l a y of f lowering i s not l imi ted to new burns, but may 
bo seen on any r e c e n t l y d i s tu rbed s i t e in p ine woods, as , for example, 
aJLong newly bul ldozed t r a i l s . Most of the species included i n the 
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l i s t of pineland herbaceous plants (see appendix) are seen at "best 
advantage at th i s time. Also prominent ore such low-growing woody-
plants as gopher apple Q-eohalanus ohlongifolius. Ehacoma i l i c i fo l i a^ 
Ehahdadenia coral l icola . Echites Echites. Lantana denressa, and 
Chiococca ninetorun. I'ig. 2& stuws G-eohalanus in flower four months 
after f i r e 123-25 (Dec. 1951). I t appears that in the ahsence of 
f i r e , the accumulating mat of pine needles, dead grasses, and leaves, 
plus the shade exerted "by understory liardwoods act qinckly to de
crease, and eventually to eliminate much of the pineland herbaceous 
f lora . I in terpre t the quick showing after f i r e as due to removal 
of these inhabiting effects exerted "by the more dominant elements of 
the vegetation, and the favoring effect of frequent rains after the 
close of the f i r e season. 

Digs. 25 and 25 show views of the next major stage noted 
in the recovery of pineland vegetation after f i r e . Shis stage i s 

f igs , 25 and 25 
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characterized "by a t a l l growth of "broom grass (Andropogon glomoratus) 
which narks the pineland "burn approximately one year after f i r e . 
This grass typical ly occurs in f a i r l y dense stands reaching four or 
five feet in height, which give the area the appearance of pine 
forest growing in t a l l grass p r a i r i e . The quick growth of the grass 
nay "be due to mineral supplies which "become immediately available 
in ash le f t "by the f i r e . The stage i s ephemeral, typical ly l as t ing 
only one year. Two years after f i r e Andro-aogon i s represented "by 
only scattered p lants , and developing sprouts of firo-^runed hardwood 
shrubs onco noro dominate the aspect of the pine forest understory. 

Tigs. 25 and 26, i l l u s t r a t i n g s i tes with maximum develop
ment of the "broom grass stage, were photographed ahout eleven months 
after f i r e 123-12 (Juno 1951). The old logging t r a i l i n tho pictures 
was used as a firehreak on th i s f i r e . l ag . 25 also shows a contrasting 
two-year old "burn ( f i ro 123-12, April 1950) to the l e f t side of the 
t r a i l . 

On some low pineland s i t e s adjoining sawgrass glades, f i r e 
i s followed "by an exceptionally dense and vigorous growth of saw 
palmetto. Tig. 27, a p ic ture taken two years after f i re 123—14 (May 
1950), shows such a s i t e . Tops of f i re -k i l l ed hardwoods (mostly 
"bayherry) are v i s ib le in the hackground. The reason for t h i s apparent 
fire-induced vigor in saw palmetto i s ohscure at present. I t may he 

due to nutr ients made availahle in ash, and/or to decreased competition 
"brought ahout hy the more severe sethack received hy the other low 
vegetation. I havo not ohscrved tho phenomenon except in pineland ad
joining glades; s i t e s at which saw palmetto appears to he tho most 
successful species of tho pineland f lora (as discussed page 23) 
and pictured Tigs 8 & 15). 

I wish to again onphcosizo that the foregoing i s a synthetic 
and generalized presentat ion, dealing largely with the recovery of 
vegetation of "typical" upland pine s i t e s of Long Pino Key after 
"typical" l a t e dry season ground f i r e s . Variations depending upon 
f i r e frequency, season of hurning, and s i t e differences are to he 
expected. 
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PIPE FOREST AREAS - SUMMARY 

As shown, fire effects in pineland are largely exerted 
upon the understory shrub and herb layers* These elements of the 
pineland flora seem to have become well-adapted in growth habit 
to withstand successfully the recurring ground fires. Few individuals, 
except annual plants, are killed; and I cannot demonstrate from 
present data that fire has any important effect either upon the total 
density or specific composition of the pineland understory except ap
parently to induce the short-lived broom grass stage. Obviously any 
fire-intolerant species must long ago have been eliminated. 

The above is all that can be said now about fire effects 
in the Long Pine Key pineland, but I believe that there are indications 
that it is far from the complete story. Discussion of this is deferred 
to the next section. 

TROPICAL HAMMOCK FORESTS - SUBSTPATE 

All of the phases of this forest type are associated with 
deposits of organic soils resulting from the influence of the vege
tation upon the site it occupies. It is the vegetation types situ
ated upon combustible soils that have been most severely affected by 
fire in south Florida; the hardwood hammocks, the bayheads, and the 
sawgrass mucklands. Fire moves slowly through these organic soil 
deposits, sometimes travelling only a few feet in any one burning 
period, but it may destroy the soil completely, burning down to the 
underlying marl or limestone. This fact is all too evident in many 
places (see Fig. kl). Once well ignited, fires of this sort are 
virtually impossible to extinguish, except on a very small scale. 
They continue their horizontal progress till stopped by rain or ex
haustion of the fuel supply; and the vertical progress until reaching 
a non-organic substrate, or soil so wet that the smouldering mass cannot 
dry out fuel ahead of it. 

TROPICAL HAMMOCK FORESTS - VEGETATION 

The effects of soil destruction, as described above, on 
the forest vegetation of the site are seen most clearly in the case 
of bayheads and will be detailed in the discussion of fire effects 
on that vegetation type. Similar results (jumbled piles of wind-thrown 
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t inber, e tc . ) could be expected in haroocks of the Paurotis. and Mahogany 
Kannock types, which also occupy deep deposits of organic s o i l s . (As 
mentioned previously, I believe that these bannock typos nay represent 
l a t e r successional stages on bayhead s i tes in the southernmost Ever
glades. ) Fortunately, the present Paurotis and Monogray Kannocks occupy 
v i r tua l ly fireproof locations near the inner mangrove edge; or, perhaps 
more correctly stated, they now survive only at such s i t e s . 

Discussion of f i re effects in hantsock forests wi l l be United 
to the upland haanocks of the Long Pine Key area. I have not seen 
Paurotis or Mahogany Hammocks that had been reached by f i r e . Present 
s i t e s of these hxctiock types are re la t ively inaccesible to f i r e due to 
the long period of annual flooding, and sparse vegetation of the sur
rounding glados. I t scens probable, however, that the isolated Paurotis 
clumps found in the glades (see frontispiece) up to ten n i los north of 
the present main hannock area at the mangrove edge are r e l i c s of former 
Paurotis hammocks that have been obli terated by f i r e . Persistence of 
the pains i s explainable by the greater ab i l i t y of those nonocots to 
withstand f i r e damage to their stems. The coastal hammock types on 
marl (Madiera Bay Hammock, e t c . ) , and on sholl beach ridges (Capo Sable 
Hannock, e tc . ) have burned in the past . Shore have been no recent 
f i res (at leant since 1945), and I have spent too l i t t l e f ie ld t ine 
investigating those areas to feel secure in pronouncing on f i r e effects. 
These south coast hammocks are burnable, however, and should be so con
sidered in f i r e control planning, although much of tho area i s so in
accessible that f i r e suppression would be d i f f i cu l t . 

In the Long Pine Key aroa many pixicland ground f i r e s do not 
ponctrato to the in te r io r of hannock areas in their paths. Tho hammocks 
divide the f i re , and only the periphery of tho hardwood forest vogc-
ta t ion i s affected. Such edgo damage of varying severity can be seen 
on a l l Long Pino Key hammocks. Fig. 2S shows a view of scvoro edge 
damage to an upland hammock (L i t t l e Royal Palm Hammock, two years after 
f i r e 122-14; May 1950). Hote the standing dead Lysilona t rees and the 
rank growth of firewood shrubs (mostly Trcma floridana) coning up under
neath. Tho success of any hannock area- in turning f i re depends entirely 
on the burning conditions at the t ine the f i re reaches the hammock edge,. 
Pr incipal governing factors arc fuel supply ( i . e . length of t ine since 
the l a s t f i r e in the adjacent pinelands), wind direct ion and velocity, 
and t ine of day. A pincland f i ro in heavy fuel, running with a brisk 
wind, during tho middle of tho dry wil l destroy or severely damage any 
hammock area- in i t s path . Quite snail hammocks, however, nay turn 
pincland f i res when conditions for burning arc less favorable. Fig. 29 
shows a. hannock area- ton yards in greatest diameter around a small 
solution hole, which turned a pineland f i ro (123-25: Dec. 1951) escaping 
with minor edge damage. The hammock i s composed of l ive oak, poisonweed, 
gumbo-limbo, and bayoerry. Relat ively early in i t s development, there
fore, the hammock's modifying influences on the s i t e i t occupies appear 
to provide i t with some protection from the usual pineland ground f i r e s . 
I t forms a t ight l i t t l e mesophytic island in the more extreme climate 
of the pinelands; maintaining a shaded and wind-protected area of higher 
humidity and smaller tcrrpcra-turc range, and presenting a front of poorer 
fuel to r-ineland f i r e s . 
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Any fire which burns around a hamock acts to cut back 
hammock edges by fire-pruning outer seedlings which have invaded 
pineland in the period between fires. Phillips (1940, p. 169) 
mentions the tangled shrubby edges of rock ridge hammocks, and 
names some of shrub species commonly found. These dense shrubby 
hammock borders are at least partially attributable to the effects 
of repeated fires. To this edging effect of fire I also attribute 
the cliff-like hammock fronts with abrupt transition from pineland 
to hammock which are commonly seen. Fig. 30 illustrates this. 

Fig. Ho. 30 

This point i s of some importance to the understanding of succcssioaal 
re la t ions between pineland and hammock forest which wil l be discussed 
at the end of th is section. Fig. 31 shoivs the contrasting appearance 
of the hammock-pincland edge at a s i t e free of f i ro for seven years. 

The most serious effects on hammocks resu l t from f i res 
that burn inside the hammock in the humus deposits . Any f i r e of this 
sort doos long-last ing damage and the most severe of them may completely 
ob l i t e ra te the hammock. Fig. 32 shows the aspect of the burn-out 
inside* Paradise ley, seven years af ter the 1945 f i r e . Scattered 
canopy trees may survive these f i r e s , but most of the trees arc usually 
cither k i l led by f i r e or so weakened from destruction of so i l around 
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Pig . Ho. 31 

P i g . Ho. 32 

t h e i r r o o t s t h a t they a r c socn windthrown. As shown, s tanding dead 
t r e e s , p a r t i c u l a r l y l i v e oaks, nay remain for sone t i n e . The absence 
of s t and ing dead l i v e oaks i n the nor th end of Parad i se Key, which 
burned i n 1929, has caused, sone puzzlement. However, p i c t u r e s of tho 
n o r t h end taken very s h o r t l y a f t e r the f i r e (Sna i l 1929: P l a t e s 2 and 
12) show nany dead oaks . Those snags wore cut down by CCC workers 
basod a t Royal pa in S t a t e Park i n 1933 or 1934 (Wintc, p o r s . conn . ) . 
Connonly a narrow zone of l i v i n g t r o c s narking the forcer hannock 
per imete r i s l o f t when hannccks burn out . Survival of these outer 
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t r ees nay he due' to the fact that they occur at the edges of the 
hannock hunus deposit end have a snaller depth of hurnahle so i l 
around the i r roots . This sane f i r e effect occurs s tr ikingly in 
the cypress and hayheads of the Everglades (see Pig. 43), I have 
seen a few instances where f i r e s have evidently burned inside 
hannocks without k i l l i n g the hannock t rees . Many of the present 
canopy t rees in Dark Hannock, for example, are f i r e narked at the 
base. Pig. 33 shows f i r e scar of a 23" DBK nas t ic (Sideroxylon) 
inside Dark Hannock. This sort of f i re effect nay resul t when f i res 
occur at a t ine when nuch of the hunus i s too wot to burn, and hence 
pass through re la t ive ly rapidly, burning only l i t t e r on the forest 
f loor . 

The occurrence of sono species of the hannock forest f lora 
appears to be dependent on the environment created by the hannock. 
These include many woody plants such as lanccwood (Hcctandra), laurel 
cherry (Laurocerasus) and paradise t ree (Sinaruba): and the ent i re 
hannock herbaceous f lora , both epiphytes and hunus plants . These 
species with snal ler ranges of tolerance of varying environnental 
factors arc the species nost l i ke ly to be eliminated by f i r e and the 
ones whoso reestablishnent in the recovering hannock i s l ike ly to be 
longest delayed. The e r r a t i c occurrence of sons of the presumed in 
tolerant t ree species in the Long Pine Key hannocks has been nentioned. 
iiuch noro information on successional changes in the specific composi
t ion of hannock forests must precede any nore def ini te pronouncement 
on the effects of f i r e upon the s i t e to s i t e d is t r ibut ion of the 
various woody species. Pire effects upon dis t r ibut ion of the hannock 
ferns, Broneliaceae, Orchidaceae, and Piperaceae are nore evident. 
Many Long Pine Key hannocks which appear at f i r s t glance to be in 
good shape with f a i r ly large t rees , an unbroken forest canopy, and 
deep hunus are found largely to lack these p lants . More detai led 
survey of several such s i t e s revealed evidence of old severe burn-outs 
i n the forn of nuch charred fa l len logs, etc: I have not attempted 
to est inato the ages of these burns. Pron the size of present canopy 
t rees sone of then, as in Palna Vista jjQ Hannock, ovidontly occurred 
long ago. Indications are that reinvasion of burned-out hannocks 
by the character is t ic hannock species of ferns, orchids, broneliads, 
and pepercnias must bo very slow, Sone species such as the t ropica l 
naidenhair fern (Adi an tun nelanoleucun) and Brassia caudata. an 
epiphytic orchid, appear to have been v i r tua l ly exterminated in Long 
Pine Key hannocks, perhaps as a resu l t of f i r e . Other epiphytic species 
are apparently nore tolerant of hannock disturbance. These include 
strap ferns (Cannvloneurun). resurrection fern (polypodiun). and the 
connon spray orchid (Encyclia tenDonse). plants of th is group, 
especially the epiphytic forms, connand a ropular in teres t out of 
proportion to thei r r e l a t ive ly minor ecological influence in the con-
nunity. Their longtine loss in burned han.nocks i s , therefore, an 
in-oortant f i r e effect . 
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SRCglCAL BAUIOCK F0SEST5 - RECOVERY AFTER FIRE 

Harxiock f o r e s t s of nixed, t r o p i c a l hardwoods are the 
apparent climax v e g e t a t i o n type i n South Florida* As ind ica ted 
e a r l i e r , success ions ! changes among hardwood spec ies ev ident ly 
occur for some t i n e a f t e r t he o r i g i n a l es tabl ishment of hannock 
a t any s i t e ; and the s p e c i f i c composition of the eventual s e l f -
n a i n t a l n i n g climax f o r e s t i s nore or l e s s c o n j e c t u r a l . This 
u n c e r t a i n t y conp l i ca t e s d i scuss ion of hannock recovery a f t e r f i r e , 
s ince complete r e e s t a h l i s h n e n t of na tu re hannock nay involve much 
nore than r e t u r n of a continuous hardwood f o r e s t a t the s i t e . 
For the purposes of t h e p re sen t r e p o r t t h i s p r e s e n t s l i t t l e prohlen, 
hut i n a nore r e f ined t reatment i t would have to ho c lose ly con-
s i d e r c d . 

The age range of hannock burns of known age which a r e 
a v a i l a b l e for study i s inadequate to enable one to const ruct a 
s y n t h e t i c p i c t u r e of the course of hannock recovery . The o l d e s t 
burns i n the Everglades Nat ional pa rk area which can be r e l i a b l y 
dated a re the Osteon Hannock and Pa rad i se Key burns of 1945. As 
F i g . 32 shows, seven yea r s recovery a t Parad i se Key has produced 
a dense sh rub- sna i l t r e e t ang l e on the burned a rea . Fron t h i s , a 
guess of about 25 yea r s r equ i red to e s t a b l i s h a young hardwood 
f o r e s t with a continuous canopy nay be hazarded. The t i ne l a p s e 
fron t h e f i r s t continuous f o r e s t cover to a completely recovered 
n a t u r e hannock would c e r t a i n l y be nuch longer . 

Obviously recovery p a t t e r n s w i l l vary a g rea t dea l according 
to the s e v e r i t y of the burn -ou t . l o g i c a l explanat ion of the co
ex i s t ence of hannock f o r o s t and pineland on topographica l ly s i n i l a r 
s i t o s seems to r e q u i r e t h a t t he re have been r e c u r r i n g f i r e s , (or other 
d i s tu rbance) perhaps a t very long i n t e r v a l s , which destroyed hammocks 
completely; and r equ i r ed success ion through a p ine fo res t s t age i n 
hannock recovery. I have seen a fev; seedl ing p ines i n s ide r e c e n t l y 
burned hammocks, but no ex tens ive s tands t h a t would i n d i c a t e the 
p o t e n t i a l es tabl ishment of p ine f o r e s t . This hypo the t i ca l case would 
appear to r e q u i r e complete removal of hammock humus , 3uch as might 
bo caused by seve ra l c l o s e l y success ive f i r e s . Even a f t e r severe 
hammock burns, enough humus remains to support a quick -growth of f i r e -
vrcea. spec ie s , which soon f i l l s the hammock i n t e r i o r with a dense shrub 
tangle.-, l eav ing no b a r e a reas a v a i l a b l e to inva.sion by p i n e . Through
out the Long Fine Key a r e a s i z e a b l e p ines enclosed by hammock f o r e s t 
nay be found, hany of these a r c ev ident ly t r e e s overtaken "by outward 
encroachment of hammock edges, but some nay be r e l i c s from a p ine s tage 
which followed hannock b u r n - o u t s . 

The shrubby t ang l e s which f i l l t he i n t e r i o r s of hammocks 
a f t e r f i r e a rc composed of t h r e e f l o r a l elements . 1. Hammock fo re s t 
su rv ivo r s , and seed l ings and sp rou t s of hammock spec i e s . 2 . Shade 
i n t o l e r a n t spec ies c h a r a c t e r i s t i c of the " ino iand f l o r a which invade 
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the area opened "by f i r e . 3. Opportunist fireweed species which 
make a quick growth on any disturbed area. Some species of the 
l a t t e r category also occur frequently in pineland, "but those l i s t e d 
as fireweeds a t t a in notable luxuriance on new hammock burns. 

1. This category may contain any of the species 
which occurred in the hammock before f i re , but the more 
tolerant species such as l ive oak, bustic (Dfpholis). wild 
tamarind, poisonwood, gumbo-limbo, myrsine (Rapanea), and 
marlberry (Icacprea) are usually most frequent. In addi
t ion, species of vines such as poison ivy, Yirginia creeper, 
muscadine, pepper vine (Aapelopsis). Hiupocratea and jPisohia 
bind the shrub tangle making i t v i r tua l ly impenetrable. All 
of these vines occur in hammock forests; but some species, 
par t icu la r ly the f i r s t four l i s ted , mako especially rank 
growth on new hammock burns and could perhaps be considered 
as fireweeds. 

2. Pineland species 

Anemia ad ian t i fo l ia (a fora) 
P to r i s caudata (bracken) 
Pycnidorla bahamensis (a fern) 
S.eronoa remens (saw palmetto) 
Oallicarpa amei1cana (beauty berry) 
Ihroatorium vjl losuc 

3. Fireweed species 

Pteris caudata 
Trena floridana 
Rhus leucantha (See Fig. 34 showing dense growth of sumac on 
hammock burn at Paradise ley,) 

Oarica Papaya (papaya) 
P.sldiun gua.iava (guava) 
Galonyction su, (noon flower) 
Splanum vcrbascifolium (potato tree). 
Lantana involucrata 
I-iorinda Roioc 
Baccharis halimnifo3.1a 

The firewoods develop very rapidly on hannock burns. Within 
two years after fire they have commonly clogged the hammock interior 
with an imposing bicnass of now growth. All of the fireweed species 
are weak— stummed and shade -intolerant, and are eventually eliminated 
from the flora of the recovering hammock. 
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TROPICAL HAMMOCK POfiESTS - | T J J PffPECT OH SUCCSSSIOHAh BELsfllOff 
TO PIELftjSDS 

In the account of the f i r e h i s t o r y of the region presented 
e a r l i e r i n the r e p o r t , i t has been ind ica ted t h a t p ine f o r e s t i n 
South P l o r i d a i s ev iden t ly a fire—maintained sub-climax v e g e t a t i o n 
t y p e . I f t h i s view i s c o r r e c t , hammock f o r e s t would be expected to 
invade p ineland s i t e s i n the absence of f i r e . This sec t ion advances 
evidence intended to show t h a t such invas ion does occur. 

Most au thors who have considered the hamnock-pineland 
r e l a t i o n have reached conclusions s imi la r to the above (Bessey, 1911: 
Harper, 1911 e t a l , ) . Harshberger (1912: 104-106) has r a i s e d a d i s 
sen t ing vo ice , s t a t i n g t h a t b a s i c d i f fe rences e x i s t between pineland 
s i t e s and hammock s i t e s . This opinion i s a l so he ld by some l o c a l 
n a t u r a l i s t s wi th wide f i e l d acquaintance with t h e aroa . The abrupt 
t r a n s i t i o n between t h e Wo vege t a t i on types seen a t nrny p l a c e s (See 
P i g . 30) has sometimes been c i t e d as evidence i n support of the 
lrypothesis t h a t i n t r i n s i c d i f f e rences ex i s t between hammock s i t e s 
and pineland s i t e s . I cannot agree with t h i s content ion, regarding 
t h e s e sharp v c g o t a t i o n a l boundaries as due to the . ac t ion of f i r e i n 
pruning p e r i p h e r a l hammock p l a n t s . Close s tudy of many s i t e s where 
such abrupt t r a n s i t i o n s occur has fo i l ed to d i s c l o s e any b a s i c 
cdaphic or topographic d i f f e r e n c e s . Ex i s t i ng d i f fe rences seem to be 
e n t i r e l y those which r e s u l t from the modifying inf luence exer ted by 
t h e hammock v e g e t a t i o n upon the s i t e of i t s chance establ ishment end 
chance su rv iva l i n p ine l and . 

The chief de fec t i n the view of Harshberger l i e s i n the 
f a c t t h a t i t appears to deny the p o s s i b i l i t y of any success ional 
r e l a t i o n between p inc land and hammock f o r e s t vege ta t ion . The follow
ing l i n e s of evidence seer, to provide convincing proof t h a t t h i s 
success ion does occur . 

1. In t h e absence of f i r e , hammock edges appear to advance 
i n t o the adjacent p inc land r a t h e r r a p i d l y . P ig . 35 shows a dense 
unders tory of young l i v e oak t h a t has encroached outward from the 

Pig . He. 35 
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edge of Lark Eamo.ck (v is ib le in hackground) during a seven year 
f i re- f ree period, Pigs. 36 and 37 provide additional views of 
haimock edges that have enclosed a nunher of pines. 

2. Any s i t e in pinelands at which freq_uency and/or i n 
tensi ty of f i r e i s reduced tends to he occupied hy incipient 
hannock growth. Large solution holes often provide enough f i r e -
protected niches to naintain a hardwood harmock nucleus fron which 
hardwoods nay encroach into pineland during the intervals hetweon 
f i r e s . This i s especially t rue of the largo holes, to f i f ty feet 
or nore in dianeter, which are fomed hy the collapse of the ceilings 
of solution caverns. One of those i s shown in Pig. 38. The fo re 
ground has hocn cleared to show the edge of the hole. Long Pine Key 
i s penetrated "by a nunher of fingers of sawgrass gladelands which 
extend into the pineland in a south to north direction roughly 
perpendicular to the 'axis of the pine-forested rock ridgo. At 
present water l eve ls , these glades areas are dry season hurnahle in 
nost years, hut they do offer sone protection as f i ro hreaks during 
a part of the year. I t i s notahlo that nany of the present hannock 
forest s i t es of Long Pine Key are located with a glade area to wind
ward. Pig. 39 shows ono of these. 

Pig. ITo. 38 
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3dg. Ho. 39 

3. Groups of hardvroods which appear to represent incipient 
hammocks may occasionally he found in pineland at s i tes which are not 
at a l l protected from f i r e , 3?ig, 40 i l l u s t r a t e s th i s . The s i t e 
shown i s far removed from any present hammock, and shows no sign of 

J i g . Ho. 40 
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having been previously occupied by hammock forest. It seems to 
represent an early stage in the establishment of a new hammock 
under pines. No readily apparent site factors favor invasion of 
hammock species at this particular spot (e.g. no noticeable 
variation in topography or substrate from surrounding pine forest, 
no large hammock trees to provide a nearby source of seed), ihe 
location seems due to chance establishment cf seedlings at the 
site, and a sufficient time lapse without fire (or interval of 
fire survival) for some of the plants to mature, followed by 
peripheral expansion from the hammock nucleus. The principal tree 
species is Lysiloma hahamensis with the larger specimens centrally 
located. Some of the trees are several-stemmed from the ground 
indicating that they have survived fire-pruning. 

h. As presented in the account of fire effects in pine-
land, much of the shrub layer of the pine woods is composed of 
fire-dwarfed individuals of species which are trees in the hammock 
forests. This fact was recognized and discussed by Small (1930, 
pp. L6-V7). it seems abundantly clear that with the elimination 
of fire these hardwoods would provide a seed source speeding the 
establishment of hammock forest at the site. 

Considering the above, I believe that a period of 15 to 
25 years freedom from fire is ample to permit the conversion of 
any upland site on Long Pine Key from open pine forest with an 
understory of palmetto and fire-dwarfed hardwoods to dense young 
hammock forest with relic pines, and no reproduction of pine. 

I wish to restrict the above statement to the Long Pine 
Key pinelands, since several unique features of this area urge -
caution in attributing of similar hammock--pineland relations to 
other south Florida rockland areas. Indications are that the 
Long Pine Key area may have been less frequently burned than the 
pine forests from south of Florida City to Miami, (the Biscayne 
pineland of Small) for the following reasons: 
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1. Long Pine Key has the protection of a deep Everglades 
slough (Taylor River) to windward. Eires have crossed the 
slough in years of exceptional drouth, as in 1945, hut in most 
years i t provides an effective f i r e "break to the east of Long 
Pine Key. A clear example of th is may he found in the narrat ive 
account of f i r e 123-6, April 1S52. This f i r e reached Taylor 
Slough and went out although hurning conditions (wind, time of 
day) were much in i t s favor. 

2. Some f i r e protection i s provided ~by the transverse 
glades of Long Fine Keyt as previously mentioned. 

3. Since a great many f i res in th i s area are man-caused, 
the fact that Long Pine Key was the l a s t part of the Miami Rock 
Ridge to hecome accessible may indicate (considering the Taylor 
River ha r r i e r against f i r e from the east) a s ignif icantly lower 
frequency of man-caused f i r e s . 

The following differences in vegetation notable i n the Biscayne 
pineland are perhaps the- resu l t of a greater f i r e frequency. 

1. The area of established hammock forest i s very much 
smaller in r e la t ion to the area of pineland than i s t rue of 
Long Pino Koy. 

2. The shruh understory in the Biscayne pineland contains 
s t r ikingly fewer individual hardwoods, and a much poorer repre
sentation of species. Over large areas in the Badlands d i s t r i c t 
the forest understory i s composed almost ent i rely of low palms 
(saw palmetto, cabbage palm, and s i lver palm). I in te rpre t this 
as a fire-impoverished under story, and holieve that frequent 
hurning may eventually eliminate hardwoods from the shruh under^ 
story even though a single f i r e k i l l s only a small percentage of 
them. 

I t seems l ike ly , therefore, that in much of the Biscayne 
pineland succession of hammock forest on pineland s i tes may he 
long-delayed, primarily due to tho remoteness of many areas from 
sources of seeds. A pineland t r ac t in the Rcdlands unhurned for 25 
years shows hut l i t t l e evidence of hardwood invasion (seo description 
page 11C. 

ROTE: I have spent re la t ive ly l i t t l e f ield time in the pine areas 
outside Everglades National Park, and cannot, a t present, exclude 
tho poss ih i l i ty that thoro may ho s i to differences sufficient to 
p a r t i a l l y account for ohserved differences in the vegetation. 
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