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Abstract of Thesis Presented to the Graduate Council
of the University of Florida in Partial Fulfillment of the Requirements
for the Degree of Master of Science

THE RELATIONSHIP OF SITE CONDITIONS TO THE INVADING CAPABILITY OF
MELALEUJCA QUINOUENERVIA IN SOUTHWEST FLORIDA

By
Ronald L. Myars
March 1975

Chairman: John J. Ewel
Major Department: Botany

The ability of the introduced tree Melaleuca guinguenervia (Cav.)
Blake to invade disturbed and undisturbed sites in Southwest Florida
was investigated by field experiments involving seeding and planting
trials at regular intervals on a variety of sites. In conjunction
with these field studies, greenhouse experiments were undertaken to
determine moisture requirements for seed germination, plus seedling
growth under artificially induced hydroperiod variation and undsr
high and low dissolved oxygen in the soil water.

In the field studies, sites representative of common vegetation
types and various histories of land use were selected. The sites were
(1) longleaf pine flatwcods, (2) mixed hardwood--cypress forest, (3)
recently burned cypress forest, (4) dwarf-cypress forest, (5) wet
prairie, (6) mature cypress forest, (7) mangrove, and (8) recantly
drained cypress forest.

One gram of seed (approx. 34,000 individuals) was sown monthly
on each of five randomly chosen 0.2 m2 subplots within a 20 X 20 m
plot at each site. Periodic plantings of seedlings were also carried
out on each site. Seed germination, seedling survival, growth and

survival of planted seedlings, water level changes, soil moisture,

ix



dissolved oxygen content of the water on floodad sites, and species
composition of the extant ﬁegetation were recorded at each site.

No successful Melaleuca establishment occurred on any of the
undisturbed sites, but a few germinated seedlings have survived on
the disturbed sites. Survival and growth of planted seedlings were
greatest on sites that were either recently disturbed or on those
Without dense forest canopies.

The greenhouse experiments demonstrated that seeds germinate in
three days, even underwater, but that they are sensitive to drying
and die if not kept moist. Greater height growth was obtained under
saturated soil conditions than under moist, well-drained soil con-
ditions, but there was no significant difference in the average dry
weight of the seedlings from the two treatments. The height growth
of seedlings subjected to various schedules of submergence was
retarded, and little or no growth occurred while the plants were
underwater. There was no significant diffsarence in the height growth
of seedlings grown under anaercbic soil conditions and those grown
in flooded but aerated soil.

It appears that site disturbance coupled with periods of time
in which tﬁe soil is either wet or saturated but not subjected to
extensive flooding are reguirements for the successful invasion of
Malaleuca. The displacement of native vegstation by Melaleuca seems

unlikely in those areas where these conditions do not frequently

Lj%;57f¢éi ﬁé;j(;;{%?.
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INT RODUCTION

This study is an attempt to define the important environmental and
biological factors that determine which sites in South Florida are sus-—

ceptible to the development of new ecosystems dominated by the intro-

duced tree, Melaleuca gquingquenervia {Cav.) Blake.

Thé South Florida environment has been particularly suscsptible
to the introduction and successful establishment of exotic plant and
animal species. These successful invasions hawve been brought zbout by
human-caused alterations of the environment augmenting the effects of
recurring natural ecosystem stresses, and by the fact that Florida,
with its unique geographic position, is like a subtropical island sup—
porting many species that are characteristically colonizers from both
the tropical and temperate biomes, plus a number of endamic species that
are only found in South Florida.

Besides the ever-abundant naturalized roadside weeds and the aguat-
ic weed species, much of South Florida classed as wetlands has been
invaded by several aggressive exotic tree species. These include Mela-

leuca quinguenervia {(Cajeput), Shinus terebinthifolius (Brazilian-Holly),

Casuarina equisetifolia (Australian-Pine), Colubrina asiatica, Ardisia

sclanacea, and Psidium guajava {guava). These species were originally

introduced for eithar ornamental or commercial purposas and have subse-
guantly become naturalized; in sonz areas Lhey have becom= the most
conspicuous species in the landscape. Gensrally speaking, these species

exhibit characteristics of early successional invaders of abandoned farm



fields, roadside ditches, hurricans-stressed coastal areas, and other
disturbed areas. These characteristics include rapid growth, short
life span, and the production of large quantities of small, easily
disseminated seeds.

Most of South Florida has been altered by massive drainage projects,
water control programs, and the introduction of nutrient rich waters
from agricultural runoff and sewage effluent. The lowered water tables
and hydroperiod changes resulting from these alterations have increased
the severity and frequency of fires, altered vegetation types, changed
nutrient availability and soil characterxistics by the oxidation of
mack and peat soils, and reduced the duration of annual flooding.

These alterations have opened the door to significant long term changes
in the plant and animal communities of South Florida: changes that
will include exotic tree spacies well adapted to these new conditions.

Of particular concern is the tres, Melaleuca quingusnervia. It
p

seems to be well adapted to both the pericdic fluctuations in water
level and frequent burning. Fedsral and State land management agen~
cies and local conservation groups feelrthat the nativa flora and Fauna
are threatened by such an aggressive invader, and that drastic changes
in the Florida landscape will occur if its spread is allowed to continue.
Cursory -observations of the dense stands and the rapid spread of Hela-
leuca in some areas have led to its baing labeled as a "menace” or
"threat” without effectively assessing its present and future role in
the South Florida ecosystem. For examnle, the observations made in

the following statement are in ne=d of thorough study:

n

"Shoulad the Melaleuca continu=z to sprezad it could do in-
credible damage. For one ithing it could destroy the
t is difficult to

Everglades as a wildlife hzod



see how any form of aquatic life could live in flooded areas

covered by Melaleuca. For the colonies already established

permit no sunlight to filter through. Once the trees

covered the glades, the area would become a bioclogical

desert from the standpoint of animal life." (Smiley, 1973).

At present it may be more realistic to consider Melaleuca as an
indication that the Florida environment has already been significantly
changed by human activities. Melaleucé might better be considered
as a symptom, not the cause, of vegetation changes and wildlife habi-
tat destruction. Elton {1958) pointed out that "invasions and out-
breaks most often happen in habitats and commnities very much
simplified by man”, while Odum {1971) noted that "an invader may hea
filling a void in a new situation created by man although men are
tempted to blame the invader for causing the disruptions". Melaleuca
rnay have to be accepted as a new species in South Florida playing an
active role in the functioning of the ecosystem. Perhaps instead of
dasigning species-oriented control programs we should not only be
attempting to identify this role but also to be concentrating control
efforts toward environmental manipulation that would tand to correct
oxr reduce the effect the man-induced ecosystem simplification that
has favored exotic weed species.

Some basic questions that need to be asked and investigated are:
(1) what environmental cqnditions are conducive to HMelaleuca estab-
lishment? (2) Which ecosystems or communities are susceptible té
invasion? (3) What effect will these changes havé on bhoth thé natural
and human systems and their interaction? TFor example, what benefits
or detriments will vagetation changes have on natural and urban water
supplies, wildlife, recreation, and overall image of South Florida as
an attraction to tourists and future residents? (4) What present and

future land use activities will encourage or hinder these changes?



Included in this report are a general xaview of the characteristics
of Melaleuca, its history in South Florida, and the description of
several greenhouse and field investigations that attempt to, if not
answer, at least shed some light on these gquestions and provida a

basis for more thorough studies in the futurs.

Characteristics of lMelaleuca

lelaleuca quinguenervia (Cav.) Blake is a mernbar of the Myrtaceas

family which is comprised of about 80 genara, including Eucalyptus,
Callistemon, and Psidium, each of which has been introduced into South
Florida, and in the case of Psidium, succaessiully naturalized. although
there are numerous species of the genus Malaleuca grown as ornamentals

in Florida, only Melaleuca guincusnervia hes bzcome naturalized (Sachet,

1953). Until recently, many authors have described the species as

Melaleuca leucadendren Linn. Commonly, it is known as cajeput, cajupuk,

cajaput, punk tree, swamp tea tres, brown tea tree, paper-bark, broad-
leaved tea tree, white tea tree, white bottlekrush, whitewocod, and
milkwood (Meskimen, 1962). The most freguently used COTmON nares in
Florida are cajeput and punk tree; many pz2cpls use the generic name,
Melaleuca, as a common nama.

There may be as many as 130 spacies of Melaleuca with all but

Malaleuca quinguensrvia restricted to Australia (Cornar, 1951), and some

zuthors doubt that this spacies cccurs naturally thare (Baker, 1913).
There has been much confusion ahout its classification, with 27 distinct

nanes, including felaleuca guingusnervia, naving bsasn applied to Mela-

leuca leucadendron with numerous varietizs and contradictory descriptions




(Ewart, 1917). It was originally described from specimens collectad
in India where it is not believed to bs native (Ewart, 1917).

Melaleuca quingusnexrvia is a slender upright tree, 12 to 30 m in

height and very often found with multiple stems apparently resulting
from frost or fire damage when young. The stems are often contorted
and covered with layers of thick, spongy white bark. fThe leaves are
élternate. The.flowers are white, sessile and borne on many flowerad
spikes from 3 to 12 on long consisting of 30 to 70 floweré {Fig. 1).
Each flower contains a single stigma subtended by 30 to 40 stamens
and five white petals. The spikes are borne on the terminal ends of
the branches, with new branch growth and leaves appearing after
flowering (Meskimen, 1962; Long and Lakela, 1971).

Flowering in South Florida has been observed to occur throughout
the year, with generally heavy blooms during the wet season, June
through November, but with only spo;adic flowering occurring during
the dry season which occurs from December through Hay. Meskimen (1962)
noted that individual trees may bloom as many as five times in a single
year and individual branches will support three or more blooms annually.
Young trees were observed to bloom in their Ffirst year.

Although Melaleuca seeds are minute (34,000/gram) (Meskimen, 1962),
they are unwinged and it is very common to find dense Melaleuca rapro-
duction around the base of a seed tree with only scattered individuals
any distance away. However, the rapid growth of theze trees and their
ability to produce seed within a year or two suggests that it can
spread rapidly from any isolated individual.

A twig or branch may support several seed crops of differant ages,

which can be easily delineated. Flowers are always produced on the



Figure 1. Melaleuca Inflorescence and sertinous fruits.



present season's growing tips, and branch elongation continues bayond
the inflorescence. Thus, the seed capsules from each bloom form
uwique clusters that are separated from previous and future capsules
by the stem elongation occurring between blooming periéds.
The seeds have been shown to remain viable for at least several

years Qithin the seed capsule (Meskimen, 1962). Indications ére that
a vascular break between the seed capsule and branch with subseguent
drying of the capéule is necessary for seed release (Meskimen, 1962).
Thus, sporadic seed release may occur at any time of the yvear by
accasional capsules being separated from their vascular connection
by radial stem growth, stem breakage, frost damage, and natural pruning;
massive seed release occurs after burning. Meskimen (1962) showed
that seed capsules on branches whose leaves were merely browned, the
seed capsules took éomewhat longer to open. Meskimen (1962) also noted
that several miilion seeds can be shed by a single tree. In Java,
where Melaleuca is native, forests are regenerated after logging by
cutting off the branches and burning them. According to Burkill {1935},
many Javanese believe that fire makes Melaleuca grow more luxuriantly.

The ability of Melaleuca tq aggressively invade various types of
sites is in part a result of its tolerance to brackish water, flocoding,
complete submergence, aﬁd fire. Melaleuca possesses several anatomi-—
cal and morphological adaptations that facilitate its ability to
thrive under these conditions and to rapidly invads suitable sites.
These adaptations ox characteristics include the thick, fire-insulating
bark, a fire-triggered seed release mechanism, the storage for extendad
periods of millions of se=ds on a single tree, the préduction of adven-—
titious roots, and the ability to sprout from stumps and stems aftor

felling.



Native Rangs and Distribution

Melaleuca guinguenzrvia has besn described in Australia {(Bailsy,
1913), New Caledonia, Borneo, Java, Burma, Malaysia, and Viet Nam
(Swain, 1928). In Australia, where it is known as weeping or_river
tea tree, it is found in brackish coastal swamps and along coastal
river banks up to 16 km inland from southern New South Wales thraugh
Queensland and into the_Northern Terxitory (Coaldrake, 1961}, between
359 South latitude to 25° South latitude (Maiden, 1904). The climate
is described as sub-humid to humid~-tropical with marked wet and dry
seasons. The annual precipitation ranges from 200 to 1300 mm per
vear. The annuél pan evaporation is 1500 to 2300 mm per year and the
rean temperature ranges from 21 to 24°C in June and July and from 26
to 30°C in December and January (Galloway, 1970).

In Queensland mixed stands of several species of Helaleuca have
been described growing aiong the sandy banks of the large rivers

that normally flood during the wet season. Here, Melaleuca guinque=

nervia reaches a maximum height of 10 m. It was noted, howevar, that
it was impossible to distinguish one species from another in tha field,

but that data seemed to indicate that Melaleuca gquinquenervia grew in

isolated pure stands within the mixed comrmunities (Coaldrake, 1961}).
Melaleuca also forxms pure danse stands in the low swamplands on
both the east and west coasts of alaysia where it is known as "gelam".
Cccasionally it is found as izolatzd stands inside the nangrove swamps
{(Coulter, 1952).
Malaysian paasants will no: us2 soil thabt has supported Helalsuca
bacause they beliavs that the tres secrates soma substance into tha

ir rice from dsvelcoping. Studies

]
¥
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(19252) and Chow (1969} have shown that these "galém" soils are extremely
acid: a result of the high concentrations of sulfidss in the soil.
During the dry season, or after drainage, the sulfides are oxidizesd,
forming sulfates, sulfuric acid, and toxic levels of iron and aluminum.
Although Melaleuca appearé to tolerate very high concentrations of sul-
fur in the soil, Coultex (1952) found that it does not absorb particu~
larly large amounts of it and_that it is not limited to soils with high
sulfur contents.

In Viet Nam, where it is known as "tram”, Melaleuca is located
directly behind the mangroves and is called "backmangrove"” (Williams,
1967). Hexe, again, it grows to about 10 m in height on sandy soils
inundated with fresh to slightly brackish water during the wet season
while being drained and subject to frequent bhurning during the dry
season. Some botanists consider Melaleuca to be a successional spacies
following mangrove and they feel that it occupies sites similar to

those occupied by Pterocarpus officinalis in Puerto Rico (Williams, 1967).

Outside of its native range, Melaleuca has become naturalized in
the Philippines (Sachet, 1953), India (Dastur, 1951), Madagascar (Louvel,
1951), Zaire (Neybergh, 1953), and Hawaii (Neal, 1948) . In the conti-
nental United States it has becoma established in Southern Florida,

California, and Texas (Mortan, 1963).
Uses of Mzlaleuca

Melaleuca was originally irtroduczed intc Soukh Florida as a possible
source of raw material for a new forast industwy. Although it has never

achieved commercial valus it is not devoid of possibilities. Throughout

its entire native range the privary use of Malaleuca has been as a source
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of fuel. In certain areas of Vie:i Nam and Malaysia where mangrove is
not available, Melaleuca forests have been set aside as sources of fuel
for local villagers (Burkill, 1935).

Melaleuca wood has been described as hard, durable, and close
grained, but checks-readiiy upon seasoning and tends to be brittle
(5chory, 1958). The wood is resistant to termite attack, is durable
in water and has been used for wharf piles, boat knees, and railroad
ties. It has been recommended for furniture, cabinets, flooring, gun-
stocks, framing, boat trxrim, and novelty items (Schory, 1958). It is
not particularly well suited for pulp. Pulping tests have shown that
the paper is strong, but high bleaching treatments are required
(Curran, 1934).

Numerous local uses have bzen found for Melaleuca bark and leaves.
In Indié, the bark was originally used as a fo&m of paper for sacred
writings (Dastur, 1951). The bark is chemically similar to cork (Wilks,
1953) and has been used as packing material, floats for fishing nets,
insulation, and bedding. It is mildew proof and has been suggested for
use in mattresses, wupholstery, pillows, and life preservers (Schory,
1958). It is also usad locally for leak-proofing roofs and for caulking
boats {(Corner, 1951). 1In NHew Caledonia a tea 1s made from the leaves
(Burkill, 1935).

The aromatic volatile o0il, cineol, is commercially distilled from
the leaves and is used to treat a vériety of illnesses and symptoms.
These include headache, toothachs, sarache, rhauwmatism, and cramps. It
is nost commonly used in cintments for skin diseases and as an expec—

torant. Tne islands of Boa2roe znd Ceranm in Malaysia have been the

=

cnief exporters of tha oil. Hewevar, 1t is more expensive than
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eucalyptus oil and the quality specifications are quite rigid in the
United States, so its commercial importanczz hare is limitéd (Mortan,
1965) .

The oil has also beeﬁ promoted as an excellent mosquito repellent
for certain species of moéquitoes, and it has been used to rid animals
of lice and fleas (Guenther, 1550). In Florida, trees have been planted
near homes and around pastures with the hope of reducing the mosquito
problem. Some success has been reported (Schory, 1958).

Recenlly it has been noted that Melaleuca has become a respiratory
irritant: to sensitive people and causes allergic reactions in some |
people who come into physical contact with it (Mortan, 1969) .

When Melaleuca honey started showing up in beehives, Florida bse
keepers were concerned that it would destroy theix industry. The honey
was reported to have a distinctive taste and to be foul smeliing.

Since then, it has been found that by blending the honey it is salable
to b%kerjes and health food stores, and Melaleuca has become importaﬁt

for producing package bees and wax (Mortan, 196&6).

Introduction and Spread of Melaleuca in South Florida

Meskimen (1962) compiled a comprehensive narrativa describing the
pzople and areas involved in the introduction and cultural spread éf
Melaleuca in Florida. To review the seguaence briefly, Melaleuca was
introduced into Broward County near Davie by Dr. John C. Gifford in
1995 from seed he obtained from the Sidnev Botanical Gardens in Aus—
tralia. He specifically reguasted a spesciss with the characteristics
of the Eucalyptus thet could withstand both the flooding and fires of

ths Florida environment.
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At approximately the same time, A, H. Zndrews of the Koreshan
Unity Nurseries at Estero in Lee County obtained seed from Melbournsz,
Australia. Meskimen (1962) pointed out that, from two indspendent
descriptions of the South Florida climate and topography, two Australian
authorities independently recormended Melaleuca. Several othgr intro-
ductions may have occurred, possibly from seed obtained outside of
Australia, but the authenticity of these introductions has been disputed.
When Melaleuca first escaped is not known but prasumably it occurred
within a few years afterrits introduction. There are indications that
Andrews may have scattered seed on various sites and even today the
Koreshan Unity consider Melaleuca imporxtant in reforestation.

In 1936, H. Sterling of Davie scattered seed from an airxplane
over large areas of western Broward County. Its use as an ornamental,
as wiﬁdbreaks, and for fence rows has led to the establishment.of many
isolated pockets of reproduction. In 1940 and 1941 the U. S. Army
Corps of Engineérs operéted a Melaleuca nursery and planted the épecies
along the levees of the Lake Okeaschobee Project to protect them from

erosion.
Areas Being Invaded in Lee and Collier Counties

Several ecologists have described the natural features of South
Florida and have noted with concern the introduction and spread of
exotic tree species including Melaleuca. The most comprehensive des-—
criptions have been written by Davis (1943}, Craighead (1971), and
Alexander (1973). The followipg is a summary of their descriptions.

Soutn Florida is characterized by flat topograghy and low elevation

supporting diverse plant communitiss delincazed by slight changes in
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elevation and the concommitant effects of drainage, salinity, and fire
that the different water regimes provide. Z2nnual rainfall is about 1700
mm, with the majority falling Between May and October.

Vast flatlands on either side of Lake Ckeechobee support open pine

flatwoods of Pinus elliotii (slash pine) and extensive areas of palmetto,

grasses, sedges, and forbes, called wet prairies or dry prairies,

epending on the extent of surface flooding during-the wet season.
Within the flatwoods and prairies are scattered cypress domes, sloughs,
hardwood hammocks, and marshes. The Western Flatlands, as described by
Davis (1943}, extend as far south as northern and western Collier County
wihere they gradually give way to cypress swamps and wet prairies in the
Everglades Basin, the Big Cypress Swamp, and ths mangroves.

Alexander (1973) describsd in datail the vegetation chénges that

have taken place in South Florida over the past 30 years due largely

to the activities of people. The Western Flatlands, where they extend
into Lee and Collier Counties, were lumbered extensively starting in
1925. At present large areas near Naples and Fort Myers hawve been
urbanized or are slated for development. Because the Western Flatlands
are generally higher than other areas and have well-drained sandy
soils, the need for large drainage projects has been limited. The
extensive Golden Gate Canal System does extend into the southernmost
part of the Flatlands. Increaéing amounts of land are being converted
to farming, citrus, and cattle ranching, but thase have generally spared
the cypress stands and sloughs. Fires have played an active role in
maintaining vegetation types and locally cause heavy damage during
drought years. As for Mzlaleuca, Alexandar (1973} stated tha£ "The

graatest threat to what is left of the origiral ecosystem is the rampant
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invasion of cajeput. The fate of the natural succession in the invaded
areas of cypress and pine.is unknown. Very Zew if any native woody
species are seen under the dense cajeput cancpy." :

The Big Cypress area south of the Western Flatlands has been sub-
jected to various degrees-of manipulation and subsequent vegetation
changes. Logging of the cypress and Pina occurred betwsen 1940 and
1957. The removal of most of the mature cyprass from the large stands
has changed their species makeup; Farming in the Big Cypress has been
limited and generally unsuccessful except for cattle ranching in ﬁhe
north. Drainage canals have probably besn responsible for the greatest
changes in the western portion of the swamp. Drainage has lowered
water levels, extended the dry period, and subhjected the region to
more frequent fires. These changss app2ar to have enhanced the move;
ment of pine into areas formerly occupied by cyp?ess.

The Big Cypress watershed has besn dividad into thres subregions
delineated by the direction of water flow and the extent of man-caused
drainage. Subarea A covers about 1165 square kilometers {450 square
miles) in the northeastern part of Collier County. It drains in a
southeasterly direction into Conservation Area 3 and ultimately into
Everglades National Park. Subarea B includes 1425 square kilometers
(550 square miles) at the western end of the Big Cypress and is drained
to the south and west by an extensive systznm of canals within the

Golden Gate and Fahka Union Canal complex. These canals, which were

completed in 1970, have aczcelsratad runofs a-2 possibly lowered water

)

#ilometer ({54 square miles)

N
4%

levels as much as 1.2 maters in a 149 sguz>

1

suare kilomezters (1450

i

area east of Maples. Subarea C covers 3755

square miles) of eastern Collier Tounty and cxzept for the Tamiami,
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Turner Rivar, and Baxon River Canals, drains naturally to the south
into the western half of Everglades National Pa;k (Klein, 1970).

Much of the cypress swamp in subarea C remains inundated or wet
for all but three or four months of the year. Even thouch fire causes
some damage during drought periods, little vegetation chrange has been
noted over the past 30 years (Alexander, 1973). »uch of subarea B was
formerly inundated each year during the wet season but now, with the
completion of the Fahka Union Canal and the Goldsn Gate System, this
area is effectively dry throughout the year. The primary function
of these canals is to lower peak water levels to prevent flooding.

The Fahka Unlon System contains about.30 weiré-to control flow and
reduce the possibility of overdrainage. Becausse the canals are shallow
it has been stated that drainage from the shallow aguifer that supplies
water to Naéles is limited (McCoy, 1972).

The soils in Collier and Lee Counties consist oi sands and marls
of various depths overlying limestone-rock. In many placas the réck
is exposed or just below the soil layer. In the Wastern Flatlands the
soil depth to limestone ranges from 3 to 100 m, while in the.Big Cy-
press and coastal areas the liﬁestone may be exposed and pitted with
solution holes. Generally the soil depth is from 0.6 to 1.5 m. VThese
soils are predominantly fine sands, but in depressions ané sloughs the
amount of organic matter may change the texture considerably (Leighty,

19543} .

Collier Counties are Arzell and Pompano fine seands. Th=s2 are charac—
terized by being nearly level, slightly acid, and poorly drained. Muach

of the Big Cypress region that is not rockland or crganic is occupiled



16

by varicus phases of chopee fine sandy marls. These consist of mix-
tures of marine sands and recen:t deposits of marl. The depth may range
from 15 to 90 cm (Leighty, 1954).

Organic soils are found in the cypress swamps, sloughs, and ponds.
In areas that have been drained and aerated or burned, the depth of
these soils_is greatly reduced. The organic soils vaxy from 5 to 8 cm
layer of mucky fine sand to peaty muck, to desp deposits of brown peat.
There is usually a layer of fine sand below the peat or muck (Craighead,
1971).

The vegetation of South Florida is subject to several environmental
influences that check the successional sequence and maintain a situa-
tion of permanently deflected climaxes. These environmental influences
include fire, drought, flooding, frost and hurricanes. The effect of
extended drought (caused by the artificial drainage) 1s enhanced 5y the
increasad incidence and saverity of fires, and this is particulerly
important to consider when studying the spread of Melaleuca. Histori-
cally, fire has played an important role in chacking haréwood encroach—
rent into the pinelands, prairies, and cypress swamps, and it has
undoubtedly been related to many more subtle factors in the development
and maintenance of the South Florida landscap=a. The increased frequency
and severity of fire, on the other hand, ﬁay have significantly reduced
the ability of the native wvegstation to compete with an aggressive fire-

adapted species like lielaleuca.

undoubtedly aided its sprezad. In YNew Caledonia it has besn suggessted

| A

that Melaleuca is maintained by fire and would be succeedad by Acacia,
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Psidium, and Lantana in the absence of fire (Sachet, 1953). Whether
the elimination of fire in South Florida would halt the spread of Mela-
leuca and allow succession to reclaim Melaleuca-dominated sites is not
known, but any attempt to eliminate fire in order to control Mclaleuca
would lead to drastic changes within the native communities, which also
bum under natural conditions.

The Fort Myers District of the Florida Forest Sexvice, which in-
cludes Lee and Collier Counties, annually has the largest acreage
burned by wildfires in the State of Florida. It also supports some
of the largest stands of Melaleuca. Much of this area is sﬁbject to
burning at any time of the year. For example, in the Fort Myers dis-
trict in 1972, 21% of all fires occurred in March, 21% occurred from
June through Bugust, and 40% of all fires occurred from May through
September (Hofsteﬁter, 1973). Data on the acreage burned during these
periods is not available, but genarally the fires in the wet season
are lightning caused, almost always burn out at night, are usually
much less damaging; presumably the total acreage burned during the wet

season is much less than the acreage burned during the dry season.
Objectives

To develop an overview of the role of a Melaleuca ecosystem in
South Florida, several basic questions nesed to be investigatgd. For
example, goes the existence of Melaleuca signifiéantly alter the eco-
system that it occupies or is thare just a one-to-ona replacement of
cypress for Melaleuca, each proviZing the same function in the sama

manner? Does Melaleuca, through irncreased transpliration, reduce water

levels, accelerate organic matter oxidation and reduce water storage
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capacity? Will Melaleuca perpstuate its=lf and facilitate its own
spread by altering the hydroperiod, drving surface soils, and producing
conditions conducive to fire? Wnat are the effects of having a con-
tinua;ly closed canopy cover an ecosystem that normally {in the case of
cyprass) sheds its leaves, resulting in hich light intensitiesrat
ground level during the winter?

To provide a basis for others to later answer these proposed gues-
tions, this study attempts tp identify thes conditions required by
Melaleuca for successful establishment and to ascertain if there exists
a relationship between the spread of Melaleuca and human-caused envif
ronmental changes. By defining the types of sites and conditions that
are favorable for the invasion of Melal=uca, a more raalistic evalua-
tion of the role that Melaleuca will eventually play in South Florida
can be made.

For the past year several laboratory and greenhouse experiments
have been integrated with ongoing field studies, field obsaxvatiaons,
previous studies, and models to provide insight into the invading capa-
bility of Melaleuca under variogs site conditions. Descriptions of
experiments and field investigations presentad include (1) modeling;

(2) germination tests undsr different moisture conditions; (35 initial
seedling growth and response to varicus hydroperiods; (4) Melaleuca
establishment on a variety of sites during different seasbns of the
year and under varying moisture conditions:; and (5} seadling survival
of naturélly established lelaleuca. Field studies also included the
no-ation of invasion pattarns, and dbhservation of site conditions at

the border between Melaleuca stands and native vagetation.




PRELIMIMARY MODELING

Modeling and computer simulation are important tools for looking
at an entire ecosystem and trying to tie together various components
of a p?oblem. Models can be used both for illustrating expected
responses under varied conditions and for providing clues to important
parameters and various avenues of approach that may be utilized in
investigating a particular problem.

Preliminary modeling is usually done when an investigation is in
its initial stages of formulation and development. Modeling at this
time forces the investigator to identify thdse aspects of the problen
that are probably significant. If the model is then supported by field
observation and measurement, the data collected can be used to develop
more complex models, to extend the scope of a model simulation beyond
the time restrictions encountered in the field study, and to manipulate
di fferent parameters for predictive purposes. 1In the case of this
study a preliminary model was developed during the initial phase of the

field and laboratory investigations.
Procedure

Figure 2 is a simole preliminary ensrgy flow model of cypress and
Yelaleuca as they are affected by water level and fire. The modal
illustrates the two spscias utilizing an unlimited rescurce. Pexiodic

1

drought~induced fire burns both cypress and M=laleuca biomass, while



Figure 2. Prelinminary model showing Melaleuca and cypress utilizinz
an unlimited resource but being diffeventially affected by
fire,
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at the same time triggering M=laleuca seed relesase. The model was
scaled using generalized biomass and energy flow figures (Table 1).
Fire was induced by setting a threshold level for the water table.

In other words, below a certain amount of water storage, conditions
would be such that destructive fire would occur. The severity of the
fire was controlled by the amount of biomass consumed. Water level
fluctuations werxe simulated by using a sines wave: the undulation
representing the rise and fall of water levels. In this case each
cycle was time-scaled to represent a six-year drought cycle. Because
biomass loss or increase does not signify an actual increase in area
occupied or being invaded, a land occupancy factor is included. Land
occupied by one species is dependent on its own biomass increase or
loss, on the increases and losses of the competing species, and on the

land occupied by the competing species.
Results

The three simulations presented (Figs. 3-53) show the increasing
effects of lowering the water level and subjecting the two species to
various degrees of fire severity. In the first simUlafion (Fig. 3} the
drought was not severe enough to trigger a fire and no excess losses
occurred on either species. Both continu=d to produce biomass within
the confines of the sites that they already occupied. Growth continued
until a steady state was reached.

As the severity of the drought increased (Fig. £) destructive
fires occurred., During each drougnt period both species lost biomass.
Malaleuca sustained lass loss due to its fire released seed and fire

resistance. Cypress, although significantly burned during each drought
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TABLE 1. Estimates of values used in the model simulation and pot settings

Estimated Pot
Variable Coefficient Unit Value Setting
Rasources R Kcal/mz/yr. 1,460,000 —_———
Cypress Initial C Kcal/m2 40,000 -660
Malaleuca Initial M Kc:al/m2 20,000 -330
Cypress seed Initial b Kcal/mz/yr. 730 .007
Melaleuca seed Initial © Kcal/m2/yr. 730 .007
Resource Utilization : K3 Kcal/mz/yr. 18.250 _ .270
by Cypress
Resource Utilization Kl Kcal/mz/yr. 18.250 .540
by Melaleuca
Cypress Respiration K4 Kcal/mz/yr. 10,950 .250
Melaleuca Respiration K2 Kcal/mz/yr. 7,300 .650
Cypress burned K5 Kcal/m2 20,000 - .030
Melaleuca burned KG Kcal/m2 4,000 .010
Melaleuca seed K7 Kcal/m2 1,825 . 005
released
Drought Threshold .2 (ﬁighwater )

level)

Land in Cypress Lc percent 90 .900
Land in Melaleuca Lm percent 10 . 100

Total land L
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period, quickly returned to its initial condition, thus prevehting any
change in the amount of land occupied by either of the two species.

In other words, cypress biomass in the form of leaves, branches, and
seedlings was readily consumed duriﬁg burning, but the fire resis-
tance of the larger trees and seed input prevented any change in the
occupancy of the land.

As droughts became more severe dus to artificial drainage (Fig. 5},
fire caused morxre damage to cypress than to Mzlaleuca. The trees were
destroyed to such an extent that the cypress forest did not recover
before the next drought period and the site was open to Melaleuca
invasion.

The three simulations illustratas the increasing effect of hydro-
period shortening upon the cypress ecosystem, and the importance of
fire as a principle factor reducing the capacity of cypress to maintain
itself on a site wﬁere the hydroperiod is altsred and drought sevarity
increased. On the other hand, fire may have a stimulating effect on

Melaleuca growth and site invasion.
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SEED GERMIMATION IMN THE LABORATORY

Meskimen (1962) suggested that the different-aged seed Crops on
a tree may exhibit different degress of viability. He selected eight
seed crops from one branch and germinated them under controlled con-
ditions. His results showed that ths most recent seed crop exhibited
the least germination while the third and fourth crops p;oduced the
best results. The second crop was midway between these while the
clder crops germinated more slowly and produced slightly less than the
average germination rate of 20 to 28%. The results suggest that the
seeds require a ripening period within_the capsule and that older seeds
require slightly longer exposure to favorable conditions in ordsr to
effect germination. Jakimova (1955) showad that stratification

retarded the germination of Melaleuca seed.
Objectives

Melaleuca seed reguires only a few days to germinate. The mois-—
ture requirements to initiate germination are thus probably easily
satisfied. However, for successful establishment, moist conditions
must be maintained over a long psriod of tirme. This suggests.that
successful germination and establishmant nmay be limited to certain
seasons of the year whan adagquate nmoisture is available, and that seed

can be easily destroyed if ipitial =moisture levels are not maintained.

The experiment described in this section was attempted to gain

20
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information on (1} the awount of germination to be expectad under ideal
conditions; (2) the nushar of days needed to effect germination; and
(3) the effect of an initial period of moisture followad by drying

on germination.
Procedure

Five batches of three hundred@ Malaleuca seeds were selected ran-
domly from seed collected near Estero in Lee County. Each batch was
placed in a petri dish on filter paper moistened with distilled water,
covered, and placed under a light bank (2000 F. C., 12 hour light/dark
cycle) in an air conditioned room (23 to Zéoc). A sixth batch was
prepared in a similar manner but the seeds were subrmerged under approxi-
mately 1 an of distilled water. The seeds would sink if surface
tension was broken by agitating the water. A seventh batch was pre-
pared with 300 seeds selected from geed capsules located on an 8-cm
diameter main stem, thus insuring that the seeds were at least several
years old. The first four batches of seed were subjected to different
schedules of wetting, drying, and rewetting by removing the glass
covers. Treatments 5, 6, and 7 remained covered for the duration of
the experiment. Daily sead germination was tabulated for ten days.

The treatment schedules and results are summarized in Table 2.
kzsults

Germination was initiated on the third da2y in the control (£5)
and the submarged (£6) treztments. Germination was delayead one day in
treatments L and 2 and 2 days in treatrent =3. Thirteen seeds ger-

minated in treatmwent #4 hefore thz dry peried, all of which died before
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rewetting and further germination was delayed 2 more days. Treatments
#1 and #5 (Control) exhibited the greatest germination percentaga.
Less germination occurred as the dry period came later. The older

seeds in treatment #7 and the submerged seed in treatment #6 exhibited

approximately 35% less germination than the control.



HYDROPERIOD VARIATION IN THE GREENHOUSE

Melaleuca exhibits a preference for sites that are pPeriodically
flooded and, at least under some conditions, its seeds will germinate
under water; the seedlings will tolerate total submergence for-an
undetermined amount of time. Trees growing in flooded areas develop
a fibrous mat of roots just below the high-water level, and this root
mat is apparently sloughed off at the end of each wet season. Large,
permanent, woody adventitious roots have bzen observed on trees growing
in the impounded waters of Conservation Area 3 in Dade County, where
the soil surface may remain saturated even duriﬁg the dry season.

Adventitious roots may develop on any part of the tree that is
in contact with the water, including branches, horizental stems, and
leaves. Greenhouse experiments conducted by Meskimen (1962} indicated
that Melaleuca will grow better in undrained conditions, and that plants
submerged for 84 days 4id not ;ose their capacity for normal growth

once the excess water was removed.
Objectives

This greenhouse experiment was designed to (1) determine the effect
of different water regimes on seedling growth and development, and (2)
gain information on the length of time Melaleuca seedlings can with-

stand submergence,

32



33

Procedure

Batches of approximately 300 seeds ware placed in a total of 35
13-cm clay pots containing a greenhouse soil-sand mixture. The pots
were divided into seven groups, each group consisting of five pots.
Each group was subjected to different treatments of water level fluc-
tuation by placing the groups under different schedules of submergence
using large galvanized steel tubs filled with Gainesville tap water
(Fig. 6). Water level was maintained at least 10 com above the soil
in the pots and the water was rsplaced once a week. The different
treatments (Fig. 7) were as follows:

Treatrent #1 - Soil maintained moist but well drained for the duration
of the experiment.

Treatment #2 - Soil maintained saturated for the duration of the ex-
perimént by raising the pots within the basins so that
the water level corresponded to soil level in the pots,

Treatment #3 - The pots were alternated on a two week basis, being
submerged for two weeks in the tub then removed and
maintained moist but well drained for two weeks before
resubmergence for another two weeks.

Treatment #4 — Pots alterﬁated every three days from submergad to drainad.

Treatment #5 - Soil kept moist but drained for two months and then
submerged for the duration of the experiment.

Treatment #6 — Soil kept molist but drainad for one month and then
submargad for the duration of the experiment.

Treatment #7 - Pots continuously submerged for the duration of the

experiment.
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Figure 6, Two treatments in the hydroperiod varlation experiment.
Left: Filve replications of the submerged treatment.
Right: Five replications of the saturated treatment.



Figure 7. Diagram of the trestment schedules in the greenhouse
hydroperiod variation experiment,
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Once germination occurred the seedlings were thinned to ten trees
per pot. Height growth measurements were made after 3 months and 6
months. After 6 months, treatments 1, 2, 3, and 4 were harvested for
root and shoot dry weight determinaﬁions. Two pots each from treat-
ments 5, 6, and 7 were removed from the tubs and maintained moist but
well drained. The other three pots of these treatments are still

being maintained under flooded conditions after 12 months,
Results

The seeds in each of the freatments exhibited no gross differences
in germination rate or total germination. No counts were made because
the amount of seed sown was only approximate. After thinning, some
seedlings were lost by the mechanical disturbance encountered while
removing the pots from the water and vice versa. These losses were not
included in the calculation of average height growth and average dry
weight; therefore, it is possible that the seedling growth may have
been greater in thosé pots with less than 10 seedlings due to less
crowding and competition, but this is unlikely to have affected the
results significantly. No losses occurred that could be attributed to
the detrimental effects of a particular treatment.

The comparative growth differences after three and six months
are shown in Figure 8. Average neight in each of the seven treatments
is illustrated in Figure 9 with the measurements.taken after 3 and 6
months. After 3 months the height was greatest in the wall-drained
treatment {(#¥l) which averaged 13.0 c¢m per tree, while the trees in the
saturated treatment (%22) grew an averags 11.9 o per trea.

s on atftter 6 months showed thet the average heaight

laasurements Tas
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Figure 8. Growth differences in

the hydroperiod variation experiment
after (a) three months

; and (b) six months,
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of the seedlings grown in the saturéted soil (#2) exceedsd by 12 cm
the average height of the seedlings grown in moist well-drained soil
(#1). Using a t-test, the difference between the means was determined
to be significant to the 99.5% confidence level.

Although the seedlings growing in the saturated soil were con-
siderably tallex than those in the moist well-drained treatment, they
seered to produce weaker stems that were unable to support the aerial
portions in an upright position. This may be a normal response in a
rapidly growing tree; however, it appears from the very little differ-
ence exhibited between the average dry weights of the shoots_and roots
from these two treatments (Fig. 10}, that less biomass is produced
under saturated soil conditions. Possibly more intercellular spaces
are produced under saturated soil conditions to facilitate the diffu-
sion of oxygen through the stem to the roots. The roots in treatment
#2 (saturated soil) also protruded above the soil level around the
edges of the pot. When the seedlings in this treatment were harvested,
it was found that a considerable portion of the root system was betwean
the soil surface and a dense algal mat that developed over it.

The seedlings in treatments 6 and 7 {submerged most or all of the
time} produced leaves that appearsd to be morphologically distinet
from normal leaves. They were considerably smallexr than the normal
leaf, more lanceoclate in shape, and developed in a tight rosette with-
out any apparent lengthening of the internodes. The seadlings in
treatment #5 {(moist 2 months then submerged} lost their normal leaves
after submergence, then producad similar clusters or rosettes of leaves
at the end of the stem. A thicdk algal mat developad over the soil sur-

face in each of the treatmanits thzt were subnergad for a considerable
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amount of time; in some cases the algal mat alrmost cormpletely covered
the seedlings.

After ten months only two seedlings remained in the treatment
that was continuously submerged. In the other two submerged treat-
ments no surviving seedlings could be detected. Two months later, or
after one year of total submergence, only one seedling, which was
almost corpletely covered with algas, remained. The seedlings that
were in the pots that were removed from submergence after six months

appeared to resums normal growth.



THE RESPONSE OF MELALEUCA TO ,ANAEROBIC SOIL CONDITIOMS

From the results of the previous experiment, it seems likely that
Mslaleuca can grow at least equally as well under saturated or floodesd
ponditions as under rnoist, well-drained conditions; however, ohserva-
tions in the field seem to indicate that Melaleuca prefeis seasonally
flooded sites over those which are continuously flooded. This suggasts
that long term flooding may be defrimental to Melaleuca growth, or at
least it may be unable to compete with cypress on continuously Floodad
sites and thaﬁ low dissolved oxygen levels in the water may be a
~determining factor. Generally, in aguatic acosystem#, the amount of
dead organic matter present has a strong affect on the amount and
distribution of dissolved oxygen (Ruttner, 1963). Fires during sea-
sonal droughts can consume the muck and peat, thereby reducing the
amcunt of’éxidizéble organic mattér in the water when the site is
flooded and probably increasing light intensities for photosyn;hesis
by eliminating some of the vegetation shading a site. Drainage asrates
orgaﬁic soils which increases their oxidation. This suggests that
dissolved oxygen levels may be higher in floodwaters on sites that

are relatively open, axe flooded for short periods, and have been
'

recently burned.
Objectives
The following experiment was set up in an attempt to find out

whether Melaleuca, at least in the short run, is adversely affected by

a4
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anazrobic soll conditions caused by low oxygen levels in flood waters.
If so, this would suggest that the continuing growth of Melaleuca on
a site may be dependent on fire and the maintenance of relatiwvely short

periocds of flooding.
Procedure

Ten Melaleuca seedlings were grown from seeds in the_greenhouse.
They were divided randomly into two groups and each group was planted:
in a 12-liter glazedlcrock. The two crocks contained organic soil
collected f?om a cypress strand in southern Collier County. Both
crocks were flooded with distilled water, leaving about 8 cm of water
standing above the seil level. The crocks were covered with cérdboard
to prevent algal photosynthesis, and the trees protruded through
holes in the cardboard. Aixr was hubbled through the surface water of
one of the treatments. The dissolwved oxygen content of the water of
both treatments was monitored periodically using a ¥SI Model 54 Oxy-
gen Meter. Height growth of the seedlings was recordad at the beginning

of the experiment and after 34 days.
Pesults

The surface water of the asrated treatment remained saturated
with dissolved oxygen for the duration of the experiment, while in
the unaerated treatment dissolved oxygen averaged 1.1 ppm. Table 3
shows the initial height of each s=edling, height after 34 days, the
change in height and mean heignt. Sezdlings in the nonasrated treat-r
ment exhibited a mean ha2ight growth of 42.4 cm while the mean height

growin of the aerated seediings was 41.5 cm. A t-test of the hyrothesis
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that the treatmants did affect height growth indicated that there was
rno significant difference between the mzan heignt growth of the two
experimants.

The trees in the nonaerated treatment produced a massive amount
of adventitious roots betﬁeen the water level and the so0il, and the
roots within the soil penetrated only 8 cm. The soil, when removad,
produced the distinctive smell of hydrogen sulfide, indicating that
it was anaerobic.

Roots in the aerated treabtment extended to the bottom of the
crock, indicating that the air supplied at the surface was able to
diffuse into the soil. Only a few adventitious roots.were produced.
Root biomass measurements were not taken due to problems in extracting
‘the roots from the soil. Howevexr, there was no distinctive differences

in root appearance.



FIEILD STUDIES

Although greenhouse and laboratory experiments can proﬁide some
indication of what to expect under field conditions, one is hesitant
to draw conclusions based on these results alone. The important ques-—
tion still remains: under what field conditiéns will Melaleuca success-—
fully invadg a site? Site conditions favorable to Melaleuca invasion
were studied by Meskimen (1962). He seeded several sites having
different soil characteristicé and supporting various vegetation types.
In the greenhouse, he simultaneously ran germination tests on soil
samples collected at each site. His results indicated that Melaleuca
did well onlacid sandy soils, while alkaline marl soils did not gener-—
ally induce germination. Good germination was obtained on soils already
supporting Melaleuca, indicating that the large stands in Lee County
are not only the result of the initial introduction there but also a
response to favorable soil conditions. Ochopee marl soils did not
generally induce germination, even though some of the sites already
supported Melaleuca plantations. This indicated that even on unfa-
vorable sites, conditions at times may be conducive to establishment.
This is apparent when one considers that Meskimen (1962) pointed out
that by 1960 a l4-year-old plantation growing on bchopee marl near Mon-
roe Station in Collier County had not produced any reproduction. Since
then it has reproduced and spread several miles from the original planta~

tion. This may be an indication that soil characteristics are not as
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significant as previously believed and that moisture conditions present
at the tine of seed yelease and during initial estzblishment may he

at least as important. Meskimen (1962) concludad that his results
supported the hypothésis that germination and estzblishment may be
controlled by soil pH and its ramifications, and that much of South
Florida's wetlands that are anderlain by alkaline marls are not as
susceptible to Melaleuca invasion as are those areas undarlain by acid
sands .

The presant distribution and dixection of spread of Melaleuca in
South Florida are along the east and west coasts, and centered around
the areas of original introduction. Tt has been generally assumad
that these distributiqn patterns are an expression of prevail ling »inds
and drainage patterns that act as seed disseminatoxs. This explana-
tion has led to ths conclusion that the vast inland areas of South
Florida are relatively free of ggigégggg;due to the paucity of sae=d
reaching these areas and that it is only a matter of time before
Melaleuca will becoms a conspicucus part of these inland ecosystens.

Thus the two predominant explanations for the present distribu-
tion and future spread of Melaléuca are (1) Melaleuca will be largzaly
limited to the east and west coasts by differences in the soil charac
teristics, and (2} the present distribution and direction of spraad axe
controlled by pbiogeographical influences, including the availability

of a seed source.
Objectives

It seems unlikely that Malaleuca would be adaptad to practically

all sites in South Florida. Obviously there are sites that have ceen




rore susceptible to Malalsuca invasion than others. I feel that cer-—
tain dafinable site conditions, both biological and physical, are
prerequisites for Melaleuca establishment, and that Melaleuca will be
largely limited to these sites in South Florida.

Field studies were éet up to determine what types of sites are
suitable for successful Melalesuca establishment and to delineate some
of the important parameters that influence germination and provide

for subsequent growth and survival. The factors considered were the
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time of year of seed release, soil moistura requirements, the influence

of water level and hydroperiod, the effact of site disturbanca and

land use history, and vegetation type.
Procedure

Initially six study sites were selected, oneé in each of the fol-
lowing vegetation types: pine flatwoods, mixed hardvood--cypress,
dwarf cypress, sawgrass wat prairie, mature cypress, aﬁd nangrove.
Four sites were established in January 1974. Studies were begun in
the mature cypress forest and sawgrass sites in February. Two more

sites were later established as conditions and preliminary results

presented new problems. A mixed hardwood--cypress site burned in April,

so a plot was established thers in May. BAn eighth site was established

in late July 1974 as water conditions on the other sites indicated
that the water levels on these sites were probably not sigﬁificantly
altered by drainage. This new site was established in a well-drained
cyprass stand with two drainage canals located within 200 m of the

vast.
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and general characteristics of the field plots are listed in Table 4.
Figure 11 shows the location of the eight sites.

t each site a 20 m by 20 m plot was arbitrarily chosen and marked
off with a north-south, east-west orientation. BAn attempt was mads to
lay out the plots over an area exhibiting varying degrees of cover,
vegetation changes, and topography that appeared common and representa-
tive of conditions found in Southern Florida. The plots were dividad
into 0.2 m subplots, each a meter apart, with five subplots chosen for
each month of the study. Each of the five subplots were seeded monthly
with 1 g of seed, The seed Wasrcollected from a larxge uniform Mela-
leuca stand near Esterxo, Lee County, and was periodically tested for
viability. Other subplots on the same plots were randomly selected for
the planting of grezenhouse-grown seedlings. The original plan was to
seed 5 subplots on each plot approximately once a month for at least
a year and record germination and survival. The longest time betwean
seedings was 57 days, the shortest was 23 days, and the average was
34 days.

Plantings were not carried ocut on a monthly basis. It was intended
to get at least 5 seedlings established as soon as possible on each plot
and observe their growth through the yvear, The first planting did not
take place until March 31. This was well into the dxy season and prac-
tically all of the seedlings did not survive their first month. A
second planting was made on May 25. At this time the s0il on all sites
was moist, due to several early wet-season storms. MNevertheless, only
about half of the sesdlings survivad the plarting. Five subplots on
each plot were again planted in July, whan rmost of the sites were floodad.
In this case, survival was 1003 after tne first month. Also, plots #2,

£3, and the newly established plot #8 were planted in August with both
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Figure 11. Map of southwest Florida showing the locatiom
of the study sites.

1 Longleaf pine flatwood

2 Mixed hardwood--cypress forest
3 Burned mixed hardwood~--cypress forest
4 Dwarf cypress forest

5 Wet prairie
6 Mature cypress forest
7 Mangrove

B Drained cypress forest
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a Melaleuca and a cypress seedling on each of the five subplots, in

order to obtain a comparison of cypress and Melaleuca seedling growth

under nearly identical field conditions. The cypress seedlings were

chbtained in February from the dwarf cypress site and kept in the

greenhouse until they were replanted in the field.

Only three sites

were selectad for planting becauss of lack of cypress seedlings. &all

seedlings were planted bare-root, the soil being washed off just prior

to planting.

corded and growth responses were noted.

Initial height and monthly growth increments were re-—

During each visit one surface soil sample was taken for soil

rnolsture determination.

This was by no means a representative sample,

but the time limitations of weekend, trips precluded the design of a

more sophisticated sampling procedure; nevertheless,

monthly changes was obtained.

an indication of

During the March trip 3.8 cm diameter galvanized iron pipes were

driven into the ground for water level determinations.

made to place each pipe as closs to the

but where bedrock was neaxr the surface,

An attempt was
center of the plot as possible,

several borings were made to

set the pipe as deep as possible. No pipe was placed either on site

5 (sawgrass), due to the shallowness of

due to its proximity to site 2 where one pipe served both sites.

thly watexr level changes were recorded.

measurements were made.

the so0il, or on site 3 {burned),
Mon—

In July and August weekly

Rlso, water depth measurements were mads atb

each of the seeded or planted sihrlots on thz flooded sites to get an

idea of the topograpnic changes within each plot.

Svarting in July, when most of the

dissolved oxygen maasurements wars

plots were flcoded, weekly

of tha surface water using a
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modified Winkler method. The samples were taken Ffrom the plot centers.
Again, only one sample was taken per site each week, and the time of
day when the sample was taken varied, so the data can only be consi-
dered an indication of the dissolved oxygen contents under which seed-
ling establishment was attempted.
In addition to a gualitative description of the vegetation on

each site, forty 1 m2 subplots were randomly selected, and the terres-—
trial and rooted aguatic plant species that occurred on éach subplot

were recorded.
Besults

Site descriptions

The longleaf pine flatwood site is located just south of the
Koreshan State Park in Estero, Lee County. It is dominated by Pinus

palustris Mill (longleaf pine), Serenoca repens Hook. f£. (saw palmetto),

and Befaria racemosa Vent. {tarflower) {see Fig. 12). Melaleuca is

abundant around the site and there have been numerous sead crops re-
leased in the vicinity. However, no Mszlaleuca is growing on the site
except where there are obvious cdepressions in the topography. The 20 m
by 20 m plot is free of Malaleuca. The predominant species on this
site are listed in Table 5.

The soil is a well-drained deep sand, probably low in fertility.
Monthly soil moisture msasurements presented in Figure 13 illustrate
that peak moisture levels were reached during a three month period
between HMay and July. The rest of the year the moisture levels ware

low and the soil surface dry.
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Fipgure 12,

Longleaf pine flatwood site.
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TABLE 5. List of common plants on the longleaf pine flatwood site and
their abundance expressed as a percent of the total number of sample
plots where they occurred. '

WOODY PLANTS ABUNDANCE
Befaria racemosa 97.5
Serenoa repens 82.5
Pinus palustris 7.5
Ilex glabhra 7.5
Quercus myrtifolia 7.5

HERBACEQUS PLANTS

Hypericum brachyphyllum 45.0
Andropogon capillipes 26.5
VAristida spiciformis 12.5
Aristida tenuspica 10.0

Lachnanthes caroliniana 5.0




52

THIS SITE WAS NOT FLCODED

T
o]
|

X
o
|

SOIL MOISTURE (% by weight)
N -3
? (=]
1

i

Ficure 13,

MONTH

Monthly soil moisture changes and length of floodinz oa
the lonzleaf pine flatwood site.
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The water ievel (shown in Fig. 14 for all sites) at this site was
subsurface exéept for a one-week period in July when heavy rains occurred
in Lee County and the water level rose to the surface, causing some
puddling.. The lowest water table recording was in late April when iﬁ
dropped to 172 cm below the surface. The highest reading of 2.0 cm of
surface water was recorded in July. This site, with the possible excep-
.tion.of the drained cypress forest site, had tﬁe lowest_average waterxr
level and the shortest period of flooding of any of the study areas.

The mixed hardwood~~cypress.forest site is loéated just south of

Alligator Alley, along the west edge of the Fahkahatchee Strand in

Collier County. It is dominated by Taxodium ascendens (pond cypress),

Fraxinus caroliniana Mill. {(pop ash), and Acer rubrum L. (red maple).

The site apparently burned a few years ago and many hardwood snags are
now present. The loss of these trees have made the canopy relatively
open and the soil is denseiy covered with herbaceous plants (see Fig. 15).
The more abundant species are listed in Table 6. No Melaleuca was lo-
cated on the plot or near the site. The closast observed Melaleuga trees
were at least 15 km away.

Approximately 1 m of sandy peat soil overlies limestone bedrock.
The topography change from high to low point within the plot is 21 cm.
Soil moisture measurements, as shown in Figure 16, indicate that rela-
tively high moisture was present in the soil during January and Febru-
ary. It was reduced in March and April and the.soil sufface became ary.
Farly wet season rainstorms caused the soil moisture to increase in May.
By June, the site was floodad.

Water level on this site fluctuated from 1 m below the surface



Figure 14. Water level changes on the eight study plots.

O——© Longleaf pine flatwood

Mo Mixed haj;'dwood—-cypress forest

H e — Burned mi#ed ‘hardwood——cypress forest
&———————A  Dwarf cypress forest

A———=A Yot prairie

B————— Mature cypress forest

o————————p Mangrove

B——————3  Drainad cypress forest
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.Figure 15. Mixed hardwood--cypress forest site,.
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TABLE 6. List of common plants on the mixed hardwood--cypress forest
site and their abundance expressed as a percent of the total number of
sample plots where they occurred.

WOODY PLANTS ABUNDANCE
. Taxodium ascendens (trees) 32.5
Taxcdium ascendens (seedlings) 5.0
Acer rubrum 25.0
Salix caroliniana 22.5
Baccharis halimifolia 10.0
Fraxinus caroliniana 2.5
Myrica cerifera 2.5
Ficus aurea 2.5

HERBACECUS PLANTS

Blechnum serrulatum 90.0
Mikania batatifolia 65.0
Ludwigia repens ' 42.5
Boehmeria cylindrica o 32.5
Polygonum hydropiperoides 22.5
Cladium jamaicensis 12.5
Cyperus haspen - 10.0

Pontedaria lanceolata 7.5
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during the dry season to a relatively constant level of 20-25 cm above
the surface in June, July, and August. It began to drop off again in
September. By late November approximately three-fourths of the plot
was still flooded, making the hydroperiod about six months long.

Dissolved oxygen readings for all sites are given in Table 7.

The dissolved oxygen content of the flood waters at the mixed hard-
wood-—-cypress forest site was fairly low. The greatest amount recordad
was 2.56 ppm, taken from an aftermoon sample. The other measurements
were taken at midmorning and this may account for the lower wvalues.

The burned mixed-hardwood-cypress forest plot is located adjacent
to the previous plot, within the same vegetation type. This plot was
established after a fire had burned up to the edge of the other plot
on March 31. Thié presented an opportunity to observe differences
between a recently burned site and one that had had a few yearxs to re-
cover. The fire completely eliminated the ground cover and/or killed
many of the hardwoods. The plot was established on May 25, after a few
days of rain, and only a few grasses and herbs had sprouted. The pre-
dominant woody vegetation on the plot was pond cypress (Fig. 17). A
list of the other abundant species are given in Table 8.

No soil samples were taken on this plot. Topography change'within
the plot from high to low point is 17.5 cm. This plot is slightly
higher than the adjacent plot and the soil is shallower. Therefore,
the length of the flood psriod mawv be as much as a month shorter than
on the adjacent plot.

The water level measurements opresented in Figure 14 show that the
surface water during the wst season averaged slightly less than 20 om

deep. The water table was more than 1 m beneath the surface during
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Burned mixed hardwood-—cypréss forest site,

Figure 17.



TABLE 8. List of common plants on the burned nixed hardwood-~cypress
forest site and their abundance expressed as a percent of the total
numbex of sample points whare thev occurred.

WOODY PLANTS ABUNDANCE
Taxodium ascendens 15.0
Sabal palmetto ) 7.5
Baccharis halimifolia 2.5
Persea borbonia 0.5
Salix caroliniana 0.5
Acer rubrum 0.5
Cephalanthus occidentalis ' 0.5

HERBACEOUS PLANTS

Blechnum serrulatum 72.5
Sacciolepis striata 40.0
Nymphaea odorata 25.0
Polygonum hvydropipercides 22.5
Hyptis alata 17.5
Pontederia lanczlolata : 12.5
Diodea virginiana , 1¢.0
Mikahia batatifolia 7.5
Canna flaccida 7.5
Ludwigia repans 7.5
Boehmeria cvlindrica _ 5.0
Solidago stricta _ 2.5
Hydroles corymbose 2.5

Melothria wandula 2.5
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the dry season. By late November the water level was again subsurféce
and the soil was soggy. The dissolved oxygan measurements averaged
slightly highexr here than on the adjacent plot (samples were taken at
the same time)}. This was possibly due to the more opsn canopy and
sparser ground coverx, which may have resulted in a greater amount of
algal photosynthesis in the water.

The dwarf cypress foreét site.is iﬁcéted just north of the Collier-

Dade Training Jetport in eastern Collier County. .The vegetation is

predominantly widely scattered dwarf {pond) cypress (Taxodium ascendens})
with a herbaceous ground cover (FigT 18} . The plot includes part of
a small cypress dome. No Melaleuca were located on the plot; the
closest individuals were located along a disturbed roadside about 2 km
south of the plot. Common species on the plot are listed in Table 9.

The soil is an Ochopee fine sandy marl that ranges in depth from
only a few centimeters to over a meter. The t0pogra§hy change within
the plot isr22 cm. Much of the soil is covered with a thick algal mat.
During the dry season as it became separated from the soil surfacé the
mat dried out. Seedlings which germinated on this mat were subject
to dessication as this process occurred. On sites in which the mat
was burned during the dry season, the chances of successful germina-
tion would be enhanced. Burning would eliminate the mat, which acts
as an effective harrier between the Melaleuca seed and mineral soil.
Soil moisture levelé presented in Figure 19 show that moisture content
dropped steadily from January, reaching its lowast level in April when
the soil surface and algal mat were dry.

The water table (¥Fig. 14) dropped to 90 cm below the surface

during late March, April, and early ilay. This correspondsd to the
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Dwarf cypress forest site.

Figure 18



TABLE 9. List of common plants on the dwarf cypress forest site and
their abundance expressed as a percent of the total number of sample
Plots where they occurred.

WOODY PLANTS . : ‘ ABUNDANCE
Taxodium ascendens ({(trees) 45.0
Taxodium ascendens (seedlings) 35.0
Myrica cerifara 2.5
Chrysobalanus icaco 2.5
Ficus aurea 2.5

HERBACEOUS PLANTS

Cladium jamaicensis 67.5
Panicum virgatum 45.0
Paspalum monstachyum 25.0
Proserpinaca palustris 22.5
Cassytha filifommis 7.5
Nymphaea odorata | 7.5
Stillingia sylvatica 5.0

Bacopa caroliniana 2.5
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Monthly soil moisture changes and lenzth of floodiaz on
the dwarf cypress forest site.
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period when both the soil surface and algal mat were dry. During the
wet season the surface water level fluctuated between 25 and 30 cm and
began to_recede in early September. fThe period of flooding was five
to six months long. Dissolved oxygen contents (Table 7) werxe higher
than those recordad on the previous plots. The highest measurement was
4.45 ppm recorded at 2:00 PM. Other measurements taken in the afternoon
were at least 1.50 ppm‘less than this. If the higher ievels are sig-
nificant they can prcbably be attributed to the opennesé éf the cypress
forest and the resulting photosynthesis of the submerged algal mat.

The wet prairie site is located just south.of U. §. 41, 1.5 km
northwest of Forty~mile Bend in Western Dade County. The dbminant

species is Cladium jamaicensis (sawgrass}). No woody vegetation was

located on the plot (Fig. 20). Other common species are listed in
Table 10. |

The-soil is a marl (probably of the Ochopee series) with an average
depth of 15 to 30 cn to limestone bedrocdk. The topography changs from
the high to low point within the plot is 8 cm. Soil moisture measure-
ments presented in Figure 21 show that therxe was considerable moisture '
still present in the soil in March, April, and May, but due torthe
finé texture of this clay soil, the moisture may not have been readily
available to seeds.

Water table depths during the dry season were not obtainable be-
cause the shallowness of the soil made it impossible to drive a pipe
into the ground. The wabter level after June is illustrated in Figure
14. The surface water averagad about 20 cm in depth during the wet
season. This site is probably ifloodad lenger than any of the other

sevan sites dus to the release of water into the Everglades National



Figure 20.

Wet prairie site.
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TABLE 10. List of common plants on the wet prairie site and their abun-
dance expressed as a percent of the total number of sample plots where
they occurred.

HERBACEQUS PLANTS ABUNDANCE

Cladium jamaicensis 97.5
Rhynchospora traéyi 87.5
Utricularia biflora . 72.5
Muhlenbergia capillaris : 25.0
) Bacopa carocliniana 5.0
Sagittaria graminea 2.5

Bleocharis cellulosa 2.5
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Park from Conservation Axea 3. This tends to maintain high water
levels through the fall in this particular arsa. As of Novewber 30
this site was still flooded with 19 cm of water. Dissolved oxygen
measurements (Table 7) were the highest recorded on any plbt. In some
cases the surface water was saturated, as indicated by late afternoon
readings as high as 9.49 and 8.17 ppm. Two of the lower readings were
reco?ded in the morning while a third was taken on a clou&y day. Pre-
sumably the high dissolved oxygen levels resulted from the photosynthe-
sis of the algal mat.

The mature cypress forest site is located within a cypress strand
approximately 5 km east of Monroe Station and south of U. S. 41 in

Collier County. The predominant woody species are Taxodium ascendens,

Annona glabra L. (pond apple), and Fraxinus carcliniana. The more:

abundant species are listed in Table 11. The strand is characterized
by a tall overstory of mature cypress trees with a scattered undsr-
story of hardwoods, a few reaching into the lower canopy. The strand
follows a long depression running in a northeast-southwest direction
and accounts for a considsrable amount of water flow from the Big
Cypress Watershed. The plot.is located at the edge of a bond in the
center of the strand. Part of the plot extends into the shallower
portion of the pond where full sunlight is available, while most of
the plot is in dense shade (Fig. 22).

The soiy is variable in desth and consists of a mucky peabk mixed
with sand which overliass limestone bedrock. Topography change within
the plot 1s 49 cm. In Tebruary and March the soll was quite wet and,
except for the surface litter, remainad nolst throughout the dry sea-

son (Fig. 23).
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TABLE 1l. UList of common plants on the mature cypress forest site and
their abundance expressed as a percent of the total numbar of sample
plots where they occurred.

WOODY PLANTS ‘ ABUNDANCE
Fraxinus caroliniana 7.5
Annona glabra 7.5
Ficus aurea 2.5
Taxodium ascendens - | 2.5
Sabal palmetto 2.5
Chrysobalanus jicaco 2.5

HERBACEQUS PLANTS

Ludwigia repens 27.5
Nymphaea odorata 20.0
Blechnum serrulatum l10.0
Asclepias incarnata 7.5
Thalia geniculata 2.5
Rhus radicans 2.5
Mikania batatifolia 2.5
Hvdrocotyle umbellata 2.5

Proserpinaca palustris . 2.5
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Mature cypress forest site.

Figure 22,
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The water level (Fig. 14) during the dry season dropped belov the
depth of the pipe (75cm). The surface water rose to about 58 cm during
the summer months and then began te drop off in September. By lata
Noverber most of the site was still flooded with 35 cm of standing wa-—
ter at the center of the plot, giving most of the plot at least a six-
month hydroperiod. Dissolved oxygen contents (Table 7) were quite low.
The highest measﬁrement was 3.64 ppm, with most of the measurements
taken in the late afterncon when dissolved oxygen levels would be ex-
pected to be at their highest.

The mangrove site is located about 7 km northwest of Carnestown,
along U. S. 41 in Collisr County. The dominant species {Table 12} are

white mangrove (Laguncularia racemosa Gasrtu. f£.) and open marshes of

Spartina spartinae, and Salicornia bigelovii. It is characterizea by
dense patches of white mangrové that abruptly change to open'galt
marsh (Fig. 24). Shallow mangrove creeks or estuafies meandar through
both wvagetation types.

The soil is a fibrous brown peat that held enough moisture even
during the dry season so that water could be squeezed out of it by hand.
The topography change within the study plot is 12.5 am.

Water level changes are illustrated in Figure 14. The water table
remained at or near the surface during the dry season and the watex
was probably brackish. During the wet season an influx of fresh waterx
was received from the Fahkahatchesz Strand area and the water leval
rose continuously during the sumzmar months, reaching a maximum of 28
cm in late August. Flooding becan a month sooner here than on the

other sites, but by laie Novembar the plot was no longer flooded.
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TARLE 12. List of common plants on the mangrove site and their abun-
dance expressed as a psrcent of the sample points where they occurred.

WOODY PLANTS ABUNDANCE

Laguncularia racemosa 45.0

HERBACEQUS PLANTS

Salicornia bigelovii 50.0

Spartina spartinae 42.5

Paspalum vaginatum 12.5




Figure 24,

Mangrove site.
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Dissolved oxygen measuvrements ware variable, with the results ranging
from 0.65 ppm to 5.95 ppm.

The drained cypress forest site, which was established in August,
is located about 8 km northeast of the community of Golden Gate in
western Collier County. It is an artificially well»draiged site
characterized by a relatively open stand of pole-sized cypress trees
(Fig.-25). No pine is located on the study plot, but the site area

includes a patchwork of scattered pine (Pinus elliotii) and cypress

stands delineated by slight undulations in the topography. The under—
stoxy on the study plot is mostly grasses and herbs which include many

weedy species such as Bacchaxis halimifolia, Hypericum sp., and Foe-

niculum vulgare. The more abundant species are listed in Table 13.

The soil is a deep sand that was moist (Fig. 26} through August,
but by October the surface was very dry. The November soil gample
was taken duxing a rainstorm which accounts for the increase obtained.
The water table (fig. 14) was near the surface at mid-summer,
and for a brief period in August there was puddled surface water. Other-

wise, the plot was effectively drained throughout the year.

Seeding Trials

Accurate seedling counts from seed sown on the study plots wera
difficult to make dus to the small size of the seedlings and the fact
that site conditions changed considerably from visit to visit due to
vegetation growth, water level changes, and in some cases the devalop-

mant of an algal nmat that covered the ssedlings. Conseguantly an
) ~

15

indicated loss of seadlings actually may have resulted from my inabi-

bility to relocate a seedling and not actual mortality. Only as the
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ained cypress forest site.
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TABLE 13. List of common plants on the drained cypress site and their

abundance expressed as a percent of the sample points where they

occurread.

WOODY PLANTS

Taxodium ascendens

Baccharis halimifolia

Myrica cerifera

HERBACECUS PLANTS

Eupatorium mikaniodes

Chloxis neglecta

Pluchea rosea

Hyptis alata

Foeniculum vulgare

Eupatorium capillifolium

Cladium jamaicensis

Vitis aestivalis

Mikania batatifolia

Hypericum fasciculatum

ABUNDANCE

27.5

7.5

2.5

57.5

47.5

45.0

17.5

10.0

7.5
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water level drops and seedlings grow will actual survival be known.

As shown in Table 14, seedlings were nét cbserved on the pinz
flatwood site until August 5, when four seadlings were recorded on two
subplots that were seeded in July. Apparently none of the previously
sown seed remained viable during the dry season to germinate when
moisture requirements became favorable. A seedling crop was racorded
on August 31 from seed sown on August 5, but by October all of those
seedlings had died and only one seedling remained from the July 14
seeding. BAs of November 28 only one seedling that germinated from
seed sown in October was observed on the entire plot.

The results of the seedings on the mixed hardwood--cypreus site
are given in Table 15. The only germination recorded was between |
January and February when the soil was moist. 1In this case a total
of 70 seedlings were observed on a total of four subplots. All of
these were lost either during the dry season, in the summer while the
site was flooded, or in the fall when the water level dropped.

The seeding results for the Lurned mixed hardwood--cypress site
are shown in Table 16. Twenty-eight seedlings were counted on July 12
resulting from the May seeding. Losses were recorded each succeeding
month. By October 17 only two of these seedlings remained. The heavy
algal bloom (which may have resulted from nutrients releassad by the
fire) made these counts unreliable by obscuring the seadlings. No
germination occurred underwater subsequent seedings. By late Hovamber
the site was no longer flooded and seed germination was recorded on
subplots that had been seeded as early as July 12. All five subplots

seaded in October supported seedlinags, and as many as 850 seedlings
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were recorded on a single subplot. This particular subplot was very
wat but not flooded when it was sesded in Octaober.

The results of the seeding trials on the dwarf cypress forest
site are given in Table 17. Seedlings were recorded from both the
January and February seedings; however, all of the seedlings died
during the dry season. No further germination was recordsd until Oct-
ober 16, when six seedlings were found growing on one of the subplots
that was seeded at the end of August. This particular subplot is
located on the edge of the 20 m by 20 m plot where the topography is
highest; consequently, as water levels began to drop this subplot was
one of the first to be exposed. When this subplot was seeded in August
it was covered with 5 om of water. When this subplot was monitored
on October 16, this particular subvlot was no longer floodad. The
soil was saturated and the seedlings were growing on the wet algal
layer. It is not known how soon after the seeding the water receded
or if the seeds germinated underwater. On November 30, 215 seedlings
were recorded on a total of four of the five subplots se=sded in Oct-
ober. Two of these subplots were still flooded. One hundred and
fourteen seedlings were counted on four subplots that were seeded as
early as August 28.

The results of the seeding trials on the wet prairie site are
shown in Table 18. In March, 12 seedlings were recordad from the seeds
sown in Februaxry. In March the soll was scggy wét with a thick algal
rnat on which the sesedlings were growing. None of these sesedlings
survived the dry seascon and no further gorrmination was noted from seed
sown either during the dry season or while the site was flooded.

Germinabtion results on the rature cyrress . forest site are givan
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in Table 19. Seedlings were recordad in March from seed sown in Feb-
ruary. A month later the soil surface was still moist, but none of
the 75 seedlings could be relocated. Between March and April a lush
growth of herbaceous plants developed on the forest floor, particularly
in the more open part of the plot. Presumably the Melaleuca seedlings
could not compete with these rapidly gfowing plants. No further ger-
mination was recorded either during the dry season or while the site
was flooded.

There was a noticeable water flow through this plot during the
wet season; this flow would have been capable of floating seeds out
of the plot if they had been directly on the surface. Therefore, the
seeds were presoaked for 24 hours before sowing, enabling them to be
placed directly on the s0il surface under the water. On the other
flooded plots the water was considerably shallower with no noticeable
flow, so the seed could be sown on the water surface. Then, by agi-
tating the water by hand the seeds would sink. |

The seeding results for the mangrove site are shown in Table 20.
No germination was recorded on this plot at any time during the year.

The results of the seeding trials on the drained cypress forest
site are given in Table 21. On August 28 a total of 280 individﬁals
were recorded from the five subplots. Thase gexminated from the
August 12 seeding. By October 15, only eight of these seedlings re-
mained alive; many of the others were found in a dessicated state.

rive other seedlings were recordad in October from the August 28

[N

ilings remained on the plot.

o]

sea

seeding; howevar, in late Novembar n
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Field Plantings

Tree seedlingrsurvival for each consecutive planting on each study
plot is illustrated in Figure 27. Mean height growth as of Moverber
30 for the surviving trees from each planting is shown in Figure 28.
In many cases the trees had several months of growth--either positive
or negative--before dying. Gains and losses of individual seadlings
that eventually died were not included in the calculation of mean
height growth. In other words, only those trees that survived until
Novenber 30 were used.

The seedlings from the March planting on the longieaf pine flat-
wood site did not survive the first month. This mortality was probably
the result of transplantation shock during a time when the soil mois-
ture content was very low. Two seedlings survived the May planting
and as of late November exhibited an average growth of minus 4.5 am.
The negative growth signifies that the tops of most of the trees died
back. B2all five seedlings from the July planting have survived and
they exhibited a growth of minus 8.8 cm. None of the trees from this
planting had positive growth. The seedlings appeared to be deficient
in nutrients; they produced sméll, pale yellowish—-green leaves. - Sev-
eral of the trees were badly damaged by insects.

On the mixed-hardwood cypress forest site one seedling from the
March planting survived until July. Two other seedlings have survived
from the July planting. Their mean height growth as of late November
was minus 11 cm. From the August planting, which included five oy-
press seadlings in addition to the Malaleuca, only one individual of
each species has survived. The single Melaleuca seedling has grown

21.5 cm, while the cypress seadling had a growth of minus 28.0 cm.

.



Pigure 27.

Seedling survival on each study plot from the four planting
trials. Each bar represents one seedling. The length of the
bar Indicates the time before the seedling was observed to
had died. The open ended bars indicate that the seedlings
were still alive on December 1. (LPF, longleaf pine flat-
wood; MHC, mixed hardwood--cypress; BMHC, burned mixed hard-
wood--cypress; DwCF, dwarf cypress forest; WP, wet prairie;
MCF, mature cypress forest; M, mangrove; DC, drained cypress).
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The seedlings planted on the burned mixed hardwood--cypress forest
site exhibited the greatest height growth of any of the plots planted.
It also had one of the best survivals. From the May planting, two
seedlings have survived. Their average height growth was 7L.8 cm.
All five seedlings from the July planting have survived, with an ave-
rage height growth of 54.5 cm, but only one of the Auvgust-planted
Melaleuca seedlings has survived, growing 61.5 cm in three months.
Four out of five of-the cypress seedlings are still growing and their
average growth as of late November was 8.5 cm. The results obtained
so far on this plot are in sharp contrast to those of the adjacent
plot described above. Obviously, the burning with subsequent reduction
in competition and release of nutrients has had a noticeable effect
on both seed gexrmination and seedling growth.

All five seedlings planted in March on the dwarf cypress forest
site did not survive the first month. However, two of the five seed-
lings planted in May survived ané grew an average of 12.5 cm between
May and late November. From the July planting only one seedling was
lost. The remaining seedlings averagesd 37.6 cm of height qrowth. No
plantings were undertaken in August. Most of the surviving zeedlings
appeared healthy throughout the summer months, but in late November
all were severely insect damaged. Most of the seedlings on this site
developed a ball of adventitious rooté at the water surface.

None of the seedlings planted in March on the wet prairie site
survived the fifst month. One seedling hags survived from the May
planting and as of late November had grown 40 cm. All five seed-
lings from the July planting have survived. They had an average

height growth of 44.5 c¢m. 'This was the second best growth response
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obtained from any of the plantings on any of the sites. In Novenmber
several of the trees were badly insect damaged.

One seédling from the March planting on the mature cypress forest
site survived beyond September 1, buit it could no longer be located on
Octoher 17. One seedling from the May planting survived for five
months. Both the March and the May plantings tock place while the
s0il was moist. All of the seedlings were planted underwater in July
and remained completely submerged until they died. Two of these sub-~
merged seedlings developed the dimorphically distinct leaves exhibited
by the submerged seedlings grown in the greenhouse. None of the seed-
lings on this site exhibited any positive growth after they were
submefged, and all were dead by late tlovember.

In addition to the seedlings planted on the mature cypress forest
plot, 12 large seedlings averaging 125 cm in height were planted in
July in the center of the open pond just outside of the study plot.
Most of the trees were completely submerged but a few had their tops
out of the water. TIn October all of the trees were still alive, but
by November 30 they were dead.

On the mangrove site no seedlings survived either the March or
May planting. All five seedlings from the July planting survived
through August, but as of October 17 only two seadlings remained
alive. On November 30 one seedling was laft and it had grown 20.0 cm
since it was planted in July.

One hundred percent survival was obtained on the drained cypress
forest site for both the cypress and Melaleuca seedlings that were
planted in August. The Meialeuc% seedlings averaged 23.3 com of height
growth betwean August and November, while the cypress sesdlings ave-

raged a minus 1.8 cm (Fig. 29).

=
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Planted cypress and Melaleuca seedlings on the drained
cypress forest site.

Figure 29,



SURVIVAL OF NATURALLY REGENERATED SEEDLINGS

The tramendous amount of Melaleuca reproduction observable in
many areas of Lee and Collier Counties usually results from massive
seed release following the burning of sites that alrxeady support at
least widely scatteréd mature Melaleuca trees. The question arises
as to the susceptibilit§ of these gsites to Melaleuca establishment.
In other words, do these sites regularly and uniformly present con-
ditions favorable for Melaleuca, or is the proper timing of seed
release accompanied with fire and proper moisture conditions only

iﬁfrequently met?
Objectives

The vast acreage of Lee and Collier Counties that burned during
the drought of 1974 presented an opportunity to ocbserve Melaleuca
seedling establishment aftexr burning. This simple experiment was set
up to: (1) observe natural seédling survival on established Melaleuca
sites, and (2) to study seedling establishment on the same sites from

seed sown later in the sszason.
Procedure

Three different sites were located where Melaleuca was already
established and which had burned during the dry season. HMassive seed

release had occurred on sach of the sites and seedlings literally

107
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carpeted the ground. The site locations were: i#l, due west of Monroe
Station in Collier County in an open glads surrounded by scattered
pine, cypress, and clumps of Melaleuca; 72, south of Highway 846 north-
east of Naples in Collier County, in mixed cypress and pine and
scattered Melalguca; and #3, two miles south of Estero in Lee County
along U. S. 41, next to an old cypress dome now dominated by large
Melaleuca trees. On each of the sites, four 20 cm by 20 cm plots were
arbitrarily chosen so that naturally established seedlings were
uniformly dense on each of the plots. At the beginning of the experi-
ment, the seedlings on one plot on each site ware merely counted and
recorded. On the other three plots the seedlings were counted and
removed. Immediately, one of the cleared plots was seedea with

0.25 gram of Melaleuca seed. The second cleared plot was seeded in
the same manner after one month, and any response on the control and
the initially seeded plots was noted at that time. The third cleared
plot was seeded after approximately two months. Water level and

dissolved oxygen content reasurements were also taken.
Results

The dates of initial establishment and successive treatments,
along with results and measurements, are summar;zed in Table 22. On
site #1, near Monroce Station, tﬁe control plot supported 45 seedlings
at the time of establishment. The water level was approximately 13.5
cm above the surface and six of these seedlings were emergant, the
tallest being 16 cm, After approximately one month no seeds had

germinated underwater and a second seeding plot was set up. A month

and a half later the soil surface was molst and the originally sseded
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Survival of naturally regenerated !elalauca seedlings on

burned sites and the results of seedings on the same sites carried out

later in the wet season.

Site 1
Monroe Station (wet prairie, pine, cypress)

Number of Seedlings Dissolved
Treatment Water Depth Q. Content
Date Control 1 2 3 {cm) {ppm)_
July 25 45 seeded ———— - 13.5 4.95
Aug. 31 45 0 seedad - 13.0 1.76
Oct. 17 40 - 3 30 seeded soll moist —_——
Nov. 30 37 ‘ 2 13 3 solil moist —_——
Site 2
Highway 846 {Pine--cypress)
Number of Seadlings Dissolved
Treatment Water Depth 0, Content
Date Contreol 1 2 3 {cm) {pom)
July 25 78 seeded ——— —-——- 1.0 ———
Aug. 31 74 12 seeded @ --—- 0.2 —_—
Oct. 15 50 21 45 seeded 501l moist ————
Nov. 30 50 0 1 0 s0oil moist -
Site 3
Estero {cypress dome)
Numkber of Seedlings Dissolved
Treatment Water Depth 0. Content
Date Control 1 2 3 {cm) {nom)
July 27 90 seeded ——- - 12 ———
Aug. 3L 90 0 seadad - 10 6.19
Nov. 28 63 0 4 seedad soil dry —_——



110

plot supported three seedlings. The second seaded plot supported

thirty seedlings. A third plot was seeded at this time. After four
months 37 seedlings remained on the control plot. The first, second,
and third seeded plets contained 2, 13, and 3 seedlings respectively.

On site #2, near Highway 846, the control plot supported 78
seedlings at the time of establishment. There were 2 cm of standing
water at the time and all of the seedlings were underwater. A month
later 74 seedlings remained on the control plot. There was only 0.2
cm of standing water and all of the seedlings were emergent. From
the seeds sown on the first seeding plot, 12 had germinated. By Oct-~
ober 15, the soil was moist and 50 seedlings remained on the control
plot; 21 on thé first seeding plot; and 45 on the second plot. A
third seeding plot was éstablishedAat this tima. By late Novenber
there were still 50 seedlings on the control plot, but only one
seedling remained on any of the seadad plots.

On the third study site, nesar Esteroc, 90 seedlings were growing
undexr 12 cm of watexr on the control plot. Cne month later there were
still 90 seedlings on the control plot, all still growing under 10
cm of water. No germination had occurxed on the initial seeding plot.
By late November there were 63 seedlings remzining on the control

plot, while the only seedlings established from seedings occurred on



DISCUSSION.

Seed Germination and Seedling Survival

Several major factors control Melaleuca seed germination and seed- .
ling survival. These factors include moisture availability, water
level, hydroperiod, soil fertility, salinity, light, and competition
‘with natural vegetation. In other words, a certain set of biological
and physical influences interact to define the conditions necessary
for Melaleuca germination and growth. Only in those areas where these

conditions are found will Melaleuca becoms successfully established.

Moisture Reguirements

The germination experiments carried ocut in the laboratory demon—
strated that under ideal conditions Melalesuca seed germination was
initiated rapidly, within three days, and that the germinating seeds
were very susceptible to dessication if moisture conditions were not
satisfactory. The fact that no germinaﬁion cceurred from seed sown
on the study plots during the dry season suggests that a seed crop
released and on the ground may ba extremely vulnerable to the seasonal
vagaries of mo sture availability. Germination may be triggered by
a brief dry season rain, or possibly by dew cor fog:; but moisture
levels would not be sufficient for continued growth and survival.

Rapid germination after initial moisture application would ke

an advantags to seed relzased at the beginning of the wet season.
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Abundant moisture would ba available as practically daily rainstorms
develop and germination would probably occur before flooding. This
would tend to follow the sequence of events that occurs in the mon-
soon climate where Melaleuca is native. Seasonal droughts provide
conditions for fire, which in turn results in seed release and site
preparation just prior to the onset of the monsoon rains. Much the
same pattern exists in South Florida, especially as artificial
drainage has shortened the length of the flood periocd and increased
the incidence of fire.

Although both the laboratory and greenhouse experiments indi-
cated that Melaleuca seeds will germinate underwater, this does not
seem to be the case under normal field conditions. WNo germination was
recorded on any of the sites while standing water was present. This
indicates that areas which are continually flooded during tha wet
season do not normally present conditions favorable for Melaleuca
seed germination.

The low dissolved oxygen content characteristic of most swamp
waters may effectively inhibit or at least delay germination. Wwhether
or not seed is destroyed under prolonged flooding is uncertain, but
on the burned study plot some germination did occur, after the drop in
water level, on subplots that were seeded as early as July.

Where seedlings were ohserved underwater, germination probably
occurred prior to flooding, as for example from tha Hay seediﬁg on the
burned plot. 1In November, seedlings were also cbhsarved that were
growing underwater on the dwarf cypress forsst site. However, this

site probably was not floodad for at least a brief period between the
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October and November visits, and garmination most likely took place
during this period. This is suggested by both the observation that
newly germinated cypress seedlings were growing underwater on the
site {cypress does not germinate underwater), and the fact that the
site was visited just after a cold front had dropped cver 2.5 cm of
rain over much of Scuth Flofida.

Except on the wet prairie site, the dissolved oxygen levels in
the water at each of the flooded study sites were relatively low.
Because Melaleuca seeds are minute there is a possibilitf that they
would lay entirely within a layer of anaerobic water that may exist
at the soil surface where little water movement and mixing wquld occur;
This may account for the lack of germination on flooded sites. In
some preliminary experiments, it was found that Melaleuca seeds would
germinate in six days in water with a dissolved oxygen content of
4.0 ppm, while no seed germination occurred afiter two weeks in water
with 2.5 ppm of dissolved oxygen.

Apparently germination and successful establishment will not
occur on sites while they are continually flooded during the wet
season nor on sites where the seed has laid on the ground through-most
of the dry season. A favorable window for successful germination
exists only for brief periods confined to either the onset of the wet
season or after water levels reced=s in the fall. Prolonged conditions
favorable for germination would bz found, therefofe, only on thoss
sites where the soil surface is exposad bubt remains wet for long

periods of time.
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Hydroperiod and Water Level

In the varied-hydroperiod experiments undertaken in the greenhouse
the seedlings in the treatment that was alternated between submergence
and drainage every three days seemed less affected by submergence than
those in the treatment that was alternated on'a two week basis. The
seedlipgs of the first treatment broke the water surface more than a
month bafore those of the treatment that was alternated every other
waek. This suggests that, even though the total number of days of
submergence was the same for both treatments, a fluctuating water
level or "noisy" hydroperiod is more favorable for Melaleuca than a
stable hydroperiod. These fluctuating water levels are characteristic
of those areas in South Florida that have been artificially drained,
and include those areas where Melaleuca has been actively invading.

For example, maximum recession rates of groundwater levels within the
Fahka Union--Golden Gate drainage system in Collier County are between
9.1 and 10.4 cm per day, while maximum rates for undrained areas of
the Big Cypress Swamp are between 2.1 and 4.0 cm per day (Carter et.
al., 1973). Drainage canals in some areas have also increased the
rate of surface flow one order of magnitude over the average of 0.5 km
per day in the Big Cypress Swamp (Carter et. al., 1973), effectively
removing surface water at a rapid rate and causing dramatic fluctua-
tions in water levels and length of hydroperiod._

The fact that Melaleuca growth ceases or at least is significantly
slowed when plants are submergaed was demonstra;ed in both the greenhouse
experiments and in the field on the burned mixed bardwood--cypress

gsite and mature cypress forest site, where both the germinated and some
YE
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planted seedling; remained submerged throughout the wet season. Appar-
ently, seedlings tgat do germinate underwater form morphologically
distinct leaves. The gresnhouse experiments also showed that seedlings
established.under drainedfconditions loose théir normal leaves upon
submergence, develop the tight clusters of morphologically distinct
leaves, and cease further growth. Flooding seems to have little no-
ticeable effect on seedling growth once the apex of the shoot breaks the
water suxface. An uninterrupted hydroperiod with a relatively con-
stant water level would tend to inhibit seedling growth by keeping the
seedlings submerged thiohghout the wet season. & fluctuating water
level and sporadic flooding during the wet season would permit greater
growth and improve a seedling's chances of surviving the dry season.

On the wet prairie site the planted seedlings haverbeen (or will
be) subjected to an eight to nine month inundation. Even so, both
height growth and survival have bzen good. This success may be the
result of two factors. First, there is an absence of any overtopping
vegetation, and second, increased stem elongation may have accurred
in response to the flooded conditions to facilitate gas exchange
through a greater number of larger intercellular spaces. Also, none
of these plants have produced any adventitious roots, indicating that
the high dissolved oxygen levels recorded are sufficient to maintain
the seedlings without their expending energy to produce adventitious
roots. On the other hand, it seems that this type of site would rarely
present conditions favorakle for Molaleuca germination because the
hydroperiod is maintainad (in thic case artificially) for a long p2riod
of time. The period when a newly germinated seadling could grow suf-

ficiently to overcoma the effscts of ths prolonged hydroperiod would
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be after burning, which would release nutrients and destroy the algal
mat. Still, the seedling would have to pass eight to nine months
under water in competition with a newly forming algal layer. These
conditions would be similar to the completely submerged treatment in
the greenhouse hydroperiod experiment where, over a period of a year,
a thick algal mat developed over bare soil and completely covered the
Melaleuca seedlings.

Where hydroperiods have been artificially extended, it seems un-—
- likely that Melaleuca would ever become a problem. For example, parts
of Conservation Area 3A have been continuously flooded for the past
ten years. 1In fact, water levels have been maintained so high that
flooding has caused damage to mosi of the tree islands in the lower
third of Conservation Area 3A. This is readily apparent as one travels
through this area. O©On the other hand, the canal system that drains
this area tends to dry out the northern end of the Conservation Area.
It is in the northern third where scattered Melaleuca trees are found.
Biologists of the Central and Southern Florida rFleood Control District
have noted that Melaleuca rapidly invaded Conservation Area 2B only
after the construction of a drainage canal lowered water levéls (Di-

neen, 1972).
Fire

Fire undoubtedly plays an acitive role in determining the distri-
bution patterns of Melaleuca in Scuth Florida. It is common to find
Melaleuca occupying the shallow gportions of a cypress dome or strand,
espacially where water levels have baen lowsrad. It can be conjectured

that during dry periods surface soils are drier in the higher, better
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drained fringes of a strand or doms than at its lower center, and fire
damage is incurred more frequently and severely at these fringes. In
the absence of Melaleuca these burned sites are reclaimed by cypress,
or, if affected by drainage, by pine. When a Melaleuca seed source is
present the rapid growth of Melaleuca can effectively preempt the site
from cypress. It should also be pointed out that after burning, which
normally would occur in the dry season, Melaleuca seed would be released
on the site at least six months before the cypress seed, which is not
releagsed until the fall.

The effect of fire in the ecosystems of South Florida is insep-
arably linked to hydroperiod. As hydroperiods are shortened, accumu-
lated plant material and organic soils are subjected to greater degrees
of dessication for prolongsd periods of time and the chance for das-
tructive fires is increased. The complete removal of annual flooding
on the drained cypress study plot has resulted in a build up of a
flammable ground cover (Fig. 30). Most of the cypress trees would
probably be killed if this site burned, while the nutrients releasad
would be available to plants colonizing the burned site. IE these
nutrients had been available to thz Melaleuca seedlings established on
the site, perhaps they would have stimulated enough growth during the
brief period when moisture conditions were satisfactory to survive
the dry season.

The influence of fire coupled with the effecfs of flooding s=am to
have allowed Melaleuca to become established on the burned mixed hard-
wood-—cypress site, while a very similar adjacent site that had not
been recently burnad did not permit ilelaleuca establishment and was not

favorable for Melalsuca growth. Site preparation eithar by fire or
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Drained cypress forest study site showing

round cover which increases the fire danger.
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mechanical disturbance which removes litter and competing vegetation

is probably a prerequisite for Melaleuca invasion. A litter layer on
the forest floor may act as a physical barrier to Melaleuca seeds.
Seeds sown on a layer of litter, if caught within the litter, would
not encounter sufficient moisture for germination. Even seeds that
fall or are washed through the litter to mineral soil would probably
not be able to grow through the litter layer due to the minuteness

of the seedlings and the small amount of food reserves within the seed.
Fire effectively eliminates this barrier.

Even if a seedling does manage to get through the litter, it would
still be overtopped by the extant vegetation. This overtopping and
shading may have been the cause of both the poor survival and poor
growth cbtained on the unburned mixed hardwood--cypress site. Mes-
kimen (1962) pointed out that Mslaleuca tends to form even-aged stands,
which suggests that Melaleuca is a shade intolerant species. 1In
testing the effects of shading on Melaleuca, Meskimen (1962) found
that a comparison of seedling diamater and shoot growth of field-grown
sun and shade seedlings revealed little differaznce between the two.
Using contreolled shading regimes ranging from full sunlight through
36 percent shade, 64 percent shade, and 90 pércent shade, height growth
differences were also found to be insignificant; howaver, general ob-
servations suggested that stems of shade grown seedlings were weaker
than sun grown seedlings. Dry w2ight measuremﬁnté of the roots and
shoots supported the hypothesis that more dry matter was being pro-
duced in the stems of the shaded individuals at tha expense of rcot
production.

Although Melaleuca could probably be considered shade intolerant,
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as are most successional tree species, it se=ms quite possible that
Melaleuca could maintain and perpetuate itself on a site. Few shade
tolerant species are observed growing within Melaleuca forests, possi-—
bly due to repeated fires sweeping through these stands. These fires
would help maintain low amounts of litter, would release seed and
nutrients, and eliminate any understory vegetation. Any canopy open-
ings could probably be rapidly filled by newly germinated Melaleuca
seedlings. In dense stands there is probably a constant rain of
Melaleuca seeds released by natural pruning.

It is almost impessible to locate Melaleuca stands that do not
show evidence of recent burning. Fire frequency may, in fact, be in-
creased within stands due to the Melaleuca trees actually drying_out
the soil surface sooner than normally would occur. Melaleuca and other
Myrtacecous tree genera, such as Eucalyptus, have reputedly been uti—
lized to dry out wet areas. Whether the transpiration rate of Mela-
leuca is actually greater than cypress is not known, but in the case
of Melaleuca it would be a year round process, while cypress, which
loses its leaves, might tend to conserve moisture during the winter
months.

Due to their location in topographic depressions and because they
act as reservoirs of moisture, cypress strands and domes probably act
as effective fire breaks. Very seldom would conditions exist for an
entire undrained cypress strand to burn to the extent that the vege-
tation would be significantly altered. This would tend to limit
Melalsuca to the fringes, which are more susceptible to fire damage.

Malaleuca, with its fire triggered se2d release mechanism, thick

insulating bark, and sprouting ability, is obviously a fire adopted
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species. In fact, Melaleuca méy depend on fire for its competitive
advantage over other species. Perhaps without the weakening effect of
severe fires on the native vegetation the extent of Melaleuca in South
Florida would be significantly less. Not only must the fire release
Melaleuca seed and produce a favorable seed bed but also it must elim-
inate much of.the competing vegetation.

For example, at the burned mixed hardwood--cypress site the fire
and subseguent flooding had several marked éffects which resulted in
the successful germination and rapid height growth of Melaleuca. First,
the fire effectively removed the ground cover and competing vegetation.
Second, nutrients released from the burned vegetation and litter were
available for both germinating seedlings and planted seedlings. Third,
fire damage to overtopping trees and shrubs opened the canopy, result-
ing in a greater input of solar enexgy. Finally, flooding effectively
checked the encroachment or reinvasion of many other herbacequs plants
so that in the fall, after the soil was again exposed, much of the site
was still unoccupied by competing vegetation. It remains to be seen
if the many seedlings now established from seed can surxvive the dry
season. The uninterrupted five to six month long flood period, which
curtailed growth of submerged seedlings and postponed further germi-
nation until late fall, may still prove to be the factor that prevents
Melaleuca from taking over the site.

It is impossible to find Melaleuca growing dn sites where

som2 sort of disturbance has not ozourred. Changes in ths hydropariod

and destruction of existing vegetation seem to be prereguisitas for
any sork of Melaleuca invasion. It seems unlikely that cypress would

be able to reproduce and successfiully compste with lzlaleuca on drained
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sites, even if the cypress are not killed by fire. The alteration of
the hydroperiod would make it extremely difficult for cypress to com-
plete germination. The cypress seed, which is normally released in
the fall, would encounter a dry soil surface or one that is only
infrequently moist. Langdon (1955) noted that the main requirement
for cypress seed gexmination is abundant moisture for a period of one
to three months. The seeds will not germinate if submerged, but will
remain viable underwater. Normally, cypress seed would either fall
on wet soil or into receding flood waters and germinate as soon as

saturated conditions were alleviated.
Site Susceptibility to Melaleuca Invasion

Field observations tend to support the hypothesis that the types
of sites most suitable for Melaleuca invasion are those areas with
periodic shallow surface flooding during the wet season. Here, even
minor water level fluctuations periodically expose the higher areas,
but the surface seldom if ever dries out or is subjected to extended
flooding during the wet season fFigs. 31 and 32). The vegetaéion
most commonly found under these conditions is either a mosaic of cy-
press and pine stands or mixed stands composed of these two species.
These mixed stands and mosalcs are commonly found on the acid sands
of western Lee and Collisr Counties and extend into the Big Cypress
region. Much of the drained area of the Fahka Union--Golden Gate
canal complex supports this types of vegetation. Some of the pina sités
and excessively drained cypress stands may now be too dry for success-

ful Melaleuca establishmant, but much of this area is probably very
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Figure 31. Melaleuca seedlings on an ideal site for successful

establishment. These sites frequently support as many
as 2000 seedlings per m*.
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Dense Melaleuca reproduction in a drained (but periodi-

cally flooded) and burned cypress forest.

gure 32,

Fi
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susceptible to Melaleuca invasion as moisture conditions are ideal
and fires are now more frequent. -

Observations made at the transition zone between Melaleuca stands
and native vegetation seem to indicate that Melaleuca occupies the wet
pineland sites and those cypress sites which are most frequently
drained and burned. In other words, Melaleuca may be invading those
parts of the hébitats of both pine and cypress that are not particu-
larly favorable for either.

The same thing can be said of the transition zone between cypress
and wet prairie, and pine and wet prairie. Melaleuca is found to
occupy the higher, more frequently exposed sites in the wet prairies.
it Qould be extremely unlikely to find Melaleuca growing in a slough
that is wet most of the year. A reconnaissance of Conservation Area
3A in Dade County by airboat during the wet season showed that only
in a few places had Melaleuca become established. It can be conjec-
tured that these.few stands becamz established during a severe drought
followed by fire, or when water manipulation produced unusually low
water levels, and that their future spread is essentially held in
" abeyance until these conditions again present themselves. Water leval
at the time of observation was over a meter deep and the one largs
stand of Melaleuca that was found appeared to ba breaking up. Many
of the trees in the center of the stand had fallen, roducing an impen-
etrable mass of dead or down traes (Fig. 33). The standing trees
exhibited massive amounts of adventitious roots; some of the roots
were woody and several centimeters in diameter, suggesting that water
levels had been high for somz tims ({Fig. 34). These treas could easily

be pulled out of the ground by hand, even though some were owver 13 cm



Figure 33. A Melaleuca stand in Conservation Area 3A. (a) View of dome-
like appearance of stand. ({b) Interior of stand showing fallen,

dying trees. This stand appears to be dying because of contin-
uously high water. ,
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Figure 34. Large, woody adventitious root typical of those commonly
found on Melaleuca growing on continuously flooded sites.
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in diameter, indicating that they had either failed to produce adequate
root systems or that their root systems had died due to the continu-
ously flooded conditions.

Sites that are unflooded throughout the year may onlf present con-
ditions favorable for germination for brief periods during the wet
season, and would rarely exhibit satisfactory moisture conditions re-
quired for growth and survival. The longleaf pine flatwood study site
is an example of an area that is normally too dry for Meléleuca. Slash

pine flatwoods (Pinus elliotii) afe probably more favorable for Mela-~

leuca establishment because they tend to occupy soils tﬂat are not
only subject to occasional surface flooding but also remain wet for
longer periods of time.

Many of the artificially drained cypress and slash pine forests
in Collier County are probably now very similar to the drier longleaf
pine sites., A considerable portion of western Collier and Lee Counties
consists of these dry longleaf pine flatwoods, and very little Mela-
leuca invasion has occurred. Those Melaleuca trees that are found to
exist as either isolated individuals or stands that are usually re-
stricted to definite depressions where moisture and possibly nutrients
collect.

The longleaf pine site was not only unfavorable for Melaleuca seed
germination (almest none occurred), but sesdling growth was very poor
there as well. Seedling survival was high, but the seedlings appeared
to be nutrient-deficient, unhealthy, and insect-damaged. On the other
nand, Melaleuca sesdling growth on the drained cypress site was con-
siderably bhetter. This probably indicates that there are significant

soil differences hatwesen these two dry sites and if moisture corditions
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occasionally become satisfactory on the drained cypress site, it would
be much more susceptible to Melaleuca invasion.

The mature cypress forest obviously does not normally present con-—
ditions favorable for successful qermination or subsequent growth of
Melaleuca. Even though many of the planted seedlings survived a good
part of the wet season underwater, the hydroperiod on this site is
relatively long and as the water level drops in the fall, flow through
the site practically ceases; the water then becomes stagnant and oxygen
depleted. The dense shade over much of the plot would probably also
be a.factor limiting growth of any emergent seedlings.

Although Melaleuca seedlings havé become established during the
late fall on the dwarf cypress forest site, it seems unlikely that
they will survive the dry season. Seedlings established from seed as
early as November the previous year ware all dead by March. Perhaps
fire that would remove the thick algal mat and release nutrients would
be sufficient to open this site to Melaleuca. Even though the planted
seedlings have been heavily insect-damaged, growth has been good.

The general lack of any germination and the survival of only one
planted seedling on the mangrove site suggests that, at least in this par-—
ticular case, salinity may be an important factor limiting the
encroachment of Melaleuca into mangrove-dominated areas. The survival
that did cccur resulted from a mid-wet-season planting when there was
a significant fresh water input; however, the entire site was flooded
at this time so favorable conditions for germination did not exisk.

The single surviving seedling has produced smaller, thicker thanlnormal
leaves in response to what is probably slightly brackish water. The

possibility that Melaleuza might invade mangreve sites was suggested
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by the areas that it inhabits in Séutheast Asia. Although no signifi-
cant Melaleuca invasion of mangrove areas has yet been noted anywhere
in Florida, mangrove sites do vary considerably as to salinity, soils,
and species. Due to this variability the study site may not have been
representative of much of the mangrove areas in South Florida. Perhaps
seeding and planting trials should be testead on a buttonwood site

{Conocarpus erectus) because this species occupies the "backmangrove"

in South Florida.

Qualitative Melaleuca Model

The basic factors affecting the ability of Melaleuca to invade
an ecosystem are summarized in the energy flow diagram in Figure 35.
Water level is considered to be the principle factor controlling the
type of vegetation that a site will support and the vulnerability of
a site to Melaleuca invasion.

If water levels are high the native vegetation types, utilizing
the nutrient resource released through decomposition, will continue to
grow and perpetuate themselves. However, when water levels are lowared
by artificial drainage and litter levels are high severe fires occur
which consume the litter and destroy much of the vegetation., If Mela-
leuca is already on the site, seed will be released. If moisture
levels then fall within the range described as favorable for Melalenca
establishment these seads will successfully germinate. Even though
drainage hes occurred and fires are frequent the moisture levels re-

quired for Melaleuca may not be present and th= seed crop will be

If M2laleuca does becoms established 1t is still depandent on the
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water level forxr its continuad ability to utilize the resources. If
water levels again rise, conditions may becom2 unfavorable for conti-
nued growth and the trees will die out. (Thes=s water conditions are
independent of the conditions required for germination.) IFf Melaleuca
is not present on a site at the time of burning any influx of Malaleuca
is dependent on the outside seed source and favorable moisture con-—

|
ditions.

The crux of the Melaleuca problem in South Florida seems to be
related to the presence or absence of these faﬁorahle moisture re-
guirements for germination and the degree to which sites are subject
to flooding and burning. Because thisg field study has not yet been
carried through the complete cycle of wet and dry seasons it is diffi-
cult to draw any final conclusion about favorable sites for Melaleuca
establishment and what combination of site cornditions are required.
However, certain trends are evident and tentative conclusions can be
made.

{1) It seems unlikely that seed germinated during the winter
months on any of the sites described will survivé, while seeds
released during the dry season may not remain viable for ex-
tended periods.

(2) survival and growth seem to be better on open, disturbed sites
than on undisturbed and densely vagstated sites.

{3) Seeds apparently do not normally gemminate underwater under
field conditions, thus, areas thabt are normally flooded quickly
after the initial rains begin may not be conducive to germina-
tion; the higher, more irregularly flcooded sites are probably

more favorable.
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(4) Soil fertility may affect the abjility of seedlings to grow
rapidly enough to survive dry periods; in many cases the nu~
trients released from burning may be a2 sufficient impulse to
stimulate the required growth.

(5) Newly gexminated seedlihgs appear to be able to withstand
submergence for extended periods, while larger seedlings
appear to be relatively unaffected by wateflogged soils, but
will develop dimorphically distinct lezaves and for all prac-
tical purposes cease growth if submerged.

| This study, at its present development, tentatively supports the
conclusion that conditions for Meialeuca establishment, even on dis-
turbed sites, are present for only a limited =mount of time each year
and that these conditions are critical and must be met. Certain site
conditions which may have been increased in arsa by human activities
have resulted in an increase in the area occupisd by sites which are
susceptible to invasion. Due to these alterations in the environment,
the effective range of Melaleuca has been extended and probably in;
cludes much of the drained areas of western ard central Collier County,
especially those sites that support cypress forest, while undisturbed

areas of native vegetation will probably be relatively free of Melaleuca.
Managemant Alternatiw=as

Direct control of Melalcuca is extremely &if

7

fire releases seed and normally doas not kill the treszs. Cutting and
removal does nothing bub stimulate sprouting, znd Melalsuca is a pro-

ific sprouter (Fig. 35). It sprouts from ths mzainstem and branches

J—

fter the top has been killed by frost, firs, or f2iling. The sprouts

ol



Figure 36. Burned stand of Melaleuca. (a) Immediately after the fire,
(b) three months later.
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usually occur just below the point of damage. Saplings less than a
centimeter in diameter sprout at ground level (Meskimen, 196Zj. Root
sprouts or suckers have not been observed by me, but nurserymen use
cuttings of immature wood or bits of slender roots laid horizonﬁally
. on the soil to propagate Melaleuca (Morton, 1966).

Due to its rapid growth, long succulent growing regions are main-
tained throughout the year, but these are invariably killed back
during frost periods. The multiple-stemmed individuals are prébably
produced when seedlings are killed back to ground level and subsequently
sprout. These multiple-stemmed trees are frequently observed in the
more northerly extent of the range of Melaleuca, where frost is more
frequent. Meskimen (1962) pointed out that in 1958, a group of 30 to
45 cm tall seedlings was plantea in the Austiﬂ Cary Forest in Aléchua
County. In January 1939 they were all killed back to ground level by
subfreezing temperatures, but by March each stem had produced sprouts,
and within eight weeks these sprouts exceedad the height of the arigi-
nal seedlings.

Stump sprouts on large trees develop rapidly after felling,
growing through several inches of bark. When tress are incompletely
severed, bulldozed, or windthrown, sprouts develop along the dorsal
surface of the stem, producing several new stems where only one had
existed before {(Meskimen, 1962). ‘These sprouting characteristics
preclude most conventional means of control. Complete cutting produces
stump sprouts and releases seed, while bulldozing or incomplete felling
produces a greater number of new vigorous stems. Burning releases
seed, induces sprouting, and reduces compatition. The success of

herbicides has been limited. It is not uncommon to find Melaleuca
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stands greatly increased in size by an uninformed attempt to control
them by cutting or burning {(Fig. 37).

At this late date the probability of controlling Melaleuca over
extensive areas is limited. Its outright elimination, except on a
small scale, seems nearly impossible. Melaleuca will have to be ac-
cepted as part of the landscape. Beyond this acceptance there ére
possibilities for land and water management programs that may hinder
its spread and provide for its exclusion from such areas as Everglades
National Park, the Conservation Areas, and the undrained regions of
the Big Cypress Swamp. These areas, relatively free from Melaleuca
at the present time, could continue to be maintained in some semblarnce
of their original vegetation.

From the data collected thus far, several management possibilities
are apparent. The feasibility of the suggeétions offered here, along
with any other management schemes that may develop, should be tested
on a small scale before their widespread application is considered.

It must be remembered that due to South Florida's unique environment,
the effects of any local manipulation of water levels, hydroperiods,
fire, and the use of herbicides, etc. can have far reaching effects
in both the natural and human aspects of the ecosystem.

Within the natural preserves of South Florida it appears likely
that an integrated program of both water and fire management, coupled
with vigilance and the assumption tha:t an undisturbed ecosystem is
relatively resistant tc invasion, can excludsz ielaleuca from these
areas. 1In other words, those factors which give Melaleuca a compe-
titive advantage over a particular native vegetation type could be

controlled. This does not mean, for example, a return to fire control,
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Figure 37. Melaleuca stump sprouts six months after a control
cutting, Koreshan State Recreation Area, July 1974.
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but rathexr the selective use of fire in those areas which regularly
present favorable conditions for Melaleuca establishment and are close
to a seed sourca. The rapid invasion of a burned site will not nor-
mally occur unless there are already Melaleuca trees on that site to
provide an input of seed; Large areas of the Everglades National Park
could burn severely without ever incurring anything approaching a
lelaleuca replacement of the native wvegetation, even if site conditions
are favorable. A seed sourcé does not exist within the park at this
time. All that could occur is thz establishment of a few individuals
from errant seed. These could be eliminated either by uprooting and
removing or by using a combination of cutting and direct application
of herbicide. Only if this initial establishmeﬁt is ignored would the
possibility of uncontrollable invasion exist, assuming the other con-
ditions, including site disturbance and appropriate soil and water
conditions exist.

In susceptible areas.supporting widely scattered Melaleuca, when
soil conditions are such that an early seed fall would not encounter
conditions favorable for survival, early season prescribed burning
might be used as a seed release mechanism. Much of the drained cypress
area in Collier County will burn in the f£fall. This would put the_seed
on the ground at a time when the ssedlings would he subjected to un-
satigfactory moilsture conditions. Also, frequent fall burning in these
areas would tend to favor piné.. Fuel reduction and site preparation
at the time of pine seed relesase would enhance pine establishment and
reduce losses from severe burning. 9YUnless attempts are made to slow
runoff through drainage canals, eithar by special structures or possibly

by using aquatic vegetation to slow water flow through the canals, the
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cypress forests in much of western Collier County can probably be
written off to pine, hardwoods, or Maslaleuca. The decision would have
to be made whether to favor harxdwcods through fire control, or pine by
late fall burning. Neglect would open much of this area to Melaleuca.
Water management poses a problem in that much of South Florida
has already been affected by drainage, and even in areas where a fair
degree of freedom does exist, severe drought conditions periodically
occur. Any water manipulation program must be designed to alter the
hydroperiod so that the time between severe fires is lengthened and the
loss of organic soils through burning and oxidation reduced. However,
it is important to emphasize that the management of water levels and
hydroperiod could have drastic effects on the desirable environmental
characteristics which ecosystem managers are trying to maintain in
South Florida. WManipulation for the sole purpose of checking the
spread of Melaleuca should not be considered as a management goal.
There exists another management possibility that could be imple-
mented on a limited scale. This would involve the use of existing
Melaleuca stands, especially those around the Naples and Fort Myers
areas, as receptors of secondary treated sewage (Fig. 38). The feasi-
bility of using wetlands, especially cypress domes, as sewage receptors
and nutrient filtexs is presently being tested at the University of
Florida. Most wetland areas have been recognized as efficient nutrient
filters and water purifiers. The possibility exists not only for the
use of Melaleuca swamps for this purpose but also for using sewags
effluent as an eventual means of eliminating Malaleuca over limited
areas. Sewage effluent could ke punped into some of the large former

=

cypress strands and domes that are now dominated by Melaleuca. The
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Figure 38, Mature Melaleuca forest at Six-mile Cypress Strand,

southeast of Fort Myers., This is the kind of Melaleuca

forest which might be useful for recreation or sewage
disposal.



s uccessional nature of Melaleuca would at the onset make it particu-
larly suited to utilizing this nutrient input.

On the other hand, it has been found that the dissolved oxygen
content in cypress'domes receliving sewage effluent approached zero
during a 24 hour period (Sidney Cowles, Center for Wetlands, University
of Florida, per. com.}. Perhaps if Melaleuca swamps were continuously
flooded with water containing sewage effluent, the low dissolved oxygen
levels might eventually kill the Melaleuca. The greenhouse experiment,
involving the manipulation of dissolved oxygen levels, failed to demon-
strate a short term effect of high and low dissolved oxygen levels on
Melaleuca growth; however, it is suspected that this experiment may not
have been carried out for a sufficient length of time to get a differ-
ential response. The field observations in Conservation Area 33
suggest that Melaleuca cannot tolerate a continuously flooded condition
with low dissolved oxygen levels. In addition, if high water levels
were maintained for extended periods of time the possibility of both
frequent burning and successful repraduction would be greatly reduced.
Once Melaleuca trees are killed in a stand recéiving water containing
sewage effluent, the water levels could be lowered briefly and the sites
replaﬁted or seeded to cypress. From then on water levels and sewage
input could be manipulated in such a way that cypress would be favored.

Another management alternative might bz the actuél maintenance
and use of existing Melaleuca stands for feorest products and recreation.
A mature Melaleuca forest provides an aesthetically pleasing environ-
ment with a relatively open forest floor. Forests such as these which
are located near densely populated urban arsas could be used as city

and county parks and recreation areas.



Future Spread in South Florida and Environmental Impact

The considerxation of the spread of Melaleuca as solely a biogso-
graphical problem has been avoided in this study. I feel that
alterations in the ecosystems of South Florida have been responsible
for the rapid spread of Melaleuca, rather than the mere presence or
absence of a Melaleuca seed source. Those areas in South Florida that
do not at present suppbort Melaleuca probably do not because their
natural state has not been sufficiently altered to present conditions
conducive to Melaleuca establishment, or at least the time lag bet&een
disturbance and invasion has been too short to realize the effects.
The occurrence of prevailing winds, waterflow, and other geographical
conduits and barriers are not locked upon as being the principal fac-
tors controlling the patterns of Melaleuca establishment that exist.
The Everglades National Park, Conservation Area 3, and the eastern
portion of the Big Cypress Swamp do not support large stands of Eéléf
leuca because it cannot compete and cannot becomes established under
the conditions that are normally present there. The isolated stands
and individuals that are OCCasionally found are probably not the
incipient precursors of a dramétic change taking place, but are rem-
nants of what had once been a favorable site for a short period of
time when a chance seeding took place. Melaleuca should be looked
upon as a weed, an aggressive invader of unoccupiled, disturbed sites,
not as an active invader of undisturbed, natural ecosystems. It seems
unlikely that any of the areas not presently being colonized by Mela-
leuca have not at somz time received an input of Melaleuca seed.

Only after a site has been disturbed will Helalsuca be successful.

In other words, Melaleuca probably occupies, and will continue to
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occupy, those areas in South Florida that ncrmally sucport waedy species;
likewise, Melaleuca will, once established, probably 6ccupy a site for
a long time.

Casual observations have led to the conclusion that Melaleuca
stands are practically devoid of animal life, and that its continuous
spread will result in a pauperization of native fauna through the
elimination of their habitat. The belief that direct destruction of
wildlife habitat is caused by the replacement of native vegetation
with Melaleuca is probably a fallacy. Much of the fauna of South
Florida's wetlands is dependent upon and genatically programmed to a
specific hydroperiod spectrum to carry out their lifs cycles. If in-
deed there is a paucity of wildlife in Melaleuca doniﬁated ecosystems,
the cause may well be the destruction of wildlife habitat through
drainage and hydroperiod alteration. The fa&f that Malaleuca tends
to invade these disturbed areas might Ee incidental to the loss of
wildlife diversity. Perhaps the alligator is not normally found in
Melaleuca swamps because the water so vital for its existence has
already been drained away.

The difficulties encountered so far in the attempt to establish
Melaleuca on a variety of undrained, unburned sites suggests that if
an ecosystem is managed for these native vecgatation types, and if
major permanent disruptions in their natural influsnces are prevented,

Y

then they will be relatively effective in excluding elaleuca. A

o7

difficult problem for the ecosystem manager is to determine what types

Wi

and degreess of manipulation are nacessary to maintzin the native vege-

L

tation. A prevalent land management policy thase days is to manage

natural preserves not only as entities separate from their surrounding



147

ecosystems but also as museums. This "as the first white man saw it"
syndrome is inconsistent with basic ecological principles and probably
is in the long run detrimental to the environment. Vegetation cannot
be manipulated to remain in a static state or return to some historic
condition without tremendous energy inputs to divért or reverse the
natural energy flows within the ecosystem. Most natural preserves in
South Fleorida are so tightly linked to the surrounding ecosystems that
those changes occurring ocutside of their administrative boundaries
greatly affect what happens inside. These areas should be looked upon
as dynamic systems changing not only dug to man-caused manipulation
but also through long term climatic, geologic, and biologic changes.
The ecosystems should be managed to maintain the diversity necessary
for stability. In other words, they should b2 managed for healthy,

not historic, ecosystems.
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