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This three-dimensional graph shows the distribu-

tion of pond cypress (white triangle) and bald
cypress (black triangle), compared to common
nonconiferous wetland species (circles), based
on levels of calcium, magnesium, and potassium

in the soil (sum of natural logs of Ca, Mg, and K,
ppm); moisture (5 "moisture equivalent units"

added to a base level of 20 for each 15cm of
inundation); and phosphorus (ppm converted to
natural log). Each point represents the mean of
values at all sites where the species was found.

the "Genetic Factors" section.)
A recent experiment conducted under

greenhouse conditions in Florida eval-
uated growth response of five wetland
tree species (including bald cypress
and pond cypress) to seven soil types
with no commercial fertilizer additives
(control) and with one of two commer-
cial fertilizer additives.

Hardwood wetland peat soils pro-
moted the greatest growth for all tree
species under control conditions. This
is noteworthy since two of the soi I types
incorporated "reclaimed wastewater
effluent'~ which contains available nu-

trients. The results of this study also

suggested that growth enhancement

from the two commercial fertilizer

treatments was much less inthe natu ral
hardwood wetland peat soils than in
any other soil type.

In 1987, results of a more detailed

evaruation of plant community re-
sponses to soil nutrient and moisture

levels in the same region of Florida

were described. Three IImoisture re-
gimes"were studied: sites not flooded;
sites seasonally flooded; and sites that

experience standing water. The third

category contained both pond cypress
and bald cypress, with "moistu re"
levels represented by apparent depth
of flooding, rather than duration of
flooding. Moisture values were assigned
based on the level of high-water stain

lines on the trees. The researcher

states, IIHydroperiod would probably
have been a better moisture character-
ization;' but personal communication
with him revealed that long-term

hydrologic data were unavailable at his
study sites, so water depth represented
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by stain lines was used.

His findings in his 15 cypress swamp
study sites show the dissimilarity of

soil conditions under which pond
cypress grows compared to soil condi- .

tions under which bald cypress and

five other common species found in

category 3 grow. Calcium, magnesium,

potassium, and phosphorus levels
were considerably lower in pond

cypress stands than in bald cypress

stands.

The author conducted a similar eval-
uation of soil nutrients and pH

associated with pond cypress and bald

cypress stands at paired regional sites

in south, central, and north Florida.

Mean values for calcium, magnesium,
potassium, and phosphorus at the

pond cypress sites were at least ten

times lower than at the bald cypress

sites. This trend of lower nutrient

levels in pond cypress communities

confirmed the findings of other

researchers.

Additionally, mean pH values for the

pond cypre~s stands were consistent,.

Iy lower than pH value~ at the bald

cypress sites.

These findings are relevant to wet-

land creation attempts, because species

adapted to ample soil nutrients and

"normal" pH would be expected to

yield poor results when planted in sites

with limited nutrients and low pH.

Numerous researchers have shown

that the alteration of pH by even a

single unit can cause significant

adverse responses in both plant and

animal species.

For example, a study conducted in

Mexico in the 1980s compared an

oak-dominated evergreen community
growing on extremely acid, infertile

soils to an adjacent legume-dominated

deciduous plant community on less

acid, more fertile soil. A transplant

experiment was used to determine

whether the boundaries of the two

adjacent plant communities were

based on soil pH.

Seedlings from field-germinated

legume seeds did not survive in the
unaltered low pH soil of the evergreen
plant community even after surrounding

vegetation was removed to eliminate

competition. The seedlings from field-
germinated oak acorns planted in the
adjacent deciduous forest survived in
the less acidic soil of this community,
but only after seed predators were
excluded and surrounding vegetation
was removed.

These findings suggest that plants

adapted to soils of near-neutral pH may
not survive when planted in low pH

(acidic) soils.

Rock-plowing in the Everglades
The importance of soil factors in con-

trolling the distribution and composi-
tion of wetlands may be exemplified

best by the initial findings of an on-
going restoration study in the Hole-in-
the-Donut in Everglades National Park:

Rock-plowing techniques employed
by farmers in the Everglades in the early
1950s, when they crushed the natural
limestone substrate and applied fer-
tilizers, changed the physical and
chemical soil conditions in the area
from primarily low nutrient and anaer-
obic to higher nutrient and aerobic.

This change in substrate increased
the susceptibility of the area to invasion
by the aggressive, non-native pest
species, Brazilian pepper (Schinus
terebinthifolius). Various methods
were employed unsuccessfully over
the years to control the spread of
Brazilian pepper, prior to the present
effort involving removal of the altered

substrate, leaving only undisturbed
limestone base.

The elevation of the rock-plowed

areas had not been rarsed with fill
material, so the encroachment of exo-
tic plant species could not be tied to
an increase in elevation. However,..the
natural substrate was at a slightly lower
elevation than the original grade.

Analysis of reestablished vegetation
1ndicated that 54% (101 species) of

the plants were classified as Federal

wetland indicator species. Although
the hydroperiod was increased by

removal of the altered substrate,
hydroperiod appears to be secondary
in importance to soil conditions in the
natural restoration of this wetland,
since adjacent non-rock-plowed land
that also was subjected to agricultural
use (including application of fertilizers)

during the same time period returned

to native wetland vegetation after
being abandoned.
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by the author and other researchers
suggest that pond cypress and bald
cypress are adapted to different soil
and hydrologic conditions in natural
wetlands.

Evidence from numerous studies

and observations of pond cypress and
bald cypress seedlings substantiates
that these taxa maintained their phys-
ical characteristics in the absence of
soils typically associated with the
seedlings and saplings under natural
conditions. Studies also have docu-
mented that pond cypress and bald
cypress seedlings respond differently

to the same experimental conditions.

Natural sites for pond cypress are
nutrient-poor and strongly acid. Grow-
ing this species under nutrient rich or
less acidic soil conditions appears to
result in decreased vigor. Likewise, bald
cypress saplings planted with pond
cypress sapl i ngs inn utrient-poor,
acidic soils appeared less vigorous
than the pond cypress after three years
of growth in created wetlands in cen-
tral Florida.

Such findings suggest the need for
considerable research to determine
optimal conditions for growth and
reproduction of wetland species if
attempts to create wetlands are to
be successful.
Effects of Logging

Other response differences between

J
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The apparently stunted root mass of the pond
cypress sapling shown on the left, compared to
the robust root mass of the bald cypress sapling
of the same age on the right, could be the pond
cypress's response to typical "enriched" soils
used for nursery-grown plants. This was repre-
sentative of hundreds of nursery-grown saplings
sprouted from seed collected from three paired
pond and bald cypress sites located in south, cen-
tral, and north Florida in an ongoing transplant
experiment conducted by the author, with the
nursery assistance of Plants for Tomorrow, Green

Images, and Chuck Goodheart.

ation of legumes...
Z Mycorrhizae appear to increase the

root surface area available for uptake
of water, nutrients, and minerals, par-

ticularly during the first two years of

growth.

8. Plants lacking mycorrhizal associa-
tions that survive in "disturbed" soils
often exhibit abnormal growth, and
display symptoms of severe nutrient

deficiency.
9. Survival of plants in water-stressed

systems may be due to the association
of those plants with the beneficial
fungus, Cenococcum graniforme.

To summarize the relationship be-

tween soils and wetland vegetation,

it should be stressed that chemical,
physical, and biological properties
of the substrate must be considered
when attempting to restore or recreate
wetlands. When native wetland soils
are removed or disturbed by activities
such as d redgi ng and d rai n i ng, the top-
soil where the roots and symbiotic soil
organisms are concentrated no longer

is available, or no longer exhibits the
characteristics required, to support
the wetland plant community that
occupied the site previously. Therefore,
attempts to reestablish those natural
communities often are unsuccessful.

Dramatic chemical, physical, and
biological differences in soil have been
documented at increasing depths from
the surface in wetlands, as well as be-
tween wetlands and uplands. Failing to
Jdentify and to recreate specific soil
requirements of the desired wetland
plant species will jeopardize the suc-
cess of a wetland restoration or re-
creation project.

Genetic Factors
This section will focus on differences

between species within the same

genus (such as species of oaks adapted
to scrub conditions versus species of
oaks adapted to wetland conditions),
or between species of different plant
families that share similar habitat.

Researchers have noted that some

species appear to be generalists,
tolerating a wide range of environ-
mental conditions, while other species
appear to have a very narrow range of
tolerance to environmental factors.
Wetland plant species that flourish in
disturbed areas, such as dog fennel
(Eupatorium capillifolium), cattails

(Typha spp.), and willow (Salix spp.), ~re
examples of "generalists'~

Cypress (Taxodium spp.) appears to
provide an example of wetland species

with a more narrow tolerance range.

Soil and moisture regimes documented

These fi ndi ngs stress the importance
of the adaptation of certai n native plant
communities to what might initially
appear to be austere physical and
chemical conditions (for example, rock

substrate, low nutrients, or strongly

acid soils). The implication is that these
"austere" conditions effectively reduce
competition from aggressive non-
native and native, nuisance or noxious
plant species.

Mycorrhiza
Biological soil properties include

primarily symbiotic fungi (Vesicular-
arbuscular-mycorrhizae) and nitrogen-
fixing bacteria. Little, if any, consid-
eration is given to the subsurface
microbial components during attempts

to restore or create wetlands. Again,

much of the published literature on

this topic focuses on species of agri-
cultural or silvicultural importance, or

recolonization of extremely disturbed,

mined soils, but the following findings

provide a basis for speculation regard-

ing responses of natural systems:

1. Soil disturbance reduces or elim-

inates the host plants of these bene-

ficial fungi (mycorrhizae), leading to a

reduction/elimination of propagules

with mycorrhizae, lowering the poten-

tial for"inoculation" of new host plants,

leading to establishment of non-

mycorrhizal species, and slowing the

reestablishment of the former plant

community.
2. "Inoculated" plant roots, rather

than spores, are thought to be the most
probable form of in~culum of fungi
that are found in host plant tissue
(endomycorrhizal), indicating that
reduction of host availability would
decrease successful recolonization.

3. Mycorrhizae can become
reestablished in severely disturbed
areas by natural vectors including
wind, water, and anim~ls, but this is a
very slow process.

4. Direct reintroduction of mycor-
rhizae by humans is a more rapid and
reliable means of reinoculation.

5. Some findings suggest that plant
species that are rapid colonizers ('in-
vader" species) are those that do not
require mycorrhizal associations for
normal growth, and that early succes-
sional tree species tend to be those
with associations exterior to host plant
tissue (ectomycorrhizal), while her-
baceous plants, shrubs, and late-
successional tree species tend to have
endomycorrhizal associations.

6. Mycorrhizae can increase soil
nitrogen and nitrogen availability to
plants by enhancing the symbiotic fix-



Florida show any signs of coppice

growth.
Similar findings in a cypress stand in

the Atchafalaya Basin, Louisiana, were
documented three years after second
growth bald cypress were "thinned': No
seedlings of bald cypress or water
tupelo (Nyssa aquatica) were observed
in any of the 12 'regeneration" plots of
this study.

These findings suggest that more at-
tention should be focused on the
response of different types of forested

similar for two species of sphagnum

moss (Sphagnum fallax and S. fimbri-
atum), about which it was reported that
"differences in habitat, plant structure,
and growth illustrate the importance of
species selection in planting sphag-

num moss in constructed wetlands:'

Likewise, wetland creation proposals
should not include a casual reference
to "cypress" under species to be
planted at a site, but should specify
"pond cypress" or "bald cypress" based
on the site conditions.

In summary, genetic factors should
be considered when attempting to
restore or recreate wetlands, since
evidence supports the conclusions
that differences in the genetic makeu p
of related species (such as pond cy-
press and bald cypress) result in dif-
fer~nt responses by species of the

same genus under the same environ-
mental conditions.

These observed differences in re-
sponse suggest that at least some

species have evolved specific adapta-
tions to certain chemical, physical, and
biological conditions present in their
'niche" and may be poorly adapted to
conditions in man made systems that

do not mimic their natural habitat.
It also is important to note that log-

ging of forested wetla,nds is not covered
by the standard rules that regulate
ctivities conducted in wetlands. Yet

evidence exists that some methods of
logging and logging of certain types of
forested wetlands may result in perm-
anent alteration of the logged site.

More research is needed to evaluate
responses of plant species in different
genera and within the same genus
when subjected to artificial site condi-
tions and logging activities.

A pond cypress dome that had been clearcut in
1943 reestablished a fully closed canopy through
coppice growth at heights comparable to trees in
unharvested domes.
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matu re pond cypress and bald cypress
involve stump sprouting (coppice

growth) following logging.
Forested wetlands which are logged

are not replanted with the wetland

tree species that have been harvested.

Instead, the logged areas are left to

natural restoration. Unfortunately, few

studies have been conducted to deter-

mine the degree of natural restoration

that has occurred in logged wetlands.

The evaluations that have been done
were of selected, isolated pond cypress

wetlands following logging. The

groundcover vegetation, soils, and sur-
face/shallow groundwater hydrology

of observed stands that had been

harvested using shears, chain saws,

and cable skidding exhibited relatively

little disturbance compared to those

that were harvested by other means.

The canopy was being reestablished

through vigorous coppice growth from
the pond cypress stumps at these sites.

A pond cypress dome that had been

clearcut in 1943 had reestablished a
fully closed canopy through coppice
growth at heights comparable to trees
in unharvested domes.

Similar reestablishment of the can-
opy of bald cypress stands through

coppice growth appears to be undoc-

umented in the literature and has not

been observed by the author during 17

years of research and re-creation of

wetlands throughout the southeastern

United States. I n a 1986 study, coppice

growth of bald cypress was prolific

during the first year following cutting
in four stands of second-growth cy-
press in southeastern Louisiana. How-
ever, most of the sprouts died the
followi ng years and no seed ling estab-
lishment occurred, despite particularly
dry conditions during that time (a
requirement for germination of cypress

seedlings). The author visited one of

the sites in this study in February, 1991,

and observed no coppice regrowth of

the bald cypress that had been logged

in 1980.

Lack of pre-logging data for species

composition and cover hinders the

determination of the actual expanse of

bald cypress throughout Florida prior

to logging activities that took place

early in this century.

However, one unpublished report

from an 1844 diary mentions huge

cypress trees, some measuring nearly
thirty feet in circumference, lining the

banks of the "three small rivers bearing

the name Wekiva:' Reestablishment

of this bald cypress canopy has not

occu rred and none of the bald cypress

stumps within this system in central~

The final section, Part III, of "Suc-
cessful Creation and Restoration of
Wetlands" will appear in the Spring
issue of The Palmetto.

Sydney 7: Bacchus is a Senior
Ecologist with Applied Environmental
Services (Tallahassee and Orlando).
She was an Environmental Specialist
with the Florida Department of Envi-
ronmental Regulation for eight years,
and has participated in the preparation
of many of the agency's wetland rules
and regulations.

The extensive list of references used
by Sydney Bacchus in preparing this
series of articles is available by sending
a self-addressed, stamped, long bus-
iness envelope to her at Applied Envi-
ronmental Services, RO. Box 533143,
Orlando, FL 32853-3143.

wetlands to logging, including the
manner and season in which logging
occurs. Certain types of wet lands-for
example, bald cypress systems-may
require vigorous replanting with trees

of a minimum age of two years to en-

sure restoration of that community

type.
The wide-ranging response differ-

ences between pond cypress and bald
cypress support the conclusion that
pond cypress has evolved to full species
status. This conclusion is strengthened
by the author's documentation of an
approximate six-week difference in

pollen dispersal between pond cypress
and bald cypress in six paired regional
study sites in Florida. The relevance
of species status includes adaptation
to a specific set of environmental
conditions.

The response differences between

pond cypress and bald cypress are




