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ABSTRACT - A remnant stand of old-growth pond cypress in Okefenokee

Swamp, Georgia, was studied. The rooting media is a shallow-flooded,

strongly acid, deep peat soil. Cypress is the dominant feature of

the old-growth community towering well above the subcanopy of broad-

leaved evergreen trees. Although Taxodium has the greatest basal

area for trees, its importance value in the tree class is superceded

by Gordonia >> Taxodium >> Persea ~ Magnolia > Nyssa. However, Tax-

odium dominates overall com?unity structure in basal area (35.18

mZ/ha for Taxodium; 60.06 m¢/ha for community) and importance value :
(20.6%). Tree diversity (H), based on six species, for the commun- .
ity is 1.80 with a maximum possible diversity of 2.58. Taxodium re- it
placement is lacking indicating its eventual demise as the community i
dominant. Replacement predominantly by Gordonia and secondarily by !
Magnolia and Nyssa appears to be the successional trend for this

old-growth cypress community.

INTRODUCTION {

Few areas exist in the Southeast where man's activities have not dis-
turbed natural areas. Even the once pristine Okefenokee Swamp has been dras-
tically altered during the past century through extensive logging (Hopkins,
1947; Izlar, 1984b) and canal digging (Hopkins, 1947). Natural perturbations
by fire have often been complicated by man's intervention (Cypert, 1961;
Izlar, 1984.a). Nonetheless, isolated areas do exist where perturbaticns by
man have had 1ittle impact on natural communities. This paper describes such
a community, a unique remnant stand of old-growth pond cypress (Taxodium as-
cendens) occurring in a shallow peaty area of the Okefenokee. Apparently,

the community has not been sufficiently disturbed in the last few centuries

to alter its natural succession to a bay swamp dominated by broadieaf ever- g
green hardwoods. This bay swamp represents a variation of the bayhead com- g -
munity that Monk (1966) considered to be climax on seasonally flooded areas.

Description of the Study Area

The stand lies on the northeastern perimeter of Grand Prairie in the
southeastern section of the Okefenokee Swamp, Georgia. The stand appears to
be an undisturbed remnant of a more extensive Taxodium-dominated swamp forest
in the eastern portion of the Okefenokee. Duever (1979), who treated the

lpresent address: U.S. Fish and Wildlife Service, Ft. Collins, CO 80526. e
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site as an example of a large "tree house" (a peat-formed island), estimated

site range between 30 and over 90 cm in diameter at breast height and over 30
m in height, suggesting the area was most certainly spared from logging in
the early part of the century. Several of these canopy trees are 400-500
years old or older (Duever, 1979). Fire scars on the jarger trees and sev-
eral of the younger understory trees indicate that the area has been burned,
though not severely, during recent fires. Numerous completely burned trunks
exist on the outermost perimeter of the forest facing Grand Prairie indi-
cating the forest may have covered a greater area than it presently does.

METHODS

A detailed census of woody plants was conducted on two separate occa- |
sions during the summers of 1978 and 1979. The 1978 census was part of an E |
intensive site-specific study on this unique stand, whereas the 1979 census
was part of a comprehensive survey of major woody communities in Ckefenokee
Swamp. During both surveys, large quadrats with smaller nested quadrats were
used to survey the larger and smaller classes of individuals. Vascular plant
nomenclature follows Radford et al. (1968).

During the 1978 census all woody plants greater than 1 m in height were
measured by tree, sapling, or seedling classes. The tree size class (indi-
viduals with a 10 cm or greater diameter at breast height [dbh]) was sampled
in nine 10-m x 20-m plots. The sapling size class {2-10 c¢m dbh) was measured
in four 5-m x 10-m plots nested within the first four tree quadrats. Seed-
lings (woody plants >1 m in height but <2 cm dbh) were sampled in four 2-m x
4-m plots also nested within the larger 10 quadrats. Species and breast
height diameter were recorded for all individuals greater than 1.3 m (stan-
dardized "breast height" for this study). Species and height were recorded
for plants between 1 and 1.3 m in height.

The 1979 census was part of a more comprehensive survey of all major E
woody plant communities throughout the swamp. Two quadrat sizes were used :
for all size classes. Individuals with a dbh of less than 5 cm were sampled
in eight 2-m x 4-m plots located randomly within a larger bounded 20-m x 40-m
quadrat randomly placed well within the stand to minimize forest edge effect. 3
Woody plants larger than 5 cm dbh were sampled in four 10-m x 20-m plots also ;
located within the larger bounded quadrat. Species, breast height diameter,

and whether or not the trees were live or dead were recorded for all individ-

uals. Data in this report are based only on live individuals.

Importance values were calculated for woody plants by summing data on
relative frequency, density and dominance (basal area), and converting to a
basis of 100%. Importance values were calculated for trees (which included
all individuals with the potential to attain upper canopy stature) and shrubs
as separate size classes, and for all woody plants as a whole. Species div-
ersity (H) for the tree size class was calculated as follows:

H=7 pj loggpj (1)
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where p; is the sampling probability. The statistic used for calculating
diversity was:

H™ = c/N (N logjoN - | n4 Togjgny) (2)

where N is the total number of all individuals, ny is the total number of
individuals of each species, and c = 3.321928 to convert from logip to logp
(Lloyd et al., 1968). The maximum diversity possible (H max) for the site was
calculated using the function:

(Hmax) = TogoN. (3)

Since the diversity of a community depends on the number of species and their
pattern of distr1but1on’{i.e., clumped, even, etc.), a measure of site homo-
geneity, or evenness (J°), was calculated using the following method as des-
cribed by Zar (1974):

H max (4)

Tree species data from the 13 10-m x 20-m quadrats were used for diversity
calculations.

RESULTS

The old-growth cypress stand in the Okefenokee Swamp is characterized by
three relatively distinct tiers of woody plants. The lower stratum is domin-
ated by shrubs that generally do not exceed 4 m in height. The dominant
shrubs are Lyonia lucida (fetterbush), Clethra alnifolia (sweet pepperbush),
Smilax laurifolia (laurel greenbrier), and Itea virginica (virginia willow).
Vaccinium arboreum (sparkleberry), Leucothoe racemosa (sweetbells lenco-
thoe), Rhus radicans (poison ivy), Vitis spp. (wild grape), and Lyonia fer-
ruginea istaggerbush) are also present, but to a much lesser extent. Numer-
ous tree seedlings and saplings also occupy this stratum. This layer,
although occasionally patchy, is relatively continuous throughout.

The middle stratum covers a large zone, ranging from 4 m to slightly
over 15 m in height, and, 1ike the shrub layer, is relatively continuous.
This layer is dominated at the lower level by Ilex cassine (including cori-
acea) (dahoon) (generally treated as shrubs except when used to parallel data
presented by others on diversity), and at the upper level by Gordonia lasian-
thus (Toblolly bay) and an occassional large Magnolia virginiana (sweet bay).
Persea palustrus (red bay) and Nyssa sylvatica var. biflora (black gum) are
also common components in the middle stratum.

A large void approximately 10 m wide separates the middle tree stratum
from the upper tree stratum. This stratum consists solely of Taxodium ascen-
dens. The Taxodium canopy generally occupies a span between 20 and 30 m.

The upper canopy distribution is very spotty, with usually one or two and
sometimes four or five Taxodium merging their canopies.
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Additional descriptive information used to characterize the old-growth
cypress stand is presented in Table 1. In this study woody plants are
treated either as trees or shrubs based on their potential to attain upper
canopy status. Gordonia is the most frequently encountered tree individual
as reflected in its high frequency and density. However, its dominance rela-
tive to structure is overshadowed by Taxodium yith a basal area of 35.18
mé/ha, almost triple that of Gordonia (13.36 mé/ha). Persea, Magnolia,
and Nyssa combined contribute less than 15% to the total basal area of trees
in the site. The relative contribution to the community by individuals in
the tree stratum as expressed by importance value {sums of relative fre-
quency, density, and dominance converted to a basis of 100%) is dominated by
Gordonia followed by Taxodium >> Persea® Magnolia > Nyssa.

Total stem density for woody plants greater than 1 m high is 27,339
stems/ha, quite similar in density to the 28,386 stems/ha reported by Schle-
singer (1978) for a relatively unique deep-water cypress community in the
western portion of Okefenokee Swamp. However, in Schlesinger's site Taxodium
comprises 8% of all woody plants, whereas only 0.5% of the woody plants are
Taxodium in the old-growth community. In both sites composition of the re-
maining individuals is dominated by several commonly shared shrub species. A
cypress community in the Great Dismal Swamp, Virginia, has a density of 1560
stems/ha for individuals with a breast height diameter greater than 2.54 cm
(Dabel and Day, 1977). That compares to 1739 stems/ha for the same size dis-
tribution (excluding shrubs) in the old-growth community.

The apportionment of individual species contribution to basal area is
often used to assess community dominance since it is a measurement of the
utilization of resources by a spegies (Whittaker, 1970), Total basal area
for the site (Table 1) _is 60.06 m¢/ha with 94% (56.25 mé/ha) in tree
species and 6% (3.91 mZ/ha) in shrubs. Schlesinger's (%978) deep-wate
cypress community has a cormunity basal area of 80.35 m¢/ha with 8.6 m¢/ha
in standing dead yielding a comparable live plant basal area of 71.75 m“/ha.
Dabel and Day's (1977) cypress community has a basal area of 59.3 m¢/ha.
These basal areas are remarkably similar considering that the basic similar-
ity between the communities is that they are occasionally or regularly
flooded swamps with Taxodium as the dominant canopy species. Dissimilarities
in community structure is apparent when one realizes that Taxodium comprises
86% of the basal area in the Okefenokee deep-water cypress community (Schle-
singer, 1978), 47% in the cypress community in the Great Dismal Swamp (Dabel
and Day, 1977), and 59% in the old-growth Okefenokee cypress community (Table
1). Based on these data, it is apparent that the old-growth cypress commun-
ity is more similar to the more distal and younger ( ~130 years; personal
communication: F. P. Day) cypress community in the Great Dismal Swamp, prob-
ably because of a similarity in flooding regime, than to the more proximal
deep-water cypress community in Okefenokee Swamp.

The understory consists of a dense layer of woody vegetation. The
denseness of the shrub layer is_more apparent when one realizes there are, on
the average, almost 2.5 stems/mz. Most species of this layer are broad-
leaved, mostly evergreen shrubs. Ilex, treated as a shrub though intermed-
jate in stature between shrubs and trees, dominates the shrub component pri-
marily because of its moderately high density and high basal area relative
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to other shrub species. Based on importance value, Ilex > Lyonia~n Clethra
>> Smilax >> Itea as significant contributors to the shrub Tayer.

When all woody plants within the community are considered as a whole,
there is a shift in the relative importance value of certain species. Tax-
odium replaces Gordonia as the dominant tree, and Ilex shares i1ts dominance
in the shrub layer with Clethra and Lyonia. When viewed from the whole com-
munity perspective the dominance of basal area by Taxodium supercedes the
higher frequency and density of Gordonia, resulting in Taxodium having a 25%
higher community importance value than its nearest competing tree species,
Gordonia, or any other dominant woody plants. Ilex also shifts in signifi-
cance in the shrub layer becoming more similar in importance value to Clethra

and Lyonia.

The reproductive success of the tree species may be ascertained by com-
paring the densities (Table 2) of seedlings (<2 cm dbh and >1 m high), sap-
lings (2-10 cm dbh), and trees (>10 cm dbh). Gordonia, Persea, and Magnolia
have sufficient numbers in both the seedling and sapling size class to sus-
tain their potential contribution as canopy species. Considering that about
14% of the trees are Nyssa, the complete absence of Nyssa seedlings and the
relatively few saplings is not understood. It is questionable whether or not
there are sufficient numbers in the smaller size class to establish Nyssa in
the canopy. However, even as a potential contributor to the upper canopy,
Nyssa is still an immature tree with most of its representatives in the
smaller size class of trees. The lack of reproductive success for Taxodium
is quite apparent especially since there are no individuals smaller than the
26 cm dbh size class (actually the smallest Taxodium individual recorded was
30 cm dbh). In fact, the mean breast height diameter for Taxodium sampled
during the surveys was 53.1 cm (standard error [S.E.] % 9.6 cm).

Only six tree species (i.e., woody plants with 10 cm dbh) occur in the
site, though a few large slash pine (Pinus elliottii) are clumped near the
outer edge. These are Taxodium, Gordonia, Magnolia, Nyssa, Persea, and Ilex.
ITex is, in this case, treated as a tree since it has a few individuals 1in
the tree size class and is often treated as such by other authors. Tree div-
ersity (H) (Table 3) in the site is 1.80 (S.E. + 0.09); considering there
are only six species, the maximum diversity (H'ax) possible for this
community is 2.58. For the plant community described, the estimated evenness
(J7) of the population distribution pattern is 0.70. These data correspond
more closely to diversity values for bayheads (H = 1.75) than for cypress
domes (H = 1.16) (Monk, 1966, 1968), although the similarity in species
numbers and composition more closely match those for cypress domes. Partial
accounting for these discrepancies lies in the fact that the old-growth
cypress community in the Okefenokee is more similar to a floodplain cypress
community than to cypress dome communities. In fact, Taxodium dominates
cypress dome communities, accounting for 60% of the average importance value
(based on the sum of relative frequency and density) with the other species
common to the old-growth community accounting for only 16% of the average
importance value (Monk and Brown, 1965). A comparison of similar data (Table
1) for the old-growth community reveals that Taxodium contributes only 7% to
the average importance value.
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DISCUSSION

The old-yrowth cypress stand in the Okefenokee Swamp consists of an
overstory of tall, rather widely spaced Taxodium and a three-tiered under-
story. The subcanopy has a relatively uniform distribution, is of medium
height, and is dominated by Gordonia. The canopy of Ilex melds the subcanopy
with the dense shrub layer. The dense shrub layer, although patchy, covers
much of the ground surface.

The larger Taxodium in the stand are rather old with estimated ages of
445, 528, and 587 years for three individuals cored by Duever {1979). Duever
states that ring quality for Taxodium is "fair-good" (based on a sample size
of 126 trees over all of Okefenokee Swamp). Therefore, it is safe to assume
that at least several of the older Taxodium have been present in the site for
over 400 years. If one assumes some reliable correlation between age and
diameter, and given that the 587-year-old Taxodium is 96 cm dbh, then the
younger Taxodium must be older than 100-150 years. This figure corresponds
with the estimated time of encroachment of the bay species. Selected indi-
viduals of Gordonia, a community codominant with Taxodium, have estimated
ages of 67, 73, and 91 year for three of the larger trees (ring quality,
fair-good; N = 38) (Duever, 1979). Three larger Magnolia have estimated ages
of 122, 124, and 145 year. However, ring quality for Magnolia is "poor-fair"
{N = 58), and can be used to estimate site age only in conjunction with the
other species. The few Pinus elliottii observed at one edge of the site have
ages of 98, 124, and 140 year (ring quality, good; N = 32). These are in the
upper limits of known ages for P. elliottii (Pomeroy and Cooper, 1956; Hebb
and Clewell, 1976). Therefore, based on estimated ages (Duever, 1979} and
size class distribution (Table 2), it is apparent that successful establish-
ment of Taxodium has not occurred in the last 100-200 year, indicating long-
term succession towards a community dominated by evergreen hardwoods, locally
known as bay swamps. This trend concurs with the succession model suggested
by Hamilton (1978, 1984) for Okefenokee Swamp and by Monk (1968) for woody
swamps in north-central Florida.

Taxedium presently dominates the stand in stature, basal area, and over-
all community importance. However, Gordonia has already gained a dominant
position of importance as a tree species and is replacing Taxodium in commun-
ity importance. Gordonia currently comprises 22.4% of the community basal
area. This plus its significance as a dominant component of the canopy, as
reflected in its high frequency and density, makes Gordonia a serious compet-
itor as the potential single community dominant to replace Taxodium. This
trend differs considerably from the successional trend of cypress-to-bay com-
munities for this region as noted by Monk (1968) where bay communities are
codominated by Magnolia and Persea and to a lesser extent Gordonia. Even a
slash pine-to-bay successional community in the panhandle of Florida is
becoming dominated by Magnolia with Nyssa and Persea as secondary codomin-
ants. Gordonia are not even present in this latter community (Hebb and

Clewell, 1976).

The significance of Gordonia as a dominant community component is not
well understood, and may be related to numerous factors. However, the pro-
cess through which terrestriallike communities develop in Okefenokee Swamp
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results in the creation of numerous variable-sized peat islands scattered
throughout the swamp (Cypert, 1972). By being somewhat isolated from terres-
trial communities, plant species invasion would be restricted. Cordonia
seeds, much 1ike P. elliottii seeds, are wind disseminated, increasing the
potential for dispersal to remote areas. These species are expected to gain
an early advantage in encroaching on habitable sites. Seeds of Persea, Mag-
nolia, and Nyssa, on the other hand, are much larger and are probably
restricted to dispersal primarily by animals or on rare occasion by floating
to a site during flood events. Based on the apparent restricted water flow
pattern in this section of the Okefenokee, seed transport to this site by
flooding is highly improbable. Although mature, seed-producing individuals
do occur in the site, it is still not known whether or not Persea, Magnolia,
or Nyssa will become codominants in the canopy. Magnolia has a sufficient
number of seedlings and saplings and may eventually share canopy dominance
with Gordonia. The trend for Nyssa is not clear, yet evidence suggests it
will not secure a dominant role in community structure. However, based on
our observations and on those of Duever (1979) regarding Persea, it appears
that Persea is stressed in communities in the Okefenokee. Almost all indi-
viduals of Persea observed in the present study, except for seedlings and a
few small saplings, consisted of only one or two small live apical branches;
the primary bole was generally dead. This concurs with observations of
Duever (1979). He states “the larger red bay (Persea) were invariably
hollow..." (p. 32). Thus, Persea is not expected to increase in importance
in the community, even with the eventual demise of Taxodium, and may even-
tually be all but eliminated from the site.

CONCLUSIONS

The apparent eventual demise of Taxodium as the community dominant and
the replacement with evergreen hardwood species in this old-growth cypress
community supports the successional scheme for these swamp communities (Ham-
ilton, 1978, 1981; Monk, 1968). The old-growth cypress stand cannot be
perpetuated without major disturbance because there are no Taxodium in the
understory to succeed it. Disturbances of the last 100-200 years, including
numerous fires and attempts to drain the swamp, have not been of sufficient
magnitude to alter the successional trend in the community. This stand will
eventually be a Gordonia-dominated bay swamp, a variation of the red
bay—sweet bay community type occurring within the peaty swamp series
described by Penfound (1952).
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