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PHASE 12: COHKSCREW SWAMP, A VIRGIN STRAND 
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Lance n. ,Cundr.!rson-ln't 

'Linda C. Duever* 
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• I 

'**Dept. of Botany and Center for Wetlands 

Field work on the Phase 12 program at Corkscrew Swamp Sanctuary 

is almost complete.: Remaining are: 1) the last cattle exclosure sample 

in November; 2) monthly tree-coring until' December; 3) final overs tory 

productivity measurements in December and January; and 4) monthly water 

chemistry sampling through January '(to complete the annual cycle in 

undisturbed cypress habi.tats). In conjunction with another research 

program, the main weathe!r station will remain in operation, but water levels 

will be measured only mc,nthly, instead of weekly. 

Analysis of all remaining water chemistry samples, soil chemistry and 

structure parameters, and nutrient analyses of the 1976 vegetation, litter, 

and decomposition samplE~s are scheduled for completion by. February, 1977. 

In August, 1976, several additional peat cores were taken in the Central 
,.'
\..- Marsh area, and nutrient, pollen, and age analyses of these are expected 

by February, 1977. Tree-ring counts should be complete in December. 
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The bulk of the remaining studies are in the data analysis stage~ 

with emphasis on calculating total productivity and nutrient and water 

budgets for each of the major habitat types. 

Hydroperiod Control of Vegetation Type 

Our hypotheses on the relationship of major habitat types to fire 

frequency and hydroperiod (Duever et al.~ 1975) have been supported by 

data from this years's work on soil type and distribution~ seral conununities 

leading to cypress. and cypress aging. FigU1~e 1 is a new diagram of: the 

fire/hydroperiod/habitat relationship revised on the basis of recent dat3. 

and communications with other south Florida researchers. Existing habitat 

types are above the dashed diagonal line in the diagram. Under wetter 

climatic ~onditions this line would shift downward~ and during drier 

periods it would shift up~,.rard. The reasoning behind the hypothesis \Jas 

presented last year and will be detailed in the final report. 

Variation in Cypress Growth Across Strand 

Within the habitat types generalized in Figure 1 we see considerable 

site-to-site variation in plant communities. An obvious example is the 

interior to exterior variation in forest structure responsible for the 

characteristicly rounded cross-sectional shape of cypress domes and strands. 

Possible causal factors include age~ water levels~ hydrQperiod~ nutrient 

availability, substrate type. and fire frequency. 

In an attempt to evaluate these influences we measured DBH of four 

cypress trees at each 100 foot interval along the Central Marsh transect 
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through the east side of the strand. We had found earlier (Duever et al., 

1975) that DBH is closely related to height, so it was unnecessary to 

measure that parameter. l¥e then cored each tree and counted rings to age 

the cores. In the course of other aspects of our research we had measured 

the depth of the peat at the same 100 foot intervals and monitored above and 

below ground water levels" Nutrient analyses of the vegetation, s<;>ils, 

and water have also been conducted, but are not yet compiled. 

Figure 2 syn~hesizes the information presently available. Maximum 

and minimum water levels do not show much variability along the transect 

and are not directly correlated with age or DBH of the cypress. Both age 

and DBH increase gradually from the outside edge of the strand to about 

the 1200 foot point on the! transect. From this point on are found much 

larger, older trees. At the very inside edge of the strand, smaller and 

younger trees again appear. The correspondence between age and DBH indicates 

that the differences in cypress tree size are primarily a function of age. 

With the exception of the sharp decrease at 1800 feet. The age and DBH 

profiles correspond amazingly well with the depth of peat profile. Further, 

the point where the 1974 minimum water level intersected the peat profile is 

where the age and DBH of the trees increase abruptly.. The 1974 dry season 

had unusually little rainfall and the lowest minimum water levels since 1962. 

The fact that the oldest and largest trees grow where the drought period 

water table intersects the base of the peat suggests that dry season water 

availability is a critical determinant of cypress survival. l¥here the peat 

is in contact with the water table for all of most years, moisture avail

ability would be almost continuous near the ground surface because of the 

absorptive capacity of the peat; in contrast, where the water table receded 

into the underlying mineral soil, peat would rapidly dry out. 

710 



I. 

C>/tOONt> SL)~FAc:e 

,q..,* M1NtMlIM 
WATUR.. LEVa.. 

qo rt 

J50 

I, 
1 

1
'I 
I 

17 
'15 

'"" 
"'(1) n 

:r 
(J 
:t " \:i ~ I" 
~ 

til 
u. 

(J 

2SO tjGD 7
:t 0

" too i=ttl 
fl ~ « ,5
.( UI "7 

~ " til 
to J 

lIJ 
w=-«> 

~ '15 
tlt'. 

~ llJ 
uJ ~ 
~ ~,.. 
~ '" 0 < 

ISO 

3D " 
'DO 

50 

IS 

IZ 

fl 

o a. ... CD 11 .0 12. 1'1

P1STANCJi FJi:.O/l\ ~O EO(;.E ('00 FEe:r) 
I~ 

Figure 2. 



We are uncertain exactly how moisture availability affects cypress 

survival, but the abrupt change in size at the 1200 foot point suggests 

a threshold mechanism, while a gradient mechanism appears to control 

tree size and age toward the outside edge of the strand. We theorize 

that severe widespread fires entering from the adjacent uplands have not 

penetrated beyond the 1200 foot point during the past 200 years be;cause 

of generally higher moisture levels in the vicinity of deep peat soils. 

The slow outward dispersal of new cypress trees from the old tree seed 

source, interacting with the effects of occasional fires pushing the 

cypress oack, has resulted in the present size distribution of cypress 

outward from the 1200 foot point. Since fire frequency and severity 

would be expected to decrE!ase with increasing moisture, and moisture in 

turn would increase with increasing peat depth, fires would maintain a 

young community at the strand edge and increasingly older community in 

the deeper parts of the st.rand. 

Since the peat depth decreases almost to zero at approximately the 

same point that the cypress community ends, it appears that similar regimes 

of hydroperiod and fire may control the distribution of both peat and 

cypress. 

The existence of higher or lower elevation deep peat areas that do 

not support cypress communities complicates the above interpretation. The 

deeper areas may be the result of peat fires, often started by lightning 

strikes, which burn out holes too deep to stay dry long enough for cypress 

seedlings to become established. 

The major higher peat area is the Central Marsh, located within the 

horseshoe-shaped large cypress forest. We believe (due to presence of 

isolated large trees and buried stumps) that this a,re"\ was once cypress forest 
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in which litter accumulati.ons built up a high enough peat surface to permit 

surface fires. These fire~s opened up the canopy and allowed flammable saw

grass to become established and maintained with the aid of man-caused fires. 

In areas where fire has been excluded, willow is succeeding the sawgrass 

and young cypress are coming up among the willows adjacent to the mature 

cypress seed source. 

Seasonal Cypress Bole Production· 

While studying cypress tr.ee rings to relate age to tree size and 

position in the strand, we became interested in trying to relate differences 

in annual ring width to environmental factors such as hydroperiod, climatic 

change, fire, and insect defoliation. As part of this investigation, in 

December, 1975, we initiated monthly coring of 20 cypress trees evenly 

scattered along the Central Marsh transect. We took tl.,O I-inch cores at 

approximately breast height in two series, one vertical and another horizontal. 

To avoid girdling the tree, we selected only trees over 12 inches DBH. We 

normally cored trees early in the month and made simultaneous notes on the 

condition of the foliage. The cores were sanded and rings counted with a 

50X dissecting microscope. At the beginning of the study we measured the 

twelve outside rings and counted the number of light and dark cells in the 

outermost (1975) ring. Aher growth began, we also counted new light and 

dark cells monthly to determine 'When bole growth occurred and to correlate 

the appearance of false rings with environmental factors. 

Since the study will not be complete until December, 1976, it is 

premature to discuss the results in terms of growth rates in response to 

environmental factors. HO~7ever, data are complete on initiation of spring 

growth and leaf-out in relation to water levels. 
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Table 1 shows the time when some or both of the paired cores exhibited 

first new growth. The first sign of new cell formation began in April, but 

was limited to only a few cores, no two of which came from the same tree. 

During May there was a slight increase in growth, but it was not until 

June that all of the trees were producing cells. Despite the general lack 

of bole growth, all the trees had some foliage and most were completely 

leafed out by early March. Alt~ough some production must have been going 

on during March and April, we noted little indication of net increases in 

bole diameter until May, l¥hen the wet season rains began. Cypress bole 

grmvth may be limited during the early growing season by low water availa-· 

bility, or perhaps production is funneled into leaf and branch biomass 

during this period. Whilt~ a delay between time of leaf-out and subsequent 

increase in bole diameter is a known phenomenon, it would also be expected 

that water shortage would lead to reduced transpiration and productivity. 

Further analysis of the current year's growth and water level regime will 

give us more insight into how hydrological patterns have influenced cypress 

growth in those past years for which we have only tree-rings as records. 

Cypress Biomass and DBH 

Cypress biomass and diameter at breast height (DBH) have been 

measured at four sites in Florida and south Georgia: Corkscrew Swamp, 

the Fahkahatchee Strand in southwest Florida (Carter et al., 1973), a 

cypress dome near Gainesville, Florida (Mitsch et a1., 1974), and the 

Okefenokee Swamp (Schlesinger, 1976). Wood biomass and DBH maintained 

a simi~ar relationship with low variability at all sites (Figure 3). The 

greater variability (both 'within and between sites) for leaf biomass is 
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Figure 3. Comparison of cypress wood biomass/DBH at 4 sites. 
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probably related to light availability (Figure 4). Trees located within 

dense clusters appear to have much less foliage than trees of similar DBR 

at the strand edge or with access to a canopy opening. 

Regressions of leaf and wood biomass/DBR will be calculated and used 

to complete estimates of tree and shrub biomass at harvest and productivity 

sites. 

Marsh Productivity 

The cattle exc10sl1re study was designed to evaluate the effects of 

grazing on a variety of marsh habitats 
t 

but it also provided data on annual 

net productivity. 

Methods used are described in the grazing studies section. The data 

in this analysis were all taken from inside the exc10sures. Some cattle had 

been on all of the areas for a year or so prior to the study~ and the 

"Bare Ground" and "Dutch's Pasture" sites had been severely overgrazed for 

many years. At least two sites in each major habitat type were sampled. 

Litter quantity exhibited considerable community-to-community variability 

(Table 2). The overgrazed Bare Ground sites had the least litter standing 

crop (less than 40 g/m2)~ and the two other overgrazed sites had relatively 

low quantities (from 30 to 60 g/m2). Spartina habitats generally produced 

the most litter (400 to OVE~r 1000 g/m2) t and the remaining ungrazed marshes 

2
produced approximately 100 to 400 g/m. The few relatively high values in 

the pine-palm sites are probably due to additional inputs from overs tory 

vegetation 

Litter standing crop "~s usually maximum in late winter. The relatively 

short south Florida winters often permit many species to continue growth 

into December before being killed by frost. The only sites that frequently 
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exhibited maxima in August ,~ere dominated by Spartina with large clumps
 

of standing dead litter. Litter standing crops were high at several other
 

. sites in August at the beginning of the study when cattle had just been 

removed. Only one of the pine-palm sites was high in August one year 

later, but samples from theBe sites included litter derived from ovex

story vegetation which often masked changes in understory litterfall 

patterns. 

Biomass of marsh vegetation varied from approximately 10 to 70 g/m2 

in the overgrazed bare ground plots to 100 to over 500 g/m2 in Spartina 

(Table 3). The pine-palm community supported only a very low understory 

biomass of 40 to 130 g/m2 , primarily because of shading in areas with a 

dense overstory. The other marsh sites had minimum biomass of approximately 

100 g/m2 and maximum biomass of from 250 to 450 g/m2• 

Seasonal biomass maxilna were almost invariably found in August, and
 

minima in March.
 

It is not surprising that bare ground plots with small biomass had
 

the lowest net annual productivity or that the pine flatwoods understory, 

densely shaded in many spots, produced little .(Table 4). The wet prairies, 

with only a slightly longer hydroperiod, but with much more open space than 

the pineland, had a net production of approximately 200 g/m2/yr. Net 

production in Spartina was 350 to 800 g/m2/yr, reflecting the large site-to

site variability in density of this species. The maidencane, arrowhead, 

and sedge communities had intermediate annual net productivity levels generally 

2
in the range of 150 to 300 g m /yr. 
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Grazing Studies 

Cattle grazing has bl~en the most significant recent human activity 

in the Corkscrew marshes and upland habitats. During 1975-1976. grazing 

impact on these environmellts was evaluated at 13 sites using fenced 

exclosures of either 10 ox 25 square meters. The larger plots were for 
. 

evaluation of effects on overstory counnunities. while the smaller were 

for evaluation of impacts on marsh vegetation. Three paired samples 

(three inside, three outside) were taken at the beginning of the study in 

August. 1975. and again in December. 1975. and in }1arch and August. 1976. 

A final sample is schedulE~d for November. 1976. Stem diameter measurements 

of the overstory were taken in August. 1975. and again in August. 1976. 

Changes in biomass. litter standing crop. and presence or absence of species 

were used to quantify graz:ing effects while ground and aerial photos and 

ground observation provide,d qualitative evaluation of impacts. 

Table 5 shows which sites had significant differences (t-test) in 

inside and outside understory biomass and litter standing crop andlor 

qualitative differences. No sites exhibited significant differences in 

biomass and litter standing crop between interior and exterior of exclosures 

at the beginning of the study in August, 1975, and only one site had a 

significant difference in biomass by December. 1975. The number of sites 

where significant differences existed increased through August, 1976. and 

the trend is expected to continue through the final planned sample in 

November. 1976. 

Measurability of differences was influenced by a variety of factors. 

including within site variability. intensity of grazing. and timing of 
~, 

vegetative production and its conversion to litter. The construction of 
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exclosures in July, 1975, was late enough in the growing season that few 

differences in understory biomass were detectable until August, 1976, when 

production of the 1976 growing season was measured. At that time there 

were few differences in litter standing crop, but differences can be 

expected to increase as the 1976 production dies. At most of the sites 

with a long history of intensive grazing (the "Bare Ground" and "Dutch's 

Pasture" sites), light grazing pressure in 1976 had little effect either 

quantitatively or qualitatively. Quantitative differences were insignicant 

at the Little Corkscrew Pine-Palm sites, but there were distinct visual 

differences in the understory vegetation in open portions of the slte. 

Areas shaded by a dense ov'erstory supported little understory vegetation 

and random sampling of sit:es with scattered clumps of trees and shrubs 

increased the variability enough to mask the obvious effects of grazing. 

Absence of effects at Grapefruit Island is probably due to distance from 

areas frequented by cattle and relatively poor forage quality. 

The high degree of impact measured near Northeast Fish Farm and on 

Little Corkscrew Island is understandable. Little Corkscrew is the highest 

ground in the generally marshy area leased for grazing and several supple

mental feeders are located there, so the island is the focal point of cattle 

activity. 

In general, visual observations closely paralleled the quantitative 

analyses. 

No differences in taxonomic composition inside and outside the 

exclosures were detected during the I-year study period. The changes in 

species composition between August, 1975, and August, 1976, took place both 

inside and outside the exclosures. 
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The Corkscrew \~atershed 

The Corkscrew Swamp 'watershed boundaries shown in Figure 5 were 

defined from 5-foot contours on United States Geological Survey topo

graphic maps (scale 1: 2l~OOO) • The drainage area within and above the 

2 2 
sanctuary is 295 km , of 1Nhich about 90 km is normally inundated for 

more than 6 months each yl:!ar. The sanctuary occupies 46 km2 , abou~ 

half of the area with a 6 month hydroperiod. 

The major flows enter the sanctuary along its eastern boundary and 

leave along the southern edge. At high water level, significant outflows 

also occur along the western boundary and through a slough directly 

south of Lake Trafford. i~ old high water connection with the Okaloa

coochee Slough east of Lake Trafford no longer functions due to develop

ment. 

At present, no major canals drain the watershed above the sanctuary. 

At the northwest corner of the watershed there is a small canal lying 

along the Lee-Hendry County line and ending north of State Route 82, but 

it affects only a minor portion of the watershed. 

Changes in timing of runoff into the sanctuary seem to be the only 

significant hydrological modification to the watershed. The agricultural 

areas surrounding the sanctuary have short canals for wet season drainage 

leading into Corkscrew Marsh~ but the level terrain minimizes their 

effectiveness. During the dry season the farmers supplement shallow 

groundwater supplies from deep wells, which apparently more than compensates 

for the small amount of water drained off prematurely. 
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Soils 

Corkscrew soils are predominantly sands with peat accumulations in 

depressions, and much scattered limerock and numerous shell beds beneath 

the surface. Where rock outcrops are higher than the surrounding area 

they have been colonized by hardwoods and covered by a loamy organic soil. 

In some areas rocks are found buried under peat deposits in depressions. 

Nowhere at Corkscrew is roek or shell found naturally exposed at the ground 

surface. 

The sand deposits are not only the major soil type, but the patterns 

in which they were deposited and subsequently eroded detenaine the area's 

major topographic features. The only significant exceptions are the small 

and scattered rock outcrops that support hardwood hamnocks and the rock 

underlying certain depressions which has limited the depth of erosion 

(the Central Marsh area). 

The sands generally vary from tan to brolYn in color and are charac

teristically fine and thus relatively impermeable. In drier areas with 

relatively deep sands, suclb-as pine-palmetto habitats, upper strata are 

often a strongly leached ~lite sand with a dark speckling of intermixed 

undecomposed organic matter towards the surface. At depths of 3 to 4 

feet the material leached from the surface strata forms a dark brown to 

black hardpan which grades into the deeper brown sands. 

In wetter areas, such as low pine flatwoods and shallow marshes, the 

brown sands extend from thE~ surface down to depths of 3 to 6 feet, then 

grade into the gray or blue-gray sands characteristic of permanent inun

dation. At intermediate depths an orange or brown mottling indicative of 

periodic inundation can occur. This appears to be associated with plant 

root channels. 
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Dark brown "sticky'" sands are a common feature below peat deposits 

more than a foot or so de1ep and are apparently a result of the mixture of 

decomposed peat or muck •..dth underlying sand. 

Peat deposits are found in mineral substrate depressions with a 

relatively long hydroperiod. Such depressions at Corkscrew are invariably 

low spots in the sand surface. The upper 2 or 3 feet of the peat profile 

are dominated by fibrous material which grades downward into mucky peats, 

some of which have almost a "slurry" consistency. At sites where there are 

several feet of peat over a sand strata, dark "sticky" sands normally 

extend to a depth approxi.mately twice the thickness of the peat layer. 

Crayfish are probably responsible for this apparent mixing of sand and muck 

and also for small amounts of sand that occasionally appear in the upper 

strata of otherwise homogeneous deep peat deposits. Crayfish are abundant 

at Corkscrew, and during the dry season we have found them over 4 feet 

beneath the soil surface. 

Rock appears in the soil profile in several forms: small pebbles, 

large individual rocks, and strata. The small pebbles, normally soft and 

well weathered, occur extensively on the sanctuary, varying in size and 

abundance. They are a con~on feature in shell beds, mixtures of sand and 

clay and near the surface of rock strata, but are also often a component 

of sand deposits, concentrated in distinct layers. The soft rock strata 

are usually those higher E!levation outcrops supporting hammocks and are 

thus the sites with greatest exposure to atmosphe~ic weathering. The 

hardened strata are normally inundated most of the year, and may be solid 

limestone, cemented shell deposits, or a mixture of the two. Determining 

the depth and distribution of rock strata is extremely difficult because 

of their irregular surface and the problem of distinguishing continuous 
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strata from isolated large rocks and boulders or dense concentrations of 

pebbles. 

Shell deposits vary in size from small quantities mixed with the 

other materials to almost pure accumulations more than 3 feet thick. Water 

level data from areas with and without shell deposits indicate that these 

strata can be extremely permeable conduits. Dry season water table 

depression is greatest in areas where shell is extensive and continuous, 

but at some sites with thick shell strata there is little water table 

depression, perhaps because the shell beds are small or isolated by impermeable 

surrounding strata.. Shell beds were always separated from the ground 

surface or peat deposits by at least several feet of sand. 

Clay (marl?) occurs widely as a minor component in sand strata and is pre

dominant in a few scattered areas. What appears to be an almost pure marl under 

many of the thicker peat deposits on the Central Marsh and South Dike 

transects,and occurs sporadically under some of the deeper peats in other 

areas. A marl with some :sand intermixed underlies parts of the Grapefruit 

Island transect. 

Corkscrew soils exhibit the same erratic strata patterns noted by 

earlier researchers in southwest Florida. In an attempt to clarify the 

relationship between vegetation and substrates, we have done over 100 soil 

cores on the sanctuary, primarily along the five transects, but also at a 

number of scattered sites. Soil profiles of five transects are depicted 

in Figures 6-9. Profiles were not constructed for the South Dike because 

of the small number of cores taken and their similarity to those on the 

Central Marsh transect. 

No clear relationship between major habitats and substrate types was 

found (Figures 6-9). Elevation, which affects water levels and hydroperiod, 
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appeared to be much more significant. The pinelands and hammocks occur 

on higher elevations, whether these be sand or rock substrates. Lower 

sand, rock, or peat areas support marshes or cypress, and the lowest sites 

are open water, again regardless of substrate type. Of course, peat 

formed only where depressions were deep enough to remain wet for much of 

the year. 

Substrate permeability is obviously a significant factor affecting 

groundwater flows. Thus distribution patterns of relatively impermeable 

rock, clay (marl?), and peat strata and extremely permeable shell deposits 

are important determinants of groundwater flow routes, and must be under

stood before flow quantities can be estimated. 

To evaluate the relationship between substrate type and groundwater 

flows, we compared the soil profiles for eac.h transect with the seasonal 

water table profiles (Duever et aI., 1975). The water table profile was 

relatively level on the North Marsh transect, indicating that substrate 

type had little differential effect on .~roundwater flows (Fig. 7). 

On the Grapefruit Island transect,' the dry season water table profile 

slopes from Ruess Island to Little Corkscrew Island. This corresponds to 

the direction of slope of both the relatively impermeable rock and clay 

strata and the permeable shell beds (Fig. 8). Depression of the dry season water 

table profile and areas of shell d~posits. also correspond on the Central 

Marsh transect where there are higher dry season water levels in areas with 

peat, rock, and clay (marl) strata (Fig. 6). 

Soil types also influence water quality and nutrient availability. 

Physical and chemical analyses of the soil samples are now complete and 

analysis of this data is in progress. 
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A 3/4-inch diameter rod was pushed by hand into the soil at 100 foot 

intervals along each transect to determine more accurately the mineral 

soil surface profile and the depth of associated peat deposits. Where both 

soil cores and rod penetrability measurements were taken, good agreement 

between methods was found.. Penetrability measurements produced much more 

detailed profiles because the ease and speed of the method allowed many 

more sites to be sampled even when they were inundated. Inundation limited 

soil coring because sand strata often collapsed when waterlogged. 
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