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ABSTRACT

A technique is presented for estimating the relative ecological and
functional value of Florida freshwater wetlands. Wetland attributes and
functions evaluated by this technique include water quality enhancement,
water detention, vegetative diversity and productivity, and wildlife habitat
value. The field parameters used in the assessment are wetland size,
contiguity, structural vegetative diveréity, and an edge-to-area ratio.

This technique has performed satisfactorily in actual field applications

and has been both cost effective and time effective. Allowing flexibility
in both the evaluative criteria used and the relative weight assigned to
each criterion, it is applicable in any F]oridé region for which basic

ecological data are available.



INTRODUCTION

Interest in the description, classification, inventory, and valuation

of wetlands has increased dramatically during the last 10 years. This
interest has been stimulated by the accelerated loss of wetfands within
Florida and by both state and national legislation in the early 1970's
(e.g., 1972 Comprehensive Planning Act, 1972 Coastal Zone Management
Act). The interest has ranged from straightforward definition and
mapping of wetlands to the development of highly sophisticated energy
accounting concepts. Still, to our knowledge there is no easily applied,
cost-effective method for estimating the worth of one wetland relative

to another.

As much as 2 million acres of the Florida landscape is being deve]oped
annually (Harris and Kangas, in press). A significant portion of the
land base for this development involves freshwater wetlands. Large
acreages are also subject to surface mining in parts of the state, though
for many new mines permission to mine wetlands is being granted'only on

the condition that wetlands be restored or recreated.

These trends lead to some specific needs in the area of wetland valuation.
First, an index is needed that will estimate the loss associated with
development or miningvof one wetland ré]ative to another. Such an index
could guide developers, the phosphate industry, and regulatory agencies

in the permitting and decision-making process. Secondly, an index is
needed which is time effective, cost effective, and relatively objective

and straightforward in its application. Thirdly, the index should be



applicable without major modification to any region in the state. Finally,
as wetland creation and restoration becomes more prevalent, an index is

needed to help plan and later gauge the relative merit of different wetland
restoration efforts. The valuation technique presented here was developed

with these needs in mind.

The technique as presented here is considered to be preliminary and is
open to revision and modification. It was intentionally designed to allow
flexibility both in the variables used to evaluate wetland value and the
relative importance placed on those variables. The technique is clearly
not a valuation scheme in the energy accounting sense. Neither would the
value generated for a single wetland have much meaning without comparison
to other wetlands. For these reasons we consider the greatest strength

of the technique to be its ability to estimate the comparative value of

different wetlands in a given area.

WETLAND VALUATION: A CONCEPTUAL APPROACH

In their natural state, wetlands possess certain inherent attributes and
characteristics which make them of great ecological value. Assuming that
parameters can be defined to measure these inherent values, a genera]
approach for determining the relative value of an individual wetland ﬁight

be expressed as follows:

Wetland value =
i

H o™z
()
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where V is the numeric magnitude of a given parameter (the parameter value)
and C is the coefficient of relative weight given to that parameter (the
parameter weight) in determining the wetland's overall value. For example,
if four parameters are chosen to assess wetland value, the equation would

be:
Wetland value = C,V; + CoVy, + C3V3 + Cy,Vy

Since these four parameters will probably be in different units and have
different ranges of magnitude, it may be desirable to scale all parameter
measurements So that they fall within the same numeric range. This may
be accomplished by either assigning the various parameter'measurements
into numeric classes within the established minimum/maximum range or
proportionally scaling the parameter measurements to the established

range.

For example, if it were decided that all parameter values (Vi) should

fall within a range of 1 to 10, then a parameter having measurements of

1 to 250 might be placed in ten classes (i.e., 1-25, 26-50, 51-75,
...226-250). If in this case, high parameter measurements reflected high
wetland value, then the highest class (226-250) would be assigned a numeric

magnitude of 10.

Similarly, a parameter measurement varying from 20.0 to 35.0 might be
scaled so that measurements of 20.0 and 35.0 correspond to parameter values
of 1.0 and 10.0, respectively (assuming the higher measurement represents
higher wetland value). A1l measurements between 20.0 and 35.0 couia tnen

be appropriately distributed between 1.0 and 10.0.



Coefficients of parameter weight (Ci) can be assigned to give more or

less weight to parameter values according to their importance in reflecting

inherent wetland value. Continuing with the present example, if all para-

meter values were considered to be of equal importance in reflecting overall

wetland value, then:

C, =Cy =C3 =0y

and the equation would be reduced to:

Wetland value = V; + Vo + V3 + V,

On the other hand, if V, were considered twice as important and V3 four
times as important as V; and if V, were equal in importance to V,, the

equation would be:

Wetland value = V; + 2V, + 4V5 + V,,

WETLAND VALUES AND FUNCTIONS

Before the relative value of a wetland can be assessed, it is necessary

to define which wetland attributes and functions are of the greatest

importance in determining the inherent value of wetlands. Freshwater

wetlands possess many such intrinsic functions and values in their natural,

undisturbed state. For wetlands in Florida, we have chosen the following
attributes and functions as determinants of overall wetland value:

(1) water quality enhancement, (ii) water detention, (iii) ground-water



recharge/discharge, (iv) productivity and diversity, and (v) wildlife

habitat value.

Water Quality Enhancement. Freshwater wetlands are known to act as
chemical and bioibgica] scrubbers of water flowing through them. Studies
in the southeastern United Sfates have shown this to be true of river
swamps (Wharton, 1970; Patrick et al., 1976), cypress swamps (Ewel and
Odum, 1978), nonriverine hardwood swamps (Boyt, 1976), and freshwater

marshes (Shih and Hallett, 1974).

Water Detention. Wetlands frequently serve as collection basins for

surface water, feeding it out gradually through springs, seeps, or open
outlets (Gabrielson, 1962). They form an integral part of the regional
hydrologic system in that they reduce dowhstream peak flows dur%ng flood
periods and help maintain base flows during dry periods (Motts and Heeley,
1973). Riverine wetlands are especially important as natural flood control
areas (Massachusetts Water Resources Commission, 1971; U. S. Army Corps of

Engineers, 1971).

Groundwater Recharge/Discharge. Some wetlands are significant sites of

ground-water recharge or discharge. Other wetlands are perched and have
little significant interaction with underlying aquifers. The degree to
which ground-water recharge or discharge occurs on a gigen site depends
primarily upon the soil permeability, surficial'geology, and hydroperiod

of the wetland.



Productivity and Diversity. Wetlands are considered to be among the
wbr]d's most productive natural ecosystems (Wharton, 1970; Hoffman, 1968).
In F1orida, the gross primary production of both forested and nonforested
freshwater wetlands is believed to be substantially higher than many other
FTorida plant communities (Brown, 1978; Bayley and Burns, 1974). Wetlands
may also be more diverse than surrounding plant communities in terms of

vegetative species and structure, though this is not always the case.

Wildlife Habitat Value. Freshwater wetlands provide important habitat

for many fish and wildlife species, especially where the wetlands are
associated with lakes or streams (Golet, 1973). Many wildlife species
occur only in wetland habitats, whereas others are vitally linked to
wetlands during arportion of theirvlife cycle. Layne et al. (1977) were
of the opinion that wef]ands constitute the host important natural habi-

tats for fish and wi]d]ife in the central Florida area.

It should be noted that these five natural-wetland functions provide
valuable services to man and that the value of these services to man

can be enhanced with carefu1 management and utilization of the wetland
resource. There are also other aspects of wetlands which are valuable

to man when the wetlands are prudently managed.k For example, the grazing
potential of Florida freshwater marshes and wet prairies is very high
(White, 1973). Wetlands are also valuable in that they comprise signifi-
cant visual/cultural resources with scenic, recredtional, ahd educational

values (USDI, 1962; Wharton, 1970; Smardon, 1973).



WETLAND PARAMETERS

Having suggested some inherent wetland attributes and functions which
might be assessed in a valuation process, 1t}is necessary to develop
easily measurable parameters which reflect the values preseht in any
given wetland. Because the ground-water recharge/discharge activity of
an individual wetland can not be adequately assessed without expensive,
site-specific geological investigation (Motts and Heeley, 1973) and
because such data are generally unavailable for Florida wetlands, we
specifical]y exc]uded this function frgm the present valuation process.
When either a methodology for rapidly assessing the recharge function of
different wetlands is developed or when such sjte-specific data become
available, this function can be easily incorporated into the valuation
technique. Consequently, only the four remaining wetland functions were
assessed. The field parameters chosen as indicators of these four inhe-
rent wetland fuhctions were (i) wetland size, (ii) wetland contiguity,
(iii) vegetative structural diversity, and (iv) the type and amount of

edge relative to wetland size.

Wetland Size. Each of the four inherent functions previously discussed

are related to wetland size. The degree to which a wetland can enhance
water quality depends partially upon the retention time of thevwetland.
This, in turn, is related to wetland size, wetland configquration, and the
actual path water takes through the wetland. Therefore, for vegetatively
equivalent wetlands of similar shape, we believe that larger wetlands will
contribute more to water quality enhancement than will smaller ones. Large
wetlands also have a greater capacity to collect and detain water than do

smaller wetlands.



Although large wetlands may not have greater gross primary productivities
than smaller wetlands, their total production will tend to be greafer
because of their larger size. They also tend to be more diverse vegetat-
jvely and support more diverse wildlife populations (Golet, 1973). It
should also be recognized that small wetlands fall below the minimum home

range requirements of certain wetland wildlife species.

Wetland Contiguity. The degree to which a wetland is connected to local

drainage systems significantly influences its contribution to regional
water quality. A perched wetland .with no outflow of water except evapo-
transpiration does not significantly enhance regional water quality.

A wetland which is semicontiguous to local creeks and streams or which
is connected only during the wet season probably contributes to regional
water quality only during periods of peak flow. A highly contiguous
wetland directly adjoining or within an established drainageway would

be expected to provide the most consistent enhancement of water quality.

The degree of water detention versus retention in wetlands depends on how
the wetlands are connected to regional drainage systems. Perched wetlands
will serve mainly as retention sites, whereas semicontiguous and contiguous

wetlands will function more in detaining water.

Contiguity contributes to many other important ecological functions (Ewel,
1979). Because wetland hydroperiod is related tofcontiguity and because
periodic flooding provides a nutrient/energy subsidy, contiguity indirectly
enhances productivity. Many water-borne propagules, both plant and animal,

are dependent upon a high degree of contiguity for their dispersal. Wet-

10



lands associated with lakes or streams are more valuable to wildlife than
are isolated ones and associations of connected wetlands facilitate use
by wide-ranging wildlife species and movement of aquatic and semiaquatic

species (Golet, 1973).

Vegetative Structural Diversity. Structural diversity of vegetation

within wetland plant communities is a general indicator of both floral

and faunal diversity. A large number of studies have indicated that
wildlife abundance and diversity are directly related to the presence of
appropriate vegetation diversity and complexity, with faunal diversity
increasing as floral diversity increases (MacArthur, MacArihur, and Preer,
1962; Roth, 1976). Although the relationship between structural vegetation
diversity and wildlife species diversity has not been rigorously tested

for Florida wetlands, it is expected to pertain. In evaluating structural
diversity, both the vertical and the areal distfibution of vegetatiVe

strata and zones are considered.

Edge/Area Relationships. The linear extent and type of edge associated

with wetlands is related to many different ecological functions. Surface
runoff entering wetlands frbm adjoinihg lands passes through the wetland
edge as it enters the wetland. Therefore, the type and amount of edge
along the wetland perimeter has beafing on the enhancement of wetland

water quality since these edges also perform a scrubbing function.
It is generally accepted that the wildlife abundance and diversity of an

area is related to the diversity or interspersion of distinct habitat

types (Leopold, 1933). Ecotones and edges often have greater vegetative

11



productivity (Wales, 1972) and commonly have larger wildlife populations
than pure stands (Ghiselin, 1977). Wetland edges are extremely important
because wetland wildlife species tend to congregate around the edges where
they can obtain their requirements from two or more plant communities with
a minimum of effort (Golet, 1973). Ghiselin (1977) suggested that an index
measuring the amount of edge relative to area could be used as an indicator
of relative wildlife productivity between similar habitats. He based this
on the premise that of two areas of similar biota, the one having a higher

areal proportion of ecotone will also have a higher biological productivity.

However, edge-to-area ratios in themselves are inadequate for determining
the wildlife value of a particular tract of land. A number of recent
studies have indicated that various edge characteristics significantly
influence the wildlife value of edges (Harris and Smith, 1978; King, 1978;
McElveen, 1978). Therefore, an edge index that considers these different

edge characteristics will better reflect overall edge values.

MEASUREMENT AND RANKING OF PARAMETERS

Before the valuation technique can be applied, it is necessary to define
how the four wetland parameters are to be measured and how these méasure—
ments are to be frans]ated into parameter values (Vi's). If each parameter
is judged a priori to be of equal importance in reflecting the true wetland
value and each of the four terms of the equation are limited to a maximum

scaled value of 10.0, the general equation would be:

Wetland value = AV; + BV, + CV3 + DV,

12



where each V has maximum and minimum values of 10.0 and 1.0, respectively,
and A, B, C, and D are scaling constants. The four wetland parameters

can then be measured and scaled as follows.

Wetland Size (V;). After delineation of wetland boundaries, the acreage

of each wetland is determined and ranked into one of 10 classes.

If wetland acreage (WA) is <2.5, V, = 1
If 2.5 < WA < 5.0, V; = 2
If 5.0 < WA < 10.0, Vy =
If 10.0 < WA < 20.0, V, =

]

[=2 NN & » BN~ TR ¥V

If 20.0 < WA < 40.0, V;

If 40.0 < WA < 80.0, V,
160.0, V, = 7

A

If 80.0 < WA
If 160.0 < WA < 320.0, V; = 8

n
w

If 320.0 < WA

A

640, V;
10

If WA

|v

640, V,
The geometric relationship between the classes and wetland size is shown
in Figure 1. Since there are 10 classes of V;, the scaling constant A

is set equal to 1.0.

Wetland Contiguity (V,). Four contiguity classes are proposed for freshwater

’
wetlands in Florida, depicted in Figure 2. If the wetland is perched
and isolated from the regional drainage system, V, = 1. If the wetland
is joined to a local creek or lake system by an indistinct natural connection

or a small or partially obscured ditch, V, = 2. Wetlands which are joined

13
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to regional drainage systems by distinct natural connections or a well
indicated ditch or canal are in the third class, V, = 3. (These latter |
two classes probably include most of the wetlands which are only connected
to regional systems during wet periods.) Wetlands contiguous to or within
established drainageways fall in the fourth class, V, = 4. Since there

are four classes of V,, the scaling constant B is set equal to 2.5.

Structural Diversity (V;). Structural diversity varies according to the

number and distribution of vegetative strata (vertical diversity) and
vegetative zones (horizontal diversity). Five classes are defined. If
wetlands have only one vegetative stratum and 1ittle zonation, V3 = 1.

If an estimated 25% or more of the wetland has two strata or if three or
more vegetative zones are present, V3 = 2. If two strata are present
throughout the wetland (e.g., shfub swamp), V3 = 3. If three or more
strata are present throughout the wetland (e.g., mature swamp), V5 = 4.
Finally, if the wetland has three strata but is interspersed with numerous
canopy openings or small marshes, V3 = 5. Since there are five classes of

V3, the scaling constant C is set equal to 2.0.

Comprehensive Edge Index (V,). An edge-to-area index was developed along

the same.lines as Welch's (1948) shore development index, except that
edges were weighted according to the degree of edge drama (the amount of
structural difference at the edge between adjoiping plant communities)
and the estimated gross productivity 6f the two pTant communities. The

basic formula is:

m

CEI = —¥

N
[e}]
)



where CEI is the "comprehensive edge index," Ew is the sum of each wetland's
weighted edge lengths, and a is the area of the wetland. One advanfage of
using this Basic formula is that it equalizes the edge-to-area ratio of
wetlands having identical configuration, negating the tendency of the edge-
area ratio to decrease as the size of a given shape increases. Because

the influence of varying wetland size is already cqnsidered in Vp, it is

desirable to eliminate the influence of size from this parameter.

Each segment of edge surrounding wetlands can be assigned to one of five
classes depending on the degree of edge drama. A segment of edge between
two plant communities with dramatic structural differencés (e.g., swamp
and pasture) might have an edge drama value (EDV) of 5.0, whereas a segment
between structurally similar communities (e.g., wet prairie and pasture)
might have an EDV of 1.0. Secondly, each'of the two plant communities

can be assigned into one of five productivity C]asses based on the‘best
available data, with the most productive plant communities'haVing a
productivity value (PV) of 5.0. An individual edge segment could then

be weighted as follows.
_ _ PV, + PV
E; = EL (EDv = P2 PVo)

Where EL = edge length in feet, EDV = edge drama value, and PV; and PV,
are the productivity values for the two abutting plant communites. The
total weighted edge length (Ew) for that wetland would then be equal to

the sum of all its component Ei's and CEI would be:




Since CEI will occupy a range of values for different wetlands and will
not fall into classes like the other parameters, the scé]ing of Vy, is
more complex. However, it can be accomplished by an equation'making the
lowest CEI's computed equivalent to 1.0 and the highest CEI equivalent

to 10.0. Other CEI's would then be scaled between 1.0 and 10.0 according
tb their location between the two extreme CEI's. This assures that DV,
(or CEI scaled) is never less than 1.0 or greater than 10.0. The equation

would have the following form:

(CEI - CEImin) _ :}
CEI = 1.0 + * 9.0
scaled (CEImax - CEI miﬁy

whére CEImax and CEImin equal the highest and lowest CEI's computed

in the analysis, respectively, and CEI is the value desired to be scaled.
The scaling term D will obviously vary with each set of wetlands analyzed
as CEImax and CEImin,vary. vaCEImax and CEImin are standardized,

then multiple sets of wetlands can be analyzed and the subsequent wetland

values computed will be comparable with one another.

The final equation for determining wetland value is:

 Wetland Value = 1.0V, + 2.5V, + 2.0V3 + DV,
AN EXAMPLE
In the following section, the application of the technique is demonstrated

for a 200-acre tract located in central Florida. The nine plant communities

present in the vicinity of the tract were assigned'edge drama values (EDV)

18



and productivity values (PV) as shown in Table 1. Wetlands occurring on
the tract along with their individual wetland values (IWV) are shown on

Figure 3.

The derivation of IWV for the hardwood swamp located in the northeastern
corner of the tract was accomplished as follows. The swamp's area is
approximately 13.1 acres and thus its corresponding acreage class (V;)

is 4. It is directly adjoining a regional drainage system and so has a
contiguity class (V,) of 4. Three strata are consistently present through-
out the swamp, making its structural diversity (V3) equal to 4. Its total
edge length of approximately 3,250 feet is comprised of seven component
edges where the swamp adjoins pasture, palmetto range, marsh, pine flatwoods,

and shrub swamp communities. Weighted edge lengths and CEI were determined

as follows:
‘Adjoining
Plant Community EL EDV PV PV2 E;
Pasture 1,050 5 5 2 8,925
Palmetto rang 450 5 5 2 3,825
Marsh ‘ 200 5 5 5 2,000
Pine flatwoods 825 2 5 3 4,950
Marsh 50 5 5 5 500
Shrub swamp 500 2 5 5 3,500
Pine flatwoods 175 2 5 3 1,050
in = 24,750
a=13.1
CEI = 1929.01
CEImin = 368.38
CEImax = 5292.24
DV, = 3.85

19
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Table 1
Gross Primary Productivity and Edge Drama Values for Typical Plant Communities in West Central Florida

Edge Drama Value

Productivity Fresh Shrub Palmetto Pine Citrus Xeric Mesic  Hardwood
Plant Community Class* Pasture Marsh Swamp Range Flatwoods Grove Hammock Hammock  Swamp
Pasture 2h 0 1 2 2 3 3 3 4 5
Fresh marsh 55 0 2 2 3 3 4 5
Shrub swamp 5 0 1 2 2 3 4 4
Palmetto range 2A 0 2 2 3 4 5
Pine flatwoods 3P 0 2 2 3 3
Citrus grove 1A 0 2 3 3
Xeric hammock ZD 0 2 3
Mesic hammock 3E 0 2
Hardwood swamp SB 0

*Gross primary production (in gC/m2/day) of productivity classes is as follows: Class 1: GPP<5.0,
Class 2: '5.0<GPP<10.0, Class 3: 10.0<GPP<15.0, Class 4: 15.0<GPP<20.0, Class 5: GPP>20.0.

A. Brown et al. (1975).

B. Brown (1978).

C. Assumed to be in the same class as fresh marshes and hardwood swamps.

D. Assumed to be between estimate GPP for sandhills (Brown et al., 1975) and mesic hardwood forests
(Lugo, Gamble, and Ewel, 1978). '

E. Lugo, Gamble, and Ewel (1978).
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In this case, CEImin and CEImax were taken from another set of analyses
so that these IWV's would be comparable. Individual wetland value for

the swamp was computed as follows:
IW = 1.0(4) + 2.5(4) + 2.0(4) + 3.85 = 25.85
DISCUSSION AND CONCLUSIONS

A valuation technique such as the one presented here is of little value
until it has been tested by actual field application. To date, the techniq
has been applied to over 700 individual wetlands within Florida. The
%ndividua] wetland values produced have been of sufficient resolution to
aid industry and agency decisions, and the technique as a whole has been
both cost effective and time effective. Based on the application of the
technique so far, the valuation of a tract of land containing about 200
wetlands requires approximately 80 man-hours. This assumes that high
quality aerial photograﬁhs are available, data reduction is computerized,

and an experienced person applies the technique.
The overall strengths of the technique may be summarized as follows:

1. The technique effectively ranks freshwater wetlands based on relative

ecological value, thereby providing an important tool to aid in decisio

concerning wetlands.

2. The technique allows flexibility in both the choice of variables

used to assess wetland value and the relative importance placed on

those variables.

22



3. The technique is readily adaptable to computerized processing of

data.

4. The technique is sufficiently cost effective and time effective to

make its application practical for landowners and state agencies.

5. The technique is expected to be applicable to freshwater wetlands

anywhere in Florida.
Limitations of the technique are:

1. Because the technique does not evaluate all potential wetland functions
and attributes and the relationships between the parameters examined
and actual wetland values are only generally understood, the wetland

values generated should be regarded as careful estimates, not absolutes.

2. Wetland values derived for different sets of wetlands during separate

analyses are not comparable unless they have been standardized.

3. A certain amount of subjectivity still accompanies the application
of the technique. Consequently, to minimize the influence of indi-
vidual bias, a given set of comparative analyses should always be

conductgd by the same person or team.
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ABSTRACT

Associated with freshwater wetlands creation and/or restoration is a
need to understand natural hydrogeologic models and particularly their
variability within and surrounding the wetlands. The work presented here
was an outgrowth of several studies sponsored through the Center for
: wetlands,.University of Florida, by the National Science Foundation and
the Rockefeller Foundation, which were a part of a larger plan to test the
feasibility of using wetlands as repositories for the recycling of second-
arily treated wastes. A network 6f more than 100 wells and existing nearby
deep drainage ditches were used on four different sites to construct hydro-
geologic cross sections. Detailed potentiometric maps for two of the four
 sites revealed time and space dependent variations.

Common to all the wetland sites was the presence of organics under-
lain by a thin layer(s) of sand, which were underlain by thick layers of
clay, and were surrounded by an upland pine forest immediately underlain
By generally well-drained, sandy soils. Not so common beneath the wetlands
was the presence or absence of shallow, sandy hardpans and dolomite layers
of variable thickness, permeability, and horizontal distribdtion. Although
‘the water table occurred primarily in the sands with subsurface flows
generally coincident with the topography, the presence of other near sur-
face aquifers (i.e., dolomite) caused noted anomalies in water table maps.

Water level measurements revealed not only diurna1 variations within
the wetland caused by transpiration, but seasonal fluctuations were noted
in the surrounding uplands with increasing distance from the wetlands,
varying in magnitude with topographic slope and the size of the wetland.
Wetlands were dischargérs or rechargers depending on the subsurface geology

and season.
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INTRODUCTION

Cypress swamps occur throughout the southeastern United States, from
Virginia to Louisiana and to the southern tip of Florida. Cypress trees
characteristically grow where water levels fluctuate, that is, dky ground
in necessary for seed germination, but saturated soils are ﬁecessahy for
continual and rapid tree growth. In Florida, cypress dominated ecosystems
are primarily lake fringes, strands, and domes. This paper addresses some -
of the hydrogeologic variability noted in four wetland sites of north
central Florida. These sites, as located in Figure 1, are the Owens-
I11inois Research Site (OIRS), the Hope Construction Site (HCS), the Austin-
Cary Control Dome (ACCD), and the Austin-Cary Fertilizer Dome (ACFD).

The cypress trees occur in low, swampy, saucer-shaped depressions with
the tallest trees in the center and becoming successively smaller towards
the periphery. From a side view the appearance is that of a dome, hence
the term cypress dome. Cypress domes may range‘in size from less than 1
acre to more than 25 acres, with smaller ones tending to be circular and
pond-Tike while larger ones tending to be more asymmetrical.

For more than five years, research sponsored primarily by the National
Science Foundation and the Rockefeller Foundation has been conducted by the
Center for Wetlands at the University of Florida in evaluating cypress eco-
syﬁtems, particu]aflx domes. The objective was to test the feasibility of
cypress wetlands for water management, water recycling, and particularly
their ability to adsorb the nutrients and microbes in secondarily treated
sewage and, thus, permitting only water that is equivalent to tertiarily
treated waste water to filter into the groundwater. THe current summary
paper focuses only on the geologic characteristics of several é;;barative

dome studies. For a more thorough treatment of all aspects of the more
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encompassing study, one should refer to the annual reports and their
- extensive bibliographies, particularly the resu]ting theses and dissert-
ations (Odum and Ewel, 1974, 1975, 1976, 1978).

More than 125 comparative stratographic borings and monitor wells
were installed over a three year period to generalize the applicability
of the results. Data in the form of plan view, geologic logs, geo-
graphical logs, cross sections, tabulated hydrogeologic parameters, graphs,
and potentiometric maps are included in the annual reports. In addition,
lengthy analyses and interpretations served a fundamental role in construct-
ing models, provided basic input for other associative and correlative
studies, and on-site design criteria.

The Floridan Aquifer, the most productive aquifer in Alachua County,
consists of interbedded, soft, porous limestone and hard, dense limestone
and dolomite (Clark et al., 1964). A potentiometric map with surface geo-
Togy is noted in Figure 2. The upper 183 meters (600 feet) of the aquifer
is noted in cross section A - A' (Figure 3), and includes the Lake City
Limestone, the Avon Park Limeétone, the Ocala Group, and possib]y a small
lens of the Suwannee Formation (Limestone). Secondary artesian aquifers
in the overlying Hawthorne Formation consist of sands, sandy clays, and
scattered lenses of Timestone and dolomite several centimeters to as much
‘as 1.83 meters (6 feet) in thickness. Most of the unit, however, is a clay
which se{ves as an aquiclude. Overlying the Hawthorne Formation are clays
and marls of Upper Miocene and Pliocene and sands and clays of Plio-
Pleistocene and Recent which contain sha]%ow water table aquifers. The
upper 30.5 meters (100 feet) of Figure 3 is discussed in more detail under

Results.

METHODS AND MATERIALS

Three methods of drilling were used. The first method involved the
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use of a Minuteman portable gasoline power auger which produced a 2 inch
diameter hole with depths up to 35 feet. Several of the holes within
the domes were jetted or wash-bored using a Homelite two cycle engine
pump which produced 60 pounds/inch 2 pressure. As the first two methods
‘were limited in depth penetration and produced poor intact samples, the
Florida Department of Transportation, using a truck mounted rotary rig,
drilled several holes immediately surrounding the domes and in the pine .
uplands. The latter provided Shelby tube and split-spoon samples which
served as the source material in X-ray and permeability analyses. Details
of well construction with various types of screens are noted in Figure 4.
The St. Johns River Water Management District provided natural
gamma-ray logs for several of the deeper wells. Some of these data are
noted later under Results. Semi-weekly and weekly water level measurements
were made with a steel tape from surveyed markers on the casing. Many
of the wells were monitored continuously with Leupold and Stevens type F

water level recorders.

RESULTS
Organics

Cypress domes examined have an organic layer at the level of the
lowermost cypress roots and are restricted to the cypress dome. The
organics achieve a range in thickness of 0.61 m to 1.22 m (2 to 4 feet)
in the center and become progressively thinner towards the margin. Organic
particles grade finer downward to the underlying quartz sand and/or

sandy clays.

Quartz Sands

The quartz sands are fine to medium surficial grains. Thickness

ranges up to 1.53 m (5 feet). Organic particles are commonly mixed with
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the quartz sand giving it a dark brown to black appearance. This organic
mixture is common both in the cypreés domes and in the pine forest and
probably confirms the filtering characteristics of sands. The origin

of the quartz sandé may be channel deposits, aeolian, marine, or resid-
ual deposits. A]] of these probably have made a contribution.

The observation (see Figures 5 and 6) that the thicker quartz sand
deposits occur in the pine forest away from the cypress dome (ACCD) was
noted by Gillespie (1976). A possible explanation may be that as rain
water perco]atesvdownward to thé water table, 1.53 to 4.58 meters (5 to
15 feet) below the surface in the pine forest, leaching and oxidation of
’the blue-gray sandy clays and clayey sands results, leaving the sand
and removing the clay. Sampling has shown that a possible leach zone
does. exist immediateTy below the quartz sands. In this zone, the blue-
gray sandy clays and clayey sands have been slightly oxidized to a tan
clay and/or bright red sandy clays and clayey sands in heavily oxidized
regions. No oxidation has been observed within the ACCD proper; where
the water table is near the surface. The doanard percolation of oxygen-
ated water would be Timited in the dome's stagnant surfacé waters, and the
leaching of the blue-gray sandy clays and clayey sands to quartz sands
would be reduced. This is apparently reversed (see Figures 7, 8, 9, and
10) in the HCS and the OIRS, where hardpans suggest an aerobic zone is
under the anaerobic pressure filters allowing oxidation of iron and
manganese from descending acid waters.

Observation of a number of blue-gray sandy clay and clayey sand
samples left exposed to the atmosphere after drilling show that after a
heavy rainfall a thin residua] quartz sand layer has developed on the
surface._ After long exposures to several rainfalls, the quartz sand layer
becomes progressively thicker. The apparent reason is that the rain

leaches the clays and leaves the quartz sand as a residual deposit.
| 36 |



L€

22

.20

8

o3
EDGE OF CYPRESS DOME
SCALE iN FEET

0 250

CROSS SECTION LOCATION
AUSTIN CARY CONTROL DOME

Figure 5. Map of Austin Cary Control Dome (ACCD) showing location
of cross section P' - P (Figure 6) and cross section A - A’
(Figure 14).




8¢

P
170 170
24
160}
1504
4 .
i 140 a
= b
g g
3 o
2 2
- -
g - i
L 1200 T, N
8 N 5
[ _— -
a S
H . . - L ' ORGANICS a
2 1o — L2/ o 2 [/ [o4 - Fio 2
w . - T =TT Y = | Z UNCONFORMITY w
* * * - ! § ‘i‘“u WHITE
———— SOLID LINE REPRESENTS 12 WELL NUMBER . i QUARTZ  SAND 558 @ N
100 DEFINITE CONTACT " %EE DoLOMITE %0
- Z ox
= ~——= DASHED LINE REPRESENTS = o
APPROXIMATED CONTACT - . ©  mrpER RED AND BLUE-GREY |% | ¥ WHITE DOLOMITE
2] ﬁs. SANDY CLAY ¥ |%5 @ WITH PHOSPHATE
-10- ?  CONTACT UNCERTAIN BOTTOM OF HOLE . u ¥ AND CLAYEY SAND |o [Zg PEBBLES -0
i e z|(z=
1 qQx
S TAN TO GREY-GREEN
S S BLUE -GREEN R CLAY WITH PHOSPHATE
¢ N S recoire et
o 200 ITE L
FEET UNCONFORMITY
Figure 6. Cross section of the Austin Cary Control Dome (in

Gillespie, 1976).




6€

PLANIMETRIC VIEW
HOPE CONSTRUCTION CO. DOME
. '
A RISE T9S 513 A
NW 14
L ’ < - -
e L 5
} t
)
BM
183' MSL
B <z e ___3
H =
/B (T T T T T TN
/ é A ————
712 APPROXIMATE AREA .
LEGEND <
w
BENCH MARK ®em 'H T B wateR T
1=
MEASURING POINT re-f Bl
a —— T XN UPLAND
NEW CYPRESS SEEDLINGS N\ O —_————— A AREA OF
DENSEST
MATURE CYPRESS D GROWTH OF
STANDING WATER = 1P4-- R\ CYPRESS SEEDLING;
DITCH UPLAND \B} N
FLOAT MATERIAL
DIRECTION OF FLOW —_ Lﬁ
SLUMPAGE AND SEEPAGE
4 UPLAND
s = s ==
PO 3 ) 25
FEET

Figure 7. Planimetric view of Hope Construction Site (in Spangler
et al., 1976).




)7

QUARTZ SAND WITH
SOME ORGANICS

ORGANIC RICH
HARDPAN

NN
HARDPAN ;\\t\,\t\\\‘k
IRONSTONE CONCRE-
TION ZONE

CLAYEY SAND

SANDY CLAY

MEASURING POINT  hacdii:]
(CROSS SECTION) RN

LEGEND

3

10
5 300 275 250 225 175 150 125 75 50 25
FEET
VERTICAL
SCALE I — PRESENT GROUND SURFACE IS HERE REPRESENTED BY A STRAIGHT LINE, AS
(FEET) PROPER CHANGES IN ELEVATION WERE DESTROYED IN PART OR IN TOTO

NORTH -SOUTH CROSS-SECTION
HOPE CONSTR. CO. DOME

EAST-WEST CROSS -SECTION
HOPE CONSTR. CO. DOME

N —T

P4  SEE NOTE

HORIZONTAL SCALE
(FEET)

BY CONSTRUCTION EQUIPMENT.

Figure 8.

North-south cross section

of Hope Construction Site




(87

oS e

AN

ZPVC Pipe \ SEWAGE
B4 @

Groce DCME T

3 .
Point of B85

% Sewage o 83
g Discharge
3 x
3 > ¢
S B2
g
a
2=

as Pipeline ;/w

: G

P
)
1] 290N GROUNDWATER
= 1] DOME 1
et 9 X 34g
el eep @2l p;
i e20 ischarge 28 3
|| y! ) o3
{ [
zoim of
roundwater -
S ; OWENS-ILLINOIS
Discharge RESEARCH SITE
o3 CENTER FOR WETLANDS
Su UNIVERSITY OF FLORIDA
SH
“u GROUNDWATER MONITORING WELLS
(] ® GROUNDWATER WELLS
] x SOIL TUBES I

Figure 9. Plan view of Owens-I11inois Research Site showing

Tocation of groundwater monitoring wells.




NORTH LOCATION OF PERMEABILITY TESTS
WITHIN GEOLOGIC MATERIALS

SOUTH

18 k w eaL.spavser.t

SURFACE SANDST— |

HARD PAN
THIN GRAY CLAY]

i

A

TAN TO P

- o3 GRAY SAND .
= 4.0
- 1,03
- .07

T — BLUE-GRAY SANDY CLAY e —
~ P
~— _—
~~ ~ - — onomum‘u. scaLE
BLUE CLAY \\\ﬁ —_///' — 268 sOrT.
. 008 - v.€. 12.8°)

Figure 10. HNorth-south (Y - Y') cross section, location of permeability
tests within geologic materials (in Cutright, 1974).



Red Sandy Clays and Clayey Sands

This is a bright red kaolin clay and quartz sand containing some
yellow streaks near the top. The horizon has been weathered from the
parent material, the blue-gray sandy clays and clayey sands, traces of
which become apparent with depth. Thickness ranges from zero in the
cypress domes and immediate pine forest to about 2.44 m (8 feet) in
distant pine forests (Figures 11, 12, and 13) of ACFD. A well developed
hardpan as noted at other research sites to the west (OIRS and HCS,
Figures 7, 8, 9, and 10) is non-existent in the ACFD research sites
(Figures 5, 6, 11, 12, and 13). Although if is evident the near-surface
hydrology dictates the formation of hardpans, more field study is needed
here. As may be noted in Figure 7, hardpans thin outward away from dome

margins in lower topographic and shallow water table gradients.

Channel-Fill Sands

These are relatively clean quartz sands and silts found in wells
#9, #12, #40, and #41 (Figures 5 and 14) in the south section of the
ACCD only. They lie above the blue-green clays and adjacent to the blue-
gray sandy clays and clayey sands. The channel fill sands are thought to
represent deposits of a former stream flowing away from the center of the

dome with an ancient spring as a possible source area.

Blue-Gray Sandy Clays and Clayey Sands

These are predominantly kaolin clays and quartz sand found through-
out most of the study sites and Alachua County (Figures 6, 10, 12, 13,
and 14). In surrounding pine forest and around many of the dome margins
their thicknesses average 4.58 to 7.63 m (15 to 25 feet). Within many
of the domes (Figures 6, 12, 13, and 14), these clays are thinner.

Wash-boring, coring, and the natural gamma radiation well logs

reveal the presence of several alternating layers of sandy clays and

43



’ .r“.-‘c‘l
Control EE
Avstin Cary Fertilizer Dome i

C\lpress Domas

] Fertilizer
’ 1]
%, Austin Ca.rty 8.:

Monumen

L)
p) < o’
N ooe Je3
=N, Sawm ) g/ Y
’0 )
T? : .‘;‘\ 'I’ :;
Gl\mvl“ AN “4==..’.-:::. !
13 L5 PX Al S/ ]
o} NIT T LI Lii\} /)
3 5 \ "W
! N W ]
o’ “ " "
'l' XY \‘\‘ i
-'.' \:‘ “ N
) o \ "
vd \ ] 1
d 7 N " )
-~ el N A
I'H4 \\‘ \\\ ..‘ y,
': ‘\\ \s e ’..-o::s ’:'
S,
% . 2 ‘: .= :'-*\. % 4
- :Qs 0 : \"---..--....-----v,
.3
(3.3 (Y528
R Y
s s .‘,'.-‘.-.-‘4
=
. 8, Bore number
1]
'
K X Dench Mark
N »!
oo’
b
LaKe A7)
Mize A
[} L5 1
{ [ I
1 .
iE=I!!Eii!!iié&!!!!!!!!!!!!i?”"‘

Figure 11,

Plan view of Austin Cary Fertilizer Domes and test
borings.

44



CROSS SECTIONS OF THE

AUSTIN CARY FERTILIZER DOMES
IGOW
1504

1504

1404 1404

1301

ey ; ,-;. AT S
1204 X e ._- 7ava X\ %}‘g}:\\}

[ 7 7 7 7 7 7 7 [ 7°

130 1

1204

nod
nod 0

—— Solid line represents Horizontal Scale 12Well Number
definite contact

----Dashed line represents 400 febt 400
approximated contact Bottom of Hole

? Contact uncertain

K A Tan Ciey and
4(Recent § [7z7] White Dolomite
' Red and B 3
€ . xrz7aRed an ue-gray . e
§ .Orgamcs % ndy Clays and L iy f%?., @Whlte Doiomite
& I =3Claye,y Sands § *6‘7,
Unconformity < 0
é B==]Blue-green and b3 g.g O Ta?ht% r?g% ,-egn Dﬁ'é?sy
R : = s F=wi o e Pel
o Yellow-orange Clay g <sfand Gray Dolcmite Lenses
¥a ¥ V§S

Figure 12. Cross sections of the Austin Cary Fertilizer Domes
(in Spangler et al., 1976).




b

CROSS SECTIONS OF THE
AUSTIN CARY FERTILIZER DOMES

1601 1 1601
150 1 1501
1404 1404
1304 130 1
120 1204
- .
10 4 10 4
12 Well Number
Horizontal Scale
—Solid line represents Bottom of Hole
definite contact W feet %0 !
T roamed reerts A
1 (o]
? Contact uncertain Recent Quartz 1.’1 -2-]Tan Clay and _
T Sand S Whl.e )bolomute
;
ZrRRed and Blue-gray & : .
€ § Sandy Ciays and g § bl @h'te Dolomite
Y .Organics b layey Sands g 0w
) £§
Unconformity t§ Bue-green and 58 Tan to Gray-green Clay
S a with Pho: te Pebbles
T Yellow-orange Clay v gg and Gray Dolomite Lenses
e

Figure 13. Cross sections of the Austin Céry Fertilizer Domes
(in Spangler et al., 1976).



Ly

155

150

CROSS SECTION THROUGH THE SOUTH SECTION OF THE AUSTIN CARY CONTROL DOME

40

4|

BOTTOM OF HOLE

(o] 50 100

150 200 250

C

|

SCALE IN FEET

=
@
=
140+
@
3
o
o
3 1354
2
z
g 1ot |- - - -t _-_
s Il-I2-C -V -T-T-T-T-T-C
E _L— - —_ ] o _-_-_ - _ - - - - - -_ - - -_-_-_-_-
CE i Ty e A Aok i e iy iy iy 15 VA Ak iy S ey Ay i S ke iy S A Ay ) Ay (5 V Ay S L ) S5 A A I Ay Sy A A A (5 0 (0 A A
g ® 0 00t o oo 0000 00 4 9 00 00 0 0 00 ® o o IO op o o o0 DN ) L3O CRCN e
o} . L] . L L] L] . L L] . .
—r— . . L] —— . — . . L] . . . Ld . L d
Ld L] L] - . . L] L] . L d o . . e
120 = o Y . . . . . e . ° . 0 .
. . L3 . L L L] . L) —_— L] . o . —
5 8 3
——— SOLID LINE REPRESENTS z 8 BLUE-GRAY SANDY Sy
DEFINITE CONTACT 8 ORGANICS 2 CLAYS AND CLAYEY w | SER[LL] wnie poLomiTe
———— DASHED LINE REPRESENTS L & UNCONFORMITY it SANDS 5452 TAN To GREY-GREEN
APPROXIMATED CONTACT i z -
i QUARTZ  SAND S BLUE - GREEN 2|28 CLAY WITH PHOSPHATE
Sl WELL NUMBER CHANNEL 2 & PEBBLES AND GREY
j FILL SANDS UNCONFORMITY %5 DOLOMITE LENSES
w

Figure 14,

Cross section through the south section of the Austin

Cary Control Dome (in Gillespie, 1976).




clayey sands. A lower clayey sand zone, approximately 1.22 m (4 feet)
thick lies directly above the blue-green clays.

Hydrogeologically the blue-gray sandy clays and clayey sands compris
a comp]ex'system of various multi-near-surface aquifers and aquicludes.
importance of the alternating sandy clays and clayey sands is their poten

filterability with respect to treated wastewaters.

Yellow-Orange and Blue-Green Clays

The yellow-orange clays and blue-green clays (Figures 6, 12, 13, and
14), probably facies, 1ie unconformably above the white dolomite and below
the.blue-gray sandy clays and clayey sands (Figures 8 and 10) with a
gradational contact. They are of identical montmorillonite composition,
and frosted quartz grains are commonly associated with them. In addition,
the blue-green clays often have red stringer.

The blue-green clays have been found throughout most study sites and‘
the yellow-orange clays appear to be restricted to domes in the Austin
Cary Forest area, where they overlie the thick white dolomite. Thicknesses
of the combined units are fairly constant, but range from 1.22 m to 3.05 m
(4 to 10 feet).

Hydrogeologically the yellow-orange and blue-green clays are an
aquiclude separating the shallow aquifer system from the shallow artesian
aquifer and aid in preventing excessive amounts of secondarily treated

waste from reaching the very permeable white dolomite.

White Dolomite

The white dolomite is a fine to coarse grain fossiliferous shell
marl characterized by alternating thin encrusting zones between softer lay
several feet thick. It lies above the Hawthorn formation and the blue-
green clays lie unconformably above it. On the basis of ostracod dating

by Puri at Brooks Sink, located 4 miles east of the town of Brooker in
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Bradford County, the white dolomite has been dated Late Middle Miocene
or Late Miocene (Pirkle, 1956).

Thicknesses vary within the study areas from 0.31 to possibly
greater than 2.75 meters (1 to 9 feet). Most wells in the pine forest and
along the dome margins have white dolomite thicknesses of 0.31 to 1 meter
(1 to 3 feet). Within domes and along their margins, the white dolomite
becomes 1.83 to 2.75 meters (6 to 9 feet) thick. This is particularly
true in ACCD. The relationship of dolomites within and outside of the
domes in the OIRS is not well known. Geophysical logs (Smith, 1975)
and later work noted in Figure 15 with limited sampling seem to suggest

dolomite presence near 7.63 m (25 foot) depths.

Miocene Hawthorn Formation
This is the oldest geologic unit encountered in the study sites,

Lower to Middle Miocene, and has been found at depths of 6.10 to 10.07 m
(20 to 33 feet) below the surface. The Hawthorn Formation extends to the
bottom (48.8 m below the surface) of observation well #26 (Figure 5) at
ACCD. Expected depth to the top of the Ocala (part of the Floridan Aquifer)
is approximately 64.05 m (210 feet) below the surface at ACCD (Figure 3).
At OIRS, the top of the Ocala is approximately 33.6 m (110 feet) below
the surface.

| The Hawthorn Formation contains abundant pebbles and grains of phos-
phate (carbonate apatite) in a predominantly clay matrix. The pebbles
and grains are brown and black and are concentrated throughout the formation
in varying amounts. The most heavily concentrated zone, as evidenced by
the natural gamma radiation logs (Figures 16 and 17), is the upper few
feet where phosphate pebbles are as much as one half inch in diameter.
The natural gamma radiation logs show numerous other phosphate concentrations

throughout the formation. Pirkle (1956), in both describing the type
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locality for the Hawthorn Formation.in a phosphate quarry near Hawthorne
(Figure 1) and other occurrences throughout the plateau, notes a similar
concentration in the upper few feet.

The chief component of the Hawthorn Formation is a gray-green
attapulgite and montmorillonite clay-carbonate mixture interbedded with
numerous thin layers of gray-dolomite, the thickest layer being 1.22 to
1.53 m (4 to 5 feet) approximately 18.3 h (60 feet) below the surface.

In many localities the gray-green clay near the upper contact has altered
to a tan clay indicéting the possible effects of weathering.

In well #26 ACCD (Figure 16), the upper 3.05 m (10 feet) of the
Hawthorn Formation consisted of a white dolomite with phosphate pebbles
overlying a tan clay. Its extent is uncertain, but based on the logs of
wells #1, #3, and #30 ACCD (Figure 6), the white dolomite with phosphate
pebbles appears to lie exclusively beneath the dome. At Brooks Sink a
similar lithologic sequence occurs (Pirkle, 1956). The exact nature of
this section and its importance is unknown although Odum (1953) and Gill-
iland (1976) suggest phosphate enrichment through reprecipitation where

downward percolating acid waters come in contact with carbonate materials.

CONCLUSIONS

~In summary, the hydrogeologic study of several cypress domes suggests
their viability as depositories for secondarily treated wastes, particularly
where the Hawthorn clays (aquiclude) is present. For data on permeabilities
of each of the units, one may refer to the cited figures, investigations,
and reports mentioned in the Introduction.

A very important but secondary conclusion resulting from this work
has been the relationship of hérdpans, dolomites, and phosphates to domal
areas. These relationships are best noted in several of the presented cross

sections, particularly those containing natural gamma radiation logs.
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Tentative correlations are possible between these data and the gamma logs.
Further study is indicated and needed to describe the origin, movement
and deposition of iron, manganese, calcium, magnesium, phosphate, uranium
and radon with respect to cypress domes and their underlying groundwater

systems.
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ABSTRACT

Three approaches for establishing freshwater marsh vegetation were
tested. The approaches were natural recolonization, selective planting,
and mulching with organic material from natural marshes. The three methods
are evaluated ten months after establishment by comparing Species composition
and water quality to natural marshes. Preliminary results indicate that
freshwater marshes can be established by either the selective planting or
mulching techniques. Mulching results in a larger number of species and

a higher ground cover in a short period of time.
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INTRODUCTION

Increasing public awareness of .the value of wetlands has resulted in
stricter laws for their protection. This is especially true of the
Florida phosphate industry where mining permits often contain requirements
for the restoration of wetlands disturbed by mining. Since January 1978,
Conservation Consultants, Inc. has conducted a wetlands research program for
W.R. Grace & Co. designed to provide information on methods for restoring
freshwater marshes. A pilot-scale test of three methods of establishing
marshes is in progress. The methods being evaluated include natural recoloni-
zation, selective planting and mulching with organic matter from a natural
marsh. The organic mulch is believed to contain seeds and vegetative propagules
which would grow if placed in a suitable environment.

Because of a scarcity of information on freshwater marshes, two natural
marshes were studied to provide baseline information for assessing the success
of the restoration techniques. Species composition and water quality parameters
are used as the basis for the comparisons. The water quality parameters afe
being used as measures of restoration success because the protection of water
quality is a reason often cited for the need for the preservation orlrestoration

of wetlands.

AREA DESCRIPTION
The studies were carried out on W.R. Grace & Co.'s Four Corners Mine
site in southeast Hillsborough and northeast Manatee Couties, Florida. Before
construction, the site of the artificial marshes was pine-palmetto flatwoods
with soils consisting of sands and clayey sands. No hardpan was present.
The natural marshes are within a few kilometers of the artificial
marshes. They are surrounded by severely logged flatwoods. Both natural

and artificial marshes are fenced to out keep cattle.
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METHODS

The artifical marsh construction began in May 1978 with the
removal of all vegetation and topsoil from the 5 ha site. Three circular
depressions, each approximately 0.2 ha in area, were excavated to a depth
of 2 m and then backfilled to a final depth of approximately 1.25 m.

This procedure was employed to thoroughly disturb the substrate in an attempt
to simulate soil conditions found on mined land. After the site was
contoured, grass seed was spread to establish a ground cover to reduce
erosion.

The three depressions were used to test the effectiveness of
techniques for establishing marsh vegetation. The first was designated
a8s a control and received no further treatments. The second was selectively
planted with marsh plants removed from a nearby site. The third depression
received a layer of mulch which consisted of the upper 15 cm of soil from
a nearby natural marsh.

Water quality samples were collected monthly. The samples were
analyzed for pH, dissolved oxygen, biological oxygen demand, ammonia,
organic nitrogen, ortho-phosphate, and turbidity. Each time a water
sample was collected, lists were prepared of vegetation present in the

marshes. The same sampling procedure was used at the natural marshes.

RESULTS AND DISCUSSION

Vegetation

The control marsh has had very little colonization by marsh plants.
Although 27 species have been found in this marsh (Table I), they are
widely scattered around the edge of the depressior. Cattails (Typha sp.)

are the most conspicious colonizers.
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The planted marsh contains 34 species of marsh plants. Soft rush

(Juncus effusus), pickerel weed (Pontederia lanceolata), and maidencane

(Panicum hemitomon) were deliberately planted. The remaining plants were

inadvertently introduced with the clumps of the selected species. The
original clumps have started to spread but they are still separated by
considerable open areas.

The mulched marsh has a dense cover of vegetation over approximately
50% of its surface. The vegetation is primarily distibuted around the
shallow margins of the depression. Apparently high wéter levels shortly
after spreading the mulch killed the plant propagules in the center of the
marsh. This marsh has the highest diversity of plants with 62 species
recorded.

The natural marshes contafned more species than the artificial marshes
(Table II): 77 in the deep marsh and 66 in the shallow marsh. The

shallow marsh was dominated by fennel (Eupatorium recurvans), goldenrod

(Solidago microcephala), coinwort (Centella asiatica), Ludwigia suffruticosa,

slender spikerush (Eleocharis baldwinii), and water grass (Hydrochloa

caroliniensis). The deep marsh was dominated by coinwort, Axonopus |

furcatus, slender spikerush, maidencane, water hyssop (Bacopa caroliniana),

and pickerel weed.

Water Quality

The pH of the artificial marshes varied between 4.4 and 9.7, compared
to the natural marshes where pH varied between 4.1 and 5.9 (Figure 1).
Each of the artificial marshes showed a trend of increasing pH. This is

in contrast to the natural marshes where the pH remained stable. The high
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pH values in the control marsh during January and February 1979 coincided
with a dense algae bloom.

Dissolved oxygen concentration ranged from 5.3 to 15.1 ppm in the arti-
ficial marshes and from 3.3 to 10.5 ppm in the natural marshes (Figure 2).
The highest dissoved oxygen concentration occurred during the January -
February algae bloom in the control marsh.

Five day biological oxygen demand ranged from 0.2 to 13.6 ppm 0,
in the artificial marshes, compared to a range of 0.2 to 8.0 ppm 0, in the
natural marshes (Figure 3). Except for the high values associated with
the January - February algae bloom in the control marsh, the highest BOD
values usually occurred in the mulched marsh.

Ammonia levels were low in both natural and artificial marshes (Figure
4). The highest values occurred in the shallow natural marsh (2.26 ppm N)
although most of the values were less than 0.2 ppm. The deep natural
marsh varied between 0.03 and 0.37 ppm N while the artificial marshes
varied between 0.02 and 0.34 ppm N.

Organic nitrogen levels varied between 0.13 and 8.39 ppm in the
artificial marshes compared to a range of 0.38 to 8.53 ppm in the natural
marshes (Figure 5). The highest values usually occurred in the mulched
marsh. The control marsh showed a peak during the Janurary - February
algae bloom. The planted and mulched marshes had peaks in August and
December. The natural marshes showed fluctuations that were similar in
magnitude, but the peaks were at different times.

Ortho-phosphate concentrations ranged between 0,12 and 9,40 ppm POy
in the artificial marshes compared to a range of 0.01 to 1.35 ppm in the
natural marshes (Figure 6). The control marsh had a pronounced peak during

the January algae bloom.
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Table I.

CONTROL

Axonopus Sp.
Azolla caroliniana
Centella asiatica
Conyza canadensis
Cynodon dactylonl
Cyperus odoratus

Cyperus polystachyos texensis
Cyperus retrorsus
Cyperué surinamensis
Echinochloa colonum'
Eleocharis baldwinit

Erectites hieracifolia

Juncus biflorus

PLANTED

Axonopus Sp.

Azolla caroliniana

Cynodon dactylon’

Cyperus haspan

Cyperus polystachyos texensis
Cyperus retrorsus

Cyperus surinamensis

Cyperus sSp.

Echinochloa colonum'

Eleocharis baldwinii
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Listing of Plants found in Artificial Marshes

Juncus scirpoides

Juncus Sp.

Panicum hemitomon
Paspalum distichum
Paspalum notatum'
Phaseolus lathyroides®
Polygonum persicaria
Pluchea sp.

Rhynchospora fascicularis
Rumex sp.

Scoparia dulcis

Typha sp.

Xyris spp.

Leersia hexandra
Lindernia grandiflora
Lippia sSp.

Ludwigia arcuata
Ludwigia repens
Nymphoides aquatica
Panicum hemitomon
Paspalum notatum'
Phaseolus lathyroides

Pluchea sp.



Table I. Continued

Hydrochloa caroliniensis
Hydrocotyle umbellata
Juncus biflorus

Juncus effusus

Juncus repens

Juncus scirpoides.

Juncus sp.

MULCHED
Andropogon sp.
Amonbp;; sp.
Bacopa cyclophylla
Bidens mitis

Carex alata
Centella asiatica
Cephalanthus occidentalis
Cynodon dactylon’
Cyperus flavescens
Cyperus haspan

Cyperus odoratus

Cyperus polystachyos texensis

Cyperus retrorsus
Cyperus sp.
Digitaria serotina
Diodia virginiana
Echinochloa colonum!

Eleocharis baldwinii

Polygonum persicaria
Pontederia Zaﬁceolata
Proserpinaca pectinata
Rhynchospora fascicularis
Seoparia duleis

T@pha sp.

Xyris sp.

Ludwigia pilosa

Ludwigia suffruticosa
Lycopsus sp.
Nymphoides aquatica
Panicum hemitomon
Panicum verrucosum
Paspalum dissectum
Paspalum laeve
Paspalum lentiferum
Paspalum notatum®
Phaseolus lathyroides!
Polygonum persicaria
Pontederia cordata
Proserpinaca pectinata

Psilocarya nitens

Pluchea sp.

Rhexia mariana mariana

Rhynchospora cephalantha



Table I. Continued
Eragrostis refracta
Eryngium prostratum
Fimbrystylis autwmalis
Hedyotis uniflora
Hydrochloa caroliniensis
Hypericum mutilum
Juncus effusus

Juncus marginatus
Juncus repens

Juncus sceirpoides
Leersia hexandra
Lindernia grandiflora

Ludwigia arcuata

Rhynchospora fascicularis
Rhynchospora Sp.
Sacciolepis striata
Sagittaria graminea
Seleria reticularis
Scoparia duleis
Solidago fistulosa
Spartina bakeri
Typha sp.
Utricularia Sp.
Woodwardia virginica
Xyris jupicai

Xyris sp.

! These species were included in the seed mix that was spread

on the site to control erosion.
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Table II.

SHALLOW MARSH

Agalinis linifolia
Amphicarpum muhlenbergianum
Andropogon brachystachys
Andropogon capillipes
Andropogon longiberbis
Aristida sp.

Aristida spiciformis
Axonopus furcatus

Centella astiatica

Cyperus haspan

Cyperus polystachyos texensis

Cyperus retrorsus
Cuscuta campestris
Digitaria serotina
Diodia virginiana

- Drosera capiilaris
‘Eleocharis baldwinii
Eragrostis elliottit
Eragrostis refracta
Erectites hieracifolia
Eupatorium recurvans
Fuirena scirpoidea

Gratiola ramosa

Listing of Plants Found in Natural Marshes

Hydrocotyle umbellata
Hypericum mutilum
Hypericum myrtifblium
Hypoxis juncea

Juncus effusus

Juncus repens

Juncus scirpoides
Lachnocaulon anéeps
Lindernia grandiflora
Ludwigia arcuata
Ludwigia suffruticosa
Nymphoides aquatica
Panicum lancearium
Panicum longifolium

Panicum hemitomon

Panicum tenerum

Paspalum distichum
Paspalum laeve
Pluchea rosea
Polygala rugellii ™
Proserpinaca pectiﬁata
Pterocdulon virgatum

Rhexia mariana mariana

Hedyotis uniflora Rhynchospora fascicularis

Hydrochloa caroliniensis. Rhynchospora schoenoides
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Table II. Continued

SHALLOW MARSH

Sabatia grandiflora
Sagittaria graminea
Scleria reticularis
Solanum sp.

Solidago fistulosa
Solidago microcephala
Stillingia sylvatica

Syngonanthus flavidulus

DEEP MARSH

Agalinis linifolia
Andropogon brachystachys
Andropogon capillipes
Andropogon longiberbis
Andropogon virginicus
Aristida spiciformis
Aster sp.

Axonopus furcatus
Bacopa carolintana
Boltonia diffusa
Centella asiatica

Cyperus haspan

Cyperus polystachyos texensis

Cyperus retrorsus

Diodia virginiana

Utricularia inflata inflata
Viola lanceolata

Xyris brevifolia

Xyris elliottii

Xyris fimbriata

Xyris Jupicai

Xyris platylepis

Xyris smalliana

Drosera capillaris
Eleocharis baldwinii
Eragrostis elliottii
Eragrostis refracta
Erigeron vernus
Eupatorium recurvans
Fimbrystylis autumnalis
Fuirena scirpoidea
Gratiola ramosa
Gratiola pilosa
Hedyotis uniflora
Hydrochloa caroliniensis
Hydrocotyle umbellata
Hypericum myrtifolium

Hypoxis juncea



Table II. Continued

DEEP MARSH

Juncus dichotomus
Juncus repens

Juncus scirpoides
Lachnocaulon anceps
Lachnocaulon minus
Lindernia grandiflora
Ludwigia arcuata
Ludwigia pilosa
Ludwigia suffruticosa
Nymphoidéé aquatica
Nymphaea odorata
Oxypolis filiformis
Panicum lancearium
Pantcum longifolium
Panicum hemitomon
Paspalum laeve
Paspalum setaceum
Pluchea rosea
Polygala rugellii
Polygonum persicaria
Pontederia lanceolata
Proserpinaca pectinata

Pterocaulon virgatum
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Rhexia mariana mariana
Rhynchospora cephalantha
Rhynchospora fascicularis
Rhynchospora inudata
Rhynchospora schoenoides
Rhynchospora stenophylla
Sabatia grandiflora
Sacciolepis striata
Sagittaria graminea
Seleria reticularis
Setaria geniculata
Solidago fistulosa
Solidago microcephala
Spiranthes praecox
Tithymalus sphaerospermus
Utricularia biflorus
Utricularia inflata inflata
Viola lanceolata

Xyris brevifolia

Xyris elliottii

Xyris fimbriata

Xyris jupicai

Xyris pldtylepﬁs

Xyris smalliana
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FIGURE 2 : DISSOLVED OXYGEN
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FIGURE 3 :BIOLOGICAL OXYGEN DEMAND
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FIGURE 4 : AMMONIA
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FIGURE 6 : ORTHO-PHOSPHATE
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Turbidity (NTU)

FIGURE 7 : TURBIDITY
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Turbidity levels have generally been between 10 and 40 NTU's in the
artificial marshes, except for the first month (June 1978) when the planted
marsh had a value of 439.9 NTU's (Figure 7). In contrast, the artificial

marshes had turbidities which have generally been Tess than 10 NTU's.

CONCLUSIONS

Preliminary results indicate that short-term success in establishing
freshwater marsh vegetation is greatest with the mulching technique. The
mulching results in a dense ground cover and a high species diversity.
Selective planting also appears to be a successful method of establishing
freshwater marshes. The completeness of ground cover is a direct result
of the amount of labor spent on the project. In most cases economics would
dictate a Tow initial planting density. The species diversity was also
lower than with the mulching technique. The control marsh showed very
little natural recolonization within the short time span of this study.
Water quality parameters in all three artificial marshes generally exceed
values found in natural marshes. There is some indication however that
water quality is improving as the marshes age.

Monitoring of the natural and artificial marshes is continuing so that

long-term results can be evaluated.
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ABSTRACT

There is an estimated 13,800 hectares (51.7 sq. miles) of wetlands in
central Florida proposed for phosphate mining during the next 21 years. The
impact of functionally destroying these wetlands would be disastrous to the
regional drainage system and the receiving water bodies. The Division of
Local Resource Management* recognizes the importance of the wetland functions
to the kegion, as well as the need for recovering the phosphate resource.
Because mineral extraction and wetlands protection are frequently conflicting
objectives that must be balanced, the Division has designed a system for
assigning values to wetlénds.

A three level classification system has been developed which ranks
wetlands in terms of their value to regional hydrology, water quality, and
fish and wildlife habitat. The three types are: (1) areas of critical
importance considered impossible to replace, which should be preserved;

(2) areas of critical importance that may be disturbed if restoration to
present or greater quality is guaranteed; and (3) functioning wetland areas
that are not critical to the regional system and may be disturbed if their
functions are replaced elsewhere in the system. This classification system
has been used successfully in reviewing several proposed mining operations

in central Florida.

*The Division of Local Resource Management in the Department of Community
Affairs was formerly the Division of State Planning. This Division has the
responsibility for the enforcement of Chapter 380, Florida Statutes, the
Environmental Land and Water Management Act. This Act provides for review
and approval of Developments of Regional Impact and the designation and
regulation of Areas of Critical State Concern.
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INTRODUCTION

Much of Florida is underlain with phosphate rock. At the present time
only two areas of the state, the Northern Land-Pebble District and the Central
Land-Pebble District, are being actively mined for phosphate. In the Central
Land-Pebble District, Polk, Hillsborough, Manatee, Hardee and DeSoto Counties
have large areas that are being mined or will be mined in the near future.

The Environmental Protection Agency has estimated that 13,800 ha. (51.7 sq.
miles) of fresh water wetlands are included in lands that are proposed for
mining by the year 2000 (EPA, 1978). These areas are within the drainage basins
of the Alafia, Peace, Little Manatee, Manatee and Myakka Rivers. Since the
phosphate industry seeks to mine any land for which they hold mineral rights
if it will be profitable, many of the wetland areas will be disturbed.

The mining process completely destroys the landscape. Miners, however,
can restore the land to many of its previous functions by using good reclama-
tion techniques. Pasture, marshes and lakes are sometimes created during
reclamation.

The Division of Local Resource Management is charged with guiding the
management of resources on a stéte and regional basis. The wise management
of some of the natural and cultural resources are in conflict with the need to
obtain the phosphate resource. In reviewing mining Developments of Regional
Impact**(DRI's), the Division must try to encourage ore recovery without endan-
geringvother resources. The problem areas associated with phosphate mining
include such areas as traffic loading on highways, displacement or agriculture
use and energy consumption.

The conflicts between the need to recover the phosphate rock and the need
to maintain wetlands and natural drainage systems are usually a major concern.

Many of these wetlands are critical for the maintenance of water quality and

**A Development of Regional Impact is defined in Chapter 380 as a development
which because of its character, magnitude or location would have a substantial
effect on the health, safety or welfare of citizens of more than one county.~
Mines, large residential developments, petroleum storage facilities, shopping
centers and large industrial developments are some of the types of develooments
which could be Developments of Regional Impact.
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quantity, and as a resource for fish and wildlife within the region. Typically
mine sites are large, irregularly shaped tracts containing between 3,000 ard
10,000 hectares with varying percentages of wetlands. A mine site may include
portions of several major river basins.

Table I illustrates specific examples of proposed phosphate mining operations
in Central Florida and shows the amount of wetlands on the tract and the amount
of wetlands that would be disturbed by mining. The three mines show the range
in sizé of the different DRI applications that the Division has received. The
table also shows that substantial portions of the wetlands are proposed for
mining.

Because of the Division's obligation to ensure recovery of mineral resources
while protecting the regional wetlands, it was necessary to develop a framework
for making wetland and flood plain disturbance decisions. When faced with a
proposed mine such as the Phillips/AMAX mine, it became apparent that all wetlands
on the tract couid not be treated equally. For example, Horse Creek and Brandy
Branch are much more important to the regional wetlands system than are the

other wetlands on the tract.

METHODS

Based on experience, it was determined that wetland areas and flood plains
could be grouped into 3 major categories. The classification of an area is
based on the relationship of the wetland or flood plain to the region. The
general criteria used in making the decisions are (1) the relationship of the
wetland or flood plain to the other wetlands and flood plains in the overall
drainage system; (2) the nature of the wetland and its fish and wiidlife value;
and (3) the probability of successful restoration. The three categories are as

follows:
Category I: Preservation

These are the most vital areas because of their importance to the regional

drainage system, their value as habitat and the low probability of successful
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TABLE I

Areas of Impact on Representative

Mining Tracts

(in Hectares)

Area to be Mined Total Area Area of Marsh Total Area Area of Swamp

Mining Company Total Area or Disturbed of Marsh To be Disturbed = of Swamp To be Disturbed
1 5,420 3,959 973 831 356 285
2 5,547 3,905 833 656 516 461
3 1,976 553 257 39 178 19



replacement. They are typically:
1) strategically located 1ﬁ the regional drainage system,
such as headwaters;

2) dimportant in maintaining water quality and the hydrologic regime

of the area;

3) Tlarge enough in'size to be significant as wildlife habitat;

4) vrelatively rare within the region;

5) important as a seed source for other areas to be reclaimed;

6) difficult, if not impossible, to recreate;

7) slow to develop into a mature condition.

It is not necessary for a wetland or flood plain to have all of these character-
istics to be placed in this category.

The greatest vrestoration problem is probably hardwood swamp creation. In
fact, it is estimated to take 2 to 3 times the lifetime of the average mine to
create a mature hardwood swamp system. For this reason, a regionally significant
hardwood swamp would fall within Category I and would be preserved. A 20 hectare
isolated cypress pond would also fall within this category if it was an uncom-
mon habitat type in the area.

Category II: Restoration

While functions of areas in this category may be as important as in a
Category I area, the Category II areas can be mined and restored after mining
without significant adverse impacts to the regional system. This category can
be divided into 2 sub-groups: (1) natural areas which provide the full range of
functions and (2) altered areas which have lost some of their former func-
tions. If, for example, an area of flood plain has been graded, drained, and
planted in pasture grass, then the minimum reclamation requirement would be for
the restoration of the flood plain to these functions. A restored flood plain

would have the same water treatment and retention characteristics after mining
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that it had prior to being mined. The miner would, however, be allowed to
recreate an improved natural system if so desired. Category II - natural
areas are:

1) an important part of the regional drainage system;

N

)
) sometimes critically associated with Class I areas;
3) important in maintaining water quality;

4) critical to maintaining the hydrologic regime of the region;

5) important as fish and wildlife habitat;

6) typically a type that can be easily restored.
Marshes whick extend back from a creek channel are in this category and must
be completely restored.

Category II - altered areas are:

1) important as part of the regional drainage system;

2) important in maintaining the hydrologic regime;

3) not particularly important as habitat;

4) artificially altered.
A channelized portion of a creek which has 1ittle or no vegetation would be in
this category. It could be improved by returning the creek to a meandering,
vegetated water course.
Category III: Replacement

These are of less value to the region because they are not contiguous to
the regional drainage system. They do have important functions in water quality
and quantity control, as well as providing habitat. These functions, however,
can be replaced by providing equal areas of these habitats in each basin after
mining. Category III areas are:

1) isolated frcm the regional system;

2) 1important as detention areas:

3) good habitat for fish and wildlife;
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4) common within the region;

5) easily replaced.

A small swamp strand adjacent to a small marsh, isolated from the drainage
system, would fall in this category. Mining of this area would be acceptable
with rep]abement at some location in the basin.

DISCUSSION

Thfs three tiered system is used in making the final determination of
the fate of a wetland or flood plain in mining areas. If it is possible
for a miner to show that a particular situation merits special consideration,
then the Division will allow variances from this system. For example,
Phil1lips/AMAX needed to have temporary dragline crossings of Horse Creek and
Buzzards Roost Tributary, areas that fell within the preservation category.

When Phillips/AMAX proposed to confine the crossings to a reasonably small

area, and take extensive precautions to protect the water courses, and assured
restoration, then the Division selected sites that would have minimal impacts
and approved the proposal after no practical alternative could be found.
Similarly, if there was a 20 hectare "mother lode" phosphate deposit on one side
of a 200 hectare cypress pond, disturbance could be allowed if the area‘would

be restored to a functional wetland and the remainder of the cypress pond was
protected and preserved during the mining process.

Further, the restoration of previously altered systems to a natural wetland
system with agreement for preservation can be used to mitigate the regional
impact of destroying wetlands within the boundary of a proposed slime pond or
mining area that would otherwise be lost.

In summary, every mining request is unique and must be handled appropriately.
The Division has developed criteria for making decisions on proposals to mine

wetlands and flood plains for phosphate; These criteria, as they are refined,
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are being applied consistently to phosphate mine DRI's. The system has worked
successfully in reviewing several mine proposals. When fully developed, the
criteria should serve to help develop mine plans which will meet state and
regional requirements. Hopefully, data from restoration efforts and_other

research will help to refine this system.
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ABSTRACT

The Florida Game and Fresh Water Fish Commission and International
Minera]é and Chemicals Corporation in cooperation with the U. S. Fish
and Wildlife Service have initiated a three year study to determine
techniques for establishing wooded and herbaceous freshwater wetland
habitat on phosphate mined Tand in Central Florida. Primary funding
for the project is from the U. S. Fish and Wildlife Service. IMCC
donated a previously mined 22.3 hectare (55 acre ) tract as a project
site and provides all engineering and physical reclamation services.
FGFWFC is providing overall coordination and supervision for the
project and accomplishes daily activities at the test site. Study
site selection, design and final contouring, plant selection and the
planting effort itself was directed toward evaluating the growth and
survival of wetland and transitional plant species in response to geo-
physical and hydrological conditions found after phosphate mining. Our
study results may be utilized to design future wetland reclamation
demonstration projects with interested phosphate mining companies in

the Central Florida area.
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INTRODUCTION

Central Florida phosphate mining is primarily concentrated in Polk and
Hillsborough Counties, while many new mines are proposed in Manatee,
Hardee, and DeSoto Counties. During the past ninety years, phosphate
mining in Florida has disturbed hundreds of square kilometers of land,
and in the next forty years is-expected to affect an additional 2,590

square kilometers (640,000 acres).

Strip mining is the most feasible means of recovering the phosphate
resource and these intensive operations have had a significant impact

on the ecology of Central Florida.

Until 1975, some mined-out areas were abandoned and allowed to revegetate
naturally without concern for future use. However, continuing loss of
usable or productive land prompted the industry and various governmental

agencies to establish mandatory reclamation guidelines.

Due to economic considerations, past reclamation programs resulted in
extensive lake systems and well drained land conducive to agriculture.
Currently, most reclaimed uplands are planted to improved pasture where
mowing and grazing preclude normal vegetative succession to more complex

habitat,
Reclamation is an essential consideration inminimizing long-term mining

impacts on fish and wildlife populations, but definitive proceduresg¥or

restoring habitat values and beneficial ecological functions of mined
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lands are virtually non-existent. Although most mining companies have
conducted planting programs to beautify or enhance the recreational

potential of some sites, there has been no large scale research effort
directed toward creation of wildlife habitat on phosphéte mined land in

Florida.

In order to address this problem, the FGFWFC in cooperation with IMCC
planted approximately 4,750 hydrophytic, mesophytic, and xerophytic

tree seedlings and freshwater marsh plants on reclaimed mined land study
plots in Polk County during the winter of 1977-78. These plots contained
over 25 plant species which were monitored to determine their suitability
for future use in an in-depth mine reclamation study. Data is presently
being collected on the first years growth and survival and results will

be published this summer (1979).

Last September, the FGFWFC also sponsored a one year study by the Florida
State Museum on plant succession and wildlife utilization of reclaimed

and unreclaimed mined land in Central Florida.

Because of their recognized value to society and prevalence in new mining
areas, it seems apparent that future phosphate reclamation programs must
include plans for wetlands restoration. Some companies are now conducting
pilot programs aimed at developing basic strategies for cost-effective

wetlands restoration.

In September 1978, the Office of Environmental Services of the Florida

Game and Fresh Water Fish Commission entered into a cooperative agreement
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with the U. S. Fish and Wildlife Service to develop and demonstrate the
technology for establishing equivalent wetland wildlife habitat on phos-
phate mined land. The objectives were to define, using existing literature
sources, the natural wetland habitats of Central Florida with respect to

fish and wildlife utilization and vegetative profiles as related to inun-
dation regimes; define the -successional stages and relative wildlife habitat
value of each wetland type; and determine key vegetative species of each
habitat which might be planted to accelerate plant succession. This informa-
tion was used to design and construct a wetland test site and initiate a
monitoring program to evaluate the growth and survival of selected target

wetland plant species on mined land.

The overall goal of our study is to determine the feasibility of establishing
functional, self-perpetuating wetland habitats and transitional areas on
phosphate mined land. It is not an attempt to duplicate specific native
wetland communities, such as hardwood swamps or bay forests, but rather an
investigation to determine methods of establishing equivalent habitat for
wetland wildlife. We are attempting to predictably influence and accelerate
the natural invasion of wetland and wetland transition vegetation on a re-
c]aimed.mine site by introducing woody and herbaceous vegetation and by
engineeringdesign to create appropriate shoreline contours, subaqueous
slopes, water depth and substrate quality. If the appropriate initial
establishment procedures can be determined, as this system matures through
natural plant succession it should serve as habitat for a wide variety of
fish and wildlife species and provide some of the beneficial functions

normally associated with natural wetland communities.
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AREA DESCRIPTION

The wetland test site was constructed on a 22.3 hectare (55 acre ) tract
adjoining the Peace River south of Bartow, Florida, near the Clear Springs
Beneficiation Plant on IMCC property. The site was mined between October
1967 and March 1968, and the spoil piles were leveled in mid 1978. The
tract was selected on the basis of its:

1. Proximity to a source of native plant materials.

2. Gently sloping topography exhibiting broad upland and lowland

zones.
3. Apparent broad range of surface soils and potential inundation

patterns.

The Peace River floodplain and upland transition areas bound the site on
the north, west, and south. The forest composition varies as the floodplain
elevation increases from west to east. Low-lying hydric areas are dominated

by bald cypress (Taxodium distichum), and pop ash (Fraxinus caroliniana)

which grade into transition areas characterized by red maple (Acer rubrum),

Florida elm (Ulmus americana var. floridana), cabbage palm (Sabal palmetto),

water oak (Quercus nigra), sweetgum (Liquidambar styraciflua), and sugarberry

(Celtis laevigata). Elevated xeric sites are dominated by live oak (Q.

virginiana), laurel oak (Q. hemisphaerica), southern magnolia (Magnolia

grandiflora) and mockernut hickory (Carya tomentosa)

The site is bounded on the east by a graded mine road and a 80.9 hectare
(200 acre ) reclaimed pasture which serves as a drainage area. Rainfall is

routed onto the test site via two sets of inflow pipes located beneath the road.
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Additional earthmoving was performed by IMCC during November and December
1978 to complete test site construction. An earthen berm/access road was
constructed along the western and southern test area perimeter to increase
the surface water holding capacity of the site's lowland area. The berm
height was set at 28.3 meters (93.0 feet) MSL. Outfall pipes were also
installed in the berm at the south end. Four pipes were set at 27.1 meters
(88.9 feet) MSL to fix the normal high water line for the test area and

ten additional pipes were set at 27.4 meters (90.0 feet) MSL. The structure
is designed to handle the anticipated runoff volume from a maximum 10-year,

24-hour rainfall event.

The test site's lowland area contains distinct northern and southern basins.

A shallow meandering channel was excavated to connect these areas during
normal water levels. A one-half acre pond about 2.4 meters (8 feet) deep
which spreads to approximately 2.4 hectares (6 acres) at normal high water

was created in the northern basin to provide pekmanent open water habitat

for aquatic 1ife. Excavated spoil was graded over the basin to provide

gently sloping contours up to the pond shoreline. The contours of the shallow
southern basin were preserved to test wetland plant establishment over a broad
area. Meandering channels were also excavated to route water from the inflow

pipes to the Towland area.

METHODS AND MATERIALS

IMCC provided a topographic map of the completed site with contour lines
at two foot and one foot intervals above and below the 27.4 meter (90.0 foot)

elevation, respectively. An abbreviated version of the topographic map
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showing existing and planned on-site monitoring locations is provided in

Figure 1.

The entire test area was apportioned into a permanent grid of 176 - 30.5
meter (100 foot) square plots. Except for a narrow band of Chobee sandy
clay loam along the southwest edge of the test area, all on-site soils

are derived from mined overburden. Five overburden variants were mapped

by the SCS during a February 1979 fié]d survey. This range of overburden
types should make our study results more widely applicable. Composite
samples were collected from the upper foot of soil in each plot and analyzed
for nutrients, pH, organic matter, sand-silt-clay fractions and cation |

exchange capacities.

Monitoring equipment installed by IMCC included six rainfall gauges, four
water quality monitoring stations, and three'staff gauges for visually
monitoring water levels in the north and south basins and the connecting
stream. Groundwater monitoring devices consist of nine regularly spaced
piezometers (shallow wells), which were drilled to a depth of 9.1 meters

(30 feet) and cased with 0.1 meters (4.0 inch) PVC pipe.

IMCC is constructing a fixed crest weir at two sets of inflow pipes.
Continuous water level recorders will be installed to measure the volume
of incoming runoff by documenting changes in water level behind the spill-
ways. Water level recorders will also be installed in the pond and marsh

test areas.

After construction, the test area was disced and upland portions above the

27.4 meter (90.0 foot) contour fertilized and seeded with a mixture of
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Bermuda grass, ryegrass, and subterranean clover. This seed mixture was
used to provide slope stabilization and ground cover while minimizing potential
competition with our upland plantings. The lower portions of the site were

not fertilized or seeded.

Study plot design and planting arrangements were chosen to allow us to relate
plant survival and growth to the physical environment in which each species
was esfab]ished; The test plots selected for planting represent the range

of site conditions including soil differences and potential soil moisture
regimes or inundation zones. The biology of individual plant species was
considered in making plot assignments. Since background data on the site's
surface and groundwater hydrology was nonexistent, potential soil moisture
zones were estimated based on site topography and the known high water

elevation dictated by the height of the berm outfall pipes.

We are evaluating the suitability of various woody and herbaceous wetland
and transitional plant materials which were established by:

Transplanting local trees,

Planting bare-root nursery seedlings,

Transplanting freshwater marsh plants,

. Direct seeding,

(3, + w N —-
- . .

. Documentation of natural plant succession,

A total of 106 wetland and transitional trees of 0.1 meters (4.0 inches)
DBH or less were transplanted from the Peace River floodplain to appropriate
on-site areas from December 11 to 22, 1978,using a truck-mounted hydraulic

tree spade., The trees included bald cypress, pop ash, red maple, Florida elm,
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water oak, laurel oak, sweetgum, cabbage palm, and ironwood (Carpinus
caroliniana). Each tree was ringed with soil and watered intermittently

for two weeks.

Nursery-grown bare-root seedlings were utilized in our intensive tree
planting effort because we required large numbers of each species, all

of a single age class. These trees were purchased from the Florida

Division of Forestry's (FDF) Chiefland Nursery for $11.00 to $60.00 per
1,000. They were hand-planted during January and February, 1979. The
Project Forester from the Lakeland District of the FDF furnished information

on our seedling stock and provided on-site tree planting instructions.

A total of 10,400 seedlings representing 16 species were planted in 26 multi-
species plots. Each plot contains four to five species which were planted

at five-foot centers according to a pre-determined planting guide which
randomly assigned each species to its grid locations and indicated which

were to receive a slow release fertilizer tablet, This planting arrahgement
was selected to test the effects of the fertilizer tablets and to randomize
the response to plot soil moisture variation., The wetland and transitional
species were planted in as many plots as possible to evaluate their success

over the full range of site conditions.

In addition, approximately 2,100 seed1ings were randomly planted at appropriate

elevations throughout the site. These planting locations were also recorded.

Table 1 lists the species and total numbers of seedlings planted on the test

site. Each species selected for planting is native to Florida; however,
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Table 1. Tree Seedlings Planted on Peace.River Wetland Test Site
During January and February, 1979.

Species Total Number Planted
North Florida Slash Pine 600

(Pinus elliottii var. elliottii)

South Florida Slash Pine 602
(Pinus elliottii var. densa)

Sand Pine 450
(Pinus clausa)

Loblolly Pine 500
(Pinus taeda)

Longleaf Pine 650
(Pinus palustris)

Spruce Pine : 650
(Pinus glabra)

Red Cedar 620
(Juniperus silicicola)

Bald Cypress 1295
(Taxodium distichum)

Catalpa 675
(Catalpa bignonioides)

Cottonwood 700
(Populus deltoides)

Sycamore 525
(Platanus occidentalis)

Sweetgum | 525
(Liquidambar styraciflua)

Tupelo gum 950
(Nyssa aquatica)

Red Maple 1500
(Acer rubrum)

_Green ash 1150
(Fraxinus pennsylvanica)

Live oak 480
(Quercus virginiana)
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approximately half do not occur naturally in Polk County. We recognize
that the soil types we are trying to revegetate are not "native" to the
Central Florida area, and some of these species may prove useful for fast

stabilization and early alteration of mined sites.

Herbaceous freshwater marsh plants were transplanted to the site from
nearby wetland habitats (Figures 2 and 3). A total of 12 6.1 meter

(12 foot) square marsh test plots were planted in May 1979. Three pick-
up truck Toads of marsh plant material were removed from roadside ditches
in Osceola and Polk County, Florida. The following species and numbers
of clumps (1-4 individual plants) were transplanted onto the test site:

arrowhead (Sagittaria lancifolia) 52, pickerelweeed (Pontederia lanceolata)

57, maidencane (Panicum hemitomon) 42, and soft rush (Juncus effusus) 23.

Approximately 5,000 maidencane rhizomes obtained from the SCS were planted
in January 1979, in selected areas of the marsh test area and the northern

inflow channel to stabilize the streambed.

A monitoring program was developed for the test site to characterize:

(1) the survival and growth of the various plantings, (2) the natural

plant successional trends on the area, (3) the surface and subsurface
hydrology, (4) the development of the area's aquatic community, (5) the
effect of the emerging aquatic and wetland communities on surface water
quality, and (6) the associated trends in wildlife utilization. This
program was fully operational in early June 1979, and will continue through

the 1ife of the project.
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Figure 2. Wetland test site showing south perimeter berm outfall
pipes and Peace River floodplain during marsh planting.

Figure 3. Planting marsh test plots on the wetland test site,
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DISCUSSION

During the last year of the study, a survey of the phosphate industry
will be made to determine those companies willing to participate in a
future wetland demonstration project as part of their reclamation program.
Overall study results and recommendations will be incorporated in a phos-

phate reclamation handbook.
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PROBLEMS ASSOCIATED WITH THE SUCCESSFUL
RE-CREATION OF WETLANDS IN MINED
AREAS OF DESOTO AND MANATEE COUNTIES, FLORIDA

Gary Uebelhoer

AMAX Environmental Services, Inc.
402 South Kentucky Avenue
Suite 600
Lakeland, Florida 33801
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ABSTRACT

The AMAX Chemical Corporation and the Phillips

Petroleum Company have entered into an agreement with the
Florida Division of State Planning and Sarasota County which
protects some 1,100 acres of forested wetlands from encroach-
ment by surface phcsbhate mining and requires the companies
to restore an additional 2,300 acres to wetland conditions
following mining. Given this reclamation requirement, this
paper describes the ongoing studies being performed by AMAX
to develop wetlands reclamation techniques to fulfill these

commitments.

AMAX studies currently underway or being planned for
the near future include: -a) transect analysis of wetland
areas, b) groundwater hydrologic investigations, c) labora-
tory and field revegetation experiments, d) small scale test
reclamation plots, and e) cooperation with other wetland
restoration efforts by members of Florida's phosphate

industry.
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INTRODUCTION

The AMAX Chemical Corporation and the Phillips
Petroleum Company have agreed with the Florida Division of
State Planning to reclaim approximately 2,300 acres to
wetland conditions after phosphate surface mining is'
completed. Figure 1 illustrates the regional location of the
site. Because AMAX/Phillips have no active phosphate
operations in Florida at this time, the reclamation research
effort is currently focused upon a systematic investigation
of the wetlands existing on the property. Transect analyses
of vegetative, topographic, and soil conditions in areas to
be restored as wetlands were prepared to document existing
cdnditions and investigate the interdependence of vegetative
support factors. A network of streamflow gauging stations
and pairs of shallow and deep piezometers have been installed
to provide information about water-table levels beneath the
site. Geomorphological investigations have provided
preliminary information about the characteristics of cast
mihe spoils which may be redistributed as topsoil and/or
substrate following mining. Finally, litter/propagule
studies have begun to assess the viability of field litter as
a seed source for native re-vegetation.

The purpose for these studies is to learn more about
the inter-relationships between functioning wetland systems
and the supporting soils, topographic, and hydrologic
conditions by examining exfsting wetlands on the property.
Using information about the existing wetlands, test

reclamation/revegetation experiments will be developed to
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investigate techniques to re-establish the supporting factors
critical for wetlands survival.

Please note that the efforts described in this
paper represent the first phase of an extended development
program designed for completion in 1984. Accordingly, few

conclusions can be drawn at the present time.
SITE DESCRIPTIONS

Figure 2 is a site-specific property map which
identifies the boundaries of the property, wetlands desig-
nated for preservation from encroachment, lands to be re-
claimed to wetland conditions, and locations of detailed
transect study areas. Most of the acreage to be reclaimed
to wetland conditions lies in the Big Slough drainage system
in Manatee County. Agricultural practices and public works
projects have created an artificial drainace canal system
which has brought about a transition in ecological
succession from wetland conditions to a stressed state
including upland species.

In Manatee County, the property ranges from 39 to
61 feet above mean sea level with little elevation gradient
across the land. Although some areas have been maintained
as permanent improved pasture, much of the land is covered
by pine/oak/palm flatwoods with isolated marshes and
depressions. At the lower elevations in unimproved areas,
selected areas include mesic hammocks and floodplains.
Cattle grazing throughout all areas of the property has

reduced the vegetative cover and density in the unimproved
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native areas. Periodic, selective burning also has affected

the vegetation existent on the property.
METHODS

As noted previously, this program combines abseries
of studies designed to analyze the interdependence of
factors supporting wetland vegetation. Each of those
efforts is described below.

A. Vegetation Transect Program

- The first step taken was to carefully examine the
vegetation, soils, and topography along the eight transect
1ines shown in Figure 2. vOf the eight transects, five are
located in areas to be reclaimed as wetlands following
mining,and three are in areas to be preserved from
encroachment. A total of 17,000 linear feet has been
transected.

Registered survey crews provided mean sea level
elevations to 0.01 feet from stadia readings taken every 25
feet along the transect lines and staked the lines for guid-
ance of the vegetation and soils teams. Upon completing
surveying, vegetation adjacent to the transect line was
mapped continuously in a 25 foot wide belt.

Each belt transect was divided into 25 foot
- lengths, using the surveyor stakes established along the
transect lines as markers. As a result, each transect
represents a series of contiguous square quadrats, each 25
feet on a side. Within each quadrat, a sub-quadrat was

nested, 10 by 25 feet in size. The 25 foot side of the
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sub-quadrat away from the survey line was used for sampling
by line interception. Vegetation was divided into trée,
sapling, seedling and non-arboreal classifications for the
quantitative inventory.

Field data was tallied to include density, basal
area, frequency, height, and cover information. From the
tabulated data, community characterization and cutaway dia-
grams were prepared.

Following the vegetation analyses, soils along the
transect belts were mapped by U.S. Soil Conservation Service
and AMAX personnel using standard field sampling techniques.
The soil horizons were measured to a total depth of six feet
at the center of each quadrat, using a soil bucket auger.
Soil horizons‘were classified according to texture and
color. Soil conditions and characteristics were visually
described and documented. Cross sections illustrating topo-
graphy with corresponding soil types and vegetative cover
were then generated.

B. Surface and Groundwater Studies

Ongoing water resources observations are taken from
continuous rainfall gauges, pan evaporation stations,
streamflow gauging stations, and observation wells drilled
into the water table, the secondary surficial aquifer, and
the Floridan Aquifer.

Nine streamflow gauging stations have been in-
stalled on the Big Slough drainage system and its tributaries.
Four of the nine stations are equipped with continuous water
level recorders. The other five stations are staff gauges,

which are read on a weekly basis. Flow data is being
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collected to develop a property-wide water budget and to
provide data to measure the dewatering effects of man-made
watercourses on adjacent lands. Bank storage information
will be used in designing new stream beds following mining.

Water table and secondary surficial aquifer water
levels are measured weekly in sixty-six piezometers‘located
across the property. Twenty-two of the piezometers monitor
vater levels in the overburden immediately above initial clay
confining lenses lying between land surface and the phosphate
matrix contact. The remainder of these piezometers monitor
water levels in the secondary surficial aquifer zone,
including the phosphate matrix and the overburden located
below the uppermost clay lenses.

Exploratory geological drilling revealed that the
initial clay confining lenses are discontiguous across the
property. Recause these upper confining Tenses occur in
certain wetland areas, péirs of shallow and deep piezometers
were installed along the vegetation transect lines where the
clay layers exist. Parallel water level measurements should
indicate whether the water table in these areas is perched by
these clay layers above the water level of secondary
surficial aquifer.

Construction of the paired piezometers consisted of
installing slotted PVC pipe below the upper confining clay
lens in the deep wells, penetrating the phosphate matrix.
Solid PVC was installed from below this clay bed upward to
land surface, using cement grouting to maintain isolation of
the two systems. The shallow wells dco not penetrate the clay

layer and are constructed using slotted PVC pipe from land
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”AMAX personnel mapped soils through these same areas.
Lithologic analysis of overburden from nearby exploratory
drill holes was performed to locate intermittent confining
beds-in the‘profi1eAand to describe the horizons beneath the
surface soil layers and sandy substance. Interpretation of
this information was used to determine whether unfque
substrate conditions exist supporting varying vegetative
covers.

Subsequent to these programs, additional drilling on
selected areas of the property has continued on a sporadic
basis for exploratory, geotechnical, and environmental
reasons. Dependent upon the exact drilling sites, selected
overburden'samples are'analyzed for grain size, soil texture
and permeability. Additional parameters include cation
exchange capacity and nutrient analyses on selected samples.
Visual 1ithologic logs are kept for each drill hole which
include descriptions of the surface soil and overburden as
well as thé‘phosphate ore.

During the course of an archaelogical survey of the
property, 916 one-half meter deep test excavations were com-
p]eted primarily to locate artifacts. Because this program
thoroughly covered the property, soil profiles were prepared
for each test excavation. While the level of detail and
interpretation of the soil profiles did not parallel previous
mapping efforts, sufficient information was gathered to con-
firm visual classifications of soils maps available from the
Soil Conservation Service.

A small bulk sample of phosphate is being excavated

from an 80 foot by 300 foot area for metallurgical testing by
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a small construction dragline. As the dragline uncovered
overburden and matrix, topsoil and overburden from the site
wére visually described and sampled for grain size and perme-
ability information.

D. Metallurgical Laboratory Activities

Metallurgical testing at the onsite research and
development laboratory is producing small quantities of waste
sands and clays similar to those that will be generated by
the full-scale plant. Because these wastes will be used as a
landfill substrate to fill mine cuts for reclamation, samples
of the sand, cTays, and re-combined sand-clay mixtures are
being éna]yzed to determine physical, chemical, hydrologic,
~and agronomic properties. Analytical procedures include |
grain size distribution, permeability testing, and nutrient
analyses. These analyses ake being performed to determine
the similarity of waste products to the characteristics of in
situ overburden and matrix.

E. Re-vegetation Experiments

Puring the vegetation transect program, three field
litter sites were se]ected in the general vicinity of the
transects. One site consisted of a marsh, the second a
hydric swamp near a stream channel, and the third, a mesic
floodplain forest. At each site, the fresh litter was raked
and the topsoil rototilled. The loose materials were trans-
ferred to standard greenhouse flats where they were kept
moist for twelve weeks. Seedlings and sprouts were identi-
fied and counted on a weekly basis over the twelve week |

germination period.
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Following successful germination in the greenhouse,
the next level of investfgation is to perform similar experi-
ments under actual field conditions on barren soils to test
the applicability of litter as a seed source. Pilot scale
mechanical co]iection and deposition of the litter/propagules
and varying appliéation rates will be important if litter is
to be used in full scale reclamation.

Field work will not begin before the litter deposi-
tion site has sufficiently weathered and been disturbed to
create less than ideal germination conditions. Scheduling of
the field effort is dependent upon seasonal factors which, if
not considered, can artificially bias results.

Reclamation of the bulk sample site will serve .as
the first test plot. As shown in Figure 4, current plans are
to re-grade the mined area to form a new stream bed at nearly
the same elevations as the existing watercourse. Upon
stabilization, flow will be diverted into the mined area.
Various seed source strategies will be evaluated for use in
further tests. Detailed plans for this plot will not be pre-
pared until results from hydrologic monitoring in the area
and additional germination tests are completed. The plans
will be reviewed with other wetland reclamation project
investigations to ensure that these efforts are not dupli-

cating other previous or ongoing tests.
RESULTS

As mentioned in the earlier discussion, the investi-

gations described above represent a long-term program
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desjgned to yield specific wetland reclamation techniques for
use in the mid to late 1980's. As a result of this approach,
the results discussed below represent knowledge gained to
date.

A. Hydrology

Figures 5 and 6 contain hydrographs of wafer levels
in two pairs of piezometers drilled as part of the ground-
water observation program. Table 1 contains the tabular
results and the fota] depths of these wells.

The four wells featured in Figures 5 and 6, (wells
BS-1, BS-2, E28, and E29) are located along a line
perpendicular to the flow of Big Slough in the southwestern
corner of the property. Wells BS-1 and E28 are wells
immediately adjacent to the watercourse and are approximately
65 feet from the center of the channel. Wells BS-2 and E29
are located approximately 200 feet from the channel. A clay
lens exists from about five to seven feet below land surface
with a lateral reach to approximately 300 feet from the
Slough. As a result, wells E28 and E29 monitor the water
1evels in the surficial sands above this clay lens.

Comparison of the hydrographs in Figures 5 and 6
illustrates the dewatering effects of the Slough on the
surficial sands and the lateral extent of the immediate
dewatering "reach". Analysis of this data over longer
periods of time provides insight into the bank storage and
transmissivity characterisitics of the surficial sands and
can be compared with similar hydrologic information about
other parts of the property and waste poducts to assist the

post-mining reclamation design.
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TABLE ONE

DEPTH TO WATER MEASUREMENT

IN PAIRED PIEZOMETERS ADJACENT TO BIG

DATE BS-1

SLOUGH

E28 BS-2 E29
6/12/79 4.44° 5.50" 5.78" 5.50"
6/19/79 4.38" 4.02" 4.95" 4.83"
6/28/79 3.48" 5.50" 3.87" 3.69°
7/06/79 3.68" 5.50" 4.23" 4.45°
7/12/79 2.58" 3.54" 3.18" 3.19"
7/20/79 2.47" 3.44° 3.25' 3.38"
7/26/79 2.74" 3.57° 3.35° 3.32"

~WELL DEPTHS:

BS-1: 31 Feet
BS-2: 28 Feet
E28: 5 1/2 Feet
E22: 5 1/2 Feet
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FIGURE 5
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FIGURE 6

HYDROGRAPHS OF WATER LEVELS IN PAIRED
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Figure 7 contains a compdter-generated contour map
of groundWater levels during the dry seasdn from a section of
the property near the bulk sample site. These contour maps
can identify the drainage sinks across the property and
visually describe the dewatering effects of the man-made
canal system in Manatee County. When prepared in a depth-to-
water format by subtracting groundwater contour levels
relative to mean sea level - from the topographic land surface
contours, these maps illustrate hydroperiods in wetland areas
of concern. Use of a computer contouring program allows for
simpler manipulation of the data.

B. Geomorphology

Figure 8 illustrates the lithologic description or
picture of the substrate beneath one of the study areas.
This i]]usfration shows the initial clay confining bed in the
overburden and the discontiguous nature of this zone. In
this location, a second clay zone was observed immediately
above the matrix contact which appeared to be thicker and
more contiguous. Beneath the mineable zone, a much thicker
clay bed also was observ<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>