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| NTRODUCTI ON

Recent efforts to restore short hydroperiod sawgrass
prairies in the Evergl ades region involved renoval of rock-
plowed artificial soils, and grading the |inestone surface
to, or below original surface elevation. Study of graded and
ungraded wetl and restoration attenpts in the East Evergl ades
reveal ed that the |l ower surface |level resulted in |onger
hydr operi od and the col oni zati on of the area by native
wet | and plants, while ungraded sites were col oni zed by exotic
vegetation and fewer wetland pl ant species (Dal rynple,
Dal rynpl e, and Fanni ng, 1993).

The sane nethod, soil renmpbval and gradi ng, was conbi ned
with exotic plant (Brazilian pepper, Schinus

terebi nthefolis) renoval, on secondary successional old

agricultural fields of the Hole-in-the-Donut, H D, in
Ever gl ades National Park (Doren and Witaker, 1988; Berger,
1993). The HI D had beconme dom nated by a nonocul ture of
Brazilian pepper that had disrupted natural plant and ani ma
conmuni ty organi zati on and function, increased productivity
and altered food chains (Ewel, Qim, Karl, and DeBusk, 1984;
Krauss, 1987; Dalrynple, 1988; Doren and Whitaker, 1988;
Curnutt, 1989). The initial restoration effort was applied to
40 hectares of HID. The site was divided into two
experimental treatnents: conplete soil renmoval and grading
(H DA) on 24 ha, and partial soil renmoval only (H DB) on 16
ha. The prelimnary study of the plant community of the HD

restoration areas indicate that a new secondary successi ona



process that is domnated with natural wetland plants has
occurred on the area where conplete soil renoval and grading
occurred, but that reinvasion of Brazilian pepper has been
rapid, and the flora of the area is a mxture of wetland and
upl and speci es, dom nated by weedy herbaceous and woody
speci es (Doren and Witaker, 1988).

Study of the aninmal invasions of the restoration
treatnents al so needed to be done to determ ne whether such
restoration attenpts are |leading to natural faunal
recol oni zation of the sites. The objective of this research
was an eval uation of restoration attenpts in terns of fauna
conposition. In order to evaluate restoration attenpts in the
HI D, | conpared restored HI D wetlands to natural wetlands
with regard to aninmal species that are strongly tied to
aquatic conditions. The eval uati on enphasi zed faunal
conposition, and habitat use, with an enphasis on wetland in-
fauna. In-fauna was defined as faunal elenents with | ow
cruising radius and low nobility. They are aninmals that spend
either their whole lives in the wetlands setting, or use it
for a critical elenent of their Iife histories (e.g.
reproduction; cf. Harris, 1988). Species or |ife stages that
are tied to seasonal flooding conditions included the aquatic
| arvae of frogs and toads (tadpol es), sone anphi bi ans and
reptiles, and dragonfly |arvae Species that are tied to
per manent aquatic conditions included fishes, some anphi bi ans

and reptiles, and snails.



It was the working hypothesis of this study that soi
renoval and surface grading in H DA that are resulting in
short hydroperiod wetl ands, would al so be re-col oni zed by a
fauna that reflect natural sawgrass/muhly grass prairies of
t he surroundi ng region.

Since the restoration was designed to restore short
hydroperiod prairies the sanpling for this study was desi gned
to be used in anal yses that woul d conpare in-fauna species
conposition between the restoration area and natural wetlands
of the area including prairies, nmarshes, cypress dones and
sol ution hol es.

This study reveals that conplete soil renpbval and
grading, as seen in H DA, which resulted in a | onger
hydroperiod, also resulted in an in-fauna that is nost
simlar to short hydroperiod prairie. Partial soil renoval
did not increase hydroperiod | ong enough to permt the range
of wetland in-fauna seen in either the conplete soil renoval
area or natural prairies. The partial soil renoval retained a
hi gher | oad of exotic species, and |like the surroundi ng
Brazilian pepper forests, a peculiar conbination of aninals
(especially birds).

The choice for this original restoration attenpt was a
conprom se, wherein the conveni ence of easy road access was
i nportant for heavy equi pnent for tree and soil renoval.
Current Iimtations of faunal simlarity between H DA and
natural wetlands, is a function of the isolation of the

current restoration. Wthout direct contact with natural



wet | ands, sone ani mal species may be slow to, or never wll
coloni ze the restoration. Wthout direct contact with natura
upl ands (pi nel ands) the typical seasonal use of this
restoration by many animal species will remain [imted. The
fact that the fauna contains nore typical wetland species now
is very encouraging for further restoration attenpts in H D
but the isolation of the site and the fact that it is
surrounded by Brazilian pepper forest results in a continua

i nvasion of the area by exotic species that are nost conmon
in the disturbed agricultural area. Future efforts to restore
wetlands in the HD would nore rapidly reflect natural short
hydroperiod prairies, if they were planned so that they are
in direct contact with natural communities: restoration from

the "outside - in", rather than fromthe "inside - out".



METHODS
Habitats sanpl ed.

Ten habitats were sanpled and conpared, at |east three

of each type of habitat were sanpled twice a nonth, for a
total of 30 sites and 60 collections per nonth. The wetl and
sites of nost inportance for conparisons were the restored
sites and the natural equivalent that we were trying to
restore: short hydroperiod prairies. Sanples of these sites
were of major inportance. But given the high variability in
environnental factors, especially rainfall, and the high
variability in surface water with m crotopography and

m crohabitat in the region, | included a wi de range of
wetl and types in the overall analysis. Wtlands included were
both nmacro- and mcro- habitats as |listed below (for nore
details see Appendix 1):

1. The HID restored site A: HI DA, conplete soil renoval

2. The HID restored site B: H DB, only partial soil

renmoval .

3. The large pond in H DB, PONDB, was treated as a separate

habi t at .

HI D Brazilian Pepper dom nated, non restored sites.
Marl, short-hydroperiod prairies.
Sawgr ass, | ong-hydroperiod narshes.
Cypress Dones.
W | ow Heads.

© © N o 0o kA

Pi nel and Sol uti on Hol es.
10. Hammock Sol uti on Hol es.



Faunal Sanpli ng.

Sanpling began in April, 1991 and conti nued through
August, 1992 (17 nonths).

Speci es richness, comunity conposition, and relative
abundance of sel ected species were conpared between the HI D
restoration and natural wetlands. The faunal groups that were
enphasi zed were: fishes, tadpoles, the herpetofauna and
dragonfly larvae. The overall use of the restoration by
dragonfly |l arvae, snails, fishes, anphibians, reptiles, and
bi rds, was eval uat ed.

Because there is only one location with the two
experinmental treatnents: conplete soil renoval (H DA), and
partial soil renmoval (HIDB), it was difficult to design an
experinmental framework for the study. Psuedoreplication was
t he nost obvious difficulty to overcone (Krebs, 1989).
Therefore, a series of sites for each natural habitat used in
t he conpari son were chosen. One exanpl e of each of the
natural habitats was randomy chosen for each sanpling period
(see Appendix 1 for nore details). This permtted a w der
range of natural conditions to be sanpl ed Each sanpling
procedure was used in the two experinental areas, and in one
exanpl e of each natural setting per sanpling. For exanple, if
sanpling required the use of triplicate sets of m nnow traps
per site, then triplicates were done in each experi nental
site, and triplicates were done in one exanple of each of the

ot her cover types per sanpling.



Large nunbers of wading birds, all the herons and egrets
that are found in near by prairies and marshes, ibis, and
woodst or ks used H DA and PONDB in H DB. Qther wetland birds
that commonly used HI DA were killdeers, and greater yellow
| egs. H DB was rmuch | ess conmonly used by wadi ng bi rds.
Additionally, sora rails were frequently seen at PONDB. The
wadi ng birds are so vagile and will use any water source for
foraging, that | did not consider thema particularly
sensitive group for addressing differences between the two
restoration treatnments. For this reason enphasis was pl aced
on the use of the habitats by perching birds.

At each sanpling the follow ng data were coll ect ed:
anphi bi an tadpol es, fishes, birds,, reptiles, anphibians,
fishes, snails and dragonfly | arvae).

Aquati c organi sns were sanpl ed by:
1.dip net (5 sweeps of the net) at three |ocations in each
site.

2. seine net: one sweep at each of three locations within
each site.

3. mnnow traps: three sets of six traps were placed in each
| ocation, three of the traps were | oaded with rocks to sanple
at the bottomof the water colum, and three were allowed to
float, to sanple the surface waters.

Terrestrial fauna was sanpl ed by:

1. Drift fences with funnel traps arrays. The arrays were

identical to the ones used by Dalrynple (1988) to permt



easi er conparisons to his data on wetlands, and the Brazilian
pepper forests of the H D

2. Small manmal live traps: 15 large (rat size), and 15 snal
(rmouse size) traps were placed in pairs at 10 mintervals in
each habitat sanpling. Traps were baited with oats and peanut
butter. Traps were opened at dusk and checked the foll ow ng
norning, for three consecutive nights, for a total of 45 trap
ni ghts per habitat per sanpling. Traps were used on a
quarterly basis, for a total of 180 trap nights per year.
(Mammal trap data was lost in the hurricane of 1992, see

[imtations bel ow).

3. Strip transects of 100 mwere checked for mammal sign
(tracks and scat) in each habitat each nonth. This nethod
only gives a rough estimate of habitat use, and is restricted

to habitats where visibility permtted.

4. Strip transects of 100 mfor perching birds and small er
wetl and birds (e.g. killdeer). Each bird sighted was
identified, and the distance formthe center line of the
transect, and angle (0 - 900) on either side of the transect
was not ed.

Tayl or Sl ough was sanpl ed regularly on both sides of
the bridge over the Main Park Road, as Tayl or Sl ough East
(TSE) and Tayl or Sl ough West (TSW. The transects were not
started until the observer was 20 mfromthe edge of the

road because it was noted that neadow arks use the area near



the road at an unusual rate (this strip of habitat was
sanpl ed separately for another ongoing study). The transects
in prairies and in Taylor Sl ough all followed a south to
north conpass bearing. Transects in HD all followd an east

to west bearing.

Faunal Anal yses.

Conmmuni ty conposition of habitats for aninmal taxa was
eval uated by use of a matrix of nunbers of individuals per
species, and with the raw data standardi zed (as proportions)
to reduce the effects of absolute sanple sizes between
habi tats. Wien faunal data for a given habitat were very | ow,
or absent that habitat was not included in the anal yses, but
are listed in the tables of raw data.

Matri ces of taxa by habitats were anal yzed by
nmul tivariate techniques: cluster analysis and principle
conponent anal ysis (Pielou, 1984; Krebs, 1989; Rohlf, 1993).
Dat a was standardi zed by two met hods: as percent of sanple
(proportion) for relative abundance, and as nornal devi ates
(the nean subtracted fromeach sanpl e val ue and then divi ded
by the standard deviation). Custer anal yses were done on
st andardi zed data sets, using correlation matrices and, or
eucl i dean di stance nmeasures of simlarity (dissimlarity).
The clustering nethod used was UPGVA (unwei ghted pair group
nmet hod). Princi pal conponent anal yses used standardi zed data
sets, with correlation matrices, and the projection nmethod on

t he ei genvectors of the matrix (Rohlf, 1993). dusters



and PCAs were all perfornmed with both the habitats, and the
taxa treated as the OIUs.

The tadpol e data was al so anal yzed as a absence/ presence
matrix (0/1 matrix). The data was placed in a correl ation
matrix using the sinple matching (SM coefficient of Rohlf,
1993) coefficient: mn, where m= nunber of nmatches for each
pair, and n= total sanple size. Tadpol es were chosen for this
anal ysis, because it was felt that sanpling tadpoles by dip
net, seine, or mnnowtraps presented nore potential for bias
due to:

1. the schooling behavior of some species, and
2. the epheneral nature of tadpole comunities due to their
short-lived |l arval periods (see bel ow).

Bi vari ate anal yses enphasi zed simlarity of
m crohabitats for significant taxa.

Successional trends will require long-termnonitoring to
be established in the future. A final elenent of the anal yses
wer e reconmendations for such nonitoring prograns,
identifying taxa, trophic elenents and conmunity attributes
that best serve in a nonitoring program

The data fromstrip transects for birds were anal yzed
usi ng both the Hayne's and Mdified Hayne's techni ques
(Krebs, 1989). Density was cal cul ated on a per hectare basis
for each transect performed in each habitat, and then the
average and standard error of all transects by habitat were

cal cul ated for conparison.



Rar ef acti on curves, which plot cunul ative species
observed versus cunul ative individual s sammpl ed, were
devel oped for surveys of fishes. The expected species
richness fromall habitats could then be conpared for any
standard sanpl e size to standardi zed comapsi son. The
rarefaction curves were cal cul ated by the nethod of

Si nberl of f (1972; al so see Krebs, 1989) as:

E(S,) = ABSOLUTE SIMof 1 - (((N- N)/n)/(Nn)),

wher e E(Sn) = expected nunber of species in a random sanple
of n individuals
S = total nunber of species in species i
Ny = nunber of individuals in species i
N = total nunber of individuals in collecetion =
SUM N
n = val ue of sanple size (nunber of individuals)
chosen from standardi zation (n = or < N)
N = nunber of conbinations of n individuals that
n can be chosen froma set of Nindividuals =

N/ nt (N-n)!

Limtations.

Sanpling. The fact that the pond in H DB, PONDB, was atypica
of the surface elevation, and therefore the hydroperi od of
this portion of the restoration, made it obvious that it
shoul d be sanpl ed separately. Sone species wth | onger
hydroperiod, primarily permanently aquatic forns were only
found in the restoration in this pond. Wen water |evels

reach the surface on the surrounding restoration,



sone individuals of these nore permanently aquatic species
show up on the restoration. Even in the natural short
hydroperiod prairies, nore permanently aquatic species show
up during high water levels as they disperse in the natural
surface water sheetflow, so their should be no surprise in
seeing themin the shorter hydroperiod portions of wetland
restorations that are contiguous with | onger hydroperiod
areas (e.g. marshes and sl ough). However, the current study
area is not contiguous with naturally occurring |onger
hydroperi od settings, and so the pond does influence species
conposition in a uni que nanner

Sanpl i ng PONDB was easi er said than done, however. The
resident female alligator in the pond was al ways troubl esone.
It destroyed m nnow traps, and nade dip netting, and seine
netting very difficult. Personal experience with alligators
in nmy research in Shark Slough (Dalrynple, in press)
indicated that relocating the alligator would not have proven
very much, since another one woul d have found the pond soon
enough. Moreover, the problemof alligators interfering with
sanpling was common to all willow heads, ponds, and narshes
sanpl ed and reduced the sanple sizes available for conparison
of speci es conposition between habitats.

Sanpling for aquatic organisns was also a problemin
short hydroperiod prairies because of the nore irregular
natural surface conditions. The m cro-kaarst topography of

natural short hydroperiod prairies of the park nade sei ne



netting and mnnow trapping difficult. More of the overal
sanpl i ng was dependent on dip nets that could be easily
scooped in the deeper, lower holes and pits in these
prairies. In conparison, H DA was graded to an unavoi dably
unnaturally flat surface topography, which has led to a nore
constant surface water condition that easily allowed use of
seines and m nnow traps. Moreover, the early successional
state of the H DA wetland plant comunity result in nuch

| ower density and coverage by plants (cf. Dalrynple, et al,
1993), making use of nets and traps easier. For the above
reasons, sanple sizes for H DA were usual ly higher for
aquatic organisns in this site. In order to avoid the sanple
size effects, all of the nmultivariate assessnments were

performed on standardi zed data (see above).

Hurri cane. Hurricane Andrew, August, 1992 brought sanpling to
an abrupt end. Al of the drift fences and traps were
destroyed or bl own away. Some of the data records and
conputer files for the sanpling were also | ost or destroyed
at ny residence during the storm especially frustrating was
the | oss of the manmal trapping data. It has taken | onger

t han expected to recover conputer files and anal yses, and

nost data had to be conpletely re-entered and re-anal yzed.



RESULTS AND DI SCUSSI ON

Fi shes

Sevent een species of fishes were sanpled in the study
(Table 1). The habitat with the highest species richness was
H DA wth 13 species, followed by Prairie with 12. The | owest
ri chness was found in H DB. The nost common centrarchid in

H DA was Lepom s qul osus, which is considered to be the

centrarchid nost common in seasonally flooded, as opposed to
per manent wetlands in the Evergl ades region (Loftus and
Kushl an, 1987).

The H DA site had the | argest sanple size for fishes. In
order to nore fairly conpare the results of sanpling,
rarefaction curves (for equal sanple sizes) were cal cul ated
for each habitat. Marsh had the hi ghest expected nunber of
species, 11, in a standardi zed sanple of 100 i ndividuals,
followed closely by Prairie and HDA (Figures 1 and 2).
Percent conposition of the sanples by habitat are shown in
Fi gure 3.

Cl uster analysis of the standardi zed fish data (based on
raw data in Table 1), revealed a strong simlarity between
H DA and Prairie, with HDB also clustering tightly with
these habitats (Figure 4). Pearson's product nonent
correlation, as an index of simlarity between H DA and
Prairie was 0.989, and between H DA and H DB was 0.965. Wile
t he standardi zed data reflect these simlarities, it should

be enphasized that HDB had little standi ng water,



and sanpling was difficult, with an order of nmagnitude nore
i ndividuals sanpled in H DA and Prairie than H DB due to

their | onger hydroperiods. Ganbusi a hol brooki, Jordanella

floridae, and Lepom s gul osus were dom nant by nunbers in

these sites (Figure 5). Principal conmponent analysis al so
reveal s the strong simlarity for standardi zed fish data
anong HIDA, Prairie, and HDB (Figure 6 and 7).

[ Atangential note regarding the use of the nane

Ganbusi a hol brooki - nosquitofish - instead of the nore

commonly known nanme of Ganbusia affinis. In 1988, Woten et

al (1988) described the southern U. S. popul ations as G
hol br ooki, genetically, separating themfromG affinis. The
confusion has grown since it is known that nosquito fish are
sonetimes purchased as G affinis and rel eased in nosquito
control programs, thus making the genetics of this species

conf usi ng. ]

Tadpol es

El even speci es of anuran | arvae were sanpl ed during the
study. N ne species were found in Prairie, Marsh, and H DA
The | owest nunber of species, 5 was found in Pond B (Tabl e
2, Figure 8). The dom nant species by nunbers and habit at
usage was the exotic Cuban tree frog, Gsteopilus

septentrionalis, followed closely by the southern toad, Bufo

terrestris. Cuban tree frogs, southern toads, and oak toads

(Buf o quercicus) were nost abundant in the raw data in




Prairie and H DA, and pigfrogs (Rana grylio) were nost comon
in PONDB, Marsh, and cypress donme (Figures 8).

As nentioned in the nethods section, the tadpol e data
was anal yzed as a simlarity matrix of absencedata (0/1), to
avoi d bias. Wien this matrix was anal yzed by C uster
Anal ysis, H DA showed a strong correlation with Prairie. H DB
clustered closest with hammock sol ution holes, and then with
PONDB, marsh and cypress done (Figures 9 and 10). The PCA of
this matrix shows Prairie and H DA grouped closely, while
Mar sh, cypress done, hammock sol ution holes and H DB are nore
simlar, as in the clustering. PONDB is the nost distinctive

(Figure 11).

Tadpol es and adult anur ans.

Frogs and toads are ubiquitous breeders in the
Evergl ades. Wiile nost species will breed in al nost any
aquatic setting, they are not always equally successful in
the different habitats. The eggs of all of the anurans in
he Evergl ades devel op rapidly due to the high water
tenperatures; the range of days required for eggs of our
| ocal species to hatch is only 1 to 6 days (Wight, 1932;

pers. obs.). Sonme snall, short-lived, species such as the

oak toad, Bufo quercicus, have very short devel opnent al
periods. In the oak toad it takes only 25 to 30 days for the

| arva to net anor phose (Vol pe and Dobie, 1959). At the other

extrenme, the pig frog, Rana grylio |arvae require 365 or nore

days to netanor phose (Wight, 1932; pers. obs.). Gven



these extremes it should be clear that some species are
ef fectively excluded fromsonme habitats not by adult use but
by reproductive success: the larvae sinply do not have enough
time to devel op to metanorphi c stage.

The tadpol e speci es conposition of the habitats varied
wi th hydroperiod (Figure 8A). The average duration of the
| arval period (fromWight, 1932) for the species is plotted
in Figure 8B to denonstrate the need for pernmanent water only

in R grylio. Rana grylio tadpol es were nost conmon, (| argest

percent of total sanple) in the three habitats with the

| ongest hydroperiods, marshes, cypress dones, and Pond B.
Wil e this species probably lays eggs in many wetl and
settings, adults are nost common in areas that are flooded
year round, and larvae will only succeed in such habitats.
During the | ate wet season, when water |evels are highest,

sone Rana grylio tadpoles are seen in short hydroperiod

prairies (pers. obs.), as they disperse with surface water
flow, but they either get back to deep water habitats, or
they die when water |evels drop.

Sone tadpol e species are thought to be sensitive to
conpetition and, or predation fromfishes; and clearly sone
tenporal isolation does take place in habitat use. For
exanple, in the early spring when water first reaches the
surface of prairies and the restoration site, frogs call in
massi ve nunbers and | arge nunbers of eggs are laid. For
nearly two nonths the dom nant aquatic vertebrates are

t adpol es. These herbi vores, and scavengers qui ckly recycle



ol d periphyton and bl oom ng al gae and create conditions that
may be critical to wetland dynamcs later in the season. By
m d sumrer the tadpol es are nostly netanorphosed and the
dom nant vertebrates are fishes, herbivores, scavengers, and
pr edat ors.

The predom nance of exotic Cuban tree frog, Osteopilus

septentrionalis, in the H D was docunented by Dal rynple

(1988), and the species range in the park continues to
expand. Both adult and | arval Osteopilus are one of the

dom nant anurans in the H D restoration area. Conpetition for
food between native tadpoles and this species' is probably
not inportant in the HI DA restoration in nost years, because
the primary productivity of algae is extrenely high. However,
it could be a problemin drought years. Until nuch nore
research is done on this species, we should consider it a
possi bl e serious problem Adult Cuban tree frogs readily eat
native tree frogs (pers. obs.). The adults have copi ous
anount s of noxi ous secretions, the adults are not eaten by
many native frog predators, including birds and snakes (pers.
obs.), and the eggs and | arvae of this species mght also be

noxi ous.

Sal anander s.

Sal ananders were not observed in the restorati on area

during the study. The siren, Siren lacertina, is only

conmonl y observed in pernmanent water settings or during very

hi gh water conditions near such sites, so its absence in the



H D area i s not unexpected. Anphiunma neans, the congo eel,
was common in prairies. As many as six were trapped in m nnow
traps in one week in a prairie wllow head during | ow water.
During high water periods they can be seen foragi ng at night

in water as shallow as 4 cm Not opht hal anus viri descens, the

striped newt, was conmon in cypress dones, nmarshes, and in a
few (permanent water) hammock sol ution holes. Neither

Anphi una or Not opht hal anus were observed in the restoration

area. It may take |onger for the sal ananders to reach and
establish thenselves in these restored wetlands than it takes

the nore vagile, and nore terrestrial anurans.

Her pet of aunal trappi ng.

Twenty two speci es of anphibians and reptiles were
trapped in HDA. A total of 184 animals were captured, at a
rate of 0.93 aninmals per check day. H DB had 19 species and
274 animals trapped, at a rate of 0.81 aninals per check day.
The drift fence trapping by Dalrynple (1988, attached as
Appendi x 2) in HD Brazilian pepper forests (described as
"di sturbed" areas = DI ST, by Dalrynple) captured 21 species
at arate of 0.76 animals per check day (Table 3). In
prairies, Dalrynple (1988) captured 30 species at a rate of
1. 04 ani mal s per check day. H DA and H DB had species
richness and capture rates nore simlar to Brazilian pepper
forest than prairies, but the species conposition of the two

restoration areas was quite different.



Cluster analysis of the data collected in the current
study was performed with the data coll ected by Dal rynpl e
(1988) for the H D Brazilian pepper forest (D ST) and
prairies. H DA clustered with prairies, while H DB cl ustered
with the Brazilian pepper forest (D ST, Figure 12). Prairie
showed no significant correlation with Brazilian pepper in
Dal rynple's (1988) trapping (r = 0.145). The correlation
coefficient (as a simlarity index) was significant, 0.745,
between H DA and Prairie, and 0.583 between H DA and H DB.
The hi ghest correlation was between H DB and Brazilian pepper
forest (DI ST) was very high, 0.933.

The green anole, Anolis carolinensis, was nuch nore

conmon in prairies than HHD. The exotic brown anole, Anolis
sagrei, was very common in Brazilian pepper (D ST, Dalrynple,

1988; Table 3) and was al so trapped in both H D restoration

areas. The ground skink, Scincella |aterale, was conmon in
prairies, and 2 were trapped in H DA, but none were trapped
(or seen) in H DB or Brazilian pepper.

Three maj or groupings are seen in cluster analysis for
the trapped species (Figure 13). The top cluster is of
species that are primarily found in prairies. The mddle
cluster is of species conmon to the prairies, and the
restorations, including the oak toad, the striped nmud turtle,
and the ground skink. The bottomcluster is species that are
dom nant in Brazilian pepper (D ST), including the brown

anol e, and the Cuban tree frog.



The narrow nout hed frog, Gastrophryne carolinensis, was

common in Brazilian pepper, and also HDB. This species is an
ant eater, and appears to prefer areas with rich soil. The
partial soil renoval in HDB is probably part of the reason
why this species is nore common there than on H DA

Princi pal conponent analysis of the drift fence data
with the data fromDal rynple (1988), also shows H DB groupi ng
closer to Brazilian pepper (D ST), however the PCA shows the
simlarity between H DA and HHDB nore clearly (Figures 14 and
15). The prairie has a nunber of wetland species that have
not shown up (at least till now in the restorations
i ncludi ng the sal amanders. A nunber of species are probably
m ssing from H DA and H DB because they are not adjacent to
upl and pi nel ands from whi ch many speci es seasonally nove out
into adjoining prairies (Dalrynple, 1988; see discussion)

especially a nunber of snakes (Lanpropeltis triangulum

Cenpphora cocci nea, Drymarchon corais), and the box turtle

(Terrapene carolina). The cricket frog (Pseudacris nigrita)

is generally considered an edge speci es between pinel ands and
prairies (Duell man and Schwartz, 1958; WI| son and Porras,
1983; Dal rynple, 1988).

In the PCA, the nost distinctive habitats are the
prairie and Brazilian pepper, with the restorations [unped in
between, and strongly influenced by the presence of the

exotic brown anole (Anolis sagrei) and Cuban tree frog

(Gsteopilus septentrionalis), the narrow nouthed frog




(Gastrophryne carolinensis), and the absence of the upland
seasonal users (above).

Al t hough not trapped, the rough green snake ((Qpheodrys
aestivus) was seen several tines in H DB Because this is a
hi ghly arboreal species, it is rarely trapped. Dalrynple
(1988) never trapped even one of this species in three years
in adjacent Brazilian pepper or natural habitats). This
species was regularly seen basking in md-day on the Research
Road adj acent to the Brazilian pepper forests throughout the
H D (Dal rynple, Steiner, Bernardino, and Nodell, 1991). Its
presence in H DB but not H DA is another indication of the

t hi ck shrubby nature of H DB

Birds

The hi ghest species richness fromstrip transects was
found in HDB, with 11 species; H DA had the second hi ghest
richness with 9 species. Taylor Slough (broken into two
parts, see nmethods) east (TSE) had 3 species and west (TSW
had 4 species. Prairies had the | owest richness val ue, one
species (Table 4). The greatest nunber of birds seen on
transects was at HHDA with 98. followed by H DB with 89. By
conpari son the two marsh sites (TSE and TSW had 10 and 20
i ndi viduals, respectively, and Prairies had only 2 birds seen
al ong transects.

Estimates of bird habitat use fromthe above strip
transect data were based on Hayne's nethod of cal cul ating

density. H DB had the highest average density per hectare of



birds by an order of magnitude: 250 (+/- 4); followed by H DA
with 12 (+/- 10), TSWwith 3 (+/- 2), and TSEwith 0.9 (+/ -
0.5). The reason for the much higher density estinmate for

H DB is due to the nuch shorter average di stance from
observer to birds along the strip transect (see bel ow).

When species richness, raw data, and density estimates
are conbi ned the conclusion is that there are nore kinds of
birds and higher densities in the HDrestoration than in the
natural wetland prairies or marshes (or in the Brazilian
pepper forests of the HD, see Curnutt, 1989). The H DB has
such a high density estinmate because so nmany birds were
spotted at shorter distances along transects. H DB has a nore
conplicated pattern of energent herbaceous and woody species
than do the prairies and marshes, and this in particul ar
draws in the red w nged bl ackbirds, cardinals, conmon yell ow
throats, pal mwarblers, savannah sparrows, grackles, white
eyed vireos, and wens. Bobolinks pass through the park as
mgrants, and were noted in smaller groups in prairies (but
not during transect counts). For the above reasons the H DB
is structurally nore |like a wooded wetl and setting, than a

prairie.

Dragonfly Larvae

I dentification of dragonfly |arvae was restricted to the
genus level, in sone cases, for two reasons. Firstly,
uncertainties still exist for current species level status in

southern Florida. Secondly, the ecological habits, and



habitat preferences for dragonfly |arvae are well docunented
at the genus |evel due to gross norphol ogi cal adaptations for
| oconotion, predation, and respiration, all of which reflect

wet | and conditions (Wstfall, 1984).

Fourteen taxa of dragonfly |arvae were identified in the
study. Seven genera were found in Cypress Donme and HIDB, 6 in
Prairie, and 5 in H DA Three taxa were found in the |arge
marl pond in Palma Vista 1 Hammock, and in PONDB (Tabl e 5,
Figure 16). Only one species was found in Pineland solution
hol e.

Cluster anal yses and PCA's for the dragonfly |arvae by
habi tats showed that H DA was nost simlar to Prairie, wile
H DB and POND B were nost simlar to Cypress Done (Figure 17
- 20). The findings for HDA and Prairie simlarity are
simlar to those found for found for fishes, tadpoles, and
drift fence data.

Snai | s.

The species lists for snails collected are listed in

Table 6. Four species were found in wetland sanpli ngs:

Fossari a cubensis, Physella cubensis, Polygyra septenvol va,

Pol ygyra uvi fera, and Pomacea pal udosa. The nost i nportant

point to note is that the apple snail was not collected in

H DA or HHDB. Even if this species is present in the study
areas, it occurs in |ow enough nunbers to date, that they
never showed up in sanpling, not even in seine nets or m nnow
traps. H DA had twice as many snail species as H DB,

reflecting the | onger hydroperiod in the forner site. The



absence of apple snails in HDA while they are common in
prairies, is another reflection of the isolation of the

restoration fromcontiguous wetl ands.



SUMVARY AND CONCLUSI ONS

Scientific restoration (Howell, 1988) requires re-
establ i shnment of both natural structure and function. The
abiotic and biotic conponents, including the floral and
faunal species |lists and community organi zation (bi omass,
density, inportance) nust be as close to natural as possible
(Landin, dairain, and Newing, 1989). The functional
characteristics of the ecosystem (energy flow, nutrient
cycling, hydrol ogy, and food chains) nust also be restored in
order to call a restoration successful fromthe point of view
of national park conservation policy and phil osophy (Cairns,
1986) .

Wthout careful analysis of successional processes at
on-going restoration sites, we will not be able to determ ne
nmet hods for inprovenent of restoration technique in future
plans for the HI D. The patterns of col onization by wetl and
plants in the existing restoration effort in the H D are
bei ng studied in depth, but establishment of natural
ecosystem structure and function in restored wetlands wil |
require know edge of both floral and faunal assenbl ages. At
the present time there is no programfor analysis of the
patterns of faunal col onization and successi onal dynam cs.

The annual fl oodi ng of short-hydroperiod prairies is
characterized by periphyton bl oom dom nated first by bl ue-
green algae and latter into the summer and deeper fl oodi ng by
green al gae. Tadpol es, as a major herbivore, play a ngjor

role in periphyton community dynam cs (D ckman, 1968) and



may be limted in restored wetlands by altered periphyton
conmuni ty conposition. Browder (1981) showed strong
correl ati ons between soil organic matter, water depth and

peri phyton conposition in Evergl ades wetl ands. The basic

rel ati on between soil devel opment and periphyton activity in
the early stages of restoration of short-hydroperiod prairies
coupled with the fact that soil devel opnent in the graded H D
restoration is in early stages, suggests that the HI D
restoration area probably has a distinctive community dynam c

at this time.

Faunal Associ ati ons

The "infaunal " elenents (cf. Harris, 1988) were nore
likely to determne the natural pattern of succession than
were highly vagile species, such as wading birds and | arge
manmal s. However, conplete |ists of species using the
restoration sites and the nature of usage (nesting, foraging)
wer e devel oped and conpared to natural wetland sites in the
vicinity to determ ne whether the restorations provide any
di stinctive advantages or disadvantages (seasonal, short
term or long tern) to such species.

The fresh water in-fauna includes transitory users, such
as tadpol es and insect |arvae, permanent users such as
sal amanders, fishes and crayfish. The duration of use is not
a good neasure of the ecol ogical inportance of the in-fauna.
For exanple, the tadpoles are rapidly eating and grow ng

early in the wet season before rmuch of the periphyton mat is



devel oped. They play a vital role in noving nutrients quickly
into the aquatic systens they scrape up much of the substrate
in feeding, and they produce copi ous anounts of poorly
di gested feces. The tadpol es al so serve as an inportant early
food for fresh water predators such as dragonfly | arvae,
beetl es, crayfish, Anphiunma, and even sone fishes. Many of
the sane predators will shift to other prey including each
ot her as the wet season continues. The tadpoles also play a
major role in nmoving aquatic nutrients into the uplands, as
t hey met anor phose and di sperse from wat er.

Anal ysis of dragonfly larvae, snails, fishes,
anphi bians and reptiles, and birds, nmake it clear that
conpl ete soil renoval and grading, as seen in H DA, resulted
in a |onger hydroperiod, higher overall productivity of
plants and animals, a fauna nmuch nore simlar to a short
hydroperiod prairie, than did partial soil renoval.
Limtations in potential ultimate faunal simlarity between
H DA and natural prairies, is a function of the isolation of
the current restoration. Wthout direct contact with marshes
of | onger hydroperiod, some fully aquatic faunal conponents
will not be found in the restoration. Wthout direct contact
wi th natural uplands, pinelands, the seasonal use of this
energing wetland will remain limted (e..g. Dalrynple, 1988,
noted that 30% of the herpetofauna that use prairies al so use
pinelands). Finally, the isolation of the site and the fact

that it is surrounded by Brazilian pepper forest



results in a continual invasion of the area by exotic species
that are nost common in the disturbed agricultural area.
Wiile this site was chosen for convenience with regard to
access, it is clear that future efforts to restore wetl ands
inthe HDwuld nore rapidly reflect natural short
hydroperiod prairies, if they were planned so that they are
in direct contact with natural communities: restoration from

the "outside in", rather than fromthe "inside out".
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Table 1. Species list, and sanpl e sizes for fishes by habitats.
figures: Species codes are listed t the end of each row Habitat codes are |isted as
colums. PSH = Pinel and solution hole; PRA = prairie; CD = cypress dore.; TS = marsh
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TABLE 2. Species list for tadpol es by habitat. P.S.H = pineland
solution hole; HS H = hammock sol ution hole. Codes are used
in figures for abundance by habitat and nultivariate anal yses

Prairie Marsh Cypress PSS HHS H HDA HDB PONDB Code

Rana

grylio 0 23 12 0 0 0 0 18 Ry
Rana

sphenocephal a 1 12 9 0 6 7 4 2 Rs
Hyl a

ci nerea 2 6 5 0 5 3 5 4 He
Hyl a

squirella 2 5 5 0 6 3 5 4 Hs
Li mnaoedus

ocularis 6 7 8 10 0 12 0 0 Lo
Gst eopi | us

septentrionalis 22 21 0 32 21 22 32 0 Gs
Pseudacri s

nigrita 1 12 0 10 0 0 0 0 Pn
Acris

gryllus 0 0 21 0 0 22 12 0 Ag
Gast rophryne

carolinensis 4 6 0 25 22 9 30 0 €
Buf o

terrestris 12 0 12 23 32 25 23 19 Bt
Buf o

quer ci cus 12 23 0 9 0 9 0 0 Bq



TABLE 3. Total nunbers of anphibian and reptile species trapped in arrays (Prairie and
Brazilian pepper donminated HD = D sturbed (D ST) data collected fromMy '84- Dec
'86; HDA and HD B data collected fromJune '91 to June '92). Totals are conbi ned for
all arrays in each habitat type. "Check-days" are the nunber of days on which a trap
was checked for animals. Codes are used in figures for nultivariate anal yses.

Habi tat s
Speci es Prairies HDA H DB D ST Codes
1. Anphi uma means 9 0 0 0 Am
2. Acris gryllus 1 2 0 0 Ag
3. Buf o querci cus 95 31 12 9 Bq
4.Bufo terrestris 45 10 6 31 Bt
5. B eut herodactyl us planirostris 15 3 6 Ep
6. Gast rophryne carolinensis 10 13 22 33 €9
7. Hyl a cinerea 20 3 0 3 Hs
8. Hyla squirella 32 2 1 4 He
9. Gst eopi | us septentrionalis 2 7 9 6 (63
10. Pseudacris nigrita 5 0 0 0 Pn
11. Rana grylio 5 0 1 0 Rg
12. Rana sphenocephal a 135 32 16 20 Rs
13. Anolis carolinensis 170 22 12 19 Ac
14. Anol i s sagrei 0 23 42 103 As
15. Euneces i nexpect at us 23 1 2 3 Ei
16. Ophi saur us conpr essus 1 0 0 1 Q
17.Scincella lateral e 30 2 0 0 Sl
16. Ki nost ernon baur i 12 5 2 1 Kb
19. Terrapene carolina 11 3 2 3 Tc
20. Agki st rodon pi sci vor us 1 1 2 2 Ap
21. Cenophor a cocci nea 2 0 0 0 Ce
22. Col uber constrictor 8 4 6 14 C
23. D adophi s punct at us 3 2 1 0 Dp
24. Drymar chon corai s 1 0 0 0 Dc
25. Bl aphe obsol eta 0 0 0 1 Eo
26. Lanpropel tis triangul um 1 0 0 0 Lt
27.Nerodi a fasciata 3 1 0 0 Nf
28. Regi na al | eni 1 0 0 0 Ra
29.Sistrurus niliarius 14 3 1 6 Sm
30. Storeria dekayi 2 0 0 0 S|
31. Thamrmophi s sauritus 8 3 2 0 Tsau
32. Thamophi s sirtalis 30 11 6 7 Tsi
Total s 695 184 152 274
No. Check-days 669 197 187 361
Ani mal s/ Check- day 1.04 0.93 0.81 0.76

No. Speci es 30 22 19 21



Table 4. Species lists for birds observed during strip transects

by habitat.
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Tabl e 5. Nunmber of dragonfly |arvae collected by habitat.
Codes are used in figures that represent nultivariate anal yses.

Speci es HDB HDA PONDB PRARE CYPRESS HSH PSH Code
Anax sp. 24 40 2 8 3 0 0 An
Ari gonphus pal |i dus 0 0 0 3 1 0 0 Ap
Celithems sp. 4 0 0 0 0 0 0 Ce
Cor yphaeschna sp. 1 0 0 0 4 0 0 o
Qynacant ha nervosa 0 0 0 0 0 0 2 t
Ladona depl anat a 0 2 0 0 0 0 0 Ld
Li bel I ul a sp. 24 17 4 3 8 0 0 Li
Nasi aeschna pentacantha 0 0 0 0 1 2 0 No
Othem s ferrugi nea 1 0 0 0 0 0 0 o
Pant al a sp. 21 1 0 1 0 0 0 Pa
Perithems sp. 0 0 0 1 0 0 0 Pe
Pachydi pl ax | ongi pennis 0 11 0 9 1 5 0 M
Tramea sp. 9 0 1 0 1 0 0 Tr
Triacant hagyna trifida 0 0 0 0 0 1 0 Tt
Total species 7 5 3 6 7 3 1

Total Indiv. 84 71 7 25 17

(o]
N



Table 6. Species list for snails collected in sanpling.

HD A

Fossaria cubensi s
Physel | a cubensi s

Pol ygyra sept envol va
Pol ygyra uvifera

HD B:
Physel | a cubensi s
Pol ygyra sept envol va

POND B:

Fossaria cubensi s
Physel | a cubensi s
Poyl gyra uvifera

Pol ygyra sept envol va

TAYLCR SLOUGH

Bi onphal ari a havanensi s
Physel | a cubensi s

Pol ygyra sept envol va
Pormacea pal udosa

CYPRESS DOMVES

Bi onphal ari a havanensi s
Physel | a cubensi s

Pol ygyra sept envol va
Pormacea pal udosa

HAMWOCK S H :
Pol ygyra sept envol va

PRAI RI ES

Fossaria cubensi s
Physel | a cubensi s

Pol ygyra sepet nvol va
Pormacea pal udosa



Figure 1. Rarefaction curves for species richness of fishes

by habitat.
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Figure 2. (bserved species richness in sanples of fishes by
habitat, and expected (fromrarefaction curves) nunber of

speci es in sanples of 100 fishes.
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Figure 3. Percent conposition of habitat sanples for fishes

sanpl ed (Codes from Table 1).
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Figure 4. duster analysis of habitats using standardi zed
data for fish sanples by habitat (data and codes are from

Table 1).
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Figure 5. Quster analysis of standardi zed data for fishes by

taxa (data and codes are from Table 1).
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Figure 6. Principal conponents analysis (PCA) of standardized

fish data by habitats (data and codes are from  Table 1).
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Figure 7. Principal conponents analysis (PCA) of standardized

fish data by taxa (data and codes from Table 1).
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Fi gure 8A. Rel ative abundance (percent occurrence in sanples)

of tadpol e species in habitats (codes from Table 2).
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Figure 8B. The duration of larval period for tadpoles (codes

from Table 2).
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Figure 9. duster analysis of tadpole data based on

absence/ presence in Table 2, codes from Table 2).
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Figure 10. duster analysis of tadpole data fromFigure 3 and

Table 1
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Figure 11. Principal conponents analysis (PCA) of tadpole
data by habitats, based on absence/ presence in Table 2, codes
fromTable 2; Cypress Donme, CD, data is identical |oading on

all three principal conponents as Marsh, MAR data).
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Figure 12. duster analysis of drift fence sanples by habitat
usi ng standardi zed data based on Table 3 (codes for taxa and
habitats in Table 3; data for Prairies and Brazilian pepper

forest in HD (= DIST) are fromDal rynple, 1988).
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Figure 13. duster analysis of drift fence sanples by species
usi ng standardi zed data based on Table 3 (codes for taxa and
habitats in Table 3; data for Prairies and Brazilian pepper

forest in HD (= DIST) are fromDal rynple, 1988).
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Figure 14. Principal components analysis (PCA) of drift fence
sanpl es by habitats using standardi zed data based on Table 3
(codes for taxa and habitats in Table 3; data for Prairies
and Brazilian pepper forest in HD (= DI ST) are from

Dal rynpl e, 1988).
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Figure 15. Principal components analysis (PCA) of drift fence
sanpl es by taxa using standardi zed data based on Table 3
(codes for taxa and habitats in Table 3; data for Prairies
and Brazilian pepper forest in HD (= DI ST) are from

Dal rynpl e, 1988).



0'66=+ Df =9 N =2

218D 90U 1114 PSZIPAEPUR)S




Figure 16. Pecent conposition of sanples of dragonfly |arvae

fromsanpl ed habitats (codes are from Table 5).
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Figure 17. duster anal ysis of standardized dragonfly |arval

data by habitats (code and data from Table 5).



HaH
Hdd—

YOIH—
d4d

q0M0d -

a3t [H

3

90 b0

70

00

eyep hijyucbe J(




Figure 18. duster anal ysis of standardized dragonfly data by

taxa (codes and data from Table 5).
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Figure 19. Principal conmponents analysis (PCA) of
st andardi zed dragonfly larval data by habitats (codes for

taxa and habitats from Tabl e 5).
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Figure 20. Principal components analysis (PCA) of
st andardi zed dragonfly larval data by taxa (codes for taxa

and habitats from Tabl e 5.
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APPENDI X 1.

Locations sanpl ed by habitat type.

Prairies: #s 1,2 & 3 along the north side of the road to the
Dan Beard Center (Research Rd.) at distances of 1.5, 2.6, and
3.1 mles west of the stop sign at the east end of the road.

#4: on north side of the Main Park Rd, 0.4 mles west of turn

off to Royal palm Visitor Center.

Cypress Dones: Four dones in the Pa-hay-okee area of the park
along the Main Park Rd. and the road to the Pa-hay-okee

over | ook.

Hamock Solution Holes: In Palma Vista 1; Redd Hammock; Royal
Pal m Harmock; Gst een Hammock; and Wi ght Hamock

Pi nel and Sol ution Holes. In the Boy Scout Canp; next to Redd
Hamock, in the area adjacent to the Long Pine Key
Canpground; two additional sites along the unpaved fire road

on the west side of Long Pine Key in Pine Block B

W Il ow heads: four willow heads in four finger glades in Long

Pi ne Key.



Conments on habitat types.

Prairie - dom nated by short sawgrass and nuhly grass.

Peri phyton is dom nant in rmuch of area, but varies greatly in
extent. Marl soils and rocky irregular |inmestone surface,

wi th numerous small solution holes. Larger solution holes may
be gator holes, usually distinguishable as willow heads. Sore
| arger ones with open canopy areas wi th extensive submerged

rooted vegetation, e.g. Proserpinaca and Bacopa.

Marsh - domnated by tall sawgrass, alligator flag, pickerel
weed, rushes, and cattails. Sone with areas of extensive

subnerged rooted vegetation, e.g. Proserpinaca and Bacopa.

Periphyton is domnant in rmuch of the area. Peat soils and
| arge solution holes, comonly gator holes, usually
di stingui shabl e as wi || ow heads. Tayl or Slough was regularly

used for marsh conpari sons.

Pi nel and Sol ution Hol e - dom nated by open canopy of slash
pi ne and a diverse understory, with i medi ate area of
slotting holes with sawgrass, and willow Periphyton not
typical. Substrates are organic and variable anounts of pine
needl e leaf litter is comon. Sone |arger ones with areas of

ext ensi ve subnerged rooted vegetation, e.g. Proserpinaca and

Bacopa. Most dry out every year.

Hamock Sol ution Hole - dom nated by heavy forest canopy with
little or no vegetation around the hole. WIIow comon in

| arger ones. Periphyton not typical. Substrates are organic



and deep |l ayers of broad leafed leaf litter is conmon and
peat are conmon. Most dry out under current hydrol ogical

regi mes, but nany stayed wet |onger before m d-century.

Cypress Done - dom nated by vari abl e canopy of cypress;

har dwoods i ncl udi ng pond apple, willow and ficus serve as
secondary invaders. Deep deposits of leaf litter and peat are
conmon. Much of open canopy areas with extensive subnerged

rooted vegetation, e.g. Proserpinaca and Bacopa. Periphyton

uncommon. Central depressions or holes conmonly are gator
hol es. Many dry out conpletely under current hydrol ogical

condi ti ons.

Restoration Site A(HDA) - Asingle large area of early
secondary successi onal sedges, grasses, rushes. Mich of area

wi th extensive aquatic rooted vegetation, e.g. Proserpinaca

and Bacopa. Periphyton and Uricularia are domnant in water,

with thick expansive mats by | ate wet season. Shal |l ow
standi ng water during nost of the wet season. Water
concentrates in a few large ponds or holes in dry season.
CGoes dry in nost years. Soils that are devel oping are narl.
Li mest one exposed throughout but not as irregular a surface

as for Prairies (above).

Restoration Site B- H DB Only parts of this area are
seasonal |y subnmerged. Duration of flooding is shorter than in
H DA. Dom nant vegetation is shrub sized hardwods and

her baceous species in very high density and coverage.



Brazilian pepper continues to increase in coverage. Parts of
the area where the shrub layer is not too thick have mats of
subrerged rooted vegetation. Periphyton is not abundant.

Soils are residual farmland and marl. Limestone not exposed

at surface.

Restoration Site B pond - Pond B - a unique site, in that it
is an artificial pond of 600 square foot surface area, and
depths of four feet. It is used as a gator hole. Miuch of the
surface is open water with submerged rooted vegetation

dom nant, periphyton is not typical. Deepest portions with no
vegetation. The substrate is conposed of residual farm and.
Thi s habitat was sanpl ed separately to determ ne how di stinct
its fauna was fromthe HD B site as a whole (above). It was
not an intentional restoration elenment; its flora and fauna
are nore typical of a wetland a pernmanent hamock sol ution
hole, or an artificial pond (e.g. Palma Vista 1 excavated
pond on the west side Ad |Ingraham H ghway). Pond B was the
only portion of the restoration area that had an alli gator,

Alligator mssissippiensis, init (one young adult female

took up residence in the pond during the first sex nonths

after the area was cl eared by bul |l dozers).

Every one of these habitats is characterized by seasona
change in extent and depth of standing water. Al habitats
eventual ly have the water |evel reduced to a few sol ution
hol es and or finally conpletely dry out. In pinelands and

hamocks, the solution holes are usually small and very short



lived. A few exceptions include: the Boy Scout Canp pinel and
solution hole (40 square feet of surface area and a depth of
up to three feet) the well known sol ution hol e al ong Anhi nga
Trail in Royal Pal m Harmock, several |arge solution holes in
Palma Vista 1, and the excavated pond in Palma Vista |

hamock.



Appendi x 2. Copy of Dalrynple (1988) publication on drift
fence trappi ng of herpetofauna in the Hol e-in-the-Donut, and

Prairies of Long Pine Key (see Table 3, p 78).



