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ABSTRACT: While habitat loss is a major driver of amphibian and reptile declines globally, a subset of

post-industrial landscapes, reclaimed and restored, are creating habitat for these animals. In a pre-
vious work, we showed that amphibians and reptiles use reclaimed and restored grasslands. In the
present work we quantify captures at drift-fence/pitfall trap arrays over two consecutive years and
show that several species of amphibians are not only successfully reproducing but that juveniles are
being recruited into the population. In particular, 15,844 amphibians and 286 reptiles representing
25 species (14 amphibians, 11 reptiles) were captured at drift fences in 2009 and 2010. Nine addi-
tional reptile species were found opportunistically while conducting other research activities at the
study site. Out of a total of 8,064 metamorphosing juveniles we detected 126 malformations, a 1.6%
rate. The major malformation types were limbs missing (amelia) or foreshortened (ectromely), eye
discolorations, and digits foreshortened (ectrodactyly) or small (brachydactyly). Our data show that
reclaimed, restored, and properly managed landscapes can support reproducing populations of am-
phibian and reptiles with low malformation rates, including species in decline across other portions of

their range.
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INTRODUCTION

Amphibians are facing an extinction crisis. Globally,
nearly 25% of all species are facing extinction, while
another 25% are threatened (Stuart et al., 2004; Collins
and Crump, 2009; Wake, 2012). Habitat destruction,
disease, invasive species, pollution, and the pet trade
are all factors known to negatively influence amphibi-
an populations (Collins and Storfer, 2003; Stuart et al.,
2004; Daszak et al., 2005). Habitat loss has been pro-
posed as the most important overall cause of amphibi-
an declines (Collins and Storfer, 2003; Bradford, 2005;
Gallant et al., 2007). Although less well publicized, rep-
tiles are facing a comparable crisis for similar reasons
(Gibbons et al., 2000; Reading et al., 2010; Sinervo et
al., 2010; Chessman, 2011; Béhm et al., 2013).
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One cause of habitat loss that has received much re-
cent attention centers on energy extraction (Nikiforuk,
2010; Reece and Krupa, 2013). Energy extraction both
destroys habitat for amphibians and reptiles and intro-
duces contaminants that compromise future reclama-
tion and restoration efforts. For example, the surface
mining of oil sands in northeastern Alberta, Canada has
resulted in clearing large portions of the Boreal Forest
and draining wetlands; processing of these oil-perme-
ated sands then results in waste byproducts that either
exclude or compromise amphibian populations (Pol-
let and Bendell-Young, 2000; Hersikorn et al., 2010;
Hersikorn and Smits, 2011). In the Midwestern United
States, surface mining for coal has altered and in some
cases destroyed amphibian habitat. However, following
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the implementation of the Surface Mining Control and
Reclamation Act (SMCRA) of 1977, extraction industries
are now required to comply with national reclamation
standards (Office of Surface Mining Reclamation and
Control, 2008). Under SMCRA standards, habitats de-
stroyed as a result of coal mining must be restored to
their previous use, a historical use, or to a standard that
is equally or more economically productive. In south-
western Indiana, historic surface-mined sites are now
being used as agricultural fields, housing developments,
and recreational sites. When reclaimed sites are target-
ed for wildlife habitat, they have historically been plant-
ed as grasslands. This is because the soil compaction
produced by the heavy earthmoving equipment used to
re-contour these sites restricts the ability of tree roots
to penetrate the soil (Bajema et al., 2001). This empha-
sis on grassland construction has expanded the avail-
able prairie habitat in the central and southern portions
of the Midwest (Lannoo et al., 2009).

The ability of vertebrates to colonize reclaimed mine
spoil prairies is well known, and has been reported for
birds (DeVault et al., 2002; Scott et al., 2002; Scott
and Lima, 2004), small mammals (Hingtgen and Clark,
1984; Stone, 2007), amphibians (Myers and Klimstra,
1963; Timm and Meretsky, 2004; Anderson and Arru-
da, 2006; Kinney et al., 2010), and reptiles (Myers and
Klimstra, 1963). Most studies on amphibian and reptile
recolonizations have focused on documenting species
presence, diversity, and abundance (Myers and Klim-
stra, 1963; Galan, 1997; Timm and Meretsky, 2004;
Loughman, 2005; Carrozzino, 2009; Lannoo et al.,
2009); fewer have reported on population sizes, re-
productive potential, and malformation rates (but, see
Galan, 1997; Loughman, 2005).

Figure 1. Aerial image of Hillenbrand Fish and Wildlife Area-West
(HFWA-W), in Greene County, Indiana. Yellow lines demarcate
boundaries of state-owned property. Note that HFWA-W consists
of a large central grassland punctuated with lakes and small
seasonal and semi-permanent wetlands, surrounded by forested
(dark green) and agricultural (light green or brown) areas. We
indicate the location of our two study ponds (Nate’s and Cattail).
As well, we note railroad tracks (potential wildlife corridors), and
an active coal mine that borders the northwestern edge of the
property.
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Previously, we documented the diversity and relative
abundance of amphibians and reptiles following a one-
year survey at a reclaimed mine spoil prairie in south-
west Indiana (Lannoo et al., 2009; Kinney et al., 2010).
In the present contribution we expand these initial sur-
veys to a second year and detail population sizes, juve-
nile recruitment (sensu Hocking et al., 2008), and juve-
nile malformation rates among the amphibian species
present (98.2% if the individuals observed). Our data
show that areas once stripped of their ecology but since
reclaimed, restored, and properly managed can be col-
onized by amphibians and reptiles to produce success-
fully breeding and presumably sustainable populations
with low malformation rates, including populations of
species in decline across other portions of their range.

MATERIALS AND METHODS

Study Site — Our study site was located on the west-
ern region of the Hillenbrand Fish and Wildlife Area
(HFWA-W) in Greene County, Indiana (Figure 1). HF-
WA-W comprises 729 hectares that was historically
(pre-1850s) eastern deciduous forest punctuated by
pocket prairies (Transeau, 1935; Jones and Cushman,
2004), then converted to agricultural fields (beginning
in the mid- to late-nineteenth century and extending
into the twentieth century) prior to being surface mined
for coal in 1976 (Lannoo et al., 2009). Following mining,
in 1982, this area was contoured and seeded to herba-
ceous cover vegetation. In 1988, this property was pur-
chased by the Indiana Department of Natural Resources
(IDNR) for use as a state fish and wildlife area, and was
gradually re-seeded to prairie species such as Big Blue-
stem (Andropogon gerardii), Little Bluestem (Schizach-
yrium scoparium), Indian Grass (Sorghastrum nutans),
Partridge Pea (Chamaecrista fasciculata), Black-eyed
Susan (Rudbeckia hirta), and Common Milkweed (As-
clepias syriaca). HFWA-W is now managed by the IDNR
Division of Fish and Wildlife (Lannoo et al., 2009).

As a result of mining activities, post-mining habitat
restoration, and erosion control, HFWA-W now contains
several bodies of water ranging in hydroperiod from
ephemeral wetlands, through semi-permanent wet-
lands, to large final-cut lakes (Figure 1). As part of a
collaborative project to study the biology of Crawfish
Frogs (Lithobates areolatus) at HFWA-W, the presence
of other amphibian and reptile species was monitored at
two of these wetlands, Nate’s Pond and Cattail Pond, as
well as surrounding uplands (Kinney, 2011).

Nate’s Pond is an ephemeral wetland, approximately
0.14 ha in size, that reaches a maximum depth of 0.5
m in the spring. It was formed unintentionally at the
initial site of mining excavation. On the southeastern
side of the wetland is a large hill where the first spoils
were dumped. The wetland itself lies on re-contoured
ground that creates a slight slope facing the hill, causing
water to accumulate in the resulting depression. Woody
vegetation in the pond includes willows (Salix spp.) and
Eastern Cottonwoods (Populus deltoides). Within the
wetland, willows and hybrid cattails (Typha angustifolia
x latifolia) predominate. The center of the wetland is
characterized by a small open-water area with scattered
rushes (Scirpus sp.) and aquatic macrophytes. The up-
lands surrounding the wetland basin consist of restored
prairie.

Cattail Pond is a larger, semi-permanent wetland ap-
proximately 0.33 ha, with a maximum depth of 1 m.
Cattail Pond was also formed unintentionally from either
a depression created by uneven contouring during the
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Table 1. A complete listing of the number of individual amphibians and reptiles collected at Hillenbrand Fish and Wildlife Area-West,
sorted by species, wetland, and year. Dashed entries represent incidental captures away from these wetlands.

Nate's Nate's Cattail Cattail
Scientific Name 2009 2010 2009 2010 Total
Salamanders
Ambystoma opacum 1,479 904 75 83 2,541
Ambystoma texanum 646 561 579 597 2,383
Ambystoma tigrinum 4 — 22 12 38
Notophthalmus viridescens 809 627 297 203 1,936
Plethodon cinereus — 1 — — 1
Total 2,938 2,093 973 895 6,899
Frogs
Acris blanchardi 11 15 18 21 65
Anaxyrus fowleri 2 4 — — 6
Hyla chrysoscelis 1 11 — — 12
Lithobates areolatus 367 2161 42 22 2,592
Lithobates catesbeianus 8 8 25 47 88
Lithobates clamitans 149 139 1980 506 2,774
Lithobates sphenocephalus 947 604 300 209 2,060
Pseudacris crucifer 140 73 13 5 231
Pseudacris triseriata 511 372 112 122 1,117
Total 2,136 3,387 2,490 932 8,945
Snakes
Carphophis amoenus 1 — — — 1
Clonophis kirtlandii — — — — —
Coluber constrictor 1 — 2 — 3
Diadophis punctatus 1 — — — 1
Heterodon platirhinos — — — — —
Lampropeltis calligaster — — — — —
Lampropeltis getula — — — — —
Lampropeltis triangulum — — — — —
Nerodia sipedon — — 1 — 1
Opheodrys aestivus — — — — —
Storeria dekayi 1 13 2 — 16
Thamnophis sauritus 3 3 5 — 11
Thamnophis sirtalis 1 2 5 4 12
Total 8 18 15 4 45
Turtles
Chelydra serpentina 5 1 18 4 28
Chrysemys picta 30 14 117 37 198
Sternotherus odoratus — — — — —
Terrapene carolina 25 17 4 7 53
Trachemys scripta 4 2 3 1 10
Total 16 34 142 49 241
Lizards
Plestiodon fasciatus — — — — —
Scincella lateralis — — — — —
Total 5,098 5,532 3,620 1,880 16,130

reclamation process or by slumping afterward. Cattail
Pond is circular; hybrid cattails predominate, occurring
densely everywhere except in the center of the pond
where there is a roughly circular opening of deeper wa-
ter. Upland vegetation consists of restored prairie, simi-
lar in species composition to the assemblage surround-
ing Nate’s Pond.

Sampling Techniques — We used drift fences paired
with pitfall traps to monitor amphibian and reptile move-
ment into and out of wetlands (Gibbons and Bennett,
1974; Gibbons and Semlitsch, 1981; Dodd and Scott,
1994). Full drift fences were installed around Nate’s and
Cattail ponds in February 2009 after the ground had
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thawed enough to dig; fencing was placed approximate-
ly 5 m from the wetland edge. Fence material consisted
of woven polypropylene composite fence, 1-m high and
buried roughly 10-15 cm below ground, with support
stakes placed every 5 m. Hardware cloth was later in-
stalled at drainage areas to prevent the washing out
of fences during flood events (Lamoureux et al., 2002;
Heemeyer et al., 2010). In 2010, we used a more du-
rable monofilament silt fence reinforced by wooden 5 x
60 cm laths. Pitfall traps consisted of 15-L white square
buckets placed every 10 m along the inside and outside
of the fencing (Heemeyer et al., 2010). Each bucket was
fitted with a half lid (open side closest to the fence) to
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Table 2. Numbers of amphibians captured at Nate’s Pond in a drift fence/pitfall trap array, sorted by year, sex, and life history stage.
Note that A. opacum, A. texanum, N. viridescens, L. areolatus, and L. sphenocephalus predominate. Here, subadults are defined as
animals intermediate in size between newly metamorphosed juveniles and adults; natal juveniles indicate recently metamorphosed
animals dispersing from our study wetlands; immigrating juveniles indicate juveniles from other wetlands entering our study wet-

lands.
2009
Natal  Immigrating
Species Female Male Subadult Juveniles Juveniles Unknown Total
Acris blanchardi 7 3 — 1 — — 11
Ambystoma opacum 133 254 48 943 101 — 1,479
Ambystoma texanum 131 159 114 199 29 14 646
Ambystoma tigrinum — — — 1 3 — 4
Anaxyrus fowleri — — — — 2 — 2
Hyla chrysoscelis — — — — — 1 1
Lithobates areolatus 31 38 1 286 11 — 367
Lithobates catesbeianus — — — — 8 — 8
Lithobates clamitans 10 4 — 47 88 — 149
Lithobates sphenocephalus 54 71 14 625 183 — 947
Notophthalmus viridescens 41 43 — 667 58 — 809
Plethodon cinereus — — — — — — —
Pseudacris crucifer 53 51 — 35 1 — 140
Pseudacris triseriata 279 196 — 32 1 3 511
Total 739 819 177 2,836 485 18 5,074
2010
Natal  Immigrating

Species Female Male Subadult Juveniles Juveniles Unknown Total
Acris blanchardi 3 4 5 — — 3 15
Ambystoma opacum 46 62 5 751 27 13 904
Ambystoma texanum 248 251 42 12 3 5 561
Ambystoma tigrinum — — — — — — —
Anaxyrus fowleri 3 — — — 1 — 4
Hyla chrysoscelis — — — 1 9 1 11
Lithobates areolatus 22 20 2 2,103 14 — 2,161
Lithobates catesbeianus 1 — 1 1 5 — 8
Lithobates clamitans 9 8 1 21 100 — 139
Lithobates sphenocephalus 13 23 1 243 323 — 603
Notophthalmus viridescens 48 35 15 519 10 — 627
Plethodon cinereus — — — — — 1 1
Pseudacris crucifer 36 26 — 5 6 — 73
Pseudacris triseriata 192 172 1 6 — 1 372
Total 621 601 73 3,662 498 24 5,479

provide shade for trapped animals and deter predators
(raccoons, skunks, opossums, feral cats). We placed a
sponge in each trap to help prevent desiccation of ani-
mals during warm weather and provide a floating sub-
strate for animals when buckets flooded, and we placed
a 2.5 cm x 2.5 cm x 40 cm stake in each bucket to
facilitate small mammal escape (Dodd and Scott, 1994).

Nate’s Pond was enclosed with 270 m of fencing and
26 pairs of pitfall traps; Cattail Pond was enclosed with
280 m of fencing and 27 pairs of pitfall traps (later,
one of these pitfall traps located in a perennially wet
area was removed). In 2009, pitfall traps were opened
from 5 March-16 October. In 2010, pitfall traps were
opened from 1 March-19 August. Throughout the spring
amphibian breeding season, pitfall traps were checked
once daily immediately after sunrise; on rainy nights
traps were checked multiple times (Heemeyer et al.,
2010). In addition to using these trap arrays, we cap-
tured amphibians and reptiles opportunistically while
walking the trails to the wetlands and while conducting
other research activities at our study site.

We identified captured amphibians and reptiles to spe-
cies and life history stage (juvenile or adult); adults
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were sexed, juveniles were examined for external mal-
formations. Upon first encounter at pitfall traps, all ra-
nids and ambystomatids were given two toe clips, one
representing the year, the other representing the pond;
newly metamorphosed juveniles and adults were given
separate cohort clips to differentiate life-history stages.
Adult Crawfish Frogs were implanted with a passive in-
tegrated transponder (PIT) tag (Christy, 1996). PIT tags
were inserted subcutaneously in unanesthetized animals
by using cuticle scissors to make a small incision, just
larger than the diameter of the tag, on the ventral flank,
behind the forelimb, before inserting a sterile tag. Re-
captures show that these wounds heal over by the next
day (Lannoo, unpublished data, including photographs).
Definitions of malformation types follow Meteyer (2000)
and Lannoo (2008).

RESULTS
Species Diversity and Abundance — We found 34 spe-
cies of amphibians and reptiles at HFWA-W; 10 species
were new county records for Greene County (Lannoo
et al.,, 2009; Kinney et al.,, 2010). We captured a to-
tal of 15,844 amphibians and 286 reptiles representing
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Table 3. Numbers of amphibians captured at Cattail Pond in a drift fence/pitfall trap array, sorted by year, sex, and life history stage.
Note that L. clamitans predominate. Here, subadults are defined as animals intermediate in size between newly metamorphosed
juveniles and adults; natal juveniles indicate recently metamorphosed animals dispersing from our study wetlands; immigrating
juveniles indicate juveniles from other wetlands entering our study wetlands.

2009
Natal Immigrating
Species Female Male Subadult Juveniles Juveniles  Unknown Total
Acris blanchardi 3 6 — 4 4 1 18
Ambystoma opacum 22 22 — 15 15 1 75
Ambystoma texanum 155 243 96 59 21 5 579
Ambystoma tigrinum 2 10 — 1 9 — 22
Anaxyrus fowleri — — — — — — —
Hyla chrysoscelis — — — — — — —
Lithobates areolatus 14 14 — 11 3 — 42
Lithobates catesbeianus 6 1 2 4 11 1 25
Lithobates clamitans 11 18 17 1507 424 3 1980
Lithobates sphenocephalus 18 98 4 47 131 2 300
Notophthalmus viridescens 110 88 — 49 45 5 297
Plethodon cinereus — — — — — — —
Pseudacris crucifer 8 4 — 1 — — 13
Pseudacris triseriata 59 41 — 10 1 1 112
Total 408 545 119 1,708 664 19 3463
2010
Natal Immigrating
Species Female Male Subadult Juveniles Juveniles  Unknown Total
Acris blanchardi 6 7 2 — 3 3 21
Ambystoma opacum 11 8 3 48 11 2 83
Ambystoma texanum 275 272 29 13 6 2 597
Ambystoma tigrinum 4 2 — 2 4 — 12
Anaxyrus fowleri — — — — — — —
Hyla chrysoscelis — — — — — — —
Lithobates areolatus 7 14 — — 1 — 22
Lithobates catesbeianus 3 4 16 1 23 — 47
Lithobates clamitans 34 42 13 34 382 1 506
Lithobates sphenocephalus 33 34 — 47 95 — 209
Notophthalmus viridescens 51 37 7 86 22 — 203
Plethodon cinereus — — — — — — —
Pseudacris crucifer 3 2 — — — — 5
Pseudacris triseriata 59 49 3 9 1 1 122
Total 486 471 73 240 548 9 1,827

25 species (14 amphibians, 11 reptiles) at drift fences
across the two years of this study (Table 1). We found
nine additional reptile species, Clonophis kirtlandii, Het-
erodon platirhinos, Lampropeltis calligaster, L. getula,
L. triangulum, Opheodrys aestivus, Sternotherus odora-
tus, Plestiodon fasciatus, and Scincella lateralis, oppor-
tunistically while conducting other research activities at
the study site (Table 1). In total, amphibians constituted
98.2% of our observations.

Amphibian species most often found in pitfall traps
were Marbled Salamanders (Ambystoma opacum),
Small-mouthed Salamanders (A. texanum), Southern
Leopard Frogs (Lithobates sphenocephalus), Crawfish
Frogs (L. areolatus), Green Frogs (L. clamitans), and
Western Chorus Frogs (Pseudacris triseriata; Table 1).
Reptile capture rates were low at drift fences, with sev-
eral species represented by only one individual. Painted
Turtles (Chrysemys picta), Eastern Box Turtles (Terra-
pene carolina), and Snapping Turtles (Chelydra serpen-
tina) predominated (Table 1).

Amphibian Breeding — Amphibian breeding assem-
blages (sensu Lannoo et al., 1994) were consistent
across years within ponds, but varied across the two
ponds sampled. At Nate’s Pond, predominant species in-
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cluded A. opacum, A. texanum, Eastern Newts (Notoph-
thalmus viridescens), and P. triseriata. The four ranids
captured (L. areolatus, L. catesbeianus, L. clamitans,
and L. sphenocephalus) were common, but adults were
not present in large numbers (Table 2). At Cattail Pond,
A. texanum and N. viridescens predominated (Table 3).
Numbers of adults varied between years at both ponds,
with some species such as A. opacum at Nate’s Pond
fluctuating as much as four fold (Table 2). Recapture
data showed that a subset of A. opacum, A. texanum,
L. clamitans, and L. sphenocephalus juveniles produced
in 2009 returned in 2010 as breeding adults (Table 4).
Juvenile Recruitment and Immigration — Numbers of
juveniles produced varied by wetland and across years.
At Nate’s Pond, juvenile A. opacum, A. texanum, N. vir-
idescens, L. areolatus, and L. sphenocephalus were pro-
duced in large numbers (Table 2). At Cattail Pond, only
L. clamitans were produced in large numbers (Table 3).
Under drying conditions in 2010 at Nate’s Pond, juvenile
Green Frogs metamorphosed in one season. In addition
to supporting successful reproduction, each wetland re-
ceived immigrant juveniles from other sites. The most
abundant immigrant species at Nate’s Pond were A.
opacum, L. clamitans, and L. sphenocephalus (Table 2),
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Table 4. Recruitment at Nate’s and Cattail ponds as represented
by metamorphic individuals originally captured exiting ponds in
2009 and recaptured returning to ponds in 2010.

Nate’s Pond
Species No. of Individuals
Ambystoma opacum 112
Ambystoma texanum 1°
Lithobates sphenocephalus 5¢

23 females, 7 males, 1 juvenile; °1 male; <5 males

Cattail Pond
Species No. of Individuals
Lithobates clamitans 12
Lithobates sphenocephalus 20

21 male ; °1 female, 1 male

while at Cattail Pond, L. clamitans and L. sphenocepha-
lus predominated (Table 3).

Malformation Rates and Types — Out of a total of
8,064 metamorphosing juveniles we detected 126 mal-
formations, a 1.6% malformation rate (Table 5). At Na-
te’s Pond, we found 90 malformations among the 6,388
metamorphosing juveniles, a 1.4% rate. The major
malformation types at Nate’s Pond were limbs miss-
ing (amelia) or foreshortened (ectromely), followed
by digits missing elements (ectrodactyly), foreshort-
ened (brachydactyly), fused (syndactyly), or duplicat-
ed (polydactyly). We also found low numbers of small
eyes (micropthalmia), duplicated limbs (polymely), and
curved spines (scoliosis; Table 5). Malformations were
spread across three salamander and three frog species,
with A. texanum having the highest rate (6.2%) and
A. opacum having the greatest number of malformation
types (7 of 9 observed).

At Cattail Pond, we found 36 malformations among the
1,676 metamorphosing juveniles, a 2.1% malformation
rate. The major malformation type at Cattail Pond was
eye discoloration, which affected L. clamitans juveniles.
Two salamander species (A. opacum and A. texanum)
had the highest rates of malformations, which generally
consisted of missing or foreshortened limbs or digits,
with single instances of a foreshortened digit, duplicated
finger, and duplicated limb (Table 5).

DISCUSSION

The findings in this study expand upon our previous
work (Lannoo et al., 2009; Kinney et al., 2010) empha-
sizing the potential value of mine spoil prairies as criti-
cal habitat for amphibian and reptile populations. From
1976-1982, our study site was a 30-m deep, open-pit
strip mine, where we assume (although cannot prove)
that no amphibian or reptile species occurred. During
the present study, conducted in 2009 and 2010—almost
three decades after reclamation was completed—26 spe-
cies of amphibians and reptiles, represented by 15,844
amphibian and 286 reptile captures, were observed at
drift fence/pitfall trap arrays, and individuals of nine
additional species were observed incidentally (Table 1).
Two of these species, L. areolatus and C. kirtlandii, are
listed as endangered in Indiana; three species, T. caro-
lina, A. blanchardi, and O. aestivus, are listed as special
concern (Lannoo et al., 2009).

While the diversity of amphibians and reptiles ob-
served at this site might be surprising given its industri-
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al history (Lannoo et al., 2009), our species richness is
similar to values found at other restored wetlands in the
Midwest. For example, Brodman et al. (2006) report-
ed 10 amphibian species collected at a restored prai-
rie (Kankakee Sands) in northwestern Indiana, Timm
and Meretsky (2004) documented nine frog and toad
species at a reclaimed mine area in southwest Indiana
(near HFWA-W), Walston and Mullin (2007) reported 10
amphibian species at a pond in Illinois, and Hocking et
al. (2008) reported 15 amphibian species at ponds lo-
cated within an oak-hickory forest in Missouri. Similarly,
our amphibian and reptile abundance levels were com-
parable to those found by Palis (2007) at constructed
wetlands on a conservation preserve, with juveniles ac-
counting for the majority of captures.

Some amphibian species favored certain pond types.
Species associated with ephemeral wetlands (e.g., A.
opacum, L. sphenocephalus) were more abundant at
Nate’s Pond (Table 2), while species preferring more
permanent bodies of water, such as L. clamitans (Min-
ton, 2001), were more common at Cattail Pond (Table
3). These observations are consistent with the conclu-
sions of Pechmann et al. (1989), who noted that pond
hydroperiod is a determining factor in amphibian spe-
cies diversity and community structure. These results
are also consistent with Lannoo (1998), who noted that
a mosaic of wetland types is likely to ensure successful
amphibian breeding independent of hydroperiod. It is
likely that this amphibian diversity stems in part from
the presence of these various wetland types, as well
as by a variety of upland habitat types, including ex-
pansive grasslands surrounded by woodlands of various
sizes (Figure 1).

We demonstrate that at our study site, amphibians and
reptiles are represented by high numbers of species and
relatively high abundances within several species (Table
1). We also demonstrate that pond-breeding amphibi-
ans, such as A. opacum, A. texanum, N. viridescens, L.
areolatus, L. clamitans, and L. sphenocephalus, are suc-
cessfully reproducing (Tables 2 and 3), and recruiting
breeding adults into their populations (Table 4).

Post-industrial landscapes can be contaminated with
chemical products or byproducts, many of which are
known to have an impact on amphibian development
(Rowe et al.,, 1998; Hopkins et al., 2000; Lannoo,
2008). The fact that malformation rates at our wetland
sites were comparable with background rates of malfor-
mations (Lannoo, 2008), suggests no obvious influence
of contaminants resulting from past mining activities on
the health status of current amphibian populations, al-
though we recognize that more subtle effects, for exam-
ple on immune systems (Davidson et al., 2007; but see
Kinney et al., 2011), may be occurring.

The diversity and abundance of amphibians and rep-
tiles at HFWA-W may be attributed to at least three fac-
tors: the presence of a variety of wetland and upland
habitat types (Figure 1), the presence of nearby (3 km;
Engbrecht et al., 2013) offsite source populations with
access to the site, and ecosystem management prac-
tices by IDNR biologists. At our study site, most wet-
lands are the result of natural slumping or depressions
created during post-mining reclamation. While these
basins were created incidentally, their structure pro-
vides insight into how restoration biologists can favor
amphibians and reptiles when re-contouring reclaimed
habitats. It is possible that the numerous railroad right-
of-ways associated with coal extraction are serving as
wildlife corridors. Because the ecology of HFWA-W was
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Table 5. Malformation rates in newly metamorphosed amphibians at Hillenbrand Fish and Wildlife Area in 2009 and 2010 sorted by
wetland, species, and malformation type. Definitions of malformation types follow Meteyer (2000) and Lannoo (2008).
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Species LG < & @ i e ) s & & o=
Ambystoma texanum 211 4 6 2 0 1 0 0 0 0 6.2%
Ambystoma opacum 1,694 19 11 16 17 2 3 0 0 1 4.1%
Pseudacris crucifer 40 1 0 0 0 0 0 0 0 0 2.5%
Lithobates sphenocephalus 868 0 1 0 0 0 0 1 1 0 0.3%
Lithobates areolatus 2,389 1 1 0 0 0 0 1 0 0 0.1%
Notophthalmus viridescens 1186 0 1 0 0 0 0 0 0 0 0.1%
Total 6,388 25 20 18 17 3 3 2 1 1 -
Malformations Rate by Type - 0.4% 0.3% 0.3% 0.3% 0.1% 0.1% 0.0% 0.0%0.0% -
Overall Malformation Rate 1.4%
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Ambystoma texanum 72 0 2 1 0 1 0 5.6%
Ambystoma opacum 63 0 0 2 1 0 0 4.8%
Lithobates clamitans 1,541 19 5 4 0 0 1 1.9%
Total 1,676 19 7 7 1 1 1 -
Malformations Rate by Type - 1.10% 0.40% 0.40% 0.10% 0.10% 0.10% -

Overall Malformation Rate 2.1%

destroyed by mining activities 35 years ago, the coloni-
zation of amphibians and reptiles at HFWA-W must have
been a relatively recent event, originating from offsite
populations (Lannoo et al., 2009). The habitat surround-
ing HFWA-W consists of a mosaic of pre-SMCRA forested
mined land, livestock pasture, and agricultural fields.

Galan (1997), working in Spain, reported that during
the initial years following mining, the first amphibians
captured were juveniles. Similarly, we suspect juve-
nile dispersal was the driving force behind colonization
events at HFWA-W (Lannoo et al., 2009). Newly meta-
morphosed individuals were captured immigrating into
each wetland, and may be driving metapopulation dy-
namics (Sinsch, 1997; Marsh and Trenham, 2000; Sem-
litsch, 2000; Semlitsch, 2008).

Galan (1997) also noted that breeding was not de-
tected until five years after reclamation, and suggested
that more than 10 years are needed for amphibian and
reptile communities to reach pre-disturbance diversity
and abundance levels. If Galan’s estimations are true,
amphibian and reptile communities at HFWA-W should
now be at pre-mining population levels (mining activ-
ities HFWA-W ended in 1982). In fact, amphibian and
reptile diversity and abundance numbers at this site are
likely higher than before mining activities, when the site
was used for agriculture, and certainly higher than when
the site was an open-pit mine. In southwest Indiana,
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pre-settlement grassland habitat occurred in scattered
“pocket prairies,” with more continuous prairie occurring
to the west, in Illinois, and to the north across the Prai-
rie Peninsula into northwest Indiana (Transeau, 1935;
Gordon, 1936). The presence of mining and subsequent
reclamation to grassland in southwestern Indiana has
paradoxically resulted in a resurgence of grassland hab-
itat in this region of the state, and it appears that the
amphibians and reptiles of the region have responded
in a robust way.
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