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Abstract

We evaluated avian and anuran communities in 11 mitigation and four reference wetlands throughout West Virginia, USA.
Avian species richnesPE 0.711), diversityP =0.314), and abundande € 0.856) (expressed as mears.E. per ha) were simi-
lar between mitigation (richness: 113).40; diversity: 3.1 0.53; abundance: 274 2.2) and reference (richness: 1%2.62;
diversity: 2.8+ 0.47; abundance: 28:54.9) wetlands. Waterbird(= 0.013) and waterfowlR = 0.013) abundance were higher
in mitigation (waterbird: 5.3t 1.5; waterfowl: 4.4+ 1.4) than reference (waterbird: 0.44.23; waterfowl: 0.24-0.21) wet-
lands. Anuran (frogs and toads) species richnBss(.023), Wisconsin index (WI) calling valueB € 0.001), and abundance
(P<0.001) (expressed as mears.E. per survey point) were higher in mitigation (richness: 2@109; WI: 0.52+0.03;
abundance: 4.7& 0.66) than reference (richness: 140.14; WI: 0.40+0.17; abundance: 4.691.18) wetlands. Evidence
suggests that avian and anuran densities in mitigation wetlands are similar or in some cases higher than in natural (reference)
wetlands.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction lands across the U.S., however, has undermined the
survival of some fish, shellfish, furbearing mammals,
Wetlands are important ecosystems that provide waterfowl, and amphibians that rely exclusively
valuable habitat for wildlife. The destruction of wet- on these areas for survivaMitsch and Gosselink,
2000. The Clean Water Act of 1972 was the first
* Corresponding author. Tel.: +1 304 293 2941x2445; major legislation that protected our nation’s wetland
faX:E” 39|4 §33 2441. der25@uvt.edu, wetland@vvu.ed resource base, but it was not until the “no net loss”
a7 A“;Z"eionrfssesan eres@wvu.edu, wetland@wv.edu policy of the late 1980s that the government actively
1 presentaddress: Bureau of Reclamation, 300 E 8th St. Ste G-169, SOUght to mitigate for these losses that have impacted

Austin, TX 78701, USA. wetland-dependent wildlife across the country.
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Under the new policy, thousands of hectares of wet- anurans rely exclusively on wetlands for all or part of
lands have been constructed to compensate for wetlandtheir life-cycle Michael and Smith, 1985; Dodd and
destruction, but little monitoring has been conducted Cade, 1998; Lehtinen et al., 1999; Semlitsch, 2002
on the success of these newly created wetlands, par-Hence, anuran populations can provide insight into
ticularly in West Virginia (National Research Council, water quality and temporal variations in hydrology
2007). Most studies that have addressed mitigation suc- (Beattie and Tyler-Jones, 1992; Anderson et al., 1999a;
cess have focused on wetland function with respect Semlitsch, 200R They feed on numerous invertebrate
to hydrology, soils, and vegetatio@@mmings, 1999;  species Anderson et al., 1999b; Lima and Magnus-
Moore et al., 1999; Zedler and Callaway, 1999; Stolt son, 200Qand are an important food source for inver-
et al., 2000; Cole et al., 2001; Campbell et al., 2002 tebrates and vertebrates alilgridges, 1999; Lardner,
These parameters are excellent indicators of wetland 2000. This makes them a valuable link between inver-
function, but they yield limited insight into a wetland’s  tebrate populations and higher vertebrates in a com-
direct ability to support wildlife populations. Indeed, plex food web Weller, 1999. Moreover, physiologi-
it is assumed that adequate vegetation, hydrology, andcal attributes such as their permeable skin, eggs without
location will precipitate wildlife colonization of newly  shells, gilled larvae, and ectothermic metabolism make
created wetlandsEfwin, 1990; Hammer, 1992 But them particularly vulnerable to habitat alterations, and
information regarding the ability of mitigation wet- thus excellentindicators of environmental heatay,
landsto replace lost wildlife habitat is lacking4tional 1980; Heyer et al., 1994; Semlitsch, 2002
Research Council, 200.10f particular concern is the There is a need to evaluate the success of mitigation
replacement of waterbird and anuran habitat in the face wetlands in supporting wildlife taxa that are considered
of continued declines as a result of wetland destruction good indicators of wetland health. This success can of-
(Dahl, 1990; Weller, 1999; Semlitsch, 2Q0Eor rea- ten best be determined through surveys of wildlife pop-
sons listed below, these taxa are extremely important ulations Wilson and Mitsch, 1996; VanRees-Siewert
in the functioning of wetland ecosystems. and Dinsmore, 1996; Stevens et al., 2D0&tural wet-

Numerous bird species require wetlands as their lands are often used as standards of comparison be-
primary habitat. Eighty percent of breeding birds in cause these areas are considered relatively stable and
North America, and more than 50% of the 800 pro- undisturbed Brinson, 1993; Brinson and Rheinhardt,
tected migratory birds rely on wetlandg/barton et 1996; Wilson and Mitsch, 1996The goal of this study
al., 1983. Perhaps due to increased habitat diversity was to evaluate the success of mitigation wetlands in
provided by the water surfac&érguson et al., 1975;  West Virginia in supporting healthy wildlife communi-
Weller, 1999, wetlands support higher avian species ties. Therefore, we compared avian and anuran popu-
diversity (MacArthur, 1964; Mensing et al., 1998nd lations between mitigation and reference wetlands. As
densities (devitz and Michael, 1982; Mensing et al., such, we tested the null hypotheses that anuran and
1998 than their upland counterparts. Wetland birds avian richness, diversity, and abundance were similar
are good indicators of function because, as a group, between mitigation and reference wetlands.
they exhibit a wide range of habitat requirements, have
adapted to the variety of vegetative cover types and wa-
ter regimes wetlands providM€Connell and Samuel, 2. Methods
1985; Anderson et al., 1996; Melvin and Webb, 1998;

Anderson and Smith, 1999; Weller, 1999; Naugle et 2.1. Study area

al., 2000, and they eat a variety of foods including

seeds, fruit, invertebrates, amphibians, and smallmam-  We evaluated 11 constructed and partially restored
mals Gonzalez etal., 1996; De Szalay and Resh, 1997; mitigation wetlands (Walnut Bottom, VEPCO, Buf-
Davis and Smith, 1998; Anderson et al., 2D00 falo Coal, Elk Run, Leading Creek, Sugar Creek, Sand

Like avian species, anurans are relatively easy to Run, Triangle, Trus Joist MacMillan, Enoch Branch,
sample and possess unique habitat requirements. Be-and Bear Run) and four reference wetlands (Altona
cause wetlands provide hibernation, foraging, breed- Marsh, Elder Swamp, Meadowville, and Muddlety) in
ing, and interspersion habitat for different life stages, east-central West Virginia, USA-{g. 1; Table 1. We
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Fig. 1. Site locations of mitigation and reference wetlands in West Virginia, USA, 2001-2002.

stratified these sites into four areas representing threewas located near some form of human disturbance, with
geomorphic settings within the state. These settings aresome lying adjacent to roads with moderate to heavy
indicated by three physiographic regions described by traffic (Balcombe, 2008 Many were extensively used
Fenneman (1938Western Hills, Appalachian Plateau, for recreational use, adding to the level of disturbance.
and Ridge and Valley, but for statistical purposes, all Mitigation sites ranged from 4 to 21 years old since the
mitigation wetlands were compared to all reference time of construction, in size from 3.0-9.5ha, and in
wetlands. We were limited to four reference wetlands elevation from 265 to 1036 nTébles 1 andR Average
based on limited disturbance of natural wetlands and water depth per mitigation wetland ranged from 5.4
their similarity in location and elevation to mitigation to 57.2cm. All mitigation wetlands were classified
sites. as palustrine emergent or palustrine unconsolidated
Mitigation study sites were created as compensation bottom wetlands Gowardin et al., 1979 The most
for human activities including facility construction, common dominant plant communities in mitigation
road construction, or mining. Almost every wetland wetlands were common rushlupcus effusysand
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Table 1

List of 11 mitigation and four reference wetland study sites in West Virginia, USA in 2001-02 including site name, year constructed, size (ha),
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responsible agency or organization, universal transverse mercator (UTM) coordinates, 7.5 min quadrangle, river basin, and watershed

Site name Year Size (ha) Responsibility UTMY UTM X Quad Basin Watershed
Altona Marsh?@ N/A  15.2 N/A 4353000 768600 Middleway  Shenandoah River Shenandoah River
Walnut Bottom 1997 % Division of Hwys 4334210 673914 Old Fields South branch of South branch of
Potomac River Potomac River
Elder Swamp N/A  28.0 N/A 4340000 642200 Mt. Storm Cheat River Blackwater River
Lake
VEPCO 1995 D VA Electric Power 4337900 641300 Mt. Storm Cheat River Blackwater River
Buffalo Coal 1981 D Davis Trucking Co. 4332100 630900 Davis Cheat River Blackwater River
Elk Run 1981 3B Island Crk Coal Co. 4342000 636250 Davis North branch of Elk Run
Potomac River
Meadowville N/A 6.5 N/A 4330920 593940 Nestorville  Tygart Valley Laurel Creek
Leading Creek 1995 8 Division of Hwys 4321563 602550 Montrose Tygart Valley Leading Creek
Sugar Creek 1995 .8 Division of Hwys 4328850 591470 Belington Tygart Valley Laurel Creek
Sand Run 1992 B8 Division of Hwys 4315060 573140 Buckhannon Tygart Valley Sand Run
Triangle 1992 3 Division of Hwys 4316950 568500 Buckhannon Tygart Valley Buckhannon River
Trus Joist MacMillan 1994 2 TJIM Timber Co. 4318340 569560 Century Tygart Valley Buckhannon River
Muddlety N/A 104 N/A 4248480 516790 Widen Gauley River Muddlety Creek
Enoch Branch 1997 8 Division of Hwys 4247300 514550 Widen Gauley River Muddlety Creek
Bear Run 1993 @ WYV Dept Env. Prot. 4305780 519750 Glenville Little Kanawha Little Kanawha

a Site names in bold indicate reference wetlands for mitigation wetland sites (listed below) in each of four areas.

reed canarygras$halaris arundinacep (Balcombe gion. The portions of each wetland that were evaluated
et al.,, 200% (Table 2. Mitigation wetland cover  ranged from 6.5 to 28.0 hain size and ranged from 170
types averaged 40.6% open water, 54.0% herbaceoudo 1000 m in elevation. Average water depth per refer-
vegetation, and 5.4% scrub-shrub vegetation. ence wetland ranged from 5.4 to 17.4 cm. Overall, wa-
Reference wetlands chosen for study were located ter depth in mitigation wetlands was 2.5 times greater
near mitigation sites within each area, usually within than water depth in reference wetlandalgle 2. All
the same watershed. All had established stable emer-reference wetlands were classified as palustrine emer-
gent, scrub-shrub, and forested wetland communities gent or palustrine scrub-shrub wetlan@o{ardin et
that were typical of undisturbed wetlands in the re- al., 1979. Detailed study site descriptions are provided

Table 2
Dominant plant species, average wetland size, and average elevation of mitigatibh) @nd referencenE 4) wetlands in West Virginia, USA,
2001-2002

Dominant plant species (% aerial coverage) Mitigated Reference

Common name Scientific name x S.E. X S.E.
Tussock Sedge Carex stricta 0.42 022 423 219
Common Rush Juncus effusus var. effusus 4.82 073 025 016
Rice Cutgrass Leersia oryzoides 2.64 103 285 208
Purple Loosestrife Lythrum salicaria 152 094 000 000
Reed Canarygrass Phalaris arundinacea 6.99 271 000 000
Mild Water Pepper Polygonum hydropiperoides 1.59 109 003 002
American Bur-reed Sparganium americanum 0.26 024 125 125
Broad-leaved Cattail Typha latifolia 1.27 070 682 384
Water depth (cm) 332 343 1203 268
Wetland size (ha) 80 080 1510 470
Wetland elevation (m) 5860 7590 58200 16950
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in Balcombe (2003)The most abundant community three times (5-24 April, 7-30 May, and 5-18 June
type in reference wetlands included broad-leaved cat- 2001-2002) to account for temporal breeding differ-
tail (Typha latifolig and tussock sedg€érex strictg ences among specielgssman et al., 1998; Stevens
(Table 2. Cover types on reference wetlands averaged et al., 2002. These dates were selected based on rec-
9.3% open water, 44.3% herbaceous vegetation, 41.1%ommended temperature ranges for different survey pe-

scrub-shrub vegetation, and 5.3% forested. riods (i.e., period 1: >8C; period 2: >10C; period 3:
>12.8°C; Casey and RecoydJ.S. Fish and Wildlife
2.2. Avian communities Service, unpublished report). We collected data for

3 min at each sampling point following a 1-2 min set-

We evaluated avian communities by sampling tling period. We identified frogs to species and eval-
breeding bird populations using point count surveys uated relative abundances by assigning a Wisconsin
(Ralph et al., 1996 We visited each wetland twice index (WI) value of intensity to each species’ call
between 5 May and 27 June 2001-2002, when breed-(Mossman, 1994 We assigned aranking of 1 to species
ing birds were most active. We conducted 10-min point with nonoverlapping calls and when an exact count of
counts that occurred between 30 min before sunrise andindividuals could be made, a ranking of 2 to species
1000 h, under acceptable weather conditidralfh et whose calls overlapped and only estimations of num-
al., 1995. We established a minimum of 1 (2440.31) bers could be made, dra 3 tospecies that were call-
0.78 ha point count stations (50-m radius) at each wet- ing in full chorus. If a WI value of 3 was assigned to
land, which were spaced 250 m apartforindependent  a species, we used a standard abundance estimate of
bird surveys Ralph et al., 1998 At each wetland, we  50. We conducted surveys between 30 min after sun-
established a sufficient number of sampling stations set and midnight. We used the species checklist from
(1-5) to cover the entire wetland area. the Society for the Study of Amphibians and Reptiles

We conducted playback surveys for some waterbirds (2000)for common and scientific names of frogs.
that are generally missed with traditional bird count
methodologies. Immediately following point counts, 2.4. Statistical analyses
we conducted call-response surveys for Virginia rails
(Rallus limicolg, king rails R. elegany and soras For all avian analyses, we included only those birds
(Porzana carolina at the same stations used for point sampled within the 50 m radius (0.78 ha) plots. We used
counts to determine rail presence/absence and relativea split-plot analysis of variance design (ANOVA) to test
abundance. Surveys also were conducted for Amer- for differences in avian richness (no. species/ha), abun-
ican bitterns Botaurus lentiginosys least bitterns dance (no. birds/ha), and diversity (per ha) between
(Ixobrychus exiliy and pied-billed grebedP6dilym- mitigation and reference wetlands using SATAG
bus podicepsusing the same protocol. We conducted Institute, 1983. Avian diversity was calculated us-
surveys according to protocol outlined Bibbs and ing the Shannon—-Weiner indeSlannon and Weaver,
Melvin (1993) We played species-specific callsusinga 1949. Avian species included in the waterbird anal-
portable cassette player located 0.75 m above ground orysis were Canada geesBrénta canadens)s mal-
water for 50 s per call, followed by 10 s of silence. Calls lards @nas platyrhynchgdswood ducks Aix spons,
were played with a maximum sound pressure of 80 dB black ducks Anas rubripe¥, green heronsButorides
1 m from the recorder. We played each species’ call in virescen, great blue heronsAfdea herodiuy belted
the same order 1time/station. We used American kingfishers Ceryle alcyol), spotted sandpiperg\¢ti-
Ornithologists Union (1998)hecklist forcommonand  tis macularig, Virginia rails, and soras. Canada geese,

scientific names of birds. mallards, wood ducks, and black ducks were included
in the waterfowl analysis.
2.3. Anuran communities We used a two-way ANOVA with a repeated mea-

sures design to compare anuran richness because three
We evaluated anuran communities using noctur- survey periods were repeated both years. For avian
nal call count surveys to evaluate species presence orand anuran analyses, the independent variables tested
absence and relative abundance. We visited wetlandswere year, type (mitigation versus reference), and



20 C.K. Balcombe et al. / Ecological Engineering 25 (2005) 85-99

yearx type interactions with the dependent variables period combination as a blocking factor for logistic
varying depending on which taxa was being analyzed. regression. For all other avian and anuran analyses,
We used individual wetlands as experimental units. geographic area was a blocking factor.

Because WI and anuran abundance metrics were Assumptions of normality were tested with the uni-
categorical variables, we used logistic regression to variate procedure in SAS, and Levene’s test was used
compare mitigation and reference wetlands. Abun- for homogeneity of variances. Rank and square-root
dance estimates were obtained using SAS and groupedransformations were used to convert dependent vari-
into intervals (i.e., 2-5, 6-15, 16-25, 26—-35, and 50), ablesthatdid not meetthe aforementioned assumptions
which allowed them to be treated as categorical vari- (Dowdy and Wearden, 199.1Specifically, square-root
ables. Only the mid-point of each interval was used for transformations were incorporated in anuran WI com-
analyses. Logistic regression also was needed becausgarisons, and rank transformations were used to ana-
of unequal variances associated with WI and abun- lyze avian communities. We used an alpha level of 0.05
dance variables. We used an aregearx sampling for all statistical tests.

Table 3
Richness (no. species/ha), diversity (per ha), and abundance (no. birds/ha) comparisons for avian communities betweenmsitigatior (
referencerf=4) wetlands in West Virginia, USA, 2001-2002

Species or group Mitigatich Referencd

X S.E. X S.E.
Richness 1P7a 040 1124a 062
Diversity 309a 053 276a 047
Abundance
All birds 27.09a 217 2846a 494
Waterbird$ 5.09a 146 044b 023
WaterfowF 4.44a 141 024b 021
Passerinés 20.37a 151 2673a 494
Top 20 species 221a 204 2381a 501
Red-winged blackbirdAgelaius phoeniceys 591a 094 800a 158
European starlingSturnus vulgaris 127a 050 405a 405
Song sparrowl{lelospiza melodia 1.44a 014 312b 028
Canada gooseBfanta canadens)s 2.59a 003 02la 021
Common yellowthroatGeothlypis trichap 0.91a 013 136a 037
Tree swallow Tachycineta bicolor 2.05a 049 068a 027
Cedar waxwingBombycilla cedrorum 0.64a 018 008a 005
American crow Corvus brachyrhynchgs 0.03a 001 02la 014
Indigo bunting Passerina cyanda 0.64a 014 081la 024
Wood duck Aix sponsa 1.12a 046 0.00b Qoo
American goldfinch Carduelis tristi9 0.69a 014 044a 019
Red-eyed vireo\(ireo olivaceuy 0.51a Q10 032a 010
Willow flycatcher Empidonax trailli) 0.46a 012 131a 029
Mallard (Anas platyrhynchgs 0.73a 021 004a Q04
Yellow warbler Dendroica petechip 0.58a 013 121a 029
Gray catbird Dumetella carolinensjs 0.42a 018 101a 026
Northern cardinalCardinalis cardinali9 0.23a 006 041a 018
American robin Turdus migratoriuy 0.56a 014 027a 013
Barn swallow Hirundo rusticg 0.87a 040 012a 009
Eastern towheeRipilo erythrophthalmup 0.29a Q08 02la Q10
Great blue heronArdea herodias 0.15a Q08 004a 004

@ The same letter following means indicates no difference between wetland Bp€sQ5).
b Includes only those birds that depend on water for all or most of their life requisites.
¢ Includes only birds in the family Anatidae.

94 Includes only birds in the order Passeriformes.
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3. Results
3.1. Avian communities

We observed 106 species of birds in mitigation and
reference wetlands both inside and outside the 50 m
radius plots (se®alcombe, 2003or a complete list
of species). In mitigation sites, 2074 individuals from
86 species were sampled within 50 m radius plots,
and in reference sites, 771 individuals from 62 species
were sampled. For all species sampled, mean species
richnessk1,10=0.15P=0.711), diversityf1,10=1.1,
P=0.314), and abundancé-1(10=0.03, P=0.856)
were similar between mitigation and reference wet-
lands {Table 3. Mean abundance for the 20 most com-
mon avian species sampled was similay {o=0.07,
P=0.800) between mitigation and reference wetlands
(Table 3. Out of these common species, wood ducks
(F1,10=5.80, P=0.037) and American goldfinches
(Carduelis tristis F1,10=9.24,P=0.013) were more
abundant in mitigation wetlands, whereas song spar-
rows (Melospiza melodig1 10=5.94,P=0.035) were
more abundant in reference wetlandslifle 3. Den-
sity of great blue herons were similaF1(10=0.28,
P=0.610) between wetland types. All other common
species also were similafF{10<4.57, P> 0.058)
between wetland types. Passerine abundance (72
species combined) was simil&i(10=0.41,P=0.537)
between mitigation and reference wetlands. How-
ever, waterbirdf1,10=9.08,P=0.013) and waterfowl
(F1,10=9.23,P=0.013) abundance were higher in mit-
igation wetlands than reference wetlands.

Two rail species were detected at two mitigation
wetlands. Three soras were sampled at Buffalo Coal
during the first surveys of both years. Similarly, three
soras were detected at Walnut Bottom during the first
survey of year 2. Five and two Virginia rails were lo-
cated at Buffalo Coal during the second surveys of years
1 and 2, respectively. No rail species were detected
at reference wetlands, and no bitterns or pied-billed
grebes were sampled at any wetland.

3.2. Anuran communities

Seven species of anurans were heard, all of
which occurred in both mitigation and reference
wetlands. These included northern spring peepers
(Pseudacris crucifer crucif@y gray treefrogs Hyla

Table 4

Wisconsin index value and abundance per wetland for all anuran species combined and for each of seven species heard ahmitibpsiod (eferencenE 4) wetlands, West

Virginia, USA, 2001-2002

Common name

Abundance

Wisconsin index

Scientific name

Referenc@

Mitigation®

Referenceé

Mitigation?

<0.001

1135

1.18
6.95
0.19
0.06
0.14
1.29
0.04
0.09

469b
28a

0.66
3.32
0.16
0.09
0.29
2.37
0.17
0.21

475a

229a

<0.001

e

.61

0.07
0.27
0.09
0.03
0.05
0.13
0.03
0.03

0.40b
1.86

0.03
0.16
0.06
0.05
0.06
0.12
0.05
0.09

0.52a

All frogs

<0.228

146

<0.434

1.83a

Northern Spring Peeper Pseudacris crucifer crucifer

Gray Treefrog

<0.440

60

@B3a
QaL0b
@Rla
$H6b
M5a
@®4a

039a

<0.348

.88
.46
&
.8
.66
B3

0.16a
0.05b

Hyla chrysoscelis/ H. versicolor 0.17a

Rana catesbeiana
Rana sylvatica

<0.038

430

02l1a

<0.033

0.13a

American Bullfrog

Wood Frog

<0.097

276

045a

<0.090

0.08a

0.13a

<0.018

564

782a

<0.012

0.50b
0.04a

0.84a

Rana clamitans melanota

eastern American Toad Bufo americanus americanus

Northern Green Frog
Pickerel Frog

<0.059

$H8

048a

<0.056

0.18a

<0.005

88

082a

<0.003

0.09b

0.35a

Rana palustris

@ The same letter following means indicates no difference between wetland Bp&sd5).
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chrysoscelifH. versicolo), American bullfrogsRana
catesbeiang wood frogs R. sylvaticd, northern
green frogs R. clamitan}, eastern American toads
(Bufo americanus americanysand pickerel frogs
(R. palusri3. Mean species richness was higher in
mitigation (2.01t 0.09 species/point) than reference
(1.47+ 0.14) wetlandsK1 10=7.18,P=0.023). In ad-
dition, Wisconsin index (WI) values and abundance
were higher in mitigation than reference wetlands waterbird and waterfowl abundance than reference
(Table 4. Wisconsin Index and abundance (A) com- wetlands. Because mitigation sites were so young
parisons also were made for each species detected4—-20 years of age), they differed significantly in their
(Table 4. For these indices, American bullfrogs, north- vegetation community structure than reference sites
ern green frogs, and pickerel frogs were higher in (Balcombe et al., 20Q5Not only did mitigation sites
mitigation than reference wetlands, whereas northern contain more open water and less emergent aquatic veg-
spring peepers, gray treefrogs, wood frogs, and easternetation than reference wetlands, they contained higher
American toads were similar between wetland types plant species richness and diversity than reference wet-
(Table 4. lands Balcombe et al., 20Q5Specifically, mitigation
wetlands contained 40.8% open water, whereas refer-
ence wetlands contained only 11.6% open water. This
has been found to be true of other reference wetlands
in the Appalachian RegiorCple and Brooks, 2000
VanRees-Siewert and Dinsmore (19%j)owed that,
although total bird richness increased with increasing
Almost every avian metric we measured in miti- emergent vegetation, waterfowl and shorebirds pre-
gation wetlands was equal to or greater than refer- ferred younger restored wetlands with more open wa-
ence wetlands. No differences emerged in total speciester and mud flats. Overall, mitigation wetlands in this
richness, diversity, and abundance probably because ofstudy were closer to hemimarsh conditions where an
similarities in landscape position. Both wetland types equal percentage of open water to emergent vegetation
were generally located near forested stands, so wetlandexists. Hemimarsh conditions provide the best com-
edge and forest-interior species had an equal chancebination of food and cover for waterbird&gminski
of being sampled between wetland types. Similarly, and Prince, 1981; Bookhout et al., 1989; Murkin et al.,
both wetland types were either adjacent or connected to 1997; Balcombe et al., in pres¥-8ased on these and
other wetlands, streams or large rivers. Although some other studies, many have concluded that “wetter is bet-
studies have found human disturbance to negatively af- ter” in terms of constructing wetlands. As a result, mit-
fect wildlife numbers Wilson and Mitsch, 1996 the igation wetlands are often structurally dissimilar to the
proximity of mitigation and reference sites to human reference wetlands they are designed to mimic, thus in-
disturbances (i.e., major roads) appeared to have min-dicating an inability to functionally replace those wet-
imal effects on avian numbers. Although it is known lands that were destroye€¢le and Brooks, 2000
that wetland size affects avian richneddacArthur This stresses the importance of not having too much
and Wilson, 1967; Tyser, 1983; Delphey and Dinsmore, open water in mitigation wetlands.
1993, the fact that reference wetlands were aboutthree  Waterbird abundance also may be affected by
times larger than mitigation wetlands had little effect higher vegetative richness and diversity indices ob-
on avian metrics relative to mitigation wetlands. While served in mitigation wetlands over reference wetlands
some studies have shown higher avian richness and(Balcombe et al., 2005These differences may result

It is likely that, given the similarities in landscape po-
sition between wetland types, the increased richness
and diversity of vegetation offered in our mitigation
sites was balanced by the increased percentage of emer-
gent vegetation in reference wetlanBscombe et al.,
2009, thus resulting in similar overall avian commu-
nity structure between wetland types.

Mitigation wetlands, however, supported higher

4. Discussion

4.1. Avian communities

diversity in natural wetland<Delphey and Dinsmore,
1993; Melvin and Webb, 1998others, similar to our

in an increase in the type, quantity, and quality of plant
foods while at the same time maximizing the distribu-

study, have yielded similar avian indices between wet- tion, density, and structure of cover available for wa-

land typesPerry et al., 1996; Brown and Smith, 1998

terbirds in mitigation wetland€De Szalay and Resh,
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1997; Brown, 1999 Differences in vegetation com-  position, as well as vegetative structure and diversity
munity structure also may have created favorable wa- and invertebrate community structure. However, just
ter chemistry and hydroperiod conditions in mitigation because a diverse avian community exists in mitiga-
sites as wellGoslee et al., 1997; Castellietal., 2000  tion wetlands, it does not mean that birds are success-
Differences in invertebrate abundance and compo- fully reproducing in mitigation wetlands. Future stud-
sition also varied between wetland types. Mitigation ies should correlate changes in vegetation and inverte-
wetlands had higher macroinvertebrate biomass from brate communities to avian community structure and
the water column for the 13 most common taxa than evaluate breeding success.
natural wetlandsBalcombe et al., in presg-aHow-
ever, within open water habitats, total benthic inver- 4.2. Anuran communities
tebrate density was higher in reference wetlands than
in mitigation wetlands Balcombe et al., in press-a It is not surprising that anurans have colonized mit-
Planorbidae (orb snails) density from benthic samples igation wetlands so rapidly. Northern spring peepers,
in emergent habitats was higher in reference than mit- American bullfrogs, eastern American toads, and gray
igated wetlandsEalcombe et al., in press-aBenthic treefrogs may colonize created wetland® years af-
Oligochaeta (aquatic worms) density was higher across ter construction Rerry et al., 1996; Mierzwa, 2000;
open water habitats in mitigation wetlands. Among Pechmann et al., 20D1Colonization rates are gen-
the most common water column orders, Isopoda (pill- erally affected by distance to other ponds, dispersal
bugs and sowbugs) density was higher in reference habitat, dispersal capabilities, site fidelity of a partic-
wetlands, but Physidae (physids) density was higher ular species, and size of source populatidresaf and
in mitigation wetlands Balcombe et al., in presg:a  Verboom, 1990 The proximity of our study sites to
Biomass for most taxa was similar between wetland streams, rivers, and other wetlands along with the rela-
types, although taxonomic composition and abundancetively large size of mitigation sites likely contributed to
will change as the wetland continues to alykt¢ch et rapid dispersal and colonizatiowblfenbarger, 1949;
al., 1999. Many of these taxa are important compo- Lacki et al., 1992; Gibbs, 1993; Stevens et al., 2002
nents in waterbird diet&Huliss et al., 1991; Anderson Mitigation wetlands in West Virginia contained
et al., 2000. These differences in macroinvertebrate higher anuran mean richness, WI, and abundance val-
populations may account for differences in waterbird ues than reference wetlands. Similar to our study,
abundance observed between mitigation and referenceStevens et al. (2002)bserved a higher overall mean
wetlands. richness as well as abundance of green frogs in restored
Other studies comparing waterbirds between miti- than reference wetlands. Although they observed a
gation and reference wetlands have shown conflicting positive correlation between green frogs and percent-
results. Similar to our studyjavens et al. (1995)b- age of cattail in restored wetlands, our results suggest
served similar overall species diversity between mitiga- cattail may have a relatively minimal effect on green
tionand reference wetlands in Virginia, but higherwad- frogs. Both wetland types in our study had low cat-
ing bird abundances occurred in constructed marshes.tail abundance, although mitigation wetlands contained
However,Confer and Niering (1992hcluded water- less cattail than reference wetlands (1.3% versus 6.8%)
birds in their assessment of wildlife in constructed and (Balcombe et al., 2005However, because mitigation
natural wetlands in Connecticut, and they observed wetlands sustained more northern green frogs, we think
higher wildlife activity (overall species richness) in  open water may play a larger role in determining abun-
natural wetlands. They attributed low wildlife indices dance of northern green frogs, as well as American
in constructed wetlands to their isolation and relative bullfrogs and pickerel frogd.acki et al. (1992)also
small size. observed more green frogs in a constructed wetland in
These data indicate that mitigation wetlands in Ohio,and®?echmann etal. (200&pserved more Amer-
West Virginia, despite their proximity to human distur- ican bullfrogs in constructed than natural wetlands in
bances, are supporting healthy avian communities, par- South Carolina.
ticularly waterbirds. High avian numbers in mitigation Because eastern American toads, northern spring
wetlands are likely due to wetland size and landscape peepers, and wood frogs are less dependent on per-
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manent water source&{lhen, 1984; Cook, 1984we mitigation wetlands may have inhibited some anurans
expected these species to be relatively more abundantfrom reproducing throughout the entire wetland.
than other anuran species in reference wetlands, which  Furthermore, shorter distance to forests and higher
contained less open water. In general, the open waterpercentage of shrub cover increases anuran rich-
areas were deeper than vegetated areas. Consistentess by providing cover and dispersal corridors for
with this speculation, relative abundance of these post-breeding or newly metamorphosed individuals
species were similar between mitigation and reference (Stevens et al., 2002This may be of particular im-
wetlands. portance to wood frogs, which disperse long distances
Many important factors may account for anuran via forested cover types to other wetlanBg(ven and
community differences observed between mitigation Grudzien, 1990; DeMaynadier and Hunter, 1p9%s
and reference wetlands. Primarily, studies have shown well, forested perimeters may buffer wetlands from
that open water is positively correlated with amphibian agricultural activities, which have been linked to lar-
abundancel(acki et al., 1992; Stevens et al., 2002  val death and limb deformities in amphibiarietrill
As previously mentioned, mitigation wetlands contain et al., 1997; Ouellet et al., 1987lthough abundance
more open water than reference wetlands, thus moremay still be high Gray et al., 2004 They also may
closely resembling hemimarsh conditions. Like avian buffer against negative impacts associated with cattle
communities, anuran communities benefit from these grazing. Wood frogs and chorus frogs, in particular,
conditions Stumpel and Van Der Voet, 1998; Anderson are known to be sensitive to this disturbangeprose
etal., 19993 Although hydrologic data are incomplete and Paszkowski, 1998As mentioned in the avian dis-
for our study sites, existing data indicated an extended cussion, mitigation and reference wetlands shared sim-
hydroperiod in some mitigation wetlandBglcombe, ilar landscape positions adjacent to forests. Forested
2003 that may prevent drying and subsequent tadpole buffers occurred at all reference wetland sites; however,
mortality prior to metamorphosis. Thus, species with mitigation wetlands averaged only 14.5m to the near-
longer larval periods such as American bullfrogs, est forest. Thus, anurans in both wetland types likely
northern green frogs, and pickerel frogs (whose benefit from forested perimeters.
abundances and WI values were higher in mitigation  Although reference wetlands contained a higher per-
wetlands) may have been excluded from reference wet- centage of shrub cover than mitigation wetlands (41.1%
lands, which contained shorter hydroperio8salfbit versus 5.4%), they contained less open water, which
and Tanner, 2000; Semlitsch, 2Q02his may notnec- likely limited anuran numbers. Shrub communities had
essarily be a limiting factor because pond drying is a successfully been established at 9 of 11 mitigation wet-
natural process that eliminates or reduces predation onlands, and percent coverage should increase as these
and competition among larval amphibia@eMmlitsch, wetlands matureBalcombe et al., 20Q5This will be
2000. On the contrary, maintaining wetlands with valuable in maintaining future diverse anuran habitat.
extremely long hydroperiods may be harmfultoanuran  Similar to waterbird communities, differences in
populations because it may facilitate colonization of anuran communities may be attributed to differences
aquatic invertebrate and fish predatoeiflitsch, in invertebrate and vegetation communities between
2002. mitigation and reference siteBglcombe et al., 2005,
Water depth also plays an important role in amphib- in press-a,J Because frogs depend on invertebrates
ian colonization $tevens et al., 2002Deeper water  for their diet @nderson et al., 1999b; Lima and
prevents complete freezing, which provides winter hi- Magnusson, 2000 it is expected that anuran abun-
bernacula for anuran€pok, 1984; Cunjak, 19§6We dance and distribution could reflect higher invertebrate
found that both mitigation and reference wetlands con- nektonic biomass densities across open water areas
tained areas with sufficient hibernacula, but based on of mitigation wetlands. Similarly, higher vegetative
water depth estimations, mitigation wetlands generally species richness and diversity may provide more di-
contained deeper water with more potential winter- verse microhabitats for oviposition, foraging, growth,
ing habitat Balcombe, 2008 However, water depth  and refuge $tratman, 2000 However, anurans were
in mitigation wetlands averaged 2.5 times deeper than not influenced by total percent emergent vegetation
in reference wetlands. The deep water in some areas of(Balcombe et al., in pressrb
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Few anuran species (e.g., American bullfrogs, atedwithdispersal may not manifestthemselves within
northern green frogs) can coexist with predatory fish anuran populations located at our study sites because of
species$emlitsch, 200p but studies offer conflicting  their proximity to streams, rivers, and other wetlands.
evidence as to the effect of predatory fish on anuran Research should monitor road-related stresses to the
populationsilecnar and M’Closkey, 1997; Lehtinenet environment and their potential effect on anuran popu-
al., 1999; Pechmann et al., 2001; Semlitsch, 20D2- lations within mitigation wetlands. Although wetland
spite fish populations in 9 of 11 mitigation wetlandsand construction near roads can potentially have long-term
three of four reference wetlands, these sites continue tonegative impacts, there are numerous logistical bene-
support healthy anuran populations. In fact, some of the fits associated with on-site design and construction. As
highest frog indices were obtained in wetlands that con- well, on-site mitigation sites can facilitate colonization
tained fish. It is important to note that some mitigation by philopatric anuran species.
sites consisted of numerous open water cells, some of Recent concern over declining amphibian popula-
which did not contain fish. These areas serve as arefugetions has drawn attention to the need to compensate
for breeding frogs, thus minimizing potential negative for loss of amphibian habitat. Our data provide, both
impacts caused by fish populations. Furthermore, high an assessment of the success of mitigation wetlands in
anuran populations in wetlands that contain fish may West Virginia in supporting anuran communities, and
be attributed to an increase in the macroinvertebrate a sound framework for future research that monitors
prey base, which can result indirectly from increases anuran community responses to structural changes in
in predatory fish population8gtzer et al., 2000 A these wetlands through time. However, similar to the
more detailed study would be needed to accurately as-limitations noted above for birds, anuran calling count
sessthe impact of fish populations on anuran communi- surveys do not provide information on reproductive
ties among mitigation wetlands in West Virginia. Even success. Future research needs to evaluate breeding and
if data were to show a negative impact of fish popu- reproductive success of anurans in mitigation wetlands.
lations on anurans, it would be difficult to prevent the
invasion of fish into wetlands adjacent to streams or

rivers. 5. Conclusions
Numerous mitigation sites were built on-site as mit-
igation for the construction of highways in West Vir- Numerous studies have written about our inability

ginia. However, the proximity of mitigation wetlands to successfully mitigate for wetland destructiétace,

to major roads did not seem to adversely affect current 1985; Erwin, 1990; Reinartz and Warne, 1993;
anuran abundance. Indeed, two of the sites closest toNational Research Council, 200Q1although others
roads scored among the highest richness and WI val- have not viewed the situation as bledWitsch and
ues of all mitigation sites. However, studies have cor- Wilson, 1996; Mitsch et al., 1998 Although the
related low amphibian, as well as reptile numbers to definition of success varies depending upon project
road densityahrig et al., 1995; Lehtinen et al., 1999; objectives, most agree that compensatory wetlands
Haxton, 2000; Trombulak and Frissell, 2Q00he lim- should replace functions lost during wetland destruc-
iting factor, however, is not necessarily the traffic, al- tion. These data indicate that mitigation wetlands in
though amphibian mortality due to vehicular collisions West Virginia currently support numerous avian and
is not uncommonkKahrig et al., 199p Roads, acting  anuranspecies. Indeed, mitigation sites contained some
as barriers to dispersal, may have long-term effects higher wildlife indices than reference sites, and this
on metapopulation dynamics by deteriorating the ge- could reflect actual differences in wildlife populations
netic integrity of localized population${ombulak and resulting from wetland age, design, or location within
Frissell, 200Q. In addition, roads potentially change the landscape. It is likely that wildlife distribution and
soil density, temperature and water content, surface abundance reflect differences in vegetation and inverte-
waters, patterns of run-off, and sedimentation, as well brate community structure between mitigation and ref-
as adding heavy metals to roadside environments erence wetlands, and future monitoring should focus
(Trombulak and Frissell, 2000although this is not  on monitoring the interactions between wildlife popu-
confirmed at any of our study sites. Problems associ- lations and these biotic factors. Monitoring the effects
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of beaver Castor canadensjsactivity on vegetation been fundamentally changed, so it may be difficult to
structure is of particular importance in evaluating fu- construct wetlands based on undisturbed standards. Al-
ture wildlife communities. though some misuses of using natural wetlands as ref-

We should caution that it is premature to assess the erence standards are possible, reference wetlands can
full outcome of mitigation efforts within the state. First, guide mitigation, both during and after the process by
these data represent a short-term trend resulting from making explicit the goals of mitigation and by evaluat-
only 2 years of data collection. Thus, these data do not ing the progress of mitigation wetlands through proper
encompass the temporal variation in avian and anuranmonitoring @rinson and Rheinhardt, 19R6Similar
community structurePechmann et al. (2001gcom- variation in wetland structure also can occur within
mended several years of census data on amphibiangnitigation wetlands thus providing further evidence as
before meaningful comparisons between mitigation to the difficulty in duplicating natural systems, espe-
and reference sites can be made. Similddivanzo cially since alternative stable states are commonly ob-
(1990)andZedler (1993)suggested a monitoring du-  served in ecological communitiéSiiake, 1999. These
ration of 20 years for mitigation wetlands. Unfortu- points illustrate the complexity in assessing mitigation
nately, financial or logistical restraints often preclude success based on reference wetlands and reiterate the
long-term monitoring capabilities. need to document and compare losses of wildlife habi-

Second, created wetlands often take atleast a decadedat during wetland destruction to creation of wildlife
before they function compatible to reference wetlands. habitat via compensatory mitigation.
Wilson and Mitsch (199&ecommend giving freshwa- Indeed, temporal variation in wildlife habitat use,
ter wetlands 15-20 years before judging their success,wetland development time, and structural variation
and Frenkel and Morlan (1991)ecommend waiting  compound the logistics of evaluating mitigation wet-
>50 years for certain forested and coastal wetlands. land success. Nevertheless, the similarities in wildlife
Two wetlands included in this study were about 20 indices observed in this study suggest preliminary de-
years old and an additional three sites we® years velopment of mitigation sites towards reference stan-
old. Although our sites do not meet the ideal age cri- dards. We anticipate these data will help guide the cre-
teria for mitigation wetland development time, nearly ation of standardized protocols for the continued mon-
half are>10 years old, and we think relatively con- itoring of these and other mitigation wetlands, not only
servative inferences can still be made regarding their in West Virginia, but also across the Appalachians.
success.

Finally, the variation in structure among mitigation
and reference wetlands adds to the difficulty in assess- Acknowledgements
ing mitigation success. This is particularly importantin
the establishment of reference standa&imith et al., Funding for this project was provided by the Divi-
1995; Brinson and Rheinhardt, 199@®latural short- sion of Forestry at West Virginia University Davis Col-
term processes such as seasonal cycles of precipitatiorlege of Agriculture, Forestry, and Consumer Sciences
and temperature, coupled with long-term processes in- (Mcintire-Stennis Program), the Environmental Pro-
cluding population dynamics, erosion and depositional tection Agency, and the West Virginia Division of Nat-
processes, succession, or drought/wet cycles can causeral Resources. We thank G.E. Seidel for statistical as-
variation in the functional capacity of natural wetlands sistance, and S.L. Helon, S.R. Lemley, J.D. Osbourne,
(Smith et al., 199p This type of variabilityiscommon  T.J. Polesiak, and A.K. Zadnik for field assistance on
in many wetland ecosystems including coastal marshesthis project. We thank W.J. Mitsch, J.S. Rentch, W.N.
(Oviattetal., 197Y, cypress swampg(vel and Odum, Grafton, and an anonymous referee for reviewing this
1984, prairie potholesantrud et al., 1989 and playa manuscript. We also thank West Virginia Division of
wetlands Smith, 2003. Another factor researchers Highways, West Virginia Department of Environmen-
must consider in establishing reference standards con-tal Protection and Trus Joist MacMillan for access to
cerns anthropogenic disturban@ngith et al., 199% respective properties. This is scientific article number
Because most wetlands have been exposed to hundred2903 of the West Virginia University Agricultural and
of years of continued disturbance, their functions have Forestry Experimental Station.



C.K. Balcombe et al. / Ecological

References

Ambrose, N.E., Paszkowski, C.A., 1998. The effect of timing of
cattle grazing on amphibian abundance in central Alberta ponds.
Can. Assoc. Herpetol. Bull. 12, 12-13.

American Ornithologists Union, 1998. Check-list of North American
Birds, 7th ed. Allen Press, Lawrence Kansas, USA.

Anderson, A.M., Haukos, D.A., Anderson, J.T., 1999a. Habitat use
by anurans emerging and breeding in playa wetlands. Wildl. Soc.
Bull. 27, 759-769.

Anderson, A.M., Haukos, D.A., Anderson, J.T., 1999b. Diet com-
position of three anurans from the playa wetlands of northwest
Texas. Copeia 1999, 515-520.

Anderson, J.T., Tacha, T.C., Muehl, G.T., 1996. Wetland use by wa-
terbirds that winter in coastal Texas. U.S. Department of the In-
terior Information and Technology Report 8.

Anderson, J.T., Smith, L.M., 1999. Carrying capacity and diel use of
managed playa wetlands by nonbreeding waterbirds. Wildl. Soc.
Bull. 27, 281-291.

Anderson, J.T., Smith, L.M., Haukos, D.A., 2000. Food selection
and feather molt by nonbreeding American green-winged teal in
Texas playas. J. Wildl. Manage. 64, 222-230.

Babbit, K.J., Tanner, G.W., 2000. Use of temporary wetlands by
anurans in a hydrologically modified landscape. Wetlands 20,
313-322.

Balcombe, C.K., 2003. An evaluation of vegetation and wildlife
communities in mitigation and reference wetlands of West
Virginia. Thesis. West Virginia University, Morgantown,
West Virginia, USA https://etd.wvu.edu/etd/etdDocumentData.
jsp?jspetdld=2857

Balcombe, C.K., Anderson, J.T., Fortney, R.H., Rentch, J.S., Grafton,
W.N., Kordek, W.S., 2005. A comparison of wetland plant
communities in mitigation and reference wetlands in the mid-
Appalachians. Wetlands 25, 130-142.

Balcombe, C.K., Anderson, J.T., Fortney, R.H., Kordek, W.S., in
press-a. Aquatic macroinvertebrate assemblages in mitigated and
natural wetlands. Hydrobiologia.

Balcombe, C.K., Anderson, J.T., Fortney, R.H., Kordek, W.S., in
press-b. Vegetation, invertebrate, and wildlife community rank-
ings and habitat analysis of mitigation wetlands in West Virginia.
Wetlands Ecol. Manage.

Batzer, D.P., Pusateri, C.R., Vetter, R., 2000. Impacts of fish predation
on marsh invertebrates: direct and indirect effects. Wetlands 20,
307-312.

Beattie, R.C., Tyler-Jones, R., 1992. The effects of low pH and alu-
minum on breeding success in the frdgafha temporaria J.
Herpetol. 26, 353-360.

Berrill, M., Bertram, S., Pauli, B., 1997. Effects of pesticides on
amphibian embryos and larvae. Herpetol. Conserv. 1, 233-245.

Berven, K.A., Grudzien, T.A., 1990. Dispersal in the wood frog
(Rana sylvaticg implications for genetic population structure.
Evolution 44, 2047-2056.

Bookhout, T.A., Bednarik, K.E., Kroll, R.W., 1989. The Great Lakes
marshes. In: Smith, L.M., Pederson, R.L., Kaminski, R.M. (Eds.),
Habitat Management for Migrating and Wintering Waterfowl
in North America. Texas Tech University Press, Lubbock, TX,
USA, pp. 131-156.

Engineering 25 (2005) 85-99 97

Bridges, C.M., 1999. Predator—prey interactions between two am-
phibian species: effects of insecticide exposure. Aquat. Ecol. 33,
205-211.

Brinson, M.M., 1993. A hydrogeomorphic classification for wet-
lands. U.S. Army Engineers Waterways Experiment Station
Technical Report WRP-DE-4, Vicksburg, MS, USA.

Brinson, M.M., Rheinhardt, R., 1996. The role of reference wet-
lands in functional assessment and mitigation. Ecol. Appl. 6, 69—
76.

Brown, S.C., 1999. Vegetation similarity and avifaunal food value
of restored and natural marshes in northern New York. Restor.
Ecol. 7, 56-68.

Brown, S.C., Smith, C.R., 1998. Breeding season bird use of recently
restored versus natural wetlands in New York. J. Wildl. Manage.
62, 1480-1491.

Campbell, D.A., Cole, C.A., Brooks, R.P., 2002. A comparison of
created and natural wetlands in Pennsylvania, USA. Wetlands
Ecol. Manage. 10, 41-49.

Casey, J., Record, J., 1999. Anuran call count survey inventory and
monitoring procedure. U.S. Fish and Wildlife Service, Washing-
ton, DC, USA.

Castelli, R.M., Chambers, J.C., Tausch, R.J., 2000. Soil-plant rela-
tions along a soil-water gradient in great basin riparian meadows.
Wetlands 20, 251-266.

Cole, C.A., Brooks, R.P., 2000. A comparison of the hydrologic char-
acteristics of natural and created mainstem floodplain wetlands
in Pennsylvania. Ecol. Eng. 14, 221-231.

Cole, C.A., Brooks, R.P., Wardrop, D.H., 2001. Assessing the re-
lationship between biomass and soil organic matter in created
wetlands of central Pennsylvania, USA. Ecol. Eng. 17, 423—
428.

Confer, S.R., Niering, W.A., 1992. Comparison of created and natural
freshwater emergent wetlands in Connecticut, USA. Wetlands
Ecol. Manage. 2, 143-156.

Cook, F.R., 1984. Introduction to Canadian Amphibians and Rep-
tiles. National Museums of Canada, Ottawa, Ont., Canada.

Cowardin, L.M., Carter, V., LaRoe, E.T., 1979. Classification of wet-
lands and deepwater habitats of the United States. U.S. Fish and
Wildlife Service Report FWS/OBS-79/31.

Cummings, A.R., 1999. An analysis of palustrine mitigation wet-
lands in the Virginia coastal plain. Thesis. Virginia Polytechnic
Institute and State University, Blacksburg, VA, USA.

Cunjak, R.A., 1986. Winter habitat of northern leopard frdgana
pipiens in a southern Ontario stream. Can. J. Zool. 64, 255-257.

D’'Avanzo, C., 1990. Long-term evaluation of wetland creation
projects. In: Kusler, J.A., Kentula, M.E. (Eds.), Wetland Cre-
ation and Restoration: The Status of the Science. Island Press,
Washington, DC, USA, pp. 487-496.

Dahl, T.E., 1990. Wetland losses in the United States, 1780s to 1980s.
U.S. Department of the Interior, U.S. Fish and Wildlife Service,
Washington, DC, USA.

Davis, C.A., Smith, L.M., 1998. Ecology and management of migrant
shorebirds in the playa lakes region of Texas. Wildl. Monogr. 62,
1-45.

Delphey, P.J., Dinsmore, J.J., 1993. Breeding bird communities
of recently restored and natural prairie potholes. Wetlands 13,
200-206.


https://etd.wvu.edu/etd/etddocumentdata.jsp?jsp_etdid=2857
https://etd.wvu.edu/etd/etddocumentdata.jsp?jsp_etdid=2857

98

DeMaynadier, P.G., Hunter Jr., M.L., 1999. Forest canopy closure
and juvenile emigration by pool-breeding amphibians in Maine.
J. Wildl. Manage. 53, 441-450.

De Szalay, F.A., Resh, V.H., 1997. Responses of wetland inverte-
brates and plants important in waterfow! diets to burning and
mowing of emergent vegetation. Wetlands 17, 149-156.

Dodd Jr., K.C., Cade, B.S., 1998. Movement patterns and the con-
servation of amphibians breeding in small, temporary wetlands.
Conserv. Biol. 12, 331-339.

Dowdy, S., Wearden, S., 1991. Statistics for Research, 2nd ed. John

Wiley and Sons, New York, NY, USA.

Drake, J.A., 1990. Communities as assembled structures: do rules

govern pattern? Trends Ecol. Evol. 5, 159-164.

Erwin, K.L., 1990. Freshwater marsh creation and restoration in the
southeast. In: Kusler, J.A., Kentula, M.E. (Eds.), Wetland Cre-
ation and Restoration: The Status of the Science. Island Press,
Washington, DC, USA, pp. 233-264.

Euliss, N.H., Jarvis, R.L., Gilmer, D.S., 1991. Feeding ecology of
waterfowl wintering on evaporation ponds in California. Condor
93, 582-590.

Ewel, K.C., Odum, H.T., 1984. Cypress Swamps. University of
Florida Press, Gainesville, FL, USA.

Fahrig, L., Pedlar, J.H., Pope, S.E., Taylor, P.D., Wegner, J.F., 1995.
Effect of road traffic on amphibian density. Biol. Conserv. 73,
177-182.

Fenneman, N.M., 1938. Physiography of Eastern United States.
McGraw-Hill Book Company, New York, NY, USA.

Ferguson, H.L., Ellis, R.W., Whelan, J.B., 1975. Effects of stream
channelization on avian diversity and density in Piedmont, Vir-
ginia. Proc. Southeast Assoc. Game Fish Comm. 29, 540-548.

C.K. Balcombe et al. / Ecological Engineering 25 (2005) 85-99

Haxton, T., 2000. Road mortality of snapping turti€elydra ser-
penting in central Ontario during their nesting period. Can. Field
Nat. 114, 106-110.

Hecnar, S.J., M'Closkey, R.T., 1997. The effects of predatory fish on
amphibian species richness and distribution. Biol. Conserv. 79,
123-131.

Heyer, W.R., Donnelly, M.A., McDiarmid, R.W., Hayek, L.C., Fos-
ter, M.S. (Eds.), 1994. Measuring and Monitoring Biological Di-
versity: Standard Methods for Amphibians. Smithsonian Institu-
tion Press, Washington, DC, USA.

Kaminski, R.M., Prince, H.H., 1981. Dabbling duck and aquatic
macroinvertebrate responses to manipulated wetland habitat. J.
Wildl. Manage. 45, 1-15.

Kantrud, J.A., Krapu, G.L., Swanson, G.A., 1989. Prairie basin wet-
lands of the Dakotas: a community profile. U.S. Fish and Wildlife
Service Biological Report 85 (7.28).

Laan, R., Verboom, B., 1990. Effects of pool size and isolation on
amphibian communities. Biol. Conserv. 54, 251-262.

Lacki, M.J., Hummer, J.W., Webster, H.J., 1992. Mine-drainage
treatment wetland as habitat for herptofaunal wildlife. Environ.
Manage. 16, 513-520.

Lardner, B., 2000. Morphological and life-history responses to preda-
tors in larvae of seven anurans. Oikos 88, 169-180.

Lehtinen, R.M., Galatowitsch, S.M., Tester, J.R., 1999. Conse-
guences of habitat loss and fragmentation for wetland amphibian
assemblages. Wetlands 19, 1-12.

Lima, A.P., Magnusson, W.E., 2000. Does foraging activity change
with ontogetny? An assessment for six sympatric species of post-
metamorphic litter anurans in central Amazonia. J. Herpetol. 34,
192-200.

Frenkel, R.E., Morlan, J.C., 1991. Can we restore our salt marshes? MacArthur, R.H., 1964. Environmental factors affecting bird species

Lessons from the Salmon River, Oregon. Northwest Environ. J.
7,119-135.

Gibbs, J.P., 1993. Importance of small wetlands for the persistence
of local populations of wetland-associated animals. Wetlands 13,
25-31.

Gibbs, J.P., Melvin, S.M., 1993. Call-response surveys for monitor-
ing breeding waterbirds. J. Wildl. Manage. 57, 27-34.

Gilhen, J., 1984. Amphibians and Reptiles of Nova Scotia. Nova
Scotia Museum, Halifax, NS, Canada.

Gonzalez, S.J., Bernadi, X., Ruiz, X., 1996. Seasonal variation of
waterbird prey in the Ebro Delta rice fields. Colon. Waterbirds
19, 135-142.

Goslee, S.C., Brooks, R.P., Cole, C.A., 1997. Plants as indicators of
wetland water source. Plant Ecol. 131, 199-206.

Gray, M.J., Smith, L.M., Brenes, R., 2004. Effects of agricultural cul-
tivation on demographics of Southern High Plains amphibians.
Conserv. Biol. 18, 1368-1377.

Hall, R.J., 1980. Effects of environmental contaminants on reptiles: a
review. U.S. Fish and Wildlife Service Special Scientific Report
228.

Hammer, D.A., 1992. Creating Freshwater Wetlands. Lewis Publish-
ers, Boca Raton, FL, USA.

Havens, K.J., Varnell, L.M., Bradshaw, J.G., 1995. An assessment
of ecological conditions in a constructed tidal marsh and two
natural reference tidal marshes in coastal Virginia. Ecol. Eng. 4,
117-141.

diversity. Am. Nat. 98, 387-397.

MacArthur, R.H., Wilson, E.O., 1967. The Theory of Island Bio-
geography. Princeton University Press, Princeton, NJ, USA.
McConnell, D.L., Samuel, D.E., 1985. Smallmammal and avian pop-
ulations utilizing cattail marshes on reclaimed surface mines in

West Virginia. In: Brooks, R.P., Samuel, D.E., Hill, J.B. (Eds.),
Proceedings of a Conference on Wetlands and Water Manage-
ment on Mined Lands. The Pennsylvania State University, Uni-
versity Park, PA, USA, pp. 329-336.

Melvin, S.L., Webb Jr., J.W., 1998. Differences in the avian commu-
nities of natural and create®partina alterniflorasalt marshes.
Wetlands 18, 59-69.

Mensing, D.M., Galatowitsch, S.M., Tester, J.R., 1998. Anthro-
pogenic effects on the biodiversity of riparian wetlands of a north-
ern temperate landscape. J. Environ. Manage. 53, 349-377.

Michael, E.D., Smith, L.S., 1985. Creating Wetlands along Highways
in West Virginia. West Virginia Department of Highways and
U.S. Department of Transportation.

Mierzwa, K.S., 2000. Wetland mitigation and amphibians: prelim-
inary observations at a southwestern lllinois bottomland hard-
wood forest restoration site. J. lowa Acad. Sci. 107, 191-194.

Mitsch, W.J., Gosselink, J.G., 2000. Wetlands, 3rd ed. John Wiley
and Sons, New York, NY, USA.

Mitsch, W.J., Wilson, R.F., 1996. Improving the success of wetland
creation and restoration with know-how, time, and self-design.
Ecol. Appl., 677-683.



C.K. Balcombe et al. / Ecological Engineering 25 (2005) 85-99 99

Mitsch, W.J., Wu, X., Nairn, R.W., Weihe, P.E., Wang, N., Deal, R., Smith, L.M., 2003. Playas of the Great Plains. University of Texas

Boucher, C.E., 1998. Creating and restoring wetlands: a whole- Press, Austin, TX, USA.

ecosystem experimentin self-design. BioScience 48, 1019-1030. Smith, R.D., Ammann, A., Bartoldus, C., Brinson, M.M., 1995. An
Moore, H.H., Nierieng, W.A., Marsicano, L.J., Dowdell, M., 1999. approach for assessing wetland function based on hydrogeomor-

Vegetation change in created emergent wetlands (1988-1996) in phic classification, reference wetlands, and functional indices.

Connecticut, USA. Wetlands Ecol. Manage. 7, 177-191. Wetlands Research Program Technical Report WRP-DE-9. U.S.
Mossman, M., 1994. Wisconsin Frog and Toad Survey Instructions. Army Engineers Waterways Experiment Station, Vicksburg, MS,

Endangered Species Branch, Department of Natural Resources,  USA.

Madison, WI, USA. Society for the Study of Amphibians and Reptiles, 2000. Scientific
Mossman, M.J., Hartman, L.M., Hay, R., Sauer, J., Dhuey, B., 1998. and standard English names of amphibians and reptiles of North

Monitoring long term trends in Wisconsin frog and toad popu- American, north of Mexico, with comments regarding confidence

lations. In: Lannoo, M.J. (Ed.), Status and Conservation of Mid- in our understanding. Herpetological Circular 29.

western Amphibians. University of lowa Press, lowa City, pp. Stevens, C.E., Diamond, A.W., Gabor, T.S., 2002. Anuran call sur-

169-198. veys on small wetlands in Prince Edward Island, Canada restored
Murkin, H.R., Murkin, E.J., Ball, J.P., 1997. Avian habitat selection by dredging of sediments. Wetlands 22, 90-99.

and prairie wetland dynamics: a 10-year experiment. Ecol. Appl. Stolt, M.H., Genthner, M.H., Daniels, W.L., Groover, V.A., Nagle, S.,

7,1144-1159. Haering, K.C., 2000. Comparison of soil and other environmen-

National Research Council, 2001. Compensating for Wetland Losses  tal conditions in constructed and adjacent palustrine reference
under the Clean Water Act. National Academy Press, Washing- wetlands. Wetlands 20, 671-683.
ton, DC, USA. Stratman, D., 2000. Using micro and macrotopography in wetland
Naugle, D.E., Johnson, R.R., Estey, M.E., Higgins, K.F., 2000. A restoration. U.S. Department of Agriculture, Natural Resources
landscape approach to conserving wetland bird habitat in the Conservation Service, Indiana Biology technical note 1, Indi-

prairie pothole region of eastern South Dakota. Wetlands 20, anapolis, IN, USA.
522-604. Stumpel, H.P., Van Der Voet, H., 1998. Characterizing the suitabil-
Ouellet, M.J., Bonin, J., Rodrigue, J., Desgranges, J., Lair, S., 1997. ity of new ponds for amphibians. Amphibia Reptilia 19, 125—
Hindlimb deformities (ectromelia, ectrodactyly) in free living 142.
anurans from agricultural habitats. J. Wildl. Dis. 33, 95-104. Trombulak, S.C., Frissell, C.A., 2000. Review of ecological effects
Qviatt, C., Nixon, S., Garver, J., 1977. Variation and evaluation of of roads on terrestrial and aquatic communities. Conserv. Biol.
coastal salt marshes. Environ. Manage. 1, 201-211. 14, 18-30.
Pechmann, J.H., Estes, R.A., Scott, D.E., Gibbons, J.W., 2001. Am- Tyser, R.W., 1983. Species-area relations of cattail marsh avifauna.
phibian colonization and use of ponds created for trial mitigation Passenger Pigeon 45, 125-128.
of wetland loss. Wetlands 21, 93-111. Udevitz, M.S., Michael, E.D., 1982. Wildlife use of wetlands in
Perry, M.C., Sibrel, C.B., Gough, G.A., 1996. Wetlands mitigation: north-central West Virginia. In: McDonald, B.R. (Ed.), Proceed-
partnership between an electric power company and a federal ings of the Symposium on Wetlands of the Unglaciated Ap-
wildlife refuge. Environ. Manage. 20, 933-939. palachian Region. Morgantown, WV, USA, pp. 189-197.

Race, M.S., 1985. Critique of present wetlands mitigation policiesin  VanRees-Siewert, K.L., Dinsmore, J.J., 1996. Influence of wetland
the United States based on an analysis of past restoration projects  age on bird use of restored wetlands in lowa. Wetlands 16,

in San Francisco Bay. Environ. Manage. 9, 71-82. 577-582.

Ralph, C.J., Geupel, G.R., Pyle, P., Martin, T.E., DeSante, D.F., 1993. Weller, M.W., 1999. Wetland Birds: Habitat Resources and Con-
Handbook of Field Methods for Monitoring Landbirds. U.S. For- servation Implications. Cambridge University Press, Cambridge,
est Service General Technical Report PSW-GTR-144. UK.

Ralph, C.J., Sauer, J.R., Droege, S. (Eds.), 1995. Monitoring Bird Wharton, C.H., Kitchens, W.M., Pendleton, E.C., Sipe, T.W., 1982.
Populations by Point Counts. U.S. Forest Service General Tech- The ecology of bottomland hardwood swamps of the southeast:
nical Report PSW-GTR-149. a community profile. U.S. Fish and Wildlife Service Biological

Reinartz, J.A., Warne, E.L., 1993. Development of vegetation in Report FWS/OBS-81/37.
small created wetlands in southeast Wisconsin. Wetlands 13, Wilson, R.F., Mitsch, W.J., 1996. Functional assessment of five wet-

153-164. lands constructed to mitigate wetland loss in Ohio, USA. Wet-
SAS Institute Inc., 1988. SAS Software. SAS Institute Inc., Cary, lands 16, 436-451.

NC, USA. Wolfenbarger, D.O., 1949. Dispersion of small organisms. Am. Mid-
Semlitsch, R.D., 2000. Principles for management of aquatic breed- land Nat. 35, 1-152.

ing amphibians. J. Wildl. Manage. 64, 615-631. Zedler, J.B., 1993. Canopy architecture of natural and planted cord-
Semlitsch, R.D., 2002. Critical elements for biologically based re- grass marshes: selecting habitat evaluation criteria. Ecol. Appl.

covery plans of aquatic-breeding amphibians. Conserv. Biol. 16, 3,123-138.

619-629. Zedler, J.B., Callaway, J.C., 1999. Tracking wetland restoration:
Shannon, C.E., Weaver, W., 1949. The Mathematical Theory of Com- do mitigation sites follow desired trajectories? Restor. Ecol. 7,

munication. University of lllinois Press, Urbana, IL, USA. 69-73.



	Wildlife use of mitigation and reference wetlands in West Virginia
	Introduction
	Methods
	Study area
	Avian communities
	Anuran communities
	Statistical analyses

	Results
	Avian communities
	Anuran communities

	Discussion
	Avian communities
	Anuran communities

	Conclusions
	Acknowledgements
	References


