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Abstract US federal conservation programs, includ-

ing the National Resource Conservation Service’s

Wetland Reserve Program (WRP) and the US Fish and

Wildlife Service’s Partners for Fish and Wildlife

Program (PFWP), partner with private landowners to

conserve and restore wetland habitats. Despite the

success of these programs in terms of wetland area

enrolled, uncertainties exist as to whether they are

meeting their stated goals, including the restoration of

wildlife habitat. In the St. Lawrence Valley of New

York State, we investigated two questions related to

WRP and PFWP wetland restorations. First, was

whether restorations provide habitat for wetland-

associated wildlife, including Species of Greatest

Conservation Need (SGCN) prioritized by the New

York State Wildlife Action Plan (SWAP). Second, was

whether restorations support wildlife assemblages that

are comparable to natural reference wetlands. Bird,

anuran, turtle, snake, and fish species assemblages

were surveyed at 47 WRP and PFWP restorations, and

18 natural reference wetlands. We detected 31 SGCN

at restorations, including SGCN from each assemblage

surveyed. Assemblage metrics, including species

richness and relative abundance, did not differ between

restored and reference wetlands for any of the assem-

blages surveyed. These results indicate that restora-

tions provide habitat for SGCN and other wetland-

associated wildlife, and that assemblages at restora-

tions are similar to those at natural reference wetlands.

We conclude that WRP and PFWP wetland restora-

tions in this region are meeting federal program-level

goals related to the restoration of wildlife habitat, and

are contributing to the recovery of SGCN.
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Introduction

Globally, one of the most consequential changes in

land-use is wetland loss due to degradation and

drainage (Millennium Ecosystem Assessment 2005;

Mitsch and Gosselink 2015). Wetlands ecosystems are

valuable due to the ecosystem services they provide;

not only do they have significant commercial and
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recreational value, wetlands also capture excess

nutrients and pollutants, facilitate groundwater

recharge, decrease erosion, mitigate flooding, increase

water availability, regulate regional climate, and serve

as attractive habitat for a variety of species (Costanza

et al. 2014). Despite the value of these services,

human-dominated landscapes are characterized by the

loss of wetland habitats to agricultural, residential, or

industrial development, as these services are external

to existing markets (Dahl and Allord 1997; Zedler and

Kercher 2005; Ghermandi et al. 2010). In the US, since

the Clean Water Act of 1972 and the 1989 US federal

policy objective of no net wetland loss, mitigation

programs that conserve and restore wetland habitats

have been instituted to compensate for past and

present wetland losses. Most wetland restoration

projects have been completed on public land, but the

greatest need for the augmentation of wetland ecosys-

tem services is on private land, as historically this is

where the greatest losses have occurred (Dahl et al.

1991; Scodari 1997; Zedler 2003; Fairfax et al. 2005;

Maresch et al. 2008).

Among the most important mechanisms for miti-

gating wetland losses in the US are voluntary

programs that provide incentives to private landown-

ers to conserve or restore wetland habitats, often

within a conservation easement held by a public

agency partner or land trust. Two public–private

partnership programs in the US, the National Resource

Conservation Service’s (NRCS) Wetlands Reserve

Program (WRP) and the US Fish and Wildlife

Service’s (USFWS) Partners for Fish and Wildlife

Program (PFWP), have restored over one million

hectares of wetlands, mostly within the last two

decades (Filsinger and Milmoe 2012; USDA NRCS

2014a). WRP is focused on agricultural land and was

created by the 1990 Farm Bill with the goal of

‘‘achieving the greatest [wetland] functions and val-

ues, along with optimum wildlife habitat, on every

acre enrolled in the program’’ (USDA NRCS 2014a).

Since the 2014 Farm Bill, WRP has been incorporated

into the new Agricultural Conservation Easement

Program (USDA NRCS 2014b). PFWP was created in

1987 with the objective of offering assistance to

landowners with habitat restoration for the benefit of

federal trust species (USFWS 2015a). Despite the

success of these programs in terms of wetland area

enrolled, uncertainties exist as to whether they are

meeting their stated goals (Heard 2000; updated 2008;

Rewa 2005; Gray and Teels 2006; Maresch et al. 2008;

Brinson and Eckles 2011). Although agencies are

obligated to conduct some post-restoration monitor-

ing, there are few resources allocated to this task

relative to those available for establishing new part-

nerships. More is known about the outcomes of

wetlands restored via mandatory mitigation under

the Clean Water Act, but it is unlikely that mitigation

sites are comparable to wetlands restored via volun-

tary public–private partnership programs (National

Research Council, NRC 2001; Kihslinger 2008). The

United States Department of Agriculture (USDA) has

recently conducted a series of cumulative effects

studies on how ecosystem services, such as carbon-

storage and nutrient management, are affected by

NRCS programs, but these assessments focused on the

regional program-level (aggregated-projects) rather

than the project-level (Duriancik et al. 2008; Maresch

et al. 2008; Euliss et al. 2010; Brinson and Eckles

2011). While results from program-level assessments

indicate that the wetland restoration programs are

generally meeting their goals, evaluative surveys at

the project-level are also needed to compare different

methods of restoration, to determine how restorations

change over time, and to examine how they compare

to natural wetlands on the landscape (Mitsch and

Wilson 1996; Brinson and Rheinhardt 1996; Zedler

2000; Rewa 2005; Brinson and Eckles 2011).

One way to evaluate the success of WRP and PFWP

is to assess the use of restorations by assemblages of

biological indicator species (e.g., birds, amphibians,

aquatic macroinvertebrates) or other target species

[e.g., Species of Greatest Conservation Need (SGCN),

federal trust species]. Biological indicator species

provide information on the functionality of a particular

ecosystem, as species within an assemblage vary in

their habitat requirements and their sensitivity to

disturbances. The number of studies describing the

response of a single species assemblage to wetland

restoration continues to grow (e.g., Ratti et al. 2001;

Kaminski et al. 2006; Larkin et al. 2008; O’Neal et al.

2008), however, studies that include multiple species

assemblages are much fewer (e.g., Juni and Berry 2001;

Balcombe et al. 2005; Nedland et al. 2007). Assessing

multiple species assemblages at restorations should be a

priority because as with individual species, assem-

blages also vary in their habitat requirements and

sensitivity to disturbance. It is also possible that a
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particular restoration might benefit members of one

assemblage over another.

In 2000, the US Congress funded the State

Wildlife Grant Program, which provides states with

money to conserve SGCN. To participate in the

program, each state is required to draft and period-

ically revise a State Wildlife Action Plan (SWAP)

that identifies SGCN and proposes a prioritized plan

for research, management, and species recovery

(USFWS 2015b). New York State’s 2015 SWAP

identifies many wetland-associated species as SGCN,

and the state’s 2005 Comprehensive Wildlife Con-

servation Strategy identified the need to determine

whether restored wetlands play a role in conserving

SGCN (New York State Department of Environmen-

tal Conservation, NYSDEC 2005, 2015).

The St. Lawrence Valley of New York is a regional

hotspot for wetland restoration, and is home to over

200 WRP and PFWP projects (USFWS 2006). As per

program regulations, all restorations are completed on

private property and most sites enrolled in WRP are

protected under conservation easements. Restored

wetlands are usually small, often under New York

State’s regulatory threshold of 5 ha, and may consist

of one several-hectare wetland, multiple small (under

1 ha) wetlands, or a combination of both large and

small wetlands. A small number of PFWP wetland

restoration projects in this region were surveyed for

vegetation, macroinvertebrates, birds, and amphibians

pre- and 2 years post-restoration in the early 1990s

(Brown and Bedford 1997; Brown et al. 1997; Brown

1998, 1999; Brown and Smith 1998) and a sub-set of

these sites were re-sampled several years later by

Robinson (2000).

Our study had two objectives. First, was to deter-

mine whether WRP and PFWP wetland restorations in

the St. Lawrence Valley provide habitat for wetland-

associated wildlife, including SGCN. Second, was to

determine whether WRP and PFWP wetland restora-

tions support wildlife assemblages that are compara-

ble to those found at natural reference wetlands in the

region. To meet these objectives, we surveyed bird,

anuran, turtle, snake, and fish assemblages at 47 WRP

and PFWP restorations, and compared assemblage

metrics, such as species richness and relative abun-

dance between 18 restored–reference pairs.

Methods

Study area and site selection

The wetlands surveyed were located within a

6000 km2 expanse of northern Jefferson County

(43.66� N, 75.81� W) and adjacent St. Lawrence

County (43.92� N, 75.53� W), New York, and

distributed across three ecological regions (Reschke

1990). The Eastern Ontario Plains and St. Lawrence

Plains are rolling agricultural lowlands of hayfields,

dairy farms, maize and other row crops (regions 42%

and 31% agricultural, respectively), with natural

vegetation predominately consisting of northern

mixed hardwood and conifer forests. The Indian River

Lakes region is comprised of numerous lakes, granite

outcrops, as well as greater forest cover and less

agricultural land (15%) than the other two regions (Fry

et al. 2011). Human population densities outside of the

scattered villages are low (around 10 persons/km2).

The climate is cool (annual average temperature

6.6 �C, average minimum winter temperature

-17.5 �C, and average maximum summer tempera-

ture 24.9 �C at Canton, NY) and seasonal, including

long cold winters and short cool summers (growing

season 125 days); precipitation is high (94 cm annu-

ally) and occurs throughout the year (National

Oceanic Atmospheric Administration National Cli-

matic Data Center, NOAA NCDC , NOAA NCDC

2010).

We surveyed 47 wetland restorations in 2009–2011

and 2014, including 28 WRP projects, 15 PFWP

projects, and four projects that were shared between

these programs (Fig. 1). Ducks Unlimited provided

financial and/or technical assistance for at least 18

restorations. Thirty-one WRP restorations were pro-

tected under conservation easements, whereas PFWP

projects were not. We selected 18 WRP and PFWP

projects to pair with natural reference wetlands based

on year surveyed, proximity, basin morphometry, and

landscape context (c.f. Brinson and Rheinhardt 1996;

Figs. 1, 2). As restorations were located on private

land, we attempted to select reference sites that were

also on private property. However, due to a scarcity of

small natural wetlands and issues with obtaining

landowner access, two reference wetlands were

located on nearby state Wildlife Management Areas.

Restored and reference sites were characterized as

either scrub–shrub or emergent palustrine wetlands
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(Cowardin et al. 1979). Restoration techniques

included excavating small depressions, constructing

berms and water control structures, ditch-plugging, or

tile drain removal. Land-uses bordering wetlands

included hayfield, row crops, cattle pasture, shrub-

successional stage fallow farm fields, forest, or

landowner residences. Restorations (n = 47) ranged

from 0.14 to 7.49 ha (mean ± -

SD = 5.32 ± 2.26 ha), while reference sites

(n = 18) ranged from 0.17 to 10.73 ha

(7.86 ± 2.69 ha).

Wildlife surveys

The bird assemblage was surveyed at each site between

sunrise and 10:00 in May and June, via two 10 min,

100 m fixed-radius point counts and playback vocal-

ization surveys, where species were identified visually

or by their vocalizations (Ralph et al. 1995; Bibby et al.

2000; Rehm and Baldassarre 2007). We surveyed from

a single vantage point located on the open water and

emergent vegetation interface; one skilled observer

(TAL) did all point counts. Playback vocalization

surveys consisted of 30 s of vocalization and 30 s of

silence, with three replicates per species. The speaker

volume was standardized to a sound pressure level of

80–90 dB at a distance of 1 m (Conway 2009). Focal

species, in order of broadcast, included the Least Bittern

(Ixobrychus exilis), Sora (Porzana carolina), Virginia

Rail (Rallus limicola), Common Gallinule (Gallinula

galeata), American Coot (Fulica americana), Pied-

billed Grebe (Podilymbus podiceps), King Rail (Rallus

elegans), Yellow Rail (Coturnicops noveboracensis),

American Bittern (Botaurus lentiginosus), Sedge Wren

(Cistothorus platensis), Marsh Wren (Cistothorus

palustris), and Golden-winged Warbler (Vermivora

chrysoptera; Cornell Lab of Ornithology 2009); seven

of these species are SGCN. Bird assemblage metrics,

Fig. 1 Locations of wetlands surveyed in the St. Lawrence Valley of New York. Reference wetlands (n = 18) are indicated by red

squares and restorations (n = 47) are indicated by yellow circles. (Color figure online)
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summed over the two surveys per site, included relative

species richness, which was calculated by summing the

species detected within the 100 m radius during point

counts and all focal species detected during playback

vocalizations. Additionally, we report the richness of

SGCN and a weighted-average index reflecting the

dominance of each assemblage by wetland-associated

birds. To calculate the index, each species was assigned

a rank based on its wetland indicator status (as given in

Brooks and Croonquist 1990), and the rank values were

summed for each site, such that a higher index value

indicated greater dominance by wetland-associated

species.

The anuran (frog and toad) assemblage was

surveyed on a total of three nights, once in late April,

once in late May, and once in early July. Surveys were

Fig. 2 Digital imagery displaying a sample A natural reference and B restored wetland pair
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done a minimum of 15 days apart at sites and

coincided with three air temperature ranges (5–9,

10–16, and [16 �C). Each survey occurred between

0.5 h after sunset and 01:00. Surveys consisted of a

5 min, 50 m semi-circular fixed-radius point count

located on the open water and emergent vegetation

interface. Survey protocols were adapted from the

North American Amphibian Monitoring Program, and

species were identified by their vocalizations and

chorus size was estimated using call codes (Weir and

Mossman 2005). Anuran assemblage metrics mea-

sured included relative species richness and a relative

abundance index calculated by summing the highest

recorded call code per species per site. During anuran

surveys, we also noted detections of the Whip-poor-

will (Antrotomus vociferus), a nocturnal bird SGCN.

The turtle assemblage was surveyed via 10 baited

hoop traps (30 cm aperture) checked daily for three

consecutive days (30 trap-nights) in June (Steen and

Gibbs 2005). Individuals captured were identified,

sexed, measured (straight line carapace length), and

marked by filing a notch on the pygal scute to detect

recaptures (Ferner 2007). We surveyed the snake

assemblage via two 1 h visual searches in May and

June. Visual searches were conducted between 07:00

and 12:00 and consisted of an observer walking along

the water’s edge searching for snakes (Heyer et al.

1994; McDairmid et al. 2012). Individuals captured

were identified, measured (body length), and released.

No attempt was made to mark individuals. Turtle and

snake assemblage metrics included relative species

richness and relative abundance, as indicated by the

turtle catch-per-unit-effort (CPUE; individuals/trap-

night) and the number of snake detections.

We surveyed the fish assemblage, including small

species and the young of larger species, via five baited

cylindrical funnel traps (42 cm long, 22 cm in diam-

eter, 3 cm diameter entry opening, 0.48 cm2 mesh

size, baited with 40 cat food pellets in 30 mL,

perforated plastic containers) checked daily for three

consecutive days (15 trap-nights). Three traps were

placed amid submerged hydrophytes in the littoral

zone along the perimeter of each wetland at 1 m depth.

Individuals were identified and released. No attempt

was made to mark individuals. Fish assemblage

metrics included relative species richness and CPUE

(individuals/trap-night).

Data analysis

To evaluate whether assemblage metrics differed

between restored and reference wetlands, we con-

ducted statistical hypothesis tests of the restored–

reference pairs. Analogous analyses using full,

unpaired dataset provided qualitatively identical

results. The average mean difference in assemblage

metrics between restored and reference wetland pairs

was compared using paired t-tests or, in the case that

parametric assumptions were violated, Wilcoxon

signed-rank tests. We used the Anderson–Darling test

to detect deviations from normality in the pair

difference scores. All statistical tests were completed

using the R Project for Statistical Computing (R Core

Team 2012). When observed mean differences do not

differ significantly from zero, some would advocate

that a retrospective power analysis be reported (either

an ‘observed power’ or ‘detectable effect size’ anal-

ysis), in order to evaluate the likelihood that the null

hypothesis (average mean difference = 0.0) would

have been rejected were it false. However, we agree

with Hoenig and Heisey (2001) that the use of power

analysis in this way is fallacious, and that confidence

intervals (CIs) are more informative. An average mean

difference near zero and tight CIs provide the most

convincing evidence that there is little to no difference

between treatment types. Thus, we report the 95% CI

for all pair-wise comparisons. To maintain an exper-

iment-wise Type I error rate of 5%, we applied a

Bonferroni correction; given we included 11 metrics,

the criterion for rejecting a null hypothesis was

p\ 0.0045.

We did not attempt to model species-by-species

detectability via occupancy modeling, as our study

represents a snapshot assessment of biodiversity.

However, we assumed that detectability was similar

per species across sites, and since surveys were done

using the same methods at each site, our assemblage

metrics should be positively correlated with true

metric for each assemblage surveyed. We have no

reason to suspect that detection probabilities of SGCN

differed between restored and reference wetlands. All

raw and summary data are available as Online

Supplementary Materials.
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Results

A total of 124 of 183 bird species known to breed in

this region were detected, with 115 species at restora-

tions (n = 47) and 100 species at reference wetlands

(n = 18; McGowan and Corwin 2008). Both the

American Goldfinch (Carduelis tristis) and the Com-

mon Yellowthroat (Geothlypis trichas) were the most

commonly detected species, found at all restored and

reference wetlands. A total of 22 and 18 obligate

wetland species were detected at restored and refer-

ence wetlands, respectively. The Mallard (Anas

platyrhynchos), Swamp Sparrow (Melospiza geor-

giana), Wood Duck (Aix sponsa), and Great Blue

Heron (Ardea herodias) were the four most commonly

detected obligate wetland species at both restored and

reference wetlands. A total of 159 detections of 24 bird

SGCN were made across sites, including 9 High

Priority SGCN and 15 SGCN (Table 1). Twenty-four

SGCN were detected at restorations and 17 SGCN

were detected at reference wetlands. Both the Scarlet

Tanager (Piranga olivacea) and Wood Thrush (Hy-

locichla mustelina) were among the most common

SGCN at both restored and reference sites. Of the 24

SGCN detected, 7 were obligate wetland species.

There was no difference in detected species richness,

the richness of SGCN, or the wetland index (domi-

nance by wetland-associated species) between

restored and reference wetland pairs (Table 2).

All 10 anuran species native to the region were

detected, including the Spring Peeper (Pseudacris

crucifer), Boreal Chorus Frog (Pseudacris maculata),

Grey Tree Frog (Hyla versicolor), American Toad

(Anaxyrus americanus), Northern Leopard Frog

(Lithobates pipiens), Green Frog (Lithobates clami-

tans), American Bullfrog (Lithobates catesbeianus),

Pickerel Frog (Lithobates palustris), and Mink Frog

(Lithobates septentrionalis; Gibbs et al. 2007). All

species were detected at restorations, and all but the

Wood Frog were detected at reference sites. The

Spring Peeper, Green Frog, Grey Tree Frog, and

American Bullfrog were the four most commonly

detected species at both restored and reference wet-

lands. Both the Boreal Chorus Frog and the Mink Frog

are classified as Potential SGCN (Table 1). Neither

detected species richness nor relative abundance

(indicated by the call-code index) differed between

restored and reference wetlands (Table 2).

A total of 158 individuals of four of the seven turtle

species found in the region were detected, including

106 individuals of four species at restorations and 52

individuals of three species at reference wetlands

(Gibbs et al. 2007). The Snapping Turtle (Chelydra

serpentina), a SGCN, was the most commonly detected

species across sites (99 individuals). The Blanding’s

Turtle, identified as a High Priority SGCN, was

detected at one restored (one individual) and one

reference (three individuals) wetland (Table 1). We

also detected 56 Painted Turtles (Chrysemys picta) and

one Red-eared Slider (Trachemys scripta elegans), a

non-native species that was likely a release. There

were no differences in detected species richness and

relative abundance (indicated by CPUE) between

restored and reference wetlands (Table 2).

We only completed snake surveys from 2009 to

2011, therefore results are restricted to surveys of 33

restorations and 14 restored–reference pairs. A total of

56 individuals of five of the nine snake species found

in the region were detected, including the Common

Gartersnake (Thamnophis sirtalis), Eastern Ribbon-

snake (Thamnophis sauritus sauritus), Northern

Watersnake (Nerodia sipedon), Eastern Milksnake

(Lampropeltis triangulum), and Eastern Ratsnake

(Pantherophis alleghaniensis; Gibbs et al. 2007).

Captures at restorations included 31 individuals of

five species and 25 individuals of four species were

detected at reference wetlands. The Eastern Milksnake

was only detected at a single restoration. The two

SGCN snakes detected were the Eastern Ribbonsnake,

the most commonly detected snake species, and the

Eastern Ratsnake (Table 1). Neither detected species

richness nor relative abundance (indicated by total

detections) differed between restored and reference

wetlands (Table 2).

A total of 2582 individuals of 20 of the estimated 35

fish species found in this region were detected,

including 2105 individuals of 19 species at restora-

tions and 477 individuals of 15 species at reference

wetlands (Werner 2004). The Pumpkinseed (Lepomis

gibbosus), Brook Stickleback (Culaea inconstans),

Central Mudminnow (Umbra limi), and Fathead

Minnow (Pimephales promelas) were the four most

commonly detected species at both restored and

reference sites. We detected one SGCN, the Black

Bullhead (Ameiurus melas) at three restorations. We

did not detect any fish at 11 restorations and 6

reference wetlands. There were no differences in
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Table 1 The number of detections of New York Species of Greatest Conservation Need (SGCN) at restored (n = 47) and reference

(n = 18) wetlands

Common names Scientific names Indicator status Reference Restored

High Priority SGCN

Birds

Black Tern Chlidonias niger OBL 1 2

Sedge Wren Cistothorus platensis OBL 1 3

Bobolink Dolichonyx oryzivorus FAC 3 20

Canada Warbler Wilsonia canadensis FAC 0 1

Golden-winged Warbler Vermivora chrysoptera FAC 4 13

Brown Thrasher Toxostoma rufum UPL 2 9

Eastern Meadowlark Sturnella magna UPL 1 12

Vesper Sparrow Pooecetes gramineus UPL 0 1

Whip-poor-will Antrotomus vociferus UPL 1 5

Reptiles

Blanding’s Turtle Emydoidea blandingii – 1 1

SGCN

Birds

American Bittern Botaurus lentiginosus OBL 5 15

Bald Eagle Haliaeetus leucocephalus OBL 0 2

Black-crowned Night Heron Nycticorax nycticorax OBL 0 1

Blue-winged Teal Anas discors OBL 3 10

Common Tern Sterna hirundo OBL 1 1

Least Bittern Ixobrychus exilis OBL 1 1

Pied-billed Grebe Podilymbus podiceps OBL 2 4

American Kestrel Falco sparverius UPL 1 1

Black-billed Cuckoo Coccyzus erythropthalmus UPL 1 8

Black-throated Blue Warbler Vermivora cyanoptera UPL 0 1

Blue-winged Warbler Setophaga caerulescens UPL 0 2

Northern Harrier Circus cyaneus UPL 0 2

Ruffed Grouse Bonasa umbellus UPL 3 7

Scarlet Tanager Piranga olivacea UPL 7 22

Wood Thrush Hylocichla mustelina UPL 7 20

Reptiles

Eastern Ratsnake Pantherophis alleghaniensis – 3 4

Eastern Ribbonsnake Thamnophis sauritus sauritus – 7 10

Snapping Turtle Chelydra serpentina – 14 25

Fish

Black Bullhead Ameiurus melas – 0 3

Species of Potential Conservation Need

Amphibians

Boreal Chorus Frog Pseudacris maculata – 13 20

Mink Frog Lithobates septentrionalis – 3 10

SGCN are divided into three categories: (1) High Priority SGCN, (2) SGCN, and (3) Potential Species of Conservation Need

(NYSDEC 2015). For birds, each species is classified by its wetland indicator status: obligate-wetland (OBL), facultative-wetland

(FAC), or upland (UPL) species (Brooks and Croonquist 1990)
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detected species richness or relative abundance (indi-

cated by CPUE) between restored and reference

wetlands (Table 2).

Discussion

Our results indicate that WRP and PFWP restorations in

the St. Lawrence Valley provide habitat for a variety of

wetland-associated wildlife, including, but not limited

to, 115 species of birds, 10 species of anurans, 4 species

of turtles, 5 species of snakes, and 19 species of fish. A

total of 31 SGCN were detected at restorations, including

SGCN for each assemblage surveyed. Additionally,

restorations were also found to provide habitat for sev-

eral woodland and grassland-associated species, many of

which are also SGCN.

Birds

Similar to other studies, we detected no difference in

bird assemblage metrics between restored and refer-

ence wetlands; six of six studies comparing bird

species richness between restored palustrine wetlands

and reference wetlands also report no difference in

species richness between sites (Brawley et al. 1998;

Brown and Smith 1998; Juni and Berry 2001; Ratti

et al. 2001; Balcombe et al. 2005; Kahara et al. 2012).

Brown and Smith (1998), in the same region of New

York as our study, compared the avian assemblages at

PFWP restorations 3 years post-restoration with

natural wetlands, and detected no differences in avian

species richness or abundance. Kahara et al. (2012)

compared WRP sites in California to reference

wetlands and reported that waterbird use at WRP

restorations was similar to or greater than similarly

managed natural wetlands in the region.

Few studies have examined factors that affect bird

use of WRP and PFWP wetland restorations. Among

the four studies of which we are aware, three have

focused on the effects of hydrological management on

waterbirds. Fleming et al. (2015) and Kahara et al.

(2012) concluded that active hydrological manage-

ment increased the use of restorations by migrating

and wintering waterbirds in Mississippi and Califor-

nia, respectively. Similarly, Kaminski et al. (2006)

Table 2 Summary data for all wildlife assemblage metrics at natural reference wetlands (n = 18) and restorations (n = 47)

Assemblage metric Reference Restored AMD ± 95% CI, p value

Range Mean ± SD Range Mean ± SD

Birds

Species richness 20–42 30.78 ± 5.87 15–38 29.60 ± 4.70 -1.06 ± 2.78, 0.43

Wetland index 16–66 37.50 ± 14.71 8–61 33.94 ± 13.23 2.28 ± 9.06, 0.60

Richness SGCN 0–6 2.44 ± 1.65 0–7 2.45 ± 1.52 -0.22 ± 1.03, 0.66

Anurans

Species richness 3–8 5.78 ± 1.48 2–9 5.70 ± 1.65 -0.33 ± 1.24, 0.58

Abundance index 8–17 12.94 ± 2.80 5–20 12.40 ± 3.75 0.11 ± 2.42, 0.92

Turtles

Species richness* 0–2 1.33 ± 0.59 0–2 0.91 ± 0.79 2.33 ± 9.45, 0.15

CPUE 0.00–0.27 0.10 ± 0.07 0.00–0.67 0.08 ± 0.12 0.04 ± 0.05, 0.17

Snakes

Species richness 0–3 1.43 ± 1.28 0–4 0.88 ± 1.14 0.21 ± 0.76, 0.55

Relative abundance 0–7 1.79 ± 2.01 0–4 0.94 ± 1.17 0.50 ± 1.24, 0.39

Fish

Species richness 0–7 2.67 ± 2.54 0–8 2.93 ± 2.51 -0.67 ± 1.66, 0.04

CPUE* 0.00–8.27 1.77 ± 2.37 0.00–28.33 3.12 ± 5.97 4.11 ± 13.1, 0.16

The average mean difference (AMD) and 95% confidence intervals are reported for paired t-tests between restored and reference

wetland pairs. Wilcoxon signed-rank tests (indicated by an *) were used to analyze non-parametric data, and we report the AMD in

ranks and 95% CI for these analyses. None of the 11 metrics examined indicated a difference between wildlife assemblages at

restored and reference wetlands. All raw and summary data are available as Online Supplementary Materials
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found that active management increased the number of

breeding waterbirds at WRP sites in New York.

Although we did not characterize the hydrologic

regime at restorations, we know that 26 sites were

restored without water control structures, and beaver

dams had rendered water control structures inacces-

sible at four sites. Therefore, these sites could not be

hydrologically manipulated. Of the 21 sites restored

using water control structures, only 5 sites were

actively managed by landowners.

A total of 24 bird SGCN were detected at restored

wetlands, representing both wetland-associated

(n = 12) and upland (n = 12) species. Given the

small size of the wetlands and because we surveyed at

the water’s edge, we detected both species found in

wetlands and those inhabiting the adjacent upland

habitat. Depending on the landscape context of the

restoration, we detected not only wetland-associated

SGCN, but also grassland SGCN [e.g., Bobolink

(Dolichonyx oryzivorus), Eastern Meadowlark (Stur-

nella magna)], shrub-successional SGCN [e.g.,

Golden-winged Warbler, Brown Thrasher (Toxostoma

rufum)], and forest SGCN (e.g., Wood Thrush, Scarlet

Tanager). This is important from a management

perspective because it indicates that WRP and PFWP

wetland restorations have the potential to provide

habitat for bird SGCN with diverse habitat require-

ments. Additionally, many WRP restorations are

protected under conservation easements, which often

include a substantial area of upland habitat. Therefore,

the potential for conserving bird SGCN not tradition-

ally associated with wetlands should be considered

during project planning and easement delineation. For

example, the Golden-winged Warbler, a SGCN that is

currently under review for listing under the Endan-

gered Species Act, was detected at 28% of restored

wetlands surveyed, most commonly where the upland

habitat surrounding the restoration was shrub-succes-

sional or early stage successional forest (Buehler et al.

2007).

Anurans

That we found no difference in the anuran assemblage

metrics between restored and reference wetlands is

consistent with many other studies, as Brown et al.

(2012) reports that amphibian species richness and

abundance at restored wetlands was either the same or

greater than that at natural reference wetlands in 18 of

22 peer-reviewed studies. For example, Walls et al.

(2014) and Beas and Smith (2014) both report that

amphibian species richness at WRP and USFWS

wetland restorations was higher than or did not differ

from that of reference wetlands. Brown et al. (2012)

further concludes that the colonization and persistence

of amphibian populations at restorations is affected by

connectivity to existing wetlands, hydroperiod, and

the presence of emergent vegetation. Probably the

most important driver of anuran colonization of

restored wetlands is wetland connectivity. Restora-

tions, especially those lacking connection to surface

water flow, must be within the dispersal range of

existing populations and connected by areas of land-

uses that suitable for movement for colonization to

occur (Semlitsch 2000a; Petranka and Holbrook

2006). Based on the US Fish and Wildlife Service,

USFWS (1990) National Wetland Inventory, all

restorations surveyed were located within 0.65 km

from the nearest wetland, which is within the dispersal

range of most pond-breeding amphibians (Semlitsch

2008).

Although we did not characterize the hydrologic

regime at sites, we observed that larger, deeper

restorations often had surface water year-round, while

small depressional wetlands often dried during the late

summer and filled again during the fall. Given this, we

tended to detect highly aquatic species, such as the

American Bullfrog, Green Frog, and Mink Frog (a

Potential Species of Conservation Need) at larger

restorations. Other studies of amphibian use of wet-

lands in agricultural landscapes highlight the impor-

tance of deep-water habitats. Mushet et al. (2012)

found that deep-water overwintering habitat was an

important predictor of the occurrence of four of five

anuran species examined in wetlands in North Dakota.

Similarly, Beas and Smith (2014) compared amphib-

ian assemblages between playa wetlands located in

grassland, cropland, and restored watersheds. They

found no difference in amphibian species richness

during the first survey year when rainfall was abun-

dant, but reported higher species richness at restored

playas during their second survey year when there was

a drought. They attributed the difference between

years to the presence of deep-water habitats at

restorations that increase year-round water availabil-

ity. While highly aquatic species were generally

detected at large wetlands, smaller wetlands provided

habitat for species that breed in wet meadows, such as
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the Spring Peeper and Boreal Chorus Frog (a Potential

Species of Conservation Need); the three restorations

that consisted solely of clusters of small depressional

wetlands in a grassland matrix had exceptionally large

choruses of these species.

Landowner actions that protect emergent and

adjacent upland vegetation may be encouraging anu-

ran occupancy during the breeding season at both

restored and reference wetlands. Many landowners

indicated that they intended to manage restored

wetlands in a manner that enhanced wildlife habitat,

which included not altering natural vegetation in and

around wetlands. Additionally, the terms of most

conservation easements prohibit mowing vegetation

adjacent to wetlands, or specify a mowing schedule

that is consistent with management goals (e.g., after

grassland birds have fledged). Most restorations in our

study had well-developed and relatively undisturbed

zones of emergent and upland vegetation which are

known to enhance anuran breeding habitat (Monello

and Wright 1999; Semlitsch 2000b; Semlitsch and

Bodie 2003).

Reptiles

Reptiles are not typically surveyed as biological

indicator species, so few studies are available for

comparison. However, a large number of reptiles

native to this region, including several SGCN, are

associated with wetlands. There is evidence that

reptiles will colonize wetland restorations; Palis

(2007) assessed turtle and snake colonization of 3

created wetlands and detected 18 species, including 2

species of conservation concern in Illinois. We

detected four turtle species, including two SGCN:

the Snapping Turtle and the Blanding’s Turtle. The

Snapping Turtle was the most commonly detected

species, likely due to the fact that it is a generalist that

can be found in a variety of aquatic habitats, including

wetlands, streams, rivers, and farm ponds (Paterson

et al. 2012; Obbard and Brooks 1981). The Blanding’s

Turtle was detected at one restored and one reference

site in proximity to known populations that were

located within larger wetland complexes, indicating

that both restored and natural wetlands on private

property have the potential to enhance existing

populations of this High Priority SGCN (Stryszowska

et al. 2016).

We believe that our study is the first to survey

snakes at WRP or PFWP wetlands. Snake species

richness and relative abundance were low across sites,

due to low success of the visual-encounter, hand-

capture sampling technique used. The Eastern Rib-

bonsnake, a SGCN, was the most commonly detected

species at both restored and reference wetlands, likely

because the surveys were done at the water’s edge,

which is the preferred habitat of this species (Bell et al.

2007); moreover, when disturbed, ribbonsnakes fled

into uplands and were more easily captured by

observers. The other SGCN snake detected was the

Eastern Ratsnake, which is not traditionally associated

with wetlands, but instead is most often found in fields

and deciduous forest edges (Weatherhead and Char-

land 1985; Blouin-Demers and Weatherhead 2001).

At three restorations and one reference site, repre-

senting over half of all ratsnake detections, this species

was observed preying on bird eggs (Wood Duck eggs

in nest boxes and eggs of ground-nesting waterfowl).

Overall, our survey was biased towards larger, more

conspicuous snakes and did not yield many captures.

We recommend that multiple survey techniques be

used to more thoroughly sample snake assemblages in

future studies (Ryan et al. 2002; McDairmid et al.

2012).

Fish

To the best of our knowledge, ours is the first study to

examine fish assemblages at WRP or PFWP wetland

restorations. While there are many studies of fish

assemblages at marine and estuarine wetland restora-

tions (e.g., Williams and Zedler 1999; Talley 2000;

Gray et al. 2002), there is only one other study that has

investigated fish assemblages at palustrine wetland

restorations. Similar to our results, Juni and Berry

(2001) found no difference in fish species richness

between restored and reference wetlands in South

Dakota. We detected one fish SGCN, the Black

Bullhead, at three restored wetlands. This species is

generally associated with low velocity riverine and

lacustrine habitats characterized by medium to high

cover of aquatic vegetation (Stuber 1982). Each of the

restorations where the Black Bullhead was detected

were located along larger streams, which likely

provided the necessary habitat for this species. Similar

to amphibians, we expected that surface water con-

nectivity would be important in determining fish
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colonization at restorations (Bouvier et al. 2009). We

expected isolated restorations to be absent of fish and

were surprised to find diverse communities of fish at a

number of restorations lacking in surface water

connectivity. However, we believe this can be

attributed to a number of sources. Many landowners

indicated they stocked desirable species at both

restored and reference wetlands, including sportfish,

such as Brown Bullhead (Ameiurus nebulosus) or

Smallmouth Bass (Micropterus dolomieu), and bait-

fish, such as shiners and minnows (family Cyprinidae).

Many restorations were adjacent to streams and other

natural wetlands without direct connectivity, and it is

plausible that during high rainfall events small fish

colonized these wetlands by swimming across flooded

uplands (Snodgrass et al. 1996). To quantify inter-

annual repeatability, we sampled several sites 2 years

in a row, and at one restored site we detected no fish

during 2010, but detected two species during 2011,

after the region experienced 100-year flood condi-

tions. It is also possible that fish reached isolated

restorations via dispersal by waterfowl. Although this

is a commonly invoked mechanism of dispersal that is

plausible and has been directly observed in other

groups of aquatic organisms, there is little quantitative

evidence in support of this claim (Figuerola and Green

2002; van Leeuwen et al. 2012). Additionally, restored

sites may have contained remnant ponds or drainage

ditches with fish prior to restoration. Unfortunately,

there is little information, particularly for older sites,

on past land-uses or site characteristics prior to

restoration. Restoration project managers should be

encouraged to record detailed pre-restoration site

information, as identifying site-specific characteristics

that result in successful restoration should be a priority

for future research.

Observations, limitations, and recommendations

The most challenging aspect of this study was locating

wetlands to serve as natural reference sites because

small, naturally occurring emergent herbaceous wet-

lands on private land are uncommon in this region.

This is likely due to past wetland drainage programs

that incentivized wetland conversion, and restoration

of these lost wetlands is a principal justification for

both WRP and PFWP (Dahl and Allord 1997). Most

natural wetlands in this region are much larger than

restorations, are dominated by shrub–scrub vegetation

[Alder (Alnus sp.) and Willow (Salix spp.)], and are

associated with beaver activity. Though restored

wetlands differ in structure from the majority of

existing natural wetlands, they represent a wetland

type that is rare on the landscape. Therefore, it is likely

that restorations serve to replace lost functions asso-

ciated with small wetlands and increase the beta-

diversity of the landscape. Our results support this

conclusion, as restorations appeared to be the most

beneficial, based on detections, for species that live or

breed in wet fields or small emergent herbaceous

wetlands, including several SGCN [e.g., American

Bittern, Sedge Wren, Blue-winged Teal (Anas dis-

cors), Boreal Chorus Frog, Eastern Ribbonsnake].

SGCN and other species that are generally restricted to

large wetland complexes were rarely detected at both

restored and reference wetlands [e.g., Least Bittern (I.

exilis), Pied-billed Grebe (P. podiceps), Marsh Wren

(C. palustris)]. Additionally, it is worth noting that a

majority of the restorations assessed in this study were

small and therefore do not qualify for regulatory

oversight. For example, the New York regulatory

threshold for wetland protection is 5 ha surface area,

and 55% of restorations assessed in this study fell

under this threshold. So unless these wetlands qualify

for protection under the Clean Water Act, they could

be converted without permitting and compulsory

mitigation.

The greatest limitation of the snapshot survey

approach used in our study is that we are uncertain

whether the detection of a species indicates a viable

population or important meta-population node, versus

an undesirable population sink maintained by immi-

gration (Pulliam 1988; Schlaepfer et al. 2002). It is

possible that restorations in this region, being imbed-

ded in an agricultural landscape, may be more prone to

agrochemical and sediment run-off, vehicle and farm

equipment mortality, predation by subsidized preda-

tors, reduced food abundance, or poor quality breeding

habitat for due to abundant invasive plant cover and

increased disturbance (Zedler and Kercher 2005;

Verhoeven et al. 2006). Our study was not designed

to evaluate population viability, only species presence,

and studies on the population viability of representa-

tive SGCN species present at restorations would be

worthwhile.

There remains considerable uncertainty about how

restoration site selection, restoration age, and restora-

tion techniques impact wetland community assembly
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(Mitsch and Wilson 1996; Brinson and Rheinhardt

1996; Zedler 2000; Rewa 2005; Brinson and Eckles

2011). Although we did not analyze trends in age

formally, it is evident that there have been major

improvements in restoration techniques since the

inception of these programs nearly 30 years ago.

Many older restorations we surveyed are pond-like;

they are square or circular in shape, of a uniform depth,

and dominated by large stands of cattails (Typha spp.).

More recently completed wetland restoration projects

include features that enhance habitat heterogeneity,

including waterfowl nesting islands, greater shoreline

complexity, and micro- and macrotopographical ele-

ments (e.g., Larkin et al. 2006; Alsfeld et al. 2009;

Shulse et al. 2012).

Next steps for improving the success of WRP and

PFWP should include identifying best practices in site

selection, project design, hydrological management,

and other aspects of landowner stewardship of

restorations. It is likely that these and other aspects

of pre-restoration planning and post-restoration man-

agement have a substantial impact on wildlife colo-

nization and persistence at restorations. Additionally,

the conservation of wildlife habitat is only one of the

ecosystem services that wetland restorations are

intended to augment. It would be worthwhile to

consider trade-offs and potential positive synergies

between wildlife habitat restoration and the restoration

of other ecosystem services. Some restorations may be

justified as restoring habitat for wildlife, whereas

others may be valuable primarily for surface water and

ground water management, or sediment, nutrient, and

agrochemical sequestration (Zedler 2003; Rey

Benayas et al. 2009). Another next step would be to

evaluate how wetland restorations change over time in

regards to habitat suitability for SGCN and other

wetland-associated species. To evaluate trajectories of

wetland restoration community assembly, tracking

how a cohort of wetlands develops over time is likely

to be more informative than a snapshot of restorations

of differing ages. Most restorations are young, less

than 20 years old, and given that wetlands change over

time due to natural self-organizing processes, one

might predict that wetland quality from the perspec-

tive of biodiversity might improve over time (Mitsch

and Wilson 1996; Mitsch et al. 1998). However, in the

future landowners and landscapes will also change,

and despite the protections offered by conservation

easements, it is uncertain whether next-generation

landowners will value and manage restorations with

the same ardor as those landowners who initially

enrolled in these programs. Understanding the dynam-

ics and trajectory of wetland quality over time is

critical for evaluating the long-term sustainability of

conservation gains from public–private partnership

restoration programs (McLaughlin 2005).

Our study focused on wetlands restored voluntarily

by landowners in partnership with federal natural

resource agencies, and therefore may not be applicable

to the many wetlands restorations done as compulsory

mitigation under the stipulations of the Clean Water

Act. An additional research priority should be to

evaluate whether wetland restorations done as com-

pulsory mitigation also contribute to meeting goals of

SWAPs, and if not, whether mitigation projects can be

modified to make wetlands more valuable from this

perspective (Wilkinson et al. 2009).

Conclusions

We conclude that WRP and PFWP wetland restora-

tions in the St. Lawrence Valley of New York provide

habitat for SGCN and other wetland-associated wild-

life, and that assemblages at restorations are similar to

those at natural reference wetlands. Therefore, WRP

and PFWP wetland restorations in this region are

meeting federal program-level goals related to the

restoration of wildlife habitat, and contribute to the

recovery goals for SGCN outlined in the New York

SWAP. Given the large area of wetlands that have

been restored and conserved through these and other

public–private partnership conservation programs

nationally, the positive impact on SGCN and wet-

land-associated species is likely to be substantial.
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