AMPHIBIANS AS WETLAND RESTORATION INDICATORS ON WETLANDS

RESERVE PROGRAM SITES IN LOWER GRAND RIVER BASIN, MISSOURI

A Thesis
presented to
the Faculty of the Graduate School

at the University of Missouri-Columbia

In Partial Fulfillment
of the Requirements for the Degree

Master of Science

by
DOREEN C. MENGEL
Dr. David L. Galat, Thesis Supervisor

DECEMBER 2010



The undersigned, appointed by the dean of the Graduate School, have examined the
thesis entitled

AMPHIBIANS AS WETLAND RESTORATION INDICATORS OF WETLANDS
RESERVE PROGRAM SITES IN LOWER GRAND RIVER BASIN, MISSOURI

presented by Doreen C. Mengel,
a candidate for the degree of master of science,

and hereby certify that, in their opinion, it is worthy of acceptance.

Dr. L. Galat

oshua J. Millspaukh

Dr. Raymond D. Semlitsch




ACKNOWLEDGMENTS

This study would not have been possible without support of the Missouri
Department of Conservation; I thank the Department for providing an opportunity for me
to complete this Master’s program while remaining employed with the Department. It
certainly would not have been possible without the support of Dave Erickson, Wildlife
Division Chief (retired), Norb Giessman, Wildlife Unit Chief (retired), and Mitch Miller,
Northwest Wildlife Regional Supervisor and my direct supervisor. Since the retirement
of Dave and Norb, D. C. Darrow, Wildlife Division Chief, and Bill Bergh, Wildlife Unit
Chief, have been equally supportive of which I am most grateful. Dale Humburg,
Resource Science Chief (retired), originally conceived the educational intern program
and provided support and encouragement for my participation.

Next, I thank David Galat, my primary advisor, for his willingness to accept me
into his program and his courage in guiding a hard-headed area manager through the
intricate and precise world of science. He always made time for me in his busy schedule,
provided exceptional guidance as I struggled to reconcile my view of the world with what
the data could tell me, and patiently waited for me to come around to an ecologically-
relevant way of thinking that was supported by the data. He somewhat corralled my
thought-process and ensured the ecology did become lost in statistical jargon.

Many additional people provided support and guidance throughout this journey. I
thank Ray Semlitsch and Josh Millspaugh for serving on my thesis committee. Both
provided critical input and guidance whenever I needed it. Steve Sheriff, MDC
biometrician (retired), provided valuable assistance during my study design process and

throughout the analysis phase of my study. Tom Kulowiec, MDC Resource Science

i



Supervisor, provided invaluable assistance with data organization and management.
Craig Scroggins, MDC GIS technician, provided extremely useful assistance with the
GIS aspects of my study. Vicki Heidy and Jane Cotton provided friendship, support, and
a willing ear whenever needed; for that, I cannot ever thank both enough.

The field season was fairly intense and certainly would not have been possible
without the able assistance of my field technicians: Shauna Marquardt, Amber Tetzner,
Katie Bond, Richard Cooper, and Biz Green. I doubt they will ever have any desire to
wade through wetland pools in chest waders during the height of summer again but they
did it, usually willingly, throughout my field season and I am deeply appreciative of their
efforts. Additionally, Shauna, Katie, and Biz provided assistance with data entry; [ am
fairly certain I would still be plugging away were it not for their help.

I thank the Missouri Department of Conservation and Charlie Rewa, Natural
Resources Conservation Service Resource Inventory and Assessment Division, for
providing the funding necessary to complete this study. Charlie, in particular, came
through at a critical junction and supported the study as a means to learn more regarding
the ecological implications of management actions applied on WRP sites. I appreciate
not only the financial support but his efforts to ensure information from conservation
practices applied through USDA programs is made widely available.

Lastly, this project would not have been possible without the willingness of
Missouri landowners to allow access onto their property. I am grateful for the courteous
nature and generous manner they exhibited when granting access and the interest they

expressed in what we found.

il



TABLE OF CONTENTS

ACKNOWLEDGEMENTS .....oiiiiiiiiiiietetetesteete ettt i
LIST OF TABLES ..ottt sttt ettt vi
LIST OF FIGURES ....c..ioiiiiiieeee ettt sttt X
LIST OF APPENDICES .......c.ooiiiiiiiiieietetetee ettt Xvi
ABSTRACT ... .ttt ettt et sb ettt et et siae i ens Xviil
INTRODUCTION ..ottt ettt sttt ettt ae b st 1
Plight of AMPhibians .........ccciiiiiiiiieiiieiieiecee e 1
Wetland Restoration through Wetlands Reserve Program ............ccccevevienennnen. 3
Wetlands Reserve Program in MiSSOUIT ...........eevuierieeriienieeiieeie e 5
Evolution of Riverine Wetland Restoration Strategies in Missouri .................... 7
Amphibians as Indicators for Assessing Wetland Restoration Efforts.............. 12
Design Strategy and Restoration of Wetland Characteristics.........ccccevveruennnene. 16
State Variable Selection for Assessing Wetland Restoration Efforts ............. 20
Occupancy as a State Variable........c..ooceviiriiiiiiiiniiniieceeeece 21
Species Richness as a State Variable........c..ccccoviiniiiiniiniininiccccecee, 22
Occupancy Method ..........coceeviiiiiiiiiiiiiie e 23
Capture/Recapture method ............coceiiiiniiiiiiiiiiiiicceee e 23
Research Goal and ObJECtIVES ........cccuieiiriiiiiriiniiiecieeee e 24
STUDY AREA ...ttt ettt ettt be e eas 26
IMETHODS ...ttt b e sb ettt ettt b e bt e eae e 29
StUAY DESIZIN ...ttt 31
Detection MethOdsS .........ooiiiiiiiiiiiieee e 36

v



DATA ANALYSIS ..o s 46

Occupancy Probability EStIMation ..........cccceecieriieriieniiieieeieeeeeieeee e 46
Detection Probability EStIMation............ccceceeviiinieniiienieeiieiecieeeeeeeie e 53
Multi-state Occupancy Probability Estimation............cccceevevienienenieneenennen. 55
Species Richness EStMAtioN........c.cccueeeuierieiiiieniieeiieeie et 60
Occupancy MEhOM........cccuieriiiiiiiiieeiieee ettt see e es 62
Capture/recapture Method...........cceeeiieiiiiiiiiiieeiiee e 64
CIUSEET ANALYSIS ...eeuvieiiiieiieeie ettt ettt et saeeesbe e esabeenaeeens 65
RESULTS ...ttt sttt ettt 68
Amphibian DIStriDUION ......cecviiiiiiiieiieeieee et 74
Heterogeneity in Detection Probability Estimates...........ccocevveeveniiniinicniennnn. 80
ReCTuitment SUCCESS ......cc.evuiriiriiriieiieieicictesese et 91
Relative Species Richness Metric EStimates ...........cccoeeeeeiienieeiiienieeiieee e 98
Occupancy Method.........ccoouiiiiiiiniiiiieeeeee e 99
Capture/recapture method...........cooieiiriiiiiiiniiiei e 102
Design Strategy as Relevant Ecological Criterion ........ccccoceeveveeneeniennenne. 106
DISCUSSION ...ttt ettt b e bt st ae et et et et et sbeebeeseens 113
Occupancy and Wetland Design Strategy..........coccevervenerrieneeneenienieneneennes 113
Violations of Model ASSUMPLIONS .......cc.cevuerieriiriieniinieienieneeesieeieee e 118
Restoration of Hydrological and Biological Wetland Characteristics............. 122
Assessment of Wetland Restoration Efforts ...........ccccooiiiiiiiiiiiiniiiee 130
Missing Species and Implications........c..coceeeeriereriienieneniieeereceeeeeeee 135
CONCLUSION ...ttt ettt ettt b e bt st eb e es et e et e st e besbesaeebesneas 142
LITERATURE CITED ..ottt 145



LIST OF TABLES
Table Page

1. Management objective for Wetlands Reserve Program and design strategy
categories used to classify Wetlands Reserve Program properties in the Lower
Grand River basin, north-central Missouri.  Evolution of methods employed
within each design strategy to restore both the biological and hydrological site
characteristics to attain program objective are identified as well as the resulting
benefits and issues associated with each design strategy ...........ccceeveerveeiiiennnnnne. 13

2. Amphibian species list representing regional species pool for Lower Grand River basin
compiled for amphibian occupancy and species richness project conducted in
Lower Grand River basin, north-central Missouri in 2007. Also included is
category of wetland condition associated with each species and a predicted
abundance and likelihood of species detection for each species in the regional species
pool (Johnson 2000, Lannoo 2005, J. Briggler, Missouri Department of Conservation
and R. Semlitsch, University of Missouri, personal communication). The predicted
abundance and likelihood of detection® for each species is indicated by a 1 in the
APPIOPIIAtE COIUMIL ..uvviiiiiiiiiiee ettt e e et e e et e e e et e e e e sataeeeeetbaee e e asaeeeeenraeeeeennnes 30

3. A list of eight models available in Program CAPTURE to estimate species richness
for a site and the associated assumptions regarding sources of variation in
detection probability for each model...........cccoooiiiiiiiieiiiiceeee e 66

4. Total number of amphibians detected by species and life history stage during 2007
field season for amphibian occupancy and species richness project conducted in
Lower Grand River basin, north-central MiSSOUTT .........ccccveeeeevvieeeeiiveeeeeiieennn. 69

5. Monthly amounts of precipitation (cm) recorded at station 230980 Brookfield,
Missouri for the time period March through September 1997-2007...............72

6. Ranking of occupancy models that assessed the effect of design strategy (W=walk-
away, M=maximize hydrology, and N=naturalistic) on occupancy probability
(v), assuming detection probability (p) was constant, for species from the
regional species pool detected on Wetlands Reserve Program sites in Lower
Grand River basin, north-central Missouri during 2007 field season. AIC; is
Akaike’s information criterion adjusted for small sample size, QAIC. is
Akaike’s information criterion adjusted for overdispersion (¢>1) and small
sample size, ¢ is variance inflation factor, A; is the difference in AIC,/QAIC,
values from the top ranked model, w; is the Akaike weight, model likelihood
(exp(-24\)) is a relative measure of the model, given the data, as being the most
likely model among the candidate set of models, K is the number of estimated
parameters, and -2LL is -2 * log-likelihood. GOF indicates the model used to

Vi



run a goodness-of-fit test. Models with inestimable standard errors are
designated With an . ..........ccoiiiiiiiie e 76

7. Naive estimates () and real parameter estimates () with associated standard
errors (se) and 95% confidence intervals of proportion of area, or sites, occupied
for species detected from the regional species pool on 50 sampled Wetlands
Reserve Program sites during 2007 field season for amphibian occupancy and
species richness project conducted in Lower Grand River basin, north-central
Missouri. Naive estimates are calculated by dividing the number of sites where
a species was detected at least once by the total number of sites surveyed,
without accounting for detectability. Real parameter is an estimate of
occupancy that accounts for detectability. An * indicates the parameter hit the
bounds of the maximum likelthood and the standard error could not be
ESHIMALEA. . ..o 79

8. Ranking of detection models that assessed the effect of sampling day (day and day
sq) and detection method (method) on detection probability (p), assuming
occupancy probability (y) was constant, for species from the regional species
pool detected on Wetlands Reserve Program sites in Lower Grand River basin,
north-central Missouri during 2007 field season. AIC, is Akaike’s information
criterion adjusted for small sample size, QAIC, is Akaike’s information criterion
adjusted for overdispersion (if ¢ >1) and small sample size, ¢ is variance
inflation factor, A; is the difference in AIC/QAIC, values from the top ranked
model, W; is the Akaike weight, model likelihood (exp(-'2Aj)) 1is a relative
measure of the model, given the data, as being the most likely model among the
candidate set of models, K is the number of estimated parameters, and —2LL is
—2*log-likelihood. GOF indicates the model used to run a goodness-of-fit

9. Detection probability (p), standard error (se), and 95% confidence interval
estimates for species in which detection method was the most supported model
among the candidate set of models for amphibian occupancy and species
richness study conducted in Lower Grand River basin, north-central Missouri in
2007 e e 84

10. Ranking of multi-state occupancy models that assessed the effect of primary survey
period (period) and detection method (method) on the probability of detecting
successful recruitment, given detection of occupancy (&), assuming all other
parameters were constant (occupancy probability (y'), probability that
successful recruitment occurred, given site is occupied (y?), probability that
occupancy is detected given true state of site =1 (p'), and probability that
occupancy is detected given true state of site = 2 (p%)), for species from the
regional species pool detected on Wetlands Reserve Program sites in Lower
Grand River basin, north-central Missouri during 2007 field season. QAIC; is
Akaike’s information criterion adjusted for overdispersion (if ¢ >1) and small
sample size, ¢ is variance inflation factor, A; is the difference in QAIC, values

vii



from the top ranked model, w; is the Akaike weight, model likelihood (exp(-
72Ayi)) 1s a relative measure of the model, given the data, as being the most likely
model among the candidate set of models, K is the number of estimated
parameters, and —2LL is —2*log-likelihood. Goodness-of-fit tests were run on
the ¥'(), ¥*(), p' (), pX.), & (method) model for all candidate set of
MOACIS. ..t 93

11. Real parameter estimates for probability of detecting successful recruitment ()
from model {y'(.), ¥*(.), p*(.), p*(.), & (period)} in which delta varied by
primary survey period for species from the regional species pool detected on
Wetlands Reserve Program sites in Lower Grand River basin, north-central
Missouri during 2007 field season. An * indicates the parameter hit the bounds
of the maximum likelihood and the standard error (se) could not be
ESHIMALEA. . ... oeeieiiieiie ettt et ettt ettt 95

12. Naive estimates (?') and model-averaged, real parameter estimates (?') for
probability of occupancy, naive estimates (¥%) and model-averaged real
parameter estimates (P?) for probability of successful recruitment, given a site is
occupied, and naive estimates (Z'* ¥?) and model-averaged, derived parameter
estimates (P'* @?) for overall probability of successful recruitment for species
from the regional species pool detected on Wetlands Reserve Program sites in
Lower Grand River basin, north-central Missouri during 2007 field season.... 96

13. Naive relative species richness estimates (calculated by dividing the number of
species detected by 17, i.e., the number of species in the regional species pool)
and relative species richness estimates with associated standard errors (se), and
95% confidence intervals computed using the occupancy method on 18
maximize hydrology (m), 19 naturalistic (n), and 13 walk-away (w) sites
surveyed for amphibian occupancy and species richness project conducted in
Lower Grand River basin, north-central Missouri in 2007. These estimates
represent the average probability that a member of the regional species pool is
SIS 1 L0 1 B I L N 100

14. Species richness estimates (N), standard errors (se), and 95% confidence intervals
computed using the capture/recapture method on 18 maximize hydrology (m),
19 naturalistic (n), and 13 walk-away (w) sites surveyed for amphibian
occupancy and species richness project conducted in Lower Grand River basin,
north-central Missouri in 2007. Models were selected using model selection
algorithm in program CAPTURE. If the original model selected did not provide
a reasonable estimate, the next highest ranked model was used that produced
reasonable estimates. A description of model definitions can be found in Table

15. ANOVA table for k-means cluster analysis using overall site averages from
sampled WRP sites for amphibian occupancy and species richness project
conducted in Lower Grand River basin, northcentral Missouri in 2007.

viii



Variables include average proportion of sampled quadrats dry (dry), average
proportion of sampled quadrats wet with grass-like vegetation (grass), average
proportion of sampled quadrats covered with open water (ow), and the average
water depth (depth) on sampled quadrats. The larger the mean square error
value and the smaller the F value, the less influential the variable. The F tests
should be used only for descriptive purposes because the clusters have been
chosen to maximize the differences among cases in different clusters. The
observed significance levels are not corrected for this and thus cannot be
interpreted as tests of the hypothesis that the cluster means are equal........... 109

16. ANOVA table for k-means cluster analyses using averages from quadrats sampled
during each of three primary survey periods conducted during 2007 field season
for amphibian occupancy and species richness project conducted in Lower
Grand River basin, north-central Missouri.  Variables include average
proportion of sampled quadrats dry (dry), average proportion of sampled
quadrats wet with grass-like vegetation (grass), average proportion of sampled
quadrats covered with open water (ow), and average water depth (depth) on
sampled quadrats. The number following each variable indicates the primary
sampling period with which it is associated, e.g., dry.1 is the average of dry for
primary sampling period one. The larger the mean square error value and the
smaller the F value, the less influential the variable. The F tests should be used
only for descriptive purposes because the clusters have been chosen to maximize
the differences among cases in different clusters. The observed significance
levels are not corrected for this and thus cannot be interpreted as tests of the
hypothesis that the cluster means are equal...................oooiiiiiiin.. 112

17. Percent of sites in each design strategy category that were assigned to ratings of
wetland restoration success based on relative species richness metric applied to
Wetlands Reserve Program sites during 2007 field season for amphibian
occupancy and species richness project conducted in Lower Grand River basin,
north-central Missouri. Estimates generated with the capture/recapture method
were based on primary survey period two and estimates generated with the
occupancy method were based on all three primary survey periods. Comparison
of the percent sites assigned to each rating category by each estimation method
provided an indication of how conditions within sites changed over time.
Ratings were assigned to each site based on the relative species richness metric
as described in text. Sites with a metric value < 0.24 were rated poor, 0.25 —
0.49 were rated fair, 0.50 — 0.69 were rated good, 0.70 - 0.79 were rated very
good, and > 0.80 were rated excellent................cooiiiiiiiiiiiiii i, 133

iX



LIST OF FIGURES

Figure Page

1. Location of Lower Grand River sub-basin which served as an emphasis area for the
Wetlands Reserve Program in north-central MisSOUTT ........cccveevvieervieeniieeieean, 6

2. Conceptualized annual hydrological cycle on Wetlands Reserve Program sites
classified by design strategy as either walk-away, maximize hydrology, or
naturalistic for amphibian occupancy and species richness study conducted
during 2007 in Lower Grand River basin, north-central Missouri. Walk-away
sites were assumed dry except during flood events when duration of water was
short term. Restoration efforts should have resulted in dry to ephemeral
wetlands. Maximize hydrology sites were assumed flooded to full pool by late
October, remained at full pool through fall, winter, and early spring, and were
drawndown to minimum pool elevation by early summer and remained dry
during the summer except during flood events. Restoration efforts should have
resulted in seasonal to permanent wetlands but the early drawdowns were
assumed to result in ephemeral wetlands that were not inundated of sufficient
duration (< 4 months after ice off and dry before or by July 1) to provide
amphibian recruitment habitat. Naturalistic sites were assumed flooded to full
pool by late October, remained at full pool through fall, winter, and early spring
and were drawdown to approximately 20% of the site area by early summer
except during flood events. Restoration efforts should result in seasonal to
permanent wetlands of sufficient duration (> 4 months after ice off and retain
water after July 1 but < 12 months for seasonal and > 12 months for permanent)
to provide amphibian recruitment habitat. Percent of site flooded 110 represents
a flood event in which the entire floodplain is inundated. The lines representing
maximize hydrology and naturalistic sites are off-set to prevent overlap from
approximately 12 September through 30 April..............oooiiiit. 19

3. Location of Lower Grand River basin, defined as a modified Lower Grand River
emphasis area, that served as study area for amphibian occupancy and species
richness project conducted during the summer of 2007 in north-central
IMISSOUT L. 1.utteiteettete ettt ettt ettt ettt ettt s et et et et e bt et esae e beeneesseeaeenees 27

4. Example of map used during 2007 field season for amphibian occupancy and
species richness project in Lower Grand River basin, north-central Missouri.
The photography is 2006 National Agricultural Imagery Project (NAIP), the
yellow, dashed line is the WRP site boundary, the white, solid line is the
restored site boundary, the squares represent a 50 m X 50 m grid delineating the

X



within-site quadrats, and the diamonds are located on the northeast corner of
each quadrat selected for sampling ..............cooiiiiiiiiiiiii i 37

5. Idealized, hierarchical study design for amphibian occupancy and species richness
project conducted during summer of 2007 in north-central Missouri. The study
design included three primary survey periods during which each site was
sampled using three detections methods on nine to eleven randomly selected
quadrats within a site. Quadrats measured 50 m X 50 m. The three detection
methods included visual encounter surveys (VES), dip-nets, and aquatic funnel
traps. One VES was conducted per quadrat in both terrestrial and aquatic
habitats whereas the number of dip-net surveys and traps deployed was
conditional on the amount of aquatic habitat within a quadrat. See text for
additional explanation on number of detection methods applied per
QUAATAL. ...ttt ettt et e ettt e et e et e et e e bt e eabeenbeeenbeebeeenbeenseeenns 39

6. Vegetation classification scheme used for amphibian occupancy and species
richness project conducted during the summer of 2007 in Lower Grand River
basin, north-central Missouri. Classification followed Cowardin et al. (1979);
however, dominance types, although similar to the Cowardin classification, are
the categories recorded for this project. The primary divergence occurred in the
persistent subclass in which two dominance types were differentiated.
Examples of vegetation placed in each dominance type are listed in the last

7. Schematic diagram illustrating Pollock’s (1982) robust design. Populations are
open between primary samples representing one temporal scale and are closed
during secondary samples representing a second temporal scale. Taken from
Cooch and White (2009): MARK: A Gentle Introduction Ch 15.................. 61

8. Stylized diagram illustrating how Pollock’s (1982) robust design was applied to
amphibian occupancy and species richness project conducted in Lower Grand
River basin, north-central Missouri in 2007. The large rectangle represents a
site and the smaller square represents a quadrat, the within site, sub-unit. Each
quadrat was sampled in each of three primary survey periods (T1, T2, and T3)
representing 1 temporal scale and, within each quadrat, three detection methods
were used (tl, t2, and t3) representing a second temporal scale. Each site had
nine to 11 quadrats; detection/nondetection information from all quadrats was
collapsed by detection method to create a site-level detection history. Modified
from Nichols et al. (1998)......ccoiiiiii e, 61

9. Stylized diagram illustrating how a spatial analog of Pollock’s (1982) robust design
was applied to amphibian occupancy and species richness project conducted in
Lower Grand River basin, north-central Missouri in 2007. The large rectangles
represent sites, the primary spatial scale, and the smaller squares represent
quadrats, the secondary spatial scale. Sampling produced a species list from
each quadrat and these lists were used to construct a detection/nondetection
history of each detected species in each quadrat. The species list from the

xi



10.

11.

12.

13.

14.

15.

16.

17.

secondary samples (quadrats) was used to estimate species richness for the
primary samples (site A and B in Figure 9). Each quadrat was sampled in each
of three primary survey periods; however, as described in text, only primary
survey period two was used for the capture/recapture method to estimate species
richness whereas all three primary survey periods were used in the occupancy
method to estimate relative species richness, thus, retaining a temporal element
for the occupancy-based analysis. Modified from Nichols et al. (1998). ......... 63

Percent of total fish detections by Family during 2007 field season for amphibian
occupancy and species richness project conducted in Lower Grand River basin,
north-central MISSOUIT. ... ..oiiiiuui e, 71

Number of green sunfish detections classified by size during 2007 field season for
amphibian occupancy and species richness project conducted in Lower Grand
River basin, north-central MiSSOUIT..........oviiiiiiie i 71

Daily gage heights recorded at Grand River at Chillicothe gage 1 March — 30
Septmeber 2007 and daily precipitation amounts recorded from 1 March — 30
September 2007 at station 230980 Brookfield, Missouri during the 2007 field
season (March — September) of the amphibian occupancy and species richness
study conducted in Lower Grand River basin, north-central Missouri. .......... 73

Average monthly ambient air temperatures in degrees Celsius for period March -
September 1971-2000 compared to monthly average ambient air temperatures in
degrees Celsius that occurred during the 2007 field season (March — September)
of the amphibian occupancy and species richness project conducted in Lower
Grand River basin, north-central Missouri...............oooooiiiiiiiiii i, 75

Detection probability estimates for the most supported model among the candidate
set of models for grey treefrog complex for amphibian occupancy and species
richness project conducted in Lower Grand River basin, north-central
IMIISSOULT. . ettt e et et ettt et 86

Detection probability estimates for the most supported model among the candidate
set of models for Pseudacris spp. for amphibian occupancy and species richness
project conducted in Lower Grand River basin, north-central Missouri . ........87

Detection probability estimates for the most supported model among the candidate
set of models for southern leopard frog for amphibian occupancy and species
richness project conducted in Lower Grand River basin, north-central
1Y 1005 o 88

Detection probability estimates for the most supported model among the candidate
set of models for leopard frog complex for amphibian occupancy and species
richness project conducted in Lower Grand River basin, north-central
1Y 1005 o 89

xii



18. Detection probability estimates for Model 3 y(.), p(method) for all species detected
during 2007 field season (March — September) for amphibian occupancy and
species richness project conducted in Lower Grand River basin, north-central
Missouri. The dashed red horizontal lines indicate the period of April 1 through
July 1 as the time period in which the most species can be detected while still
meeting the population closure assumption...............ccoeviiiiiiiiiiiiiiinnnn.n. 90

19. Rankings applied to Wetlands Reserve Program sites using relative species richness
metric based on the occupancy method for amphibian occupancy and species
richness project conducted in Lower Grand River basin, north-central Missouri
in 2007. Sites with a relative species richness estimate of < 0.24 (below red,
solid line) were ranked as poor, sites with a relative species richness estimate of
0.25 — 0.49, inclusively, were sites ranked as fair (on or above red, solid line and
below green, dotted line), sites with a relative species richness estimate of 0.50 —
0.69, inclusively, were ranked as good (on or above green, dotted line and below
purple, small dash line), and sites with a relative species richness estimate of
0.70 — 0.79, inclusively, were ranked as very good (on or above purple, short
dash line and below aqua, long dash line) for wetland restoration efforts. Sparse
data associated with sites w18 and w21 resulted in no estimate for these sites so
the naive estimates (2 species detected divided by 17, i.e., number of species in
the regional species pool) were used instead...............ccoooiiiiiiiiiiininnn. 103

20. Rankings applied to Wetlands Reserve Program sites after using the
capture/recapture method to estimate species richness and converting the
estimates with the relative species richness metric (species richness
estimate/number of species in regional species pool) for amphibian occupancy
and species richness project conducted in Lower Grand River basin, north-
central Missouri in 2007. Sites with a relative species richness estimate of <
0.24 (below red, solid line) were ranked as poor, sites with a relative species
richness estimate of 0.25 — 0.49, inclusively, were sites ranked as fair (on or
above red, solid line and below green, dotted line), sites with a relative species
richness estimate of 0.50 — 0.69, inclusively, were ranked as good (on or above
green, dotted line and below purple, short dash line), sites with a relative species
richness estimate of 0.70 — 0.79, inclusively, were ranked as very good (on or
above purple, short dash line and below blue, long dash line), and sites with a
relative species richness estimate = 0.80 were ranked as excellent (on or above
blue, long dash line) for wetland restoration efforts............................... 107

21. Results of k-means cluster analysis based on overall site averages from 50 sampled
Wetlands Reserve Program sites for three primary survey periods conducted
during 2007 field season (March — September) for amphibian occupancy and
species richness project conducted in Lower Grand River basin, north-central
Missouri, illustrating that the sites did not group together by design strategy. If
the results had matched hypothesized conditions, all maximize hydrology and
walk-away sites would have been dominated by dry conditions whereas
naturalistic sites would have been dominated by wet conditions with grass-like

xiii



vegetation. Cluster group 1 is dominated by wet conditions with grass-like
vegetation, Cluster group 2 is dominated by open water, and Cluster group 3 is
dominated by dry conditions. (m=maximize hydrology sites, n=naturalistic sites,
and W=walk-away STLES)......ovutiitt ittt 110

22. Results of k-means cluster analysis that indicated 18 of 50 sampled Wetlands
Reserve Program sites surveyed during 2007 field season (March — September)
for amphibian occupancy and species richness project conducted in Lower
Grand River basin, north-central Missouri did not match hypothesized
conditions. All maximize hydrology and walk-away sites were hypothesized to
be dominated by dry conditions (cluster group 3) whereas naturalistic sites were
hypothesized to be dominated by wet conditions with grass-like vegetation
(cluster group 1). Instead, six of 18 maximize hydrology sites were wetter than
expected and dominated by either wet conditions with grass-like vegetation
(cluster group 1) or open water (cluster group 2), three of 13 walk-away sites
were wetter than expected as demonstrated by dominance of wet conditions with
grass-like vegetation (cluster group 1), and two of 19 naturalistic sites were
wetter than expected as demonstrated by dominance of open water conditions
(cluster group 2). Seven of 19 naturalistic sites were drier than expected as
demonstrated by dominance of dry conditions (cluster group 3). (m=maximize
hydrology sites, n=naturalistic sites, and w=walk-away sites).................... 111

23. Results of k-means cluster analysis for each of three primary survey periods
conducted on 49 Wetlands Reserve Program sites during 2007 field season
(March — September) for amphibian occupancy and species richness project
conducted in Lower Grand River basin, north-central Missouri. Dry (cluster
group 2) was the most influential variable during primary survey periods one
and two whereas open water (cluster group 3) was the most influential variable
during primary survey period three even though only two sites were dominated
by open water in primary survey period three (m26 and m44). Twenty-eight of
the sites did not change clusters among primary survey periods. Cluster group 1
is dominated by wet conditions with grass-like vegetation. (m=maximize
hydrology sites, n=naturalistic sites, and w=walk-away sites). Site w18 was not
included in the analysis due to missing data...................coveviiiiiiiiinnnnn. 114

24. The organization of floodplain components and processes as a spatiotemporal
hierarchy (from Tockner and Stanford 2002 after Hughes 1997). A = primary
succession of herbaceous vegetation and early successional woody species,
associated with annual flood; B=primary and secondary floodplain succession,
associated with medium-magnitude/frequency floods; C=long-term floodplain
succession, widespread erosion and reworking of sediment, associated with high
magnitude/low-frequency floods; D=species migration upstream/downstream,
local species postglacial relaxation phenomena on hydrological and sediment
inputs to flood plains; and E=species evolution, and changes in biogeographical
range, associated with tectonic change, eustatic uplift and climate change.....138

X1V



25. Location of Wetlands Reserve Program properties available for sampling during
2007 field season (March — September) for amphibian occupancy and species
richness project conducted in Lower Grand River basin, north-central Missouri.
Sites are shown relative to Lower Grand River floodplain and associated major
13 0101721 o 1T 139

26. Potential study design for future study aimed at evaluating factors that regulate
amphibian distribution at a within-site scale. Each wetland feature within a
Wetlands Reserve Program property serves as the primary sample unit, or site.
Additional issues to consider include geographic area to survey (this study
design suggests limiting the study area to one land type association (LTA); see
Nigh and Schroeder 2002), season definition, number of sites, number of repeat
surveys, and specifying a minimum distance between sample units. Lessons
learned from amphibian occupancy and species richness study conducted in
Lower Grand River basin, north-central Missouri in 2007 indicated all species
detected were present between 1 April and 1 July, inclusively, although flood
events cause issues with meeting the closure assumption. This emphasizes the
importance of completing repeat surveys in as short a timeframe as is feasible.
At least six repeat, independent surveys would be required during a timeframe
that ensures closure to obtain precise estimates. Number of quadrats to survey
would be dependent on the size of the feature sampled. The two detection
methods include visual encounter surveys (VES) and dip-nets................... 141

XV



LIST OF APPENDICES

Appendix Page

A.

Definitions used for amphibian species included in regional species pool for
occupancy and species richness study conducted in summer 2007 in the Lower
Grand River basin, north-central MISSOULL. .........cc...ceeevveieeeeiieeeeeiieeeeeeiireeeeenns 157

X-matrix tables with truncated data sets for each member of the regional species
pool included in the site occupancy analysis for occupancy and species richness
study conducted in summer 2007 in the Lower Grand River basin, north-central
Missouri. A table is included for each member of the regional species pool
included in the analysis. The species designation and inclusive dates for
truncated data sets are indicated above each table. Dots in a row (.) indicate
missing data due to the truncated nature of the data sets except for site w18
which was not surveyed in primary survey period one. A one (1) in a column
indicates species detection and a zero (0) indicates nondetection.................158

X-matrix tables with truncated data sets for each member of the regional species
pool included in the multi-state occupancy analysis for occupancy and species
richness study conducted in summer 2007 in the Lower Grand River basin,
north-central Missouri. A table is included for each member of the regional
species pool included in the analysis. The species designation and inclusive
dates for truncated data sets are indicated above each table. Dots in a row (.)
indicate missing data due to the truncated nature of the data sets except for site
w18 which was not surveyed in primary survey period one. A one (1) in a
column indicates species detection, a two (2) in a column indicates metamorph
detection, and a zero (0) indicates nondetection. (VES=visual encounter survey;
m=maximize hydrology; n=naturalistic; w=walk-away).......................... 178

X-matrix tables with truncated data sets for each member of the regional species
pool included in the species richness analysis for occupancy and species
richness study conducted in summer 2007 in the Lower Grand River basin,
north-central Missouri. A table is included for each sampled Wetlands Reserve
Program site included in the study. The site designation is indicated above the
left corner of each table. Dots in a row (.) indicate missing data due to the
truncated nature of the data sets by species. A one (1) in a column indicates
species detection and a zero (0) indicates nondetection. Dots in a column
indicate missing data as the quadrat represented in the appropriate column was
not surveyed in the primary sampling period. Data from all three primary
sampling periods was used when computing relative species richness estimates
using the occupancy method and only data from primary sampling period two
was used when computing species richness estimates using the capture-recapture
mMethod. ..., 194

Evidentiary information supporting the site occupancy data analysis........... 253

XVvi



Evidentiary information supporting the detection data analysis ........c...ccceueee 263
Evidentiary information supporting the multi-state occupancy data analysis...268

Site averages of variables used in k-means cluster analysis to determine
differences and similarities between Wetlands Reserve Program sites classified
according to design strategy. Variables include area of site (hectares), average
proportion of sampled quadrats dry (dry), average proportion of sampled
quadrats wet with grass-like vegetation (Grass), average proportion of sampled
quadrats covered with open water (Ow), and average water depth (Depth) on
sampled quadrats. Data collected during 2007 field season for amphibian
occupancy and species richness project conducted in Lower Grand River basin,
north-central MiSSOUIT. .. ..o.uiuiitiitit e 277

Xvil



AMPHIBIANS AS WETLAND RESTORATION INDICATORS ON WETLANDS
RESERVE PROGRAM SITES IN LOWER GRAND RIVER BASIN, MISSOURI
Doreen C. Mengel
Dr. David L. Galat, Thesis Supervisor
ABSTRACT

Globally, amphibians have suffered dramatic population declines in the past
twenty years with habitat destruction implicated as the primary threat. The Natural
Resources Conservation Service’s Wetlands Reserve Program (WRP) restores wetlands
on marginal agricultural land and is a means to restore the spatio-temporal wetland
habitat required by amphibians to prevent, reverse, or stabilize declining population
trends. The goal of WRP is “to achieve the greatest wetland functions and values, along
with optimum wildlife habitat, on every acre enrolled in the program.” Functions and
values are defined as the hydrological and biological characteristics of wetlands. A key
unanswered question is to what extent is this goal being achieved? Amphibians enable
quantifying the WRP goal due to their life-history requirements and explicit
incorporation of their habitat needs into WRP plans. My research goal was to determine
if hydrological and biological wetland characteristics had been restored to WRP sites in
the Lower Grand River basin, north-central Missouri, based on distribution, recruitment
success, and relative species richness estimates for members of a regional species pool. I
identified three design strategies applied to WRP sites over time: walk-away, maximize
hydrology, and naturalistic; the latter emphasizing restoring process as well as structure;
and evaluated if design strategy was a useful covariate for restoration efforts. I
encountered 10 amphibian species representing 59% of the regional species pool. Design

strategy was not a predictive site-level covariate as sites within all three design strategies
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had varying hydrological wetland conditions resulting in greater habitat heterogeneity
than anticipated on maximize hydrology and walk-away sites and less than anticipated on
naturalistic sites. Amphibian detections occurred across all sites resulting in no
difference among design strategy as the degree of heterogeneity in habitat conditions at
the within site-scale demonstrated that amphibians were responding to ecological
conditions that occur at a finer resolution than site. Results, irrespective of design
strategy, indicate seven of the detected species or groups were widely- distributed, two
were moderately- distributed, and two were sparsely distributed on WRP sites indicating
hydrological wetland characteristics have been restored to sites given the moderate- to
wide-distribution of species associated with both seasonal and permanent wetlands.
Although species were successfully recruiting young into adult populations, only leopard
frogs had high estimates of recruitment success whereas the remaining species had
moderately high to moderate to low recruitment estimates indicating biological wetland
characteristics are somewhat lacking to lacking for these species. Results from the
relative species richness assessment indicate that, whereas 74% of the sites provided
some degree of wetland habitat for members of the regional species pool over the course
of the field season (7 March — 19 September), 52% of the sites lacked suitable habitat
conditions during the peak of amphibian breeding and larval development (May through
July). Targeting management actions that result in suitable seasonal wetland habitat
conditions (shallow, vegetated wetlands that gradually dry by mid-to late-summer)
throughout the time needed for species to complete their life history requirements is one
method to increase the biological wetland value of restored WRP sites. Results show the
value of WRP at conserving and restoring river-floodplain amphibians; however,

achieving optimum wildlife habitat on every enrolled acre will be difficult at a site-level
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scale as habitat requirements, although overlapping, vary widely for the full range of
species. Providing for all species in the regional species pool requires sites that
transverse both the longitudinal and lateral floodplain gradient. If WRP is to realize its
full potential, there must be recognition that optimum wildlife habitat can be defined at
multiple spatial and temporal scales that match the landscape setting. Optimum wildlife
habitat at a wetland scale is not the same as optimum wildlife habitat at the floodplain
scale. The intent of WRP is to convert marginal, flood-prone agricultural lands back into
wetlands so enrollment of lands located outside the active floodplain may be
impracticable or unrealistic. Whereas attaining optimum wildlife habitat on every acre
enrolled in the program may not be an achievable objective, providing optimum wildlife
habitat for members of a regional species pool within an appropriately defined geography
that includes both a longitudinal and lateral gradient represents an objective that is both

desirable and attainable.
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INTRODUCTION

Plight of Amphibians

Amphibians have received close attention during the past 20 years as reports of
population declines began to surface around the world in the mid-1980s (Blaustein and
Wake 1990, Wyman 1990). Reported declines and extinctions from protected locations
such as Yosemite National Park, the Monteverde Cloud Forest Reserve in Costa Rica,
and rainforests in Australia were of particular concern (Drost and Fellars 1996, Laurance
et al. 1996, Pounds et al. 1997). Confusion reigned among the herpetological community
as the first reports surfaced because very few long-term data sets existed and the boom-
bust nature of amphibian population dynamics made it difficult to distinguish natural
variation from real reductions (Wake 2003). Numerous monitoring projects were
initiated as a result of this alarm (Wake 1998, Corn 2002) with habitat alteration and
destruction, disease and pathogens, global climate change, invasive species, chemical
contamination, and commercial trade all emerging as potential explanations for the
declines (Semlitsch 2000, Collins and Storfer 2003, Bradford 2005).

Most amphibian biologists agree that habitat degradation continues to be the
primary threat to amphibian populations (Wake 1991, Blaustein and Wake 1995,
Semlitsch 2002); however, there is a growing body of evidence that the influence of
human-induced environmental stressors such as pollution combined with “natural” biotic
and abiotic factors such as competition, predation, and seasonal pool drying may be
interacting to create a “threshold point” whereby amphibians are more susceptible to
endemic diseases and other pathogens (Boone and Semlitsch 2001, Blaustein and

Kiesecker 2002, Collins and Storfer 2003, Storfer 2003). Wetland restoration efforts that



address the biological issues associated with amphibian declines by replacing habitat
elements on a landscape scale may buffer an existing population from additional stressors
and prevent, reverse, or stabilize downward population trends (Semlitsch and Bodie
1998, Collins and Storfer 2003). The full suite of amphibian species exhibit life history
events that exploit the gradient of wetland conditions ranging from ephemeral to
permanent based on the animal’s ability to survive pond drying and to coexist with
predators, primarily fish and aquatic insects (Wellborn et al. 1996, Hecnar and
M’Closkey 1997, Skelly et al. 1999). A key element in amphibian conservation,
therefore, involves not only protecting existing habitat but restoring the density and
spatial configuration of habitat across a hydrological gradient to support and maintain
amphibian population dynamics (Semlitsch 2005).

Amphibians usually have both an aquatic larval and a terrestrial adult life stage,
thus, their habitat requirement not only include wet areas that exhibit spatiotemporal
variation for breeding activities and larval development, but also include terrestrial
habitats for foraging, overwintering, and refugia (Wilbur 1980, Stebbins and Cohen 1995,
Semlitsch 2000, Gibbons 2003). Terrestrial habitat is that portion of an area not covered
by water, so it may include the moist edge around a wetland and also typically includes
leaf litter, soil, small mammal or invertebrate burrows, and coarse woody debris
(Stebbins and Cohen 1995, Semlitsh and Bodie 2003). Their biphasic life history dictates
amphibian dependency on abundant wetlands interspersed among terrestrial habitat that
collectively are configured to facilitate dispersal and recolonization of populations that
may go extinct due to stochastic events (Semlitsch 2000, Trenham et al. 2003, Trenham

and Shaffer 2005). These types of small, shallow freshwater wetlands, historically, have



been the most imperiled as they are the easiest to convert into other land uses such as
agriculture or housing developments (Dahl 2000). Although, for the first time, recent
trends indicate the rate of wetland acreage gained exceeded the rate of wetland acreage
loss in the conterminous United States, wetland gains would not have been greater than
wetland losses without a 12.6% increase in freshwater ponds (Dahl 2006). During this
same timeframe (1998-2004) freshwater vegetated wetlands (i.e., emergent, forested, and
scrub-scrub wetlands) declined by 4.3% (Dahl 2006). The increase in ponds was due
primarily to golf course developments although creation of freshwater fishing ponds and
ponds associated with aquaculture production and housing developments also contributed
to the increase (Dahl 2006, 2007). These artificially created ponds are not equivalent
replacement for vegetated wetlands (Dahl 2006). Freshwater emergent wetlands have
declined by the greatest percent of all freshwater wetland types since the 1950s with
approximately 21% of those remaining lost in the past 50 years (Dahl 2006).
Wetland Restoration through the Wetlands Reserve Program

The Wetlands Reserve Program (WRP), a U. S. Department of Agriculture
(USDA) program established in the 1990 Farm Bill and re-authorized in the 2002 and
2008 Farm Bills, is a voluntary, incentive-based wetland restoration program intended to
convert marginal, flood-prone agricultural lands back into wetlands (NRCS 2005). The
goal of WRP is to protect, restore, and enhance the functions and values of wetland
ecosystems (NRCS 2005). This is accomplished by providing habitat for migratory birds
and wetland dependent wildlife, including threatened and endangered species; protecting
and improving water quality; lessening water flows due to flooding; recharging ground

water; protecting and enhancing open space and aesthetic quality; protecting native flora



and fauna contributing to the Nation’s natural heritage; and contributing toward
educational and scientific scholarship (NRCS 2005). Three enrollment options available
through WRP include: 1) a permanent easement, 2) a 30-year easement, or 3) a
restoration agreement. The first two options place a conservation easement on an
accepted property resulting in a WRP easement area whereas the restoration agreement
results in a cost-share agreement. A conservation easement transfers most property rights
to the federal government to maximize wetland functions and values on the property in
exchange for monetary benefit with the landowner retaining four basic rights: 1) right to
sell the property and pay taxes, 2) right to private access, 3) right to quiet enjoyment and
recreational use on the property, and 4) right to subsurface resources as long as no
drilling occurs within the easement area (NRCS 2005). A restoration agreement does not
place an easement on the property but instead is a cost-share agreement in which USDA
pays up to 75% of the cost of the restoration activity to re-establish lost or degraded
wetland habitat. The landowner, in return, agrees to protect the restored habitats for the
life of the agreement, usually a minimum of 10 years (NRCS 2007). Land eligible for
WRP includes agricultural land; adjacent lands that contribute significantly to wetland
functions and values; previously restored wetlands that need long-term protection; upland
areas needed to buffer the wetlands or to simplify the boundary; drained wooded
wetlands; existing or restorable riparian habitat corridors that connect protected wetlands,
and lands substantially altered by flooding. The land must be both restorable and suitable
for providing wildlife benefits (NRCS 2007). WRP provides a means to restore wetlands
across the landscape; as of fiscal year 2008, over 2.0 million acres have been enrolled

nationwide (NRCS 2008).



Wetlands Reserve Program in Missouri

Missouri was one of nine states that participated in a WRP pilot program in 1992
(NRCS 2003). That first year, the Natural Resources Conservation Service (NRCS)
established 19 landowner contracts to restore 1,696 wetland acres (NRCS 2003); as of
September 2006, 787 contracts have been completed, or are pending, to restore 115,583
acres in Missouri (Frazier and Galat 2009). Missouri identified the greatest wetland
restoration need along the Missouri River and its major tributaries and in the Mississippi
Alluvial Valley (NRCS 1999). Reasons identified for the importance of restoring
wetlands in north Missouri watersheds included flood attenuation, water quality
improvement, and wetland habitat for migratory wildlife (NRCS 1999). The Grand
River, a major tributary of the Missouri River located in north-central Missouri, is the
largest watershed in Missouri, north of the Missouri River (Pitchford and Kerns 1994).
The lower Grand River sub-basin, located south of Chillicothe, Missouri, was selected by
NRCS as one of three WRP emphasis areas (Figure 1). Emphasis areas, since replaced
by eco-regions, were selected based on three criteria (1) locations where historical
presence of wetlands existed, (2) areas identified in the Missouri Department of
Conservation Wetland Management Plan (MDC 1989) and referenced in the North
American Waterfowl Management Plan (USDI and CWS 1986), and (3) areas of
concentrated, present-day waterfowl use (Kevin Dacey, Missouri Department of
Conservation, personal communication). Offered properties located within emphasis
areas received preferential points in the WRP ranking process. Additionally, candidate
properties located within 5 miles of state, federal or private wetland management areas

scored higher than properties located farther away (Missouri Wetlands Reserve Ranking
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Figure 1. Location of Lower Grand River sub-basin which served as an emphasis area
for the Wetlands Reserve Program in north-central Missouri.



System 2001, unpublished memo). The former lower Grand River emphasis area
included the Missouri Department of Conservation’s Fountain Grove Conservation Area
and the U. S. Fish and Wildlife Service’s Swan Lake National Wildlife Refuge, two
intensively managed wetland areas. Waterfowl hunting has a long history within the
Lower Grand River basin. The frequency of flood events and the strategic location of
Fountain Grove and Swan Lake, two traditional stopping points for migratory waterfowl,
made WRP an attractive option to landowners, particularly after the extreme flood years
of the mid- to late-1990s (Galat et al. 1998).
Evolution of Riverine Wetland Restoration Strategiesin Missouri

Practices commonly employed to convert wetlands for agricultural uses generally
involved alterations to both hydrological and biological site characteristics. Methods
used to alter hydrological characteristics included stream channelization to decrease the
time required to drain water from adjacent floodplain fields, construction of flood-
protection levees parallel to major streams to keep flood-waters off adjacent floodplain
fields, and enhancing internal field drainage by leveling fields and constructing surface
ditches and/or installing tiles, or subsurface permeable pipe, to remove excess water from
poorly drained fields (Busman and Sands 2002). Alterations to biological site
characteristics generally involved removing existing vegetation and, thus, reducing
habitat diversity, to enable agricultural crop production. Wetland restoration, in the
context of WRP, means rehabilitating degraded or lost habitats such that the original
hydrology and vegetative community are, to the extent feasible, re-established (NRCS
1996). This is accomplished by first identifying the site as a wetland based on soil

characteristics, cessation of farming activities, and restoring hydrological function by



reversing the agricultural practices designed to dry the site. The means by which these
steps have been accomplished through WRP forms the basis for my story.

Wetland restoration efforts implemented through WRP over the past decade
reflects an evolution in the thought-process of NRCS biologists and engineers as they
learned and applied knowledge based on increased experience with riverine floodplains
(D. Helmers, Natural Resources Conservation Service, personal communication). Early
restoration efforts took a minimalist approach with projects generally referred to as
“walk-aways.” Here emphasis was placed on restoring biological site characteristics
through natural vegetative regeneration with little focus on hydrological restoration
(Heard et al. 2005). The walk-away strategy reflected agency uncertainty with a new
program and its potential appeal to landowners. Accepted properties tended to be
relatively small (<30 ha) with small ditch plugs the only practice used to restore
hydrology. Ditch plugs are small earthen berms constructed to block or slow down the
flow of water in a ditch, thus, causing the water to back up the ditch and overflow into the
field, creating small, shallow pools of water. These sites are generally dominated by
early successional tree species.

By the mid-1990s, as the program matured and landowner interest increased,
program focus shifted toward enhancing habitat for migratory birds by maximizing
hydrology (Heard et al. 2005). This design strategy reflected the state-of-the-art
knowledge at that time regarding wetlands and wetland management. Restoration efforts
were focused on restoring the hydrological characteristics of a site by constructing low-
profile perimeter levees (1-2 m tall) with narrow tops (3 m width) and 3:1 side slopes

around each site, and installing a water control structure at the lowest end of the restored



pool. A pool is the resulting shallow, wetland impoundment constructed on a WRP
property in which water levels can be manipulated due to placement of a water control
structure. Borrow areas; i.e., areas from which soil was taken to construct levees; were
typically located adjacent to the perimeter levee. This location, which resulted in
relatively deep water areas along the periphery of the wetland pool, ultimately caused
issues as borrows were difficult to re-flood if the pool was totally drained, taking a
considerable amount of water from what was generally a scarce supply and leaving a
limited amount to flood the remainder of the pool. Water elevation, or depth, within a
pool is dictated by the topography of the pool and height of the water control structure;
the maximum water depth is achieved when a structure is closed and the pool is flooded
whereas the minimum water depth occurs when a structure is open and the pool is
drained. Manipulating the extent and timing of when a structure is opened or closed
enables one to change the water depth within a pool; generally, a structure is closed to
increase water depth (flood-up event) and opened to decrease water depth (drawdown
event). The design of maximize hydrology sites ensured the majority of the pool or pools
could be flooded with at least 46 cm of water, the preferred foraging depth of most
dabbling ducks (Krapu and Reinecke 1992). Maximize hydrology properties were
designed to facilitate managed flooding and drawdowns with vegetative diversity
dependent on water level manipulations and a premium placed on moist-soil vegetation
management (Fredrickson and Taylor 1982). Relatively specific water management
plans were provided to landowners; however, these plans were rarely followed due to
complexity, logistics of accessing the property (many absentee landowners), and

landowner desire to accomplish early drawdowns to facilitate food plot establishment to



attract wildlife, particularly waterfowl. Additionally, because the restored wetlands were
located in the floodplain, even the low-profile levees created an impediment to water
movement during flood events and the change in water heights as flood waters passed
over the levees resulted in wide-spread scouring of levees and failures of water control
structures. Damage to infrastructure occurs during a flood event when water depths are
unequal on either side of a levee, creating either a difference in water pressure resulting
in levee failure or a difference in water heights resulting in scouring. Damage can be
minimized if water control structures are opened prior to the flood, allowing the water
depths both inside and outside the wetland pool to rise at similar rates and depths on
either side of the levees and equalizing the pressure gradient. However, damage then
occurs as flood waters recede and inequality in water depths occurs because the flood
waters outside the levee recedes faster than water levels within the pool because the
amount of water within the pool exceeds the designed capacity of the water control
structure. The difference in water heights results in levee scouring as the flood waters
drop over the levee and scouring continues until the water level within the pool drops
back to the designed pool elevation and, thus, the designed capacity of the water control
structure. Animal burrowing was another source of infrastructure failure as the 3:1 slopes
on levees proved attractive to muskrats. Maximize hydrology properties were typically
dominated by herbaceous vegetation.

Program planning underwent another iteration as design emphasis shifted toward
incorporating both the biological and hydrological characteristics of sites into the
restoration scheme. Rather than relying on vegetative diversity as a by-product of

hydrological restoration as occurred with the maximize hydrology design, this design
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strategy enhanced micro- and macro-topographic features within the restored wetland
pools, thus, creating varying water depths and habitats. Additionally, infrastructure
modifications included low, broad levees constructed in serpentine patterns with wide
tops (6 m width) and with side slopes ranging from 8:1 to 10:1 (NRCS 2002). This
naturalistic design is a landscape approach that attempts to restore wetland function by
emulating a more natural hydrologic regime through floodplain expansion and
incorporating microtopography as matched appropriately to a given site (NRCS 2002).
Naturalistic sites typically had water control structures designed with more spillway
capacity than structures used on maximize hydrology properties, broad interior levees
with wide tops, excavated wetlands constructed within wetland pools, and floodways,
particularly if surrounded by flood-protection levees. Excavated wetlands are engineer-
designed wetlands embedded within a pool and are created during construction with a
tractor and scraper to restore micro-and macro-topography (Stratman 2000). The bottom
elevation of an excavated wetland is generally lower than the bottom elevation of the
water control structure so it cannot be drained when a drawdown is performed on the
remainder of the pool. Sculpting excavated wetlands within wetland pools as was done
with the naturalistic strategy not only provided soil needed for levee construction, thus,
eliminating the need to locate borrows adjacent to perimeter levees but also increased the
diversity of wetland habitats. Another characteristic of naturalistic sites was enhanced
connectivity with streams by creating floodways on flood-protection levees. Flood-
protection levees are usually adjacent to large streams, e.g., Grand River, and are built to
exclude flood waters from agricultural fields; average height of flood-protection levees

within the Lower Grand River basin is approximately 3-4 m. Floodways are
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approximately 30 m wide sections of a flood-protection levee that are lowered to within
0.51 cm to 1.3 cm of the management pool elevation to allow inflow of water during a
flood event and outflow of water as the flood waters recede. This scenario limits damage
during flood events as water more quickly reaches equilibrium on either side of levees,
thus limiting the scouring damage that occurred in maximize hydrology properties, and
the amount of water flowing through water control structures stays within design capacity
of the structure. Naturalistic designs are intended to be “flood-friendly” with broad, wide
infrastructure that is less inclined to scour during flood events and that is not attractive to
burrowing animals. Water management plans are general and simply provide guidance
on rotating high or low water management regimes among pools. Pools are designed so
it is impossible to totally drain a site and vegetative diversity both in plant species and
structure results due to designing wetland pools that vary in depth and size. Naturalistic
sites were generally designed to take advantage of landscape features and mimic remnant
wetland scars resulting in properties that are primarily dominated by herbaceous, aquatic
vegetation. These three design strategies represent an adaptive learning process;
however, a key unanswered question is to what extent are program management
objectives being met? (MacKenzie et al. 2006) (Table 1).
Amphibians asIndicatorsfor Assessing Wetland Restoration Efforts

The goal of WRP is to “achieve the greatest wetland functions and values, along
with optimum wildlife habitat, on every acre enrolled in the program” (NRCS 2005a).
Functions and values are defined as the “hydrological and biological characteristics of
wetlands and the socioeconomic value placed upon these characteristics” (NRCS 2005b).

One of the functions and values of wetlands receiving primary emphasis by the WRP is
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Table 1. Management objective for Wetlands Reserve Program and design strategy
categories used to classify Wetlands Reserve Program properties in the Lower Grand
River basin, north-central Missouri. Evolution of methods employed within each design
strategy to restore both the biological and hydrological site characteristics to attain
program objective are identified as well as the resulting benefits and issues associated
with each design strategy.

Management . Biological site Hydrological
& Design strategy tologicals 4 & Benefits Issues
object practices site practices
natural minimal; ditch | low cost no hydrologic
vegetation plugs restoration; sites
Walk-away regeneration reverted to early
successional tree
species
intensive water | low level relative ease of | infrastructure
level perimeter flood-up and failures due to
management levees built drawdown; scouring during
plans intended | with 3:1 side increased flood events and
to maximize slopes and wetland animal damage;
vegetative narrow tops (3 | habitat did not enhance
diversity by m); borrow connectivity with
promoting taken from area streams; early
moist soil adjacent to drawdowns to
Maximize vegetation levee; water facilitate
Restore hydrology management control foodp!ot
structures; establishment
wetland . .
. designed to compromised
functions and P
maximize wetland and
values on
amount of pool program
former or o
covered by 46 objectives;
degraded .
. cm of water complicated
wetlands in the
. depth water level
agricultural
management
landscape
plans
excavated low broad reduced sedimentation
wetlands levees with infrastructure | due to enhanced
created by side slopes damage; connectivity with
borrows located | ranging from increased streams; early
in pool; less 8:1to 10:1 and | wetland efforts at
intensive water | wide tops (6 diversity; excavated
level m) constructed | simplified wetlands narrow,
Naturalistic management in serpentine water level steep slopes, and
plans; patterns; water | management deep
incorporated control recommendati
floodways- structures with | ons
permitted more | increased
passive spillway
management capacity
approach
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providing habitat for wetland-dependent wildlife including amphibians. A key
uncertainty toward meeting this objective is associated with partial controllability; i.e.,
NRCS biologists and engineers do not have total management control to obtain a desired
biological response (e.g., successful amphibian recruitment on WRP sites) from a given
action (e.g., hydrologic restoration on WRP sites) because they do not have all the
information required to exactly recreate a functioning wetland complex that varies both
spatially and temporally (Humburg et al. 2006). Such questions can generally be
informed by a reference condition; however, given the degree of alteration to wetlands
and surrounding landscapes in Missouri, there is no remaining, intact historical condition
with which to compare restoration efforts. An alternative method to gain insight into the
intricacies of a dynamic wetland system is provided by the historical and current
distribution of wetland-dependent wildlife as species assemblages can provide distinct
information about system structure and function (Tockner et al. 1999).

Using communities or species assemblages as indicators of ecological conditions
has been proposed by a number of investigators. Karr (1981) introduced the concept by
suggesting fish communities could be used to assess the biotic integrity of rivers and
streams. O’Connell et al. (1998) developed a similar biotic integrity index based on
songbird community composition. Amphibians have been used as indicators of
environmental degradation (Hammer et al. 2004), of habitat quality (Sheridan and Olsen
2003), and of ecosystem restoration success (Rice et al. 2006, Waddle 2006). Waddle
(2006) determined amphibians are suitable ecosystem indicators because they are
abundant and cost-effective to survey, are sensitive to stresses on the system and respond

in a predictable manner, display responses to local changes that are anticipatory of
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change to the whole system, integrate a response across the whole system, and are useful
indicators of both short- and long-term changes. Amphibians can also serve as indicators
of wetland permanency, or wetland hydroperiod, due to species-specific differences in
the time required to complete larval development (Babbitt et al. 2003). Wetland
hydroperiod is defined as the length of time and portion of year a wetland holds ponded
water (Tarr and Babbitt 2010). Babbitt (2003) identified three categories of wetland
hydroperiod that are applicable to my study: 1) ephemeral in which water is present < 4
months after ice out (dry by July 1); 2) seasonal in which water is present > 4 months
after ice out but < 12 months (water present after July 1 but generally dry by late
summer); and 3) permanent in which water is present > 12 months. Amphibians
distribute themselves along these gradations and, although overlap in habitat use occurs
among different species, most species are generally more strongly associated with one
hydroperiod versus another. For example, bullfrogs may be found in seasonal wetlands
but are more strongly associated with permanent wetlands as bullfrogs generally require
more than one year to complete larval development. For my study, amphibians serve as
indirect indicators of wetland restoration efforts as representation by members of the
local amphibian assemblage associated with the different categories of wetland
hydroperiod would indicate restoration of hydrological wetland characteristics. Evidence
of successful recruitment by members of the local amphibian assemblage would indicate
restoration of biological wetland characteristics. Therefore, representation by all
members of the local amphibian assemblage on WRP sites combined with evidence of
successful recruitment would imply ideal evidence of WRP having met the goal of

“restoring hydrological and biological characteristics of wetlands.”
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Design Strategy and Restor ation of Wetland Char acteristics

Amphibians use the entire wetland continuum by opportunistically exploiting the
duration, magnitude, and frequency of wetland flooding and drying that varies spatially
and temporally both within and among years (Pechmann et al. 1989, Semlitsch 2000).
The three design strategies, i.e., walk-away, maximize hydrology, and naturalistic,
applied to WRP properties in the Lower Grand River basin represent three wetland
restoration models that attempt to mimic this spatiotemporal variability. Walk-aways
represent the dry end of the hydrological scale; the hands-off approach taken toward
hydrologic restoration assumes the system will re-establish itself with little to no input
from management actions. Maximize hydrology reflects a “wetter-is-better” philosophy
that relies on active management intervention to attain desired results and represents the
wetter end of the hydrological scale. The naturalistic approach strikes a balance between
the walk-away and maximize hydrology approaches as this design strategy attempts to
restore both structure and process assuming a resilient system that will function in a more
passive management scenario requiring only minor adjustments to correct system
imbalance (e.g., actions required to control invasive species). The naturalistic strategy
represents the intermediate portion of the hydrological scale; although ephemeral and
permanent wetlands are likely represented on naturalistic sites; seasonal wetlands should
be the dominant hydrological feature. Wetland-breeding amphibians distribute
themselves across the hydrological gradient during the breeding and larval development
portions of their life history (Babbitt 2003). Presence of members of a local amphibian
assemblage associated with a specific wetland hydroperiod provides a means to compare

the extent to which each design strategy is attaining program objectives related to
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hydrological restoration. Presence of metamorphosed individuals provides the measure
as to whether WRP restoration practices are successfully restoring biological wetland
characteristics as metamorphs represent recruitment and recruitment represents species
success at the population level (Semlitsch 2000). If WRP restoration efforts are to
“prevent, reverse, or stabilize downward population trends,” then species must
successfully recruit. Restored wetlands that attract breeding adults may have restored
hydrological wetland characteristics but, if they do not provide suitable wetland
conditions through larval metamorphosis, then they lack biological wetland
characteristics and may function as a sink, resulting in a decline of local adult amphibian
populations (Semlitsch 2000). Alternatively, restored wetlands that provide suitable
breeding and larval development habitat for the suite of species expected to inhabit the
Lower Grand River basin would indicate restoration of both hydrological and biological
wetland characteristics. This should result in wetlands that represent a source and that
contribute toward stable to increasing local adult amphibian populations (Semlitsch
2000).

The primary factor likely to influence presence of amphibians associated with
each WRP wetland restoration model is timing and availability of suitable aquatic habitat
(Pechmann et al. 1989, Babbitt 2003). If duration of water is too long (> 12 months),
then a predator community, particularly predatory fish, develops resulting in reduced
amphibian abundance and species diversity, whereas if duration of water is not long
enough (< 4 months), wetlands dry up before larval amphibians metamorphose and
amphibians are unable to successfully recruit (Pechmann et al. 1989, Wellborn et al.

1996, Hecnar and M’Closkey 1997, Babbitt 2003). As a result, amphibian species
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richness is generally low on ephemeral wetlands due to risk from desiccation and on
permanent wetlands due to predation risk. Seasonal wetlands (inundated > 4 months but
< 12 months) that occur along the intermediate portion of the hydrological gradient
usually have higher species richness estimates due to reduced risk from desiccation or
predation (Wellborn et al. 1996, Babbitt 2003). Walk-away sites, due to lack of
hydrological restoration, are assumed to result in dry to ephemeral wetlands that do not
retain water of sufficient duration to ensure successful amphibian recruitment (Figure 2).
This should result in restoration of neither hydrological nor biological wetland
characteristics. Maximize hydrology sites, due to hydrological restoration efforts that
attempted to ensure the majority of the pools were flooded to a depth of 46 cm, are
assumed to result in seasonal to permanent wetlands. However, landowner interest in
establishing food plots combined with the ability to more completely drain water off
maximize hydrology sites, likely result in ephemeral wetlands that do not retain water of
sufficient duration for successful amphibian recruitment (Figure 2). This should result in
restoration of hydrological but not biological wetland characteristics. Naturalistic sites,
due to incorporation of excavated wetlands that make it difficult to totally drain water
from these sites, are assumed to result in seasonal to permanent wetlands somewhat
similar to maximize hydrology sites. However, the inability to completely drain
naturalistic sites is likely to ensure some water is present through the time required for
amphibians to successfully recruit (Figure 2). This should result in restoration of both

hydrological and biological wetland characteristics.
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Figure 2. Conceptualized annual hydrological cycle on Wetlands Reserve Program sites
classified by design strategy as either walk-away, maximize hydrology, or naturalistic for
amphibian occupancy and species richness study conducted during 2007 in Lower Grand
River basin, north-central Missouri. Walk-away sites were assumed dry except during
flood events when duration of water was short term. Restoration efforts should have
resulted in dry to ephemeral wetlands. Maximize hydrology sites were assumed flooded
to full pool by late October, remained at full pool through fall, winter, and early spring,
and were drawndown to minimum pool elevation by early summer and remained dry
during the summer except during flood events. Restoration efforts should have resulted
in seasonal to permanent wetlands but the early drawdowns were assumed to result in
ephemeral wetlands that were not inundated of sufficient duration (< 4 months after ice
off and dry before or by July 1) to provide amphibian recruitment habitat. Naturalistic
sites were assumed flooded to full pool by late October, remained at full pool through
fall, winter, and early spring and were drawdown to approximately 20% of the site area
by early summer except during flood events. Restoration efforts should result in seasonal
to permanent wetlands of sufficient duration (> 4 months after ice off and retain water
after July 1 but < 12 months for seasonal and > 12 months for permanent) to provide
amphibian recruitment habitat. Percent of site flooded 110 represents a flood event in
which the entire floodplain is inundated. The lines representing maximize hydrology and
naturalistic sites are off-set to prevent overlap from approximately 12 September through
30 April.
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State Variable Selection for Assessing Wetland Restoration Efforts

State variables are one or more measurements of a population or community that
characterize the system of interest (MacKenzie et al. 2004). State variables typically
used in animal population sampling include population abundance, species richness, and
occupancy. Population abundance, or number of individuals in a population, is often the
state variable of interest when dealing with individual species; however, the time and
effort required to attain sufficient sample size, i.e., the number of individuals observed or
caught, at a landscape scale can be cost-prohibitive, particularly when dealing with rare
or elusive species (MacKenzie et al. 2005). Speciesrichness, or the number of species
within a predefined area, is a community-level variable based on presence/absence data
and conveys information on community structure and biodiversity (Boulinier et al. 1998).
Species richness as a state variable can be problematic when dealing with rare species as
the difficulty in attaining a suitable sample size hinders one’s ability to make unbiased
and accurate estimates (MacKenzie et al. 2005). Occupancy, defined as the proportion of
area, patches, or sample units occupied by a single species (MacKenzie et al. 2005,
2006), is another useful state variable for population and community studies. Occupancy
estimation also relies on presence/absence data, but exploits repeat surveys to attain
unbiased estimates rather than recapture histories as are typically used to estimate
abundance. Studies designed to estimate occupancy generally require less effort than
studies designed to estimate abundance and, in the case of rare species, occupancy
estimation can still be accomplished even when it is almost impossible to estimate
abundance (MacKenzie et al. 2005). For these reasons, occupancy estimation is

sometimes viewed as a surrogate for abundance (MacKenzie et al. 2006); however,
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occupancy is the natural state variable for studies in which the primary focus is a species’
distribution and range or in which the focus is metapopulation ecology (MacKenzie et al.
2006). Occupancy applied at the community-level may be viewed as a combination of
multiple single-species studies whereby the same group of species is sampled at the same
group of sites, thus, enabling inference to be made to the larger collection of all possible
sampling sites (MacKenzie et al. 2005). It may also be viewed in a similar fashion to
species richness if the quantity of interest is the fraction of members of an identified
species list that are present in an area of interest (MacKenzie et al. 2005, 2006).

All three estimation approaches; abundance, species richness, and occupancy;
must account for the variation introduced by detectability to provide accurate estimates
(Williams et al. 2002, MacKenzie et al. 2005). Detectability is defined as the probability
of detecting at least one individual of a given species in a particular sampling effort,
given that individuals of that species are present in the area of interest during the
sampling effort (Boulinier et al. 1998). Detectability has long been a recognized issue
associated with count data (Fisher et al. 1943, Preston 1948, Nichols & Conroy 1996). It
is very rare for all species or individuals to be counted when an area is sampled;
therefore, estimates based on raw count data are generally negatively biased and lead to
biased estimates if comparative assessments are made between two areas (Nichols et al.
1998).

Occupancy as a Sate Variable

Occupancy modeling is a probability-based approach that allows one to estimate

occupancy rates when the probability of detecting a species is less than perfect (p<1)

(MacKenzie et al. 2002, 2006). MacKenzie et al. (2002) developed a single-season,
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single-species occupancy model that allows estimation of proportion of area occupied as
a function of measured variables while accounting for imperfect detection. Estimating
the occupancy, or the proportion of an area of interest where the species is present during
sampling, allows a community-level approach when comparing the occupancy rates of
species included on a regional species list and how those rates are influenced by
measured variables such as site size or site habitat characteristics. Occupancy modeling
estimates the proportion of the landscape occupied by the species of interest while
allowing one to incorporate measured variables enabling comparison of multiple sites
(MacKenzie et al 2002, 2006). Occupancy is often the state variable of choice when
attempting to determine range and distribution of a target species (MacKenzie et al 2006).
Foecies Richness as a State Variable

Assessing restoration efforts requires placing the efforts in the context of what is
possible with what is realized (Palmer et al. 2005). As an example, speciesrichnessis a
community-level state variable often used to assess community completeness; i.e., fewer
species at a site is interpreted as community impoverishment (Cam et al. 2000).
However, unless the number of species is placed in some context with the number of
species possible at that site, fewer species may simply be a reflection of a smaller species
pool (Cam et al. 2000). Relative speciesrichnessis defined as the ratio between
observed richness at a site and the number of species potentially available for that site;
i.e., the regional species pool (Cam et al. 2000). Identifying a regional species pool
places the richness index within a realistic context of species that may occur on a site and
should be greater at sites with favorable ecological conditions (i.e., high quality habitat

resulting in recruitment) than at sites without favorable conditions (i.e., poor quality
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habitat resulting in no recruitment) (Cam et al. 2000, Van Horne 2002, Dorazio and
Royle 2005, MacKenzie et al. 2006).
Occupancy Method

Occupancy modeling provides a means to directly estimate the relative species
richness parameter of Cam et al. (2000) if a regional species pool has been compiled for a
site under investigation as an analogy can be drawn between estimating the proportion of
sites occupied by a single species and estimating the proportion of species on a list that
occupy a single site (MacKenzie et al. 2006). Using this approach, each species is
considered a “site” and the proportional occupancy of a site, i.e., the probability that a
member of the regional species pool is present at a site, is the Cam et al. (2000) relative
species richness parameter. Occupancy modeling enables one to estimate relative species
richness on one site at a time with comparisons possible through the use of means and
other summary statistics (MacKenzie et al. 2005).
Capture/Recapture Method

Another method to estimate species richness is through the use of models
developed for closed population, capture/recapture purposes (Nichols and Conroy 1976,
Burnham and Overton 1979, Boulinier et al. 1998). These models have explicitly
incorporated detectability by accounting for the fact that capture probabilities are not
equal for all animals in a population being trapped (Nichols and Conroy 1976, Nichols et
al. 1998, Boulinier et al. 1998). This species richness method estimates the number of
species not detected at a site, based on the number of species detected at least once and
places no limit on the number of species that may inhabit a community (Burnham and

Overton 1979, MacKenzie et al. 2006). Again, use of a regional species pool enables
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estimation of the Cam et al. (2000) relative species richness index by calculating the
proportion of the regional species pool represented by the species richness estimate.

Resear ch Goal and Objectives

My research goal is to evaluate if wetland restoration efforts on WRP properties

within the Lower Grand River basin are restoring the hydrological and biological
characteristics of wetlands as indicated by amphibian distribution, or proportion of sites
occupied, amphibian recruitment success, and a relative species richness index.
Restoration of hydrological characteristics of wetlands will be indicated by the proportion
of sites occupied by amphibians in the regional species pool. Estimation of the
proportion of area, or sites, occupied by each member of the regional species pool will
provide the means to determine distribution of amphibians on WRP sites in the Lower
Grand River basin. The distribution of amphibians will serve as an indirect means to
determine if hydrological wetland characteristics as represented by species associated
with different wetland hydroperiods have been restored on maximize hydrology,
naturalistic, and walk-away WRP sites in the Lower Grand River basin. Amphibian
species exhibit strong seasonal movements based on breeding chronology and may
exhibit varying degrees of vulnerability to sampling methods. These potential sources of
heterogeneity in detection probabilities will be accounted for by including them as
covariates in the detection analysis. Restoration of biological wetland characteristics will
be indicated by recruitment success of detected amphibians. Multi-state occupancy
probability estimation of each member of the regional species pool will provide the
means to determine if amphibians are successfully recruiting young into the adult

population.
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The use of an identified regional species pool throughout this study enables an
overall assessment of wetland restoration efforts, an assessment by design strategy, and
an assessment of each individual sampled WRP site based on the relative species richness
estimate. The definition of relative species richness for this project follows that of Cam
et al. (2000) and is the ratio of estimated species richness to the number of species in the
regional species pool. Therefore, a relative species richness estimate that represents a
low proportion of the regional species pool will result in a poor assessment for wetland
restoration efforts and a relative species richness estimate that represents a high
proportion of the regional species pool will result in an excellent assessment for wetland
restoration efforts. This rating metric reflects that the more amphibian species on a site,
the higher the probability that species representing multiple hydroperiods are present
indicating a hydrological gradient has been restored to that site. Also, the higher the
species richness estimate, the higher probability that successful recruitment occurred,
thus, indicating restoration of biological wetland characteristics. Ideally, restoration
efforts should result in wetland conditions that span a hydrological gradient ranging from
ephemeral to permanent and that provide suitable hydrological and biological wetland
conditions enabling successful amphibian recruitment. My objectives are:

Objective 1. Evaluate if hydrological wetland characteristics have been restored
on WRP properties in the Lower Grand River basin as indicated by amphibian
distribution based on proportion of area occupied estimates on walk-away, maximize
hydrology, and naturalistic sites.

Objective 2. Evaluate if amphibian detection probability varied by seasonal

response to environmental conditions or sampling method.
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Objective 3. Evaluate if biological wetland characteristics have been restored on
WRP properties in the Lower Grand River basin as indicated by amphibian recruitment
based on estimation of multi-state occupancy probability.

Objective 4. Assess wetland restoration efforts as indicated by the relative
species richness metric achieved on WRP properties in the Lower Grand River basin.

Objective 5. Assess whether design strategy serves as a criterion of a functional
ecological attribute created by management actions on WRP properties in the Lower

Grand River basin through use of a cluster analysis.

STUDY AREA

The study area was located in north-central Missouri within the lower Grand
River sub-basin below Chillicothe, Missouri in Livingston, Linn, Carroll, and Chariton
counties. Agriculture is the dominant landuse within the study area which falls entirely
within the Central Dissected Till Plains section in Missouri (Nigh and Schroeder 2002).
This location was targeted because of its former status as a WRP emphasis area which
provided a previously described geographic boundary that served as a starting point for
narrowing down a study area and because of the concentration of WRP properties within
the described boundary of the former emphasis area (approximately 5,000 ha [12,300 ac]
of WRP properties located within the approximately 71,000 ha [175,000 ac] Lower
Grand River emphasis area). The study area for this project was defined as a modified
Lower Grand River emphasis area, hereafter referred to as the Lower Grand River basin
(Figure 3). The original Lower Grand River emphasis area was modified to include that

portion of the Lower Grand River floodplain protected by the Garden of Eden levee. The
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Figure 3. Location of Lower Grand River basin, defined as a modified Lower Grand
River emphasis area, that served as study area for amphibian occupancy and species
richness project conducted during the summer of 2007 in north-central Missouri.
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Garden of Eden levee is a significant agricultural levee providing flood protection to a
portion of the Lower Grand River floodplain located in Chariton County. Additionally,
the Thompson River and the Lower Grand River west of Medicine Creek were excluded
due to logistical constraints and the extreme southern portion of the original Lower Grand
River emphasis area was excluded due to Missouri River’s influence. Approximately

135 WRP properties were located within the Lower Grand River basin during my field
season; of these, 10 had been accepted into the program but were not yet developed and
17 were scheduled for enhancement activities so these 27 properties were not included in
the pool of potential sample sites. The number of WRP properties represented by each
design strategy of the remaining 108 properties included 22 walk-away, 51 maximize
hydrology, and 35 naturalistic sites. A few exceptions occurred within each group of
design strategies that varied from the “typical model;” however, they retained the primary
characteristics that defined each strategy (Table 1). Four of the sampled walk-away
properties had previously developed wetlands including one 80 acre property with a
developed wetland on the northern 35 acres and willows (Salix nigra) and cottonwoods
(Populus deltoids) interspersed with ponds on the southern 45 acres. Exceptions among
the maximize hydrology included 2 properties dominated by pin oaks (Quercus palustris)
but with water control structures and 1 former fish farm/tree farm with ponds, planted
trees, and an upland component dominated by food plots. Three properties within the
naturalistic group had previously developed pools that were enhanced with the addition

of excavated wetlands.
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METHODS

Identification of a regional species pool, defined as the wetland-breeding
amphibian assemblage for the Lower Grand River basin, was the first step required to
accomplish this study and was applicable to all objectives (Table 2). Members of the
regional species pool were determined by consulting amphibian distributional maps for
Missouri (Johnson 2000, Lannoo 2005) and consulting with two amphibian experts (Dr.
Jeff Briggler, Missouri Department of Conservation, Herpetologist and Dr. Raymond
Semlitsch, University of Missouri, Curators Professor of Biological Sciences).
Additionally, with input from Briggler and Semlitsch, I classified a predicted abundance
and potential likelihood of detecting each member of the regional species pool during the
2007 field season so that I would have an a priori supposition with which to compare
results. Definition of abundance and likelihood terms include: abundant and likely: very
numerous with widespread habitats, certain to be detected if present; common and likely:
numerous, habitats fairly wide-spread, expected to be detected if present; infrequent but
likely: less numerous with more restricted habitats or range distribution but expected to
be detected if present; rare but likely: few numbers with restricted habitat requirements
but expected to be detected if present; rare and unlikely: few numbers with restricted
habitat requirements and/or includes portion of Lower Grand River basin as part of its
range; detection is possible but not probable (Table 2). Each member of the regional
species pool was also classified according to its association with ephemeral, seasonal, or

permanent hydroperiods (Table 2).
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Table 2. Amphibian species list representing regional species pool for Lower Grand River basin compiled for amphibian occupancy
and species richness project conducted in Lower Grand River basin, north-central Missouri in 2007. Also included is category of
wetland condition associated with each species and a predicted abundance and likelihood of species detection for each species in the
regional species pool (Johnson 2000, Lannoo 2005, J. Briggler, Missouri Department of Conservation and R. Semlitsch, University of
Missouri, personal communication). The predicted abundance and likelihood of detection” for each species is indicated by a 1 in the

appropriate column.

Estimated abundance and likelihood of detection

Scientific name Common name Wetland ?opdition Abundantand ~ Common Infrequent Rare Rare and
association likely and likely but likely but unlikely
likely

Notophthal mus viridescens Central newt permanent 0 0 0 0 1
Ambystoma texanum Small-mouthed salamander seasonal 0 1 0 0 0
Ambystoma tigirnum Eastern tiger salamander seasonal 0 0 1 0 0
Anaxyrus americanus American toad seasonal 0 1 0 0 0
Anaxyrus cognatus Great Plains toad seasonal 0 0 0 0 1
Anaxyrus woodhousii Woodhouse’s toad seasonal 0 0 0 0 1
Acris crepitans Northern cricket frog seasonal to permanent 1 0 0 0 0
Hyla chrysoscelis- Hyla versicolor Grey treefrogs, Eastern and Cope’s seasonal 0 1 0 0 0
complex

Pseudacris crucifer Spring peeper seasonal 0 0 1 0 0
Pseudacris maculata Boreal chorus frog seasonal 0 1 0 0 0
Gastrophryne olivacea Western narrow-mouthed toad seasonal 0 0 0 0 1
Lithobates areolatus Crawfish frog seasonal 0 0 0 1 0
Lithobates blairi Plains leopard frog seasonal to permanent 1 0 0 0 0
Lithobates catesbeianus American bullfrog permanent 1 0 0 0 0
Lithobates clamitans Green frog permanent 0 0 1 0 0
Lithobates sphenocephalus Southern leopard frog seasonal to permanent 0 1 0 0 0
Lithobates sylvaticus Wood frog ephemeral to seasonal 0 0 0 1 0

* Definition of abundance and likelihood terms include: abundant and likely: very numerous with widespread habitats, certain to be detected if

present; common and likely: numerous, habitats fairly wide-spread, expected to be detected if present; infrequent but likely: less numerous with
more restricted habitats or range distribution but expected to be detected if present; rare but likely: few numbers with restricted habitat
requirements but expected to be detected if present; rare and unlikely: few numbers with restricted habitat requirements and/or includes portion of

Lower Grand River basin as part of its range; detection is possible but not probable.



Study Design

Occupancy modeling provided a means to determine amphibian distribution based
on proportion of area occupied estimates, to determine detection probability estimates,
and to determine amphibian recruitment success based on multi-state occupancy
probability estimates for each member of the regional species pool (Objectives 1, 2, and
3). An occupancy study design was devised by following guidelines provided by
MacKenzie and Royle (2005). Key aspects of designing an occupancy study include
defining a site, determining an appropriate balance between number of sites and number
of repeat surveys to conduct, selecting sites, defining a season, and identifying site
characteristics that influence the probability of a site being occupied. This study design
was also appropriate for calculating species richness estimates which were used to
develop the relative species richness metric (Objective 4). Additionally, information
collected using this study design enabled an assessment of design strategy as a useful
criterion for ecological attributes of WRP sites (Objective 5). The following terms and
resulting study design are applicable throughout this study and apply to all objectives.

Site is the term generally used in occupancy analysis to represent the sampling
units of the population, or area, of interest. The population of interest for this project is
WRP properties with an easement or cost-share agreement located within the Lower
Grand River basin, Missouri. A WRP easement or cost-share agreement is a parcel of
private property accepted into the WRP and is that portion of the property upon which the
restoration practices or conservation practices are required (NRCS 2005b). My definition
of site is that portion of the WRP easement or cost-share agreement that was either

agriculturally cropped before its enrollment into the program or that portion of the WRP
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easement or cost-share agreement that had a previously restored wetland and, thus,
received restoration or enhancement efforts. This definition excludes forest stands of
large trees present within the WRP property prior to restoration efforts and existing,
remnant wetlands within these forest stands. I excluded this portion of the WRP
properties from my assessment due to time and man-power constraints. Throughout the
remainder of my thesis, I use Site to designate that portion of a selected WRP property
within the Lower Grand River basin that received restoration efforts and served as the
sampling unit.

Season is the sampling period which should be defined such that the target species
is either always present or always absent from the sites; i.e., the sites are closed to
changes in occupancy; or changes occur at random (MacKenzie et al. 2006). Multiple, or
repeat, surveys are then conducted within the season. I had three primary sampling
periods: 1) 7 March 2007-4 May 2007, inclusively; 2) 14 May 2007-9 July 2007,
inclusively; and 3) 23 July 2007-19 September 2007, inclusively, designed to encompass
the breeding and larval development periods of all members of the regional species pool.
Three detection methods were used, described below in Detection Methods, Sampling
techniques, which served as secondary repeat samples within the primary sample period.

Number of sites vs number of repeat surveys. Allocating resources between the
number of sites to survey and the number of repeat surveys involves balancing
improvement gained in precision of the occupancy estimate by surveying an increased
number of sites with the increased variance component related to detection probability
resulting from not conducting enough repeat surveys (MacKenzie et al. 2006)

MacKenzie et al. (2006) demonstrated that the minimum number of sites required
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[assuming perfect detection (p = 1), an occupancy probability of 0.8, and a standard error
of 0.05] was 64. This seemed a realistic starting point for this study as it likely
represented the maximum number of sites that could be surveyed during a defined
sampling period. My goal was to randomly select 20-22 sites from each design strategy
for a sample size of 60-66 sites. Additionally, three detection methods (see detection
methods below) were used during site visits to increase the number of repeat surveys and
to increase the probability of detection, given a site was occupied.

Stecharacteristics: Site characteristics, or site-specific covariates, are those
attributes of a site that one believes will influence the probability of occupancy among
the sites sampled. My project is designed to evaluate whether the three design strategies
employed on WRP properties in the Lower Grand River basin influence the probability
that a site is occupied by amphibians; therefore, design strategy was my only site-specific
covariate.

Ste Selection: 1 stratified WRP properties within the Lower Grand River basin
by design strategy and numbered each property, or site, within a strategy: 1) walk-away
1-22, 2) maximize hydrology 1-51, and 3) naturalistic 1-35. I used a table of random
numbers to select 21 sites from the maximize hydrology and from the naturalistic design
strategies (Snedecor and Cochran 1980). There were only 22 walk-away sites so, given
my goal of sampling 64 sites (20-22 in each design category), I included all 22 walk-
away sites in my sample pool. The resulting sample size of 64 selected sites included 22
walk-away, 21 maximize hydrology, and 21 naturalistic. I contacted landowners via
United States Postal Service letter, telephone, and email to get permission to access their

property. By the start of my field season in 2007, I had permission to access 13 walk-
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away, 18 maximize hydrology, and 19 naturalistic properties for a total of 50 sites.
Decreasing the number of sites to survey from 64 to 50 reduced the precision of the
occupancy estimate; however, nine repeat surveys (three detection methods times three
primary survey periods) should have somewhat offset this effect. Recalculating the
standard error using a more realistic detection probability of 0.4, an occupancy
probability of 0.8, nine repeat surveys, and 50 sites, the estimated standard error is 0.06
rather than 0.05 as assumed previously.

Quadrat, or within site sample sub-unit: Previously, a sampling unit was defined
as a site, i.e., that portion of a WRP easement within the Lower Grand River basin that
received restoration efforts. Size of individual sites included in this study ranged from
approximately 1.5 ha to 242 ha; given time and man-power constraints, it was necessary
to further divide a site into smaller sample sub-units to feasibly accomplish amphibian
sampling within a site. I required a method that randomly sampled site-specific
characteristics across an entire site in order to make inferences to the site; however, I also
required a method that balanced the need to detect all species with the need to survey
many sites (Adams et al. 1997). Williams et al. (2002) offer a useful rule of thumb that
plot size should be sufficient for one to expect greater than one-half of the plots to
contain individuals of the species of interest. Adams et al. (1997) made reference to a
2500-m” area that, according to their guidance, would require 9-10 traps; this size seemed
large enough to encompass multiple features and to ensure more than one-half contained
individuals of the target species but small enough to sample. Therefore, I chose a 2500-
m’ or a 50 m X 50 m quadrat as the sample sub-unit within a site. The Fishnet tool in

XTools 3.1 for ArcGIS 9.2 desktop (ESRI 1999-2006) was used to overlay a 50 m X 50
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m grid on each WRP property. The number of 50 m X 50 m quadrats within a site was
determined by using the “Select by Location” tool in ArcGIS 9.2 and by using a finite
population correction formula to determine the number of quadrats to sample on each site
(Lohr 1999), because the number of quadrats per site represents a finite number from
which to sample.

The greatest challenge in selecting the number of quadrats to sample per site involved
a tradeoff between precision of sample estimate and amount of time available to sample
all 50 sites across the three design strategies. Using a sampling error of 0.10 resulted in
number of quadrats to sample per site ranging from 37 to 89 with a total of 3,263
quadrats to sample from all 50 sites. Assuming an average of 15 minutes to sample each
quadrat, it would take 815.75 hours or 102 8-hour days to sample; this did not take into
account travel time among quadrats and among sites nor allowing time to check traps. As
it was not feasible to sample this many quadrats per site within the estimated amphibian
reproductive season, I evaluated increasing the sampling error to 0.20 or 0.30, and the
number of quadrats to sample per site decreased to 13 — 24 and 9 — 11, respectively.
Based on field tests of sampling methods, I found a sampling error of 0.30 to be
logistically most appropriate. This level of sampling error resulted in a total of 516
quadrats across 50 sites. [ anticipated that this would enable completion of three primary
sampling periods during the March through August amphibian reproductive season;
however, a primary sampling period took an average of 59 days to complete which
extended the field season into September.

Hawth’s tool in ArcGIS 9.2 was used to randomly select the quadrats to sample on a

site. The number of random points was determined by doubling the number of required
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quadrats; e.g., if a site required sampling nine quadrats to meet the 0.30 sampling error
requirement, I generated 18 random points with associated numbers. This accounted for
situations when more than one number occurred in the same quadrat; in this instance, the
smallest number was selected and the other number(s) in that quadrat deleted. I located
the starting point for sampling to the northeast corner of each selected quadrat. This
provided the coordinates necessary to locate the quadrat using a Global Positioning
System (GPS) receiver. Quadrats selected to sample were those assigned the first 9-11
numbers; keeping any remaining quadrats in case a replacement quadrat was necessary
based on field inspection. Replacement quadrats were used in the event that a selected
sample quadrat included greater than 50% non-site area. Maps for each site, created in
ArcGIS 9.2, included 2006 National Agricultural Imagery Project (NAIP) photography,
the WRP property boundary, the restored site boundary, a 50 m X 50 m grid overlaid on
the WRP property representing the pool of quadrats to sample, and selected sampling
quadrats (Figure 4).
Detection Methods

It is very rare for a target species to always be detected when present at a sampled
site; therefore, imperfect detection, i.e., p<1, represents a component of variation that is
strictly nuisance as it generally does not correspond to any ecologically relevant
phenomenon; rather, it is a measure of how well individuals are counted (Royle and
Dorazio 2008). However, not accounting for detectability can result in negatively biased
estimates (Nichols et al. 1998, MacKenzie et al. 2002). In occupancy modeling,
occupancy is the primary parameter of interest; nevertheless, detectability is an essential

element due to the previously discussed issues with an investigator’s inability to detect all
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Figure 4. Example of map used during 2007 field season for amphibian occupancy and
species richness project in Lower Grand River basin, north-central Missouri. The
photography is 2006 National Agricultural Imagery Project (NAIP), the yellow, dashed
line is the WRP site boundary, the white, solid line is the restored site boundary, the
squares represent a 50 m X 50 m grid delineating the within-site quadrats, and the
diamonds are located on the northeast corner of each quadrat selected for sampling.
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species present during a survey and the resulting biased estimates if detectability is not
taken into account. For this study, covariates included to account for potential
heterogeneity in detection probability estimates, i.e., seasonal response to environmental
conditions and detection method, (Objective 2) also served to inform future studies.
Amphibians exhibit strong seasonal movements so it is unlikely that detection probability
remained constant across all primary survey periods; also, determining a season with the
highest probability of detecting the most species while ensuring closure, i.e., species are
present and available for detection throughout the defined season of the study, will prove
useful to future amphibian investigations. Additionally, different amphibian species and
different life stages likely exhibited varying degrees of vulnerability to the three detection
methods (described below) used in this study; again, evaluating the efficacy of detection
methods was not only informative for this study but provides useful information for
future studies. Repeat surveys conducted over a defined season accounts for imperfect
detection by reducing the probability that a nondetected species was present at a site but
went undetected. Detection histories, composed of a series of detections (recorded as a 1)
and nondetections (recorded as a 0) of the target species generated during repeat surveys
using methods described below, were used in the occupancy, detection, multi-state
occupancy, and species richness analyses to accomplish objectives 1-4.

Sampling techniques: Three sampling techniques were used in this study to serve as
repeat surveys during a site visit and to increase the probability of detecting target
species. Techniques included aquatic funnel-trap surveys, visual encounter surveys
(VES), and dip-net surveys. The resulting idealized hierarchical study design yielded

between 450 and 550 quadrats sampled per primary survey period (Figure 5). Aquatic
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Figure 5. Idealized, hierarchical study design for amphibian occupancy and species richness project conducted during
summer of 2007 in north-central Missouri. The study design included three primary survey periods during which each site
was sampled using three detections methods on nine to eleven randomly selected quadrats within a site. Quadrats measured
50 m X 50 m. The three detection methods included visual encounter surveys (VES), dip-nets, and aquatic funnel traps. One
VES was conducted per quadrat in both terrestrial and aquatic habitats whereas the number of dip-net surveys and traps
deployed was conditional on the amount of aquatic habitat within a quadrat. See text for additional explanation on number
of detection methods applied per quadrat.



funnel-trap and dip-net surveys were only deployed in aquatic habitats within a selected
quadrat whereas VESs were conducted on both terrestrial and aquatic habitats within a
selected quadrat. Sampling techniques generally followed guidelines in Heyer et al.
(1994) and Olson et al. (1997). The exception occurred in deep water areas as described
below. Cleaning and disinfecting protocols involved soaking all sampling equipment in a
10% bleach solution after use on one WRP site and before being used on another site.

Aquatic funnel trap surveys. Funnel traps reliably determine presence of most
wetland-breeding amphibians and are capable of detecting small populations of cryptic
larvae that may go undetected by other methods (Adams et al. 1997). Aquatic funnel trap
surveys were conducted using Gee Exotic Minnow' traps, a commercially available
minnow trap with small 0.3175-cm mesh and 2.54-cm openings on each end.

The optimal number of traps to deploy at a site involves a tradeoff between level
of precision required, expense, and effort available as well as balancing the need to detect
all species present with the need to survey many sites. The general deployment design
followed Adams et al. (1997) with modifications relevant to hydrologic and biological
features of my study sites. Water depths varied greatly spatially and temporally across
sample quadrats with some quadrats completely dry and others covered with water deeper
than trap height (>22 cm). My objective was to sample the entire water column within
the constraints of sampling equipment, therefore, the following criteria were used to place
traps within a quadrat. If a quadrat was 100% dry or the water depth was < 10 cm, then
no traps were set as a minimum water depth of 10 cm was required for the water to reach

the trap funnel. If water depth was > 10 cm on a quadrat then traps were placed

! The use of trade, product, industry or firm names or products or software or models, whether
commercially available or not, is for informative purposes only and does not constitute an endorsement by
the U.S. Government or the U.S. Geological Survey.
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according to the following criteria: 1) if water depth across the entire quadrat varied
from 10 cm-41 cm, nine traps were placed in the quadrat in roughly a 3 X 3 grid, 2) if
any portion of the quadrat had water depth >42 cm, traps were placed as described in 1)
but one trap was replaced with a vertical stack of two traps for a total of 10 traps in the
quadrat, and 3) if any portion of quadrat had water depth > 64 cm, traps were placed as
described in 1) but one trap was replaced with a vertical stack of three traps for a total of
11 traps in the quadrat. Water depth was recorded in centimeters by placing the end of a
meter stick on the pool’s substrate and recording the reading at the water’s surface for
each trap location. The need for stacked traps was determined after the initial one
through nine traps were placed in the quadrat, depth measurements were taken, and each
trap had received a number designation ranging from one to nine. If more than one
location within a quadrat had water depth sufficient for stacked traps, a number from one
to nine, inclusively, was randomly selected and the stacked traps were placed at the
randomly selected spot.

Stacked traps were installed by placing each on 1.1 m fiberglass electric fence
posts with two sliding clips and one stationary clip. Height of traps on the sliding clips
could be adjusted so placement of the bottom trap was just above the wetland substrate
allowing the middle trap to be placed just above the bottom trap. The clip at the top of
the post was not adjustable and was used only in water depth > 64 cm. Water deeper than
84 cm resulted in submersion of all three traps leaving the portion of the water column
above the upper trap unsampled. Water depths greater than approximately 110 cm
exceeded the height of our chest waders and were not sampled. This situation generally

occurred in borrow areas that often had steep slopes; here we generally placed traps along
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the edge of the levee associated with the borrow and, if appropriate, along the opposite
side in the deepest water through which we could wade.

Traps were checked and collected the day following when set; set duration ranged
from 16 to 22 hours. When checked, the contents of each trap was identified and
enumerated. Size classes were recorded for any species that exhibited variation in size.
Captured amphibians were identified to species when possible and life stage noted (adult,
larva, metamorph, juvenile). Anurans were designated as larva if they were free-
swimming tadpoles, as metamorphs when at least one forelimb had emerged (Gosner
stages 42-46) (Gosner 1960) and as juveniles based first on whether the tail had been
reabsorbed indicating metamorphosis was complete and then by size (froglets and
toadlets were classified as juveniles). Salamanders were classified as larva if they were
free-swimming with external gills and a dorsal fin, as metamorphs when gills and the
dorsal fin had been reabsorbed, and as juveniles based on size. Leopard frog tadpoles
were recorded as leopard frog complex as it was not possible to distinguish Plains leopard
frogs (Lithobates blairi) from southern leopard frogs (L. sphenocephala) until they
reached the metamorph stage. Similarly, there was a timeframe when it was difficult to
distinguish between boreal chorus frog (Pseudacris maculata) and spring peeper (P.
crucifer) larva; we recorded the detection as Pseudacris spp. if a species determination
could not be