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ABSTRACT

The conservation status of Crawfish Frogshobates areolatus) in Indiana has changed
over the past several decades. Once described as being locally plentifmegdiedito the listing
of Crawfish Frogs as a State Endangered Species in 1988. Several recdndssfmedies in
Indiana are > 50 yrs old and have gone unconfirmed for several decades. Howewer, re
surveys have confirmed the continued presence of Crawfish Frogs in parts ofrstndiana,
redefining the perceived range of this species in the state. In antefiocrease survey
efficiency in this species, | used automated recording systems and roalhsatvey techniques
to examine the chorusing phenologies of Crawfish Frogs at two sites along trermesttent of
their range. Detection probabilities were determined as they relatedsonsand environmental
variables and survey duration. | also examined the effect that distance/éttand and position
(ground level vs. approximate human ear level) had on call detection in automatedgecordi
systems. Correlations between call rates (calls/min) and numbers of raatigs@ Frogs present
were used to calculate population estimates at 10 uncensused sites. Detectluhtigoleare
highest when the frogs were breeding and when air temperatures W&te€. Initial detection
of Crawfish Frogs most frequently occurred during the first five min opag Calls on
automated recording units lost resolution as distance from wetland increased|samtcaled
at all distances at human ear level were measurably louder (in d¢eketpt at the wetland

edge. Population estimates at uncensused sites ranged from a low of four to a highsofgl8. U



call rates and numbers of male frogs present in wetlands, | presentdad$apssment” tool that

can be used to quickly calculate on-site estimates of Crawfish Fragidistiidies.
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CHAPTER 1

A REVIEW OF THE STATUS AND DISTRIBUTION OF CRAWFISH FROGS

(LITHOBATES AREOLATUS) IN INDIANA

INTRODUCTION

Crawfish Frogsl(ithobates [Rana areolata] areolatus) are a cryptic and comparatively
understudied species distributed in portions of the Midwest, eastern Great Plairmsjthnd s
central United States (Lannoo 2005). Parris and Redmer (2005) described theittidistagu
“disjunct” with populations being “localized in areas of suitable habitat.” @shvWrrogs have
experienced declines in lllinois, Indiana, and lowa (Christiansen and BaileyR94ibs et al.
1999, Minton 2001). In Indiana, Crawfish Frogs are listed as State Endangered.,In lowa
Crawfish Frogs are also listed as State Endangered, but they have not beemtimtinbke
state for several decades and may now be extirpated (Christianseail@ydlB91).

In their summary on the distributions of amphibians and reptiles of Illinois anchindia
Smith and Minton (1957) identified Crawfish Frogs as a “western species,” notingdabhof
their range occurs to the southwest of the two states. In Indiana, the ynafjtigtoric Crawfish
Frog records are located in the western half of the state, extendingémion County
southward to the Ohio River (Minton 2001). An apparently isolated population occurs at Big

Oaks National Wildlife Refuge in southeast Indiana (Haswell 2004).



Crawfish Frogs are known to occur in a variety of habitats including open damp areas,
wooded mountain valleys, woodlands, and brushy fields (Bragg 1953, Phillips et al. 1999,
Minton 2001, Parris and Redmer 2005). However, the northern subsgecitssus, which
occurs in Indiana, appears to favor grassland and has been found almost excluivgly i
habitat in Oklahoma and Missouri (Bragg 1953, Johnson 2000). While Crawfish Frogs use
grassland habitats in Indiana, much of their range appears to occur in areaseHatgyely
forested during pre-settlement times (Jackson 1997, Minton 2001).

Crawfish Frogs are part of a four-species clade contained withietiieana group of
Hillis and Wilcox (2005) that includes Gopher Frofghobates [Rana] capito) and Federally
Endangered Dusky Gopher Frogstiiobates [ Rana sevosa] sevosus). Both gopher frog species
have a southern distribution along the Coastal Plains except for two idolasgito
populations: one in central Alabama and one in Tennessee (Jensen and Richter 2@5riich
Jensen 2005). Dusky Gopher Frogs have become extremely rare and areydurosvrilfrom a
single site in Harrison County, Mississippi (Richter and Jensen 2005). GophgraFec
protected species in North Carolina, Florida, and Alabama (Jensen and Richter AG@BeA
species are ecologically similar, occupying natural and artificigsholr burrows made by other
species (Richter et al. 2001, Parris and Redmer 2005, Bilhovde 2006).

While listed as Endangered in Indiana, the status of Crawfish Frogs itatkissspoorly
known. As a component of a larger study to understand the conservation biology of Crawfish
Frogs in the northern extreme of their range, | provide an overview of the hisgtriloution of
this species in Indiana, building upon the summary of Minton (2001) by incorporating more

recent survey data.



HISTORIC OVERVIEW

Early reports of Crawfish Frogs in Indiana date to the latter half ofitteteenth century.
Crawfish Frogs were first reported in Indiana in 1878 by F. L. Rice and Naviss Dom Benton
County (Rice and Davis 1878). This specimen was collected by E. F. Shipman gnukitede
in the Chicago Academy of Sciences collection (CA 160; Rice and Davis 1878;IaWillis
Blatchley reported two additional specimens collected by C. Stewart andikFoyMoom Vigo
County in 1893 and 1894, respectively (Blatchley 1900).

Others contributing early records of this species in Indiana include R. MiywfoP.
Blair, H. P. Wright and G. S. Myers of Indiana University (Wright and &y&?27), and David
and Paul Swanson, foresters for the Emergency Conservation Works and the Ragettlem
Administration (Swanson 1939; Table 1). Sherman Minton secured a number of specimens from
1949 to 1954, documenting the presence of Crawfish Frogs in at least seven additional counties
David Rubin reported Crawfish Frogs from a site now known as “Dave’s Pond” in northern Vig
County (Rubin 1965). The majority of specimens collected from this site are @éejposibhe
Indiana State University Vertebrate Collection.

Minton (1972, 2001) has provided the most thorough descriptions of the biology of
Crawfish Frogs in Indiana. According to Minton, Crawfish Frogs were derail “locally
plentiful” in western Indiana until about 1970 when populations began to experience unexplained
declines. He noted the disappearance of this species at many localitieamajmtluding sites
appearing to have experienced little change in habitat. Evansville residéntddlato
witnessed the extirpation of Crawfish Frogs from three sites near\EN@nganderburgh
County, all of which were likely extirpated by 1990 (Lodagdgr,sonal communication). One of

these sites, located at Angel Mounds State Historic Site, apparently suppoofadation of >



100 breeding adults before its numbers diminished during the mid 1980s. Due to theirdhcrease
rarity in Indiana, Crawfish Frogs were designated a Species of 5@ecieern in 1984 and
elevated to State Endangered status in 1988 (S. Klueh, Indiana Department of Nestowat€s,
personal communication).

In March 2003, Daryl Karns, Joseph Robb, Erin Haswell, and others confirmed the
presence of a large population of Crawfish Frogs located within Big OakeniVildlife
Refuge (Haswell 2004). This discovery added Jefferson, Jennings, and Ripley douthiées
Indiana distribution and extended the known range of Crawfish Frogs approximately 90 km
eastward. The source of this apparently isolated population is not known and its satus as
natural or introduced population has not yet been determined. Despite intensive, suoveys

populations have been located outside the refuge.

MATERIALS AND METHODS

To assess the historic status of Crawfish Frogs in Indiana, | compiled aetesgil of
all known Crawfish Frog records in the state. The historic records of Crawéigh i Indiana
are based on locality data from museum and university specimens, literature sdooliaria
Department of Natural Resources (IDNR) Division of Fish and Wildlifends; IDNR Division
of Nature Preserves Heritage Database Center, and other reliabls.reponfirmed these
records where possible by examining all known post-metamorphic museum speiiaele 1).
Many of the recent records contained in this report come from an Indiana DepartriNatural
Resources (IDNR) survey for Crawfish Frogs performed from 2004-2008 (Z. i\adksonal

communication).



| contacted the following colleges and universities to inquire about possible spgcime
being stored in their collections: Indiana University-Bloomington, Univedityotre Dame,
Purdue University, Indiana University-Purdue University Fort Wayne, Uniyerfs
Indianapolis, University of Evansville, Ball State University, Universitysouthern Indiana,
Oakland City University, Hanover College, St. Joseph’s College, and Indiana Shatesity.

Crawfish Frog records were obtained from the following sources: WildliferBity
Section, Division of Fish and Wildlife, Indiana Department of Natural Resqutt#ddR WDS),
Indiana Natural Heritage Data Center, Division of Nature Presdndiana Department of
Natural Resources, (INHDC), Indiana State University Vertebrate ciole(ISUVC), Purdue
Vertebrate Teaching Collection (PU), University of Michigan Museum of ZgdloyIMZ2),
Field Museum of Natural History (FMNH), Chicago Academy of Scienceg,(Bérvard
University Museum of Comparative Zoology (HUMCZ), Carnegie Museum tirslaHistory
(CM), Texas Cooperative Wildlife Collection (TCWC), California Academgpoiences (CAS-
SU), Hanover College Herpetology Collection (DRK), and the Indiana State Myf&8i).
Data were obtained from records held in the following institutions and acchssegtt
HerpNET data portal (http://www.herpnet.org): TCWC, 16 September 2009; CAS-SU, 16

September 2009; and CM, 20 August 2009.

RESULTS
Minton (2001) included 23 counties in the range of Crawfish Frogs in Indiana. Sixteen of
these counties are represented by point localities signifying reliataelseand include Benton,
Fountain, Vermillion, Vigo, Clay, Owen, Morgan, Sullivan, Greene, Monroe, DaviessnMart

Pike, Dubois, Vanderburgh, and Warrick. Seven counties not represented by point localities



include Warren, Parke, Putnam, Knox, Gibson, Posey, and Spencer. While not necessarily
exhaustive (multiple records in a given county may be represented by apsimg)e Minton’s
account provides the most thorough compilation of Indiana distributional records fqrettiisss
in the literature.

Indiana Department of Natural Resources surveys performed from 2004—-2008 took place
over a large portion of western and south-central Indiana, reaching 17 counties gmimpar
whole) including Greene, Owen, Clay, Vigo, Sullivan, Knox, Daviess, Martin, Veomill
Parke, Fountain, Orange, Lawrence, Pike, Dubois, Morgan, and Monroe (Z. \[daikenal
communication). Crawfish Frogs were identified in seven of these counties including Vigo, Clay,
Owen, Daviess, Sullivan, Parke, and Greene (IDiNIRublished data). The IDNR surveys,
however, did not detect Crawfish Frogs in several previously documented countidsgc

Morgan, Monroe, Fountain, Vermillion, Pike, Martin, and Dubois.

The following is a historic (pre-2009) overview of Crawfish Frog records in Indiana
based on museum specimens, literature accounts, and several other source&(&de Analt

Methods). Accounts are arranged by county and are followed by a discussion andysummar

Benton County
Crawfish Frogs were first reported in Indiana from Benton County in 1878 (CA 168; Ri
and Davis 1878, Minton 1998, Minton 2001). This record represents the type locality for the
subspeciescirculosus’ and the northernmost locality for the species in the state. The specific
location of this site is unknown and the species has not been recorded in Benton County since

(Minton 2001). Minton (2001) saw no reason to doubt the authenticity of this record and stated



that he had taken Crawfish Frogs “within 30 miles” of the Benton County border. Th@aepec

is currently deposited in the holdings of the Museum of the Chicago Academy ofeScienc

Clay County
Minton (2001) included two point localities for Crawfish Frogs in Clay County, and
noted hearing a “spectacular chorus” on 2 April 1950. A Clay County specimen acbbec?e
April 1950 (UMMZ 101623) by Minton likely corresponds to the location of the large chorus
heard that night. Russell Mumford collected a Crawfish Frog from northernColaryty on 7
April 1958 (UMMZ 118078). David Rubin and P. Allen collected a specimen near Bowling
Green on 18 April 1966 (ISUVC 1492). Indiana Department of Natural Resources personnel

reported hearing Crawfish Frogs near Brazil on 26 March 2007.

Daviess County

Paul Swanson provided the earliest report of Crawfish Frogs from Daviess Coeinty. H
reported frequently hearing Crawfish Frogs from “within the city broit ... Odon” (Swanson
1939). Minton and W. M. Overlease collected a Daviess County specimen on 21 March 1953
(UMMZ 108125). This record likely corresponds to the single point locality Minton (2001)
shows on his distribution map and is the only voucher specimen known from the county. Indiana
Department of Natural Resources personnel reported a cluster of fourintd| qortheast of
Odon between 2004 and 2008 which appear to be distinct from the sites reported by Swanson
(1939) and Minton and Overlease. These surveys also revealed a cluster of lsiéesling

south-central Daviess County.



Dubois County
Swanson (1939) identified Crawfish Frogs from Dubois County and characterized them
as “quite plentiful.” This observation likely corresponds to a point localityngoyeMinton
(2001). Surveys performed by IDNR personnel from 2004—2008 failed to find this species, and

therefore the status of Crawfish Frogs in Dubois County is unknown.

Fountain County
Fountain County is represented by a single voucher specimen (FMNH 64663gdollec
near Kingman by Minton on 18 April 1951. This animal was reported from a shallow pond in a
cultivated field (Alan Resetar, Field Museum of Natural Histampublished data). Surveys
performed by IDNR between 2004 and 2008 were unable to confirm the presence of Crawfish

Frogs at this site and therefore the status of Crawfish Frogs in Fountairy Gounknown.

Greene County

At least 17 Crawfish Frog reports come from Greene County, with mosigafism the
western portion. A number of these records are based on recent IDNR surveys. Miotitede
an animal collected on 25 March 1949 in the University of Michigan Museum of Zoology
(UMMZ 100304). This Crawfish Frog represents the only voucher specimen known femneGr
County. Minton (2001) includes two points in his distribution map, one of which appears to
correspond to the UMMZ specimen.

Crawfish Frogs were reported from the Goose Pond basin, south of Linton in 2002 by
Matt Blake and Vicky Meretsky (INHDC). Indiana Department of NatRedources survey

work in the Goose Pond basin from 2004—-2008 identified Crawfish Frogs in six areas, including



a confirmation of the Blake and Meretsky record. These surveys also idkladadities on

reclaimed coal mine land in northwestern Greene County.

Martin County
Swanson (1939) included Martin County in a list of counties where Crawfish Frogs were
“quite plentiful,” and reported frequently hearing them from within the aityté of Loogootee.
No voucher specimens are known. The point locality given by Minton (2001) likely corresponds

to Swanson’s Loogootee observation.

Monroe County

Wright and Myers (1927) reported finding a population “two miles west of Blogiomn”
on 21 March 1926. This record is supported by specimens deposited in the California Academy
of Sciences (CAS-SU 2174-80, 13343-64). Mittleman (1947) reported the collection of one
juvenile and an unknown number of tadpoles by H. T. Gier from a small pond “four miles north
of Bloomington” on 12 April 1940. These specimens were deposited in the Ohio University
collection (OUZ A1126), but appear to have been relocated and may now be lost (S. Moody,
Ohio University,personal communication). A series of transforming tadpoles (UMMZ 95312)
dated 19 July 1940 with the locality description of “Bloomington” were deposited in the
University of Michigan Museum of Zoology by A. P. Blair. These specimensbhmagsociated
with those collected by Gier that same year (Mittleman 1947). Minton (2001) afipare
considered the localities reported by Wright and Myers (1927) and Mittlet®di)(to be the
same “colony”, even though the collection notes give distinctly differenlitpdascriptions

(“two miles west of Bloomington” for Wright and Myers, and “four miles north @idBhington”
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for Mittleman). In his 1972 monograph, Minton describes the location as occurring‘graksy
valley of Beanblossom Creek” (Minton 1972). Both populations may be extirpated, asmto rece
records exist for either of these locations in Monroe County.

A more recent locality for Monroe County was given by Al Parker, who rapsighting
two individuals at a wetland near Bloomington along the Beanblossom Creek bottoms on 23
March 1991 (INHDC, Parkepersonal communication). Indiana Department of Natural
Resources personnel were unable to confirm the presence of Crawfish Frogsit tiom
2004-2008, despite numerous visits. Crawfish Frogs are presumed to be extirpated from this
location.

The most recent record for Monroe County comes from Brodman (2003), who reported a
call record at an unnamed locality. Little is known about this observation, and trsecsttitis

population is unknown.

Morgan County
Robert Luker collected two individuals from Monrovia in early April 1978 (INSM

71.7.170-171). This record likely corresponds to a point locality given by Minton (2001) and
appears to represent the easternmost voucher record in this species’ conéiggeurs mdiana.
Crawfish Frogs may have occurred at more than one site prior to 1980 (IDNR Ampnblia
Reptile Technical Advisory Committee 1987), and an INHDC record indicatethéhapecies
persisted at Monrovia until at least 1987. Indiana Department of Natural Bessurveys from
2004-2008 failed to detect Crawfish Frogs near Luker's Monrovia site, and populati@ens ther

may be extirpated.
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Owen County
Minton collected Crawfish Frogs from Owen County on 25 March 1954 (UMMZ
110638). Minton (2001) included two records for the southern half of Owen County, one of
which is likely the UMMZ specimen. Indiana Department of Natural Ressyeesonnel
detected a single population of Crawfish Frogs near the Owen-Clay Cawty March 2007.
This locality, a cluster of small wetlands on reclaimed coal mine propepngsents the only

known extant population in Owen County.

Parke County
Indiana Department of Natural Resources surveys identified a single popuhti
Crawfish Frogs in Parke County on 26 March 2007. The locality description asdogitit this
record is somewhat obscure and the exact location of the site is unknown. The staamgishCr

frogs at this site and throughout the county is undetermined.

Pike County
Swanson and Swanson (Swanson 1939) collected a series of Crawfish Frogs from
Winslow that are now deposited in the Carnegie Museum of Natural History (CM 13371—
13375). John Tritt collected a single Crawfish Frog “near Spurgeon” on 25 June 1963 (ISUVC
2473). Surveys conducted by IDNR from 2004—-2008 did not detect Crawfish Frogs in Pike

County, and the status of the species there is unknown.
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Spencer County

Crawfish Frogs were discovered near Newtonville in Spencer County in 1998 by D. S.
Dougas (M. J. Lodatgersonal communication). Frogs at this site appear to be using a series of
breeding ponds situated over several acres on reclaimed mine land (lpecsmtagl
communication). No voucher specimens have been collected. A second locality, located ca 6.5
km from the original site, was discovered in 2008 by Lodato, who identified and photographed a
single adult male crossing a highway during a heavy rainstorm (Lashtaglished data). The
breeding wetland has not been identified. Because of the distance betweeoctlésss) they
appear to represent separate populations. Brodman (2003) reported detectindy Cragés

from an unnamed locality in Spencer County.

Sullivan County

Sullivan County contains at least 26 Crawfish Frog records, with most occuriimeg i
east-central region. Vouchered records include a specimen collected by Minton anchl M
1952 near Shelburn (UMMZ 105544) and a single adult collected by John Whitaker, Jr. near
Sullivan during the first week of June 1969 (ISUVC 2255). Timm (2001) identified 14 Crawfish
Frog localities in her report on anuran use of reclaimed and unreclaimed naiseSire
reported Crawfish Frogs from a variety of habitats including a ditch, slougheibe
impoundment, and larger “final cut” strip pits. Voucher specimens are not known frorutyis s
and the current status of Crawfish Frogs at these sites is unknown. Brodman (20@&)l repo

Crawfish Frogs from an unnamed locality in Sullivan County.
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Surveys performed by IDNR from 2004-2008 reported nine Crawfish Frog localities
from Sullivan County including sites near Cass, Hymera, and Dugger. Most of tlesse sit
represent call points located along roadways.

Indiana Department of Natural Resources property manager Ron Ronk reporiegl hea
Crawfish Frogs calling from a private wetland complex north of Duggey gear from 2004—
2008 (Ronkpersonal communication). Stuart Smith reported finding a Crawfish Frog after a
hard rain near Lake Sullivan on 20 May 2002 (INHDC). Voucher specimens are not aailable

these records.

Vanderburgh County

A specimen collected by P. L. Swanson and D. C. Swanson on Route 41 in Vanderburgh
County on 28 March 1936 is deposited in the Carnegie Museum of Natural History (Swanson
1939; CM 13378). Other sites known to have supported Crawfish Frogs include Angel Mounds
State Historic Site near Newburgh. This site, which held a robust population congaining
estimated 100 adults in 1980, had shrunk to fewer than 10 breeding individuals in 1987 (IDNR
Amphibian and Reptile Technical Advisory Committee 1987). The population was apparently
extirpated by 1990 (M. J. Lodatpersonal communication). Two nearby sites located in
Evansville were destroyed by suburban development shortly after the denhiseAoigel
Mounds site (Lodatqersonal communication). Extant populations of Crawfish Frogs are not

known from any sites in Vanderburgh County.



14

Vermillion County
Minton collected a specimen on 18 April 1951 from a “shallow pond” near Perrysuville in
northern Vermillion County (UMMZ 103361); this represents the only known site foriMierm
County. The Vermillion and Benton County records appear to be the two northernmost records
in Indiana, and the only populations known to occur west of the Wabash River. The current

status of the Vermillion County population is unknown.

Vigo County

Crawfish Frogs were first reported in Vigo County from two sites bycBlay, who
received two specimens collected by C. Stewart at “the south part ofytlo¢ Terre Haute” on
8 and 9 October 1893 and a third specimen collected by H. Mcliroy “three mileBomest
where the others were secured” on 9 May 1894 (Blatchley 1900). Locality datasestites are
vague, but a single point locality given by Minton (2001) may represent thesdds/orsvo
Vigo County specimens collected by Blatchley deposited in the Harvard Biw€omparative
Museum of Zoology (HUMCZ A-7043, A-7044) have a collecting date of 09 October 1903.
Though specific locality data are not known, these specimens appear to be dtirtieflones
previously reported by Blatchley (1900).

An additional locality was identified by Rubin (1965) in northeast Vigo County on 24
March 1964. This area (Dave’s Pond) contains at least three distinct wetlands aeétma
visited numerous times over the past several decades by researchdrsliama State
University. A number of voucher specimens have been collected from thisS&iél395-97,
399-400, 401403 [eggs only], 937, 2738, 2793, 2822, 3177 [eggs only], 3204-07; PU 8482

83). Crawfish Frogs were present at this site in 2008 (M. J. Lannpablished data). A
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specimen collected by E. G. Zimmerman on 6 April 1964 (TCWC 66467) contains the locality
description “5 mi NE Terre Haute” and may correspond to the Dave’s Pond complex. John
Whitaker and Rubin collected a specimen about three miles ENE of Dave’s Pond naaefont
on 30 March 1967 (ISUVC 1820). An additional frog was observed in the base of a broken metal
pole about three miles west of Dave’s pond around the late 1960’s (J. O. Wip¢aseanal
communication).

Indiana Department of Natural Resources personnel identified a site e&arke
County line in 2007. This location is situated in a low, flat basin near Raccoon Creek. Acspecif

breeding site has not been identified but a series of small wetlands is presergyabe used.

Warrick County
Swanson (1939) includes Warrick County in a list of counties in which Crawfish Frogs
are described as being “quite plentiful.” However, Minton et al. (1982) notesihiaie’ colonies
in Vanderburgh and Warrick counties have been destroyed by surface mining, eraimhg
urban expansion.” Lodato reported Crawfish Frogs from three sites near Elbeifledskvrg,
and Paradise that were apparently destroyed by mining operations and subsequamt housi
developments (Lodat@ersonal communication). To my knowledge, no Warrick County

specimens have been vouchered, and no extant populations are known from the county.

Jefferson, Jennings, and Ripley Counties
Records for Jefferson, Jennings, and Ripley counties are all located withimig O
National Wildlife Refuge, and thus have been placed together here. The suspecte@ pfesenc

Crawfish Frogs at Big Oaks in the spring of 1999 was confirmed in March 2003 (plenggns
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2005). Three specimens collected by Daryl Karns, Joseph Robb, Erin Haswell, and Diana
Schuler on 18 March 2003 have been deposited in the Field Museum of Natural History and
Hanover College Herpetology Collection (Jefferson Co: FMNH 262589; Ripley CNH-M
262588, DRK 381). Haswell (2004) identified 23 sites at Big Oaks: 21 breeding calbbhscati
two sight records. At least one of these sites is located in Jennings County, nduigipasses
the northwestern portion of the refuge. Crawfish frogs have been detected ieeatidbnties
within Big Oaks every year since their initial discovery at the refdgRobb personal
communication). Breeding choruses at Big Oaks tend to be widely scattered and relathadly

(typically < 10 individuals, often < 5).

DISCUSSION

With the exception of a few outlying records, Crawfish Frogs historicahg\wnown
from the southwest quarter of the state, west of the unglaciated region etentrdi Indiana.

Their recent discovery at Big Oaks National Wildlife Refuge in souteeakidiana suggests
either that the species has a broader, long-undetected, range in the statenonét&iere
introduced into the former Jefferson Proving Grounds (Haswell 2004).

Post-glacially, Crawfish Frogs may have become established in theradarairies that
arose in the region that would become Vigo, Sullivan, Clay, Greene, Knox, and Daviessscounti
(Betz 1976). While this does not provide an explanation for the existence of populations in the
southern two tiers of counties where prairie was apparently not as common (Betati976)
possible that grassy river valleys and unforested flood plains may have sdpperspecies
there. Populations occurring in unglaciated, forested areas near Bloomingtoma imaig have

existed under similar conditions (Minton 1972). Natural disturbances such as wiatfatdison
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activity may have also contributed to the eastward expansion of this sp¢gipseidominantly
forested areas of Indiana.

Smith and Minton (1957) suggested that Crawfish Frogs are part of a grouprief prai
dwelling species that were already declining in numbers prior to Eurotéanesettlement due
to natural changes in the environment. They surmise that relic populations of sestesh
species occurring in lllinois and Indiana “provide almost irrefutable agelef a retreating
grassland fauna.” If true, it could explain the occurrence of Crawfishgepglations in non-
grassland habitats in southern Indiana.

In addition to grasslands and seasonal or semipermanent wetlands, Crawfssal$oog
seem to be at least somewhat dependent on the presence of burrowing crayfisewEndca
why Crawfish Frogs were not found in the historic prairie peninsula of northmééahb may be
that the sandy soils of the “Kankakee Sands Section” (Homoya et al. 1985) do not support
burrowing crayfish (Thoma and Armitage 2008). Another possible explanatiobena&jated to
the climatic conditions that occur in northwest Indiana. Colder winters in thisfthe species’
range could be a limiting factor in restricting the northward extension @ffiShaFrogs into
other parts of the Prairie Peninsula. The latitude of Indiana’s northernroosd ne Benton
County is similar to that of the northernmost distributional records of Crawfigjs Frdowa
(Christiansen and Bailey 1991, Parris and Redmer 2005).

Several records occurring along the northern and eastern edge of thes’'spadiguous
range are at least 50 years old and have not been reconfirmed since at least 5@5®cohds
include sites in Benton, Vermillion, Fountain, Martin, and Dubois counties. Though apparently
confirmed at a relatively recent date (1987), populations in Morgan County now appear to be

extirpated (INHDC, IDNR Amphibian and Reptile Technical Advisory Commiit@37).
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Along the southern edge of their Indiana range, Spencer County alone is known to
currently support Crawfish Frogs. All other counties in the lower two tiers diwest Indiana
either lack records, have suffered extirpations, or have not had older recdfilgr§)
reconfirmed. The presence of Crawfish Frogs in six Indiana counties (Benton,ikounta
Vermillion, Martin, Dubois, and Pike) has not been verified for at least 45 yegrsLjFi

Crawfish Frogs appear to be doing well in two areas where, paradoxicallystems
were severely degraded in the recent past. Several records have beenddentiGdarge
reclaimed coal mine region in western Greene and eastern Sullivan Couatgsyfrvhich fall
within 11 km of the Greene-Sullivan County line. A recent record for Spencer Couniy (M.
Lodato,personal communication) also occurs on what appears to be reclaimed mine land. Big
Oaks National Wildlife Refuge is located at the former Jefferson Proviogn@s.

Approximately twenty five million rounds of artillery were discharged thiene 1941-1994,

and recovery impact fields were subject to herbicide applications, soisteriand disking (K.
Knouf, personal communication) Despite this history, Haswell (2004) identified 23 Crawfish
Frog locality records from Big Oaks. At least one Greene County mesdiacoal mine site and
parts of Big Oaks National Wildlife Refuge are currently being raaietl as grasslands. Habitat
restoration in the form of managed grasslands appears to have favoredCFraodis at these
sites. It is evident that once Crawfish Frogs reach these vadagchsiges (whether naturally or
anthropogenically), they have the capacity to do well.

In summary, our understanding of the status and distribution of Crawfish Frogs maindia
has changed over the past several decades. Formerly described as ballygplentiful”

(Minton 2001), declines in this species led to its inclusion on the State Endangered 9pecies

A lack of recent records in several counties along the northern and eastehenyeof the
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species’ contiguous range and the destruction of several breeding sitessiouthesuggests that
Crawfish Frogs may no longer exist in many of the areas they were pitgvieusrted to occur.
Habitat destruction resulting from human activities such as mining, suburban
development, and farming have likely played a role in the extirpation of localra@dish Frog
populations. However, the cause of the post-1970 declines noted by Minton (2001) remains
unknown. Despite their Endangered status in Indiana, Crawfish Frogs continue tampersist
scattered, sometimes clustered, populations in southwestern Indiana. Tieierjist Big Oaks
NWR in southeast Indiana extends their range approximately 90 km east eftindyewere
previously known to occur. The presence of this species at sites that have beed festor
intense ecological destruction highlights the ability of Crawfisig&ito colonize/recolonize
areas where suitable habitat is present. This stresses the importarateaing existing
populations which can potentially serve as source populations for new colonies, aritbgeres

for the prospects of successful Crawfish Frog restoration in the future.
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CHAPTER 2

A NOVEL USE OF CALLING SURVEYS TO DETERMINE DETECTABILITY AND
STATUS OF NORTHERN POPULATIONS OF CRAWFISH FROGS,

A SPECIES OF CONSERVATION CONCERN

INTRODUCTION

Over the past two decades, concern over worldwide amphibian declines has led to a
considerable global conservation effort (Wake 1991, Wake and Morowitz 1991, Houlahan 2000,
Alford et al. 2001, Stuart et al. 2004, Lannoo 2005). Despite these endeavors, tis¢olifedmd
natural history information necessary to conserve amphibian species remasyikaown. In
the New World, for example, North American species are often bettemkaavunderstood
than their Central and South American counterparts (Haddad 2008, Lannoo et al.)jn press
although this is not true for every species or species group.

Among United States species, Crawfish Frogs and their closestag)dtiopher Frogs
and Dusky Gopher Frogs, are secretive animals, with adults of all threesspecupying
burrows, including those made by other animals (Richter et al. 2001, Parrisamdri2805,
Blihovde 2006, Hoffman et al. 2010). This is particularly true of Crawfish Frogshvaucupy
crayfish burrows and will quickly retreat into them in response to disturbance (Thompson 1915

Hoffman et al. 2010). Hobart Smith (1950) once noted, “... no other spedRasain this
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country possess such secretive habits.” Because of these cryptic bel@ramfssh Frogs are
among the least well-known species of North American, indeed New Worldsrani

In an effort to enact management programs to conserve Crawfish Froggdve ne
techniques to effectively determine the location and status of their populatic8miths(1950)
implied, Crawfish Frogs are so secretive that surveys of upland aduitspaeetical. Surveys of
breeding adults, on the other hand, offer promise. Gerhardt (1975) found that, when recording at
1 m, Crawfish Frogs produced calls that were more powerful (mean 107.5 dgtiijethan
any of the twenty other species of North American frogs examined. IndatdCmawfish Frogs
produce breeding calls that can carry a kilometer (Swanson 1939), and the roar®f a larg
Crawfish Frog chorus has been likened to a distant motor speedway (Minton 20019s Perha
other Midwestern amphibian shows such a deeply binary pattern of detectabilgysh
Frogs are virtually undetectable for most of the year, but heard from loagaistwhen calling
during the breeding season (Swanson 1939, Minton 2001).

Call surveys have become widely used for monitoring and assessing fragdnd t
populations (Zimmerman 1994, Scott and Woodward 1994, Mossman et al. 1998, Weir and
Mossman 2005, Steelman and Dorcas 2010). Standardized monitoring programs such as the
North American Amphibian Monitoring Program (NAAMP; http://www.pwrc.uggs/naamp/)
and Frog Watch (http://www.naturewatch.ca/english/select_province lhawd) increased in
popularity and have been implemented in several states and provinces in the Utetedritta
Canada (Weir and Mossman 2005).

Building on the techniques of manual call surveys, automated recording syste8js (AR
such as “frog-loggers” (Peterson and Dorcas 1994, Saenz et al. 2006) and Sast Mete

(Wildlife Acoustics Inc., Concord Massachusetts, USA; Waddle et al. 200®)@easingly
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being used as a means of surveying anuran species (Bridges and Dorcas 2006dN)aincas
1999, Oseen and Wassersug 2002). Automated recording systems allow researohgrgeo c
extensive datasets without being physically present at survey sites. Tognaeqpi of numerous
ARS allows separate, even distant, sites to be sampled simultaneously, in a wajofire.,
without observer bias) and allows researchers to essentially “captaré ¢énabling them to
evaluate recordings as many times as needed. Automated recordeamyssysty be the most
effective way of surveying for species that cease calling in respouisstiirbance, or with
irregular or short breeding seasons (Dorcas et al. 2010).

Given the ability of breeding call surveys to detect Crawfish Frogs, ttentdyes of
using ARS to give a complete and accurate record of chorusing, and the tenuous comservat
status of this species (Parris and Redmer 2005), | had three goals: 1) Tordetieenoptimal
daily and environmental factors for monitoring calling males at two bresttegywhere the
number of males was known; 2) To determine the effect of distance on Crawfistafrog
detectability; and 3) Using data from the first goal in a novel way, to @&stisizes of
populations (using calling males as a proxy) along the current northermexdfeheir range.
This approach provides a survey and monitoring tool for Crawfish Frogs that prapites

assessments of population sizes using ARS data.

MATERIALS AND METHODS

Determining Call Rates Based on Seasonal, Daily, and Environmental Factors
Data were collected from two wetlands located in the western sectiorarfédnd Fish

and Wildlife Area (HFWA) in Greene County, Indiana. The portion of HFWA utilized by
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Crawfish Frogs is situated on a reclaimed surface coal mine, and is masggadtia by the
Indiana Department of Natural Resources (Lannoo et al. 2009). The firstaiés Rond, is a
shallow (< 0.5 m) seasonal/semi-permanent wetland approximately 0.14 ha in atgtateat
dries completely during late summer and early fall. Emergent vegetatladesaushestirpus
sp.), cattailsTypha sp.) and small willowsSalix sp.). The second site, Cattail Pond, is a
relatively shallow (< 1.5 m), semi-permanent wetland approximately 0.3Bdwaface area.
Cattails predominate except in the deepest portion, which is open, and in a smabediatea
along the north edge of the wetland. The two wetlands are approximately 0.9rknT lapse
wetlands were chosen because they are known Crawfish Frog breeding sitedt terttds had
been constructed around their perimeters, allowing a census of Crawfisbdprdgtions
(Kinney 2009, Kinney and Lannoo 2009).
Crawfish Frog calling activity was recorded using Song Metecording units (models
SM1 and SM2, Wildlife Acoustics Inc., Concord Massachusetts, USA). Chorusing ef&ta w
collected for two months in 2010, from 1 March to 30 April, a time period that encompasses the
known breeding season for this species in Indiana (Minton 2001). One recording unit wes plac
adjacent (< 5 m) to each wetland shoreline on the ground hidden by vegetation, ea@harea
Crawfish Frog choruses were heard in 2009 (V. C. Kinaegyblished data). Song Metet
units were programmed to record continuously for 8 h segments beginning at 1900 EST and
ending at 0300 the following morning. This time frame corresponded to the daihg qadriod
(up to several hours after sunset) noted by Busby and Brecheisen (1997) and Minton (2001).
Environmental variables were recorded, as follows. Air temperatlagyechumidity,
rainfall amount, and wind speed were logged at 10-min intervals using a BRIR® Station

(Onset Computer Corporation, Pocasset, MA) weather station located ateasstscur
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approximately 3.5 km from Nate’s Pond and 3.2 km from Cattail Pond. Water tempediture
each wetland were recorded at 30-min intervals using submerged HP&w@ent Data
Loggers. Data from each of these environmental measurements (with theoexoepinfall)
were linearly interpolated to 1-min intervals in order to match the resolution Gr#wdish

Frog calling data. Rainfall amounts were averaged to 1-min resolution.

From the drift fence data, counts of breeding Crawfish Frogs present in géatdwe
were made throughout the study (frogs inside the fence were assumed thebeétland, and
males were assumed to be contributing to the chorus). In order to process fhaysnaswed
into and out of breeding ponds, and to prevent injury to the frogs (in an effort to work their wa
through drift fences Crawfish Frogs often abrade their snouts; Heemeye2@10), researchers
were sometimes present at the wetlands, when frogs were expected grdiggin and out of
breeding wetlands (i.e., during warm rainy nights). Calling data redatdring these times,
including a 5-min time lag after researchers had left the area, wesered before datasets were

analyzed.

Determining the Effect of Distance on Detectability
| used Song Met&rrecording units and a human listener (the author) to examine the
effect of distance on ARS results and manual call surveys. Three times during theez@il@gor
season (24 March, 31 March, and 10 April), recording units were placed at four listatiomgsst
located 0 m, 50 m, 100 m, and 200 m from a third known Crawfish Frog breeding site (Big
Pond) at HFWA. This wetland was used to avoid disturbing frogs and affecting remoadi
Nate’s Pond and Cattail Pond. Song Méterere placed at ground level (throughout this study

recording units were concealed in vegetation at ground level to prevent deteulitime a
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arrangement of this array mimicked these conditions) and programmed to readtdrsusly.
A fifth unit was attached to a wooden tripod ~2 m above the ground near human eandevel
moved with the listener from station to station (see below). This unit permitted ceomsavith
ground-level recordings and human perception. All surveys were completed wéldaily time
frame required by NAAMP protocol (30 min after sunset to 0100; Weir and Mossman 2005).

In addition, 30-min manual call surveys were performed at each ARS station (200 m, 100
m, 50 m, and 0 m, in that order). Each survey was divided into six consecutive 5-min sampling
periods (0:00-5:00, 5:00-10:00, 10:00-15:00 ... 25:00-30:00). To determine a human
perception of calling, Crawfish Frog chorusing was quantified using the NA&ivee-level

calling index (Weir and Mossman 2005), with call levels defined as follows:

1. Individuals can be counted, space between calls;
2. Calls of individuals can be distinguished, some overlapping of calls;

3. Full chorus, calls are constant, continuous, and overlapping.

Environmental variables were recorded on site at the beginning and end of eaichsBbvey
with the aid of a Kestr&4000 Pocket Weather Tracker (Nielsen-Kellerman, Co., Chester,
Pennsylvania, USA) and included wind speed, sky conditions, air temperatitree talanidity,
and moon visibility.

The effect of distance on recording units was quantified by measuriregav&sund
pressure level readings (in dB) from each station. Ground level recordéngsanalyzed using
Song Scop@call recognition software (Song ScSp#&Vildlife Acoustics Inc., Concord

Massachusetts, USA), and decibel levels of 25 randomly selected callsrarbetween
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approximately 2015 and 2300 hrs EST (times varied between rounds) were recordekl for eac
listening station. This analysis was performed for all three rounds @lisgmand averaged
values for each listening station were combined between rounds so that a Suggle va
represented each listening station.

This same analysis was performed on the tripod recording units. Becaugeoithevtas
moved to different listening stations, randomly selected calls were taker3@-onin recording
sessions at each listening station for each round (as opposed to the approximately 2:45 h
recordings used on ground level units). Five tripod recordings were compromitied by
presence of static-like clicks (at the O m listening station during Round 1, atatiahs during
Round 2). Two tripod recordings during Round 3 had only five and eight measureable calls (at
the 100 m and 200 m listening stations, respectively). Thus, the above recordings were not

included in the final analysis.

Satewide Surveys of Known Historic and Current Stes

Using Song Metétrecording units, | surveyed for the presence of Crawfish Frogs at
localities in western Indiana where Crawfish Frogs had historically mxtuvut where recent
records were lacking. Surveys took place from 25 March—11 April, 2010, where the ocaost re
known records ranged from 1949 to 1991 (Engbrecht and Lannoo 2010). These sites were
Daviess County East, Fountain County, Greene County North, Monroe County, Morgan, County
Owen County, Sullivan County North, Vermillion County, and Vigo County East (App&)dix
In cases where the precise locality was unknown (older museum recordei@tdrétaccounts
often contain vague locality descriptions), wetland habitat in the vicinityeobriginal locality

description was selected as the sampling site. Surveys were also pdrabmige additional
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sites where the presence of Crawfish Frogs was confirmed in 2009ujirentcsites; N. J.
Engbrechtunpublished data): Daviess County North, Daviess County South, Daviess County
Southwest, Daviess County Southeast, Greene County Northwest, Green Countyeeast, Gr
County West, Sullivan County East, and Vigo County West. Surveys were perfornmed at o
additional site where their presence was suspected (Daviess County bidrthea

Song Mete? units were programmed to record from 1900 to 0300 EST, placed at
wetlands (which | term uncensused wetlands because population sizes had not beamedgter
and checked on a daily basis. Digital recordings were analyzed on site legigpacomputer
and Song ScofeSoftware. Following the technique of MacKenzie and Royle (2005), recording
units were removed after Crawfish Frogs were detected. If Craiftals were not heard after
three nights the recording unit was removed.

Other recent records of Crawfish Frogs occur in extreme southern Irjthenimcalities
in Spencer County) and in southeast Indiana (Big Oaks National Wildlife Refngletrdeht and
Lannoo 2010). The population at Big Oaks National Wildlife Refuge is currently beidigc
by Dr. Joseph Robb, Perry Williams, and Dr. Daryl Karns. Performing survéyssa sites was

not logistically feasible for this study; therefore they werewaadl from sampling.

Analysis of Recordings
All recordings at Nate’s and Cattail Pond were analyzed manugliysbally and
audibly inspecting sonograms of the recordings produced by Song"Sxfpeare. Statewide
historic and current sites containing Crawfish Frog calls were also adalging this method.

Because the typical breeding call of Crawfish Frogs consists of a disglect snore, individual
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calls could usually be identified (exceptions occurred during especiallg dbosusing or when
there was interference from outside sources such as road traffic or thomdg)s

Call counts for each recording bout were compiled by the author or by two trained
technicians. The unit of measure was calls/min (Duellman and Trueb 1986, Nelsoraaesl Gr
2004), and only the typical, distinct breeding call (as opposed to the elongated aggedksive
produced during male to male encounters; Elliot et al. 2009) was included in call ddumts.
manual approach, while time consuming, gave much more accurate counts than could be
obtained through automated call recognition programs (Song $aopeRavefi[Raver?,
www.birds.cornell.edu/raven]; N. J. Engbrealrpublished data; see Waddle et al. 2009 for a
discussion of some of the difficulties associated with using recognition sefteranuran call
analysis).

Distant chorusing and road traffic noise at four sites (Daviess Couantly,\Dwen
County, Sullivan County East, and Vigo County West) prevented a comprehensivaatiami
of entire recordings. As a result, when estimating population sizes, cals coerg made from

periods on the recordings containing the most intense chorusing.

Data Analysis
Detection estimates were established by randomly selecting 100 30-npilesdrom the
calling data recorded at each pond. These analyses were performed nebomy nambers
generated using Progrant @Program R 2.10.1, The R Foundation for Statistical Computing,
Vienna, Austria). Detection estimates were obtained from each pond by exaatomging
rates within four different scenarios, encompassing situations where s@waydd consider

searching: 1) March and April (the timeframe for breeding in Indiaaafidh Frog populations;
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Minton 2001); 2) The breeding season (i.e., between the time when chorusing began and ended
at each pond: 11 March—14 April at Nate’s Pond; 16 March—4 April at Cattail Pond); 8 Whe
temperatures at the beginning of each sampling period>x&3& C during the breeding season
(chorusing in Crawfish Frogs has been associated with air temperatl8é< [Busby and
Brecheisen 1997, Minton 2001]); and 4) When it was raining at the beginning of each sampling
period during the breeding season (Smith et al. 1948, Smith 1950). Only 89 samples were
available at Cattail Pond when it was raining during the breeding seasoiii,\@ectaised in

this analysis. The 30-min samples were sub-divided into six consecutive 5-noidspatiowing

me to examine the effect of survey duration on detection probability (Pierce andl@utz

2004).

Population Estimates of Historic and Current Stes
Two approaches were used to calculate population estimates at stategide sit
investigated in this study. The first approach was specific to my daaadeised the simple
ratio:
a/b = yIx
Where:
a = number of males present at the censused study site;
b = maximum calls/min at the censused study site;
y = number of males present at the uncensused site;

X = maximum number of calls/min at the uncensused site.

To solve for y, | multiplied both sides of the equation by x to get:
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y = (a/b) * x

When calculating these estimates, a and b were date-matched to y. Thistapprbaatied for
weather variables, which were assumed to be equal at all sites (ttesigdestance between any
of these sites was ~ 63 km). The effectiveness of this method was tested tassingnd&Nate’s
Pond to predict the number of males present in Cattail Pond, and vice versa. Irsathease
results of this test either closely or exactly matched the actual nuiminates present in each
wetland (Table 2).

The second approach used to estimate the number of males present is moreadeeral
and was based on the linear regression:

y=0.12 (x) - 0.38

Where:

y = number of calling males in uncensused population;

X = maximum calls/min in uncensused population (Fig. 2).

The constants 0.12 and -0.38 were calculated from data on maximum calls/min and the
respective number of males present at Nate’s Pond and Cattail Pond dubregttiag season.
This represented the maximum calling potential for the given number of madespie one
case, when four males were present (which occurred for < 3 h on a single hegghtgximum
call rate equaled zero. These data were not included in the regressioisaRalyshis
regression, probability that the slop® was 0.0001, and = 0.83. At statewide sites, to

calculate number of males from call data, maximum call rates (x) from wssehpopulations
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were entered and the equation was solved for number of calling males (y) ateedgtatstical
analyses were performed using STATISTIO@STATISTICA® 8.0, StatSoft, Inc., Tulsa, OK

The regression equation was used in a second way. It was applied to call courds used t
establish NAAMP levels, and from these estimates, numbers of calling basled on NAAMP
levels could be established.

Two additional steps were required to obtain overall population estimates from sumber
of calling males. To estimate the total number of males in the populationtiplradithe
number of calling males (y in both equations) by two, representing thegavaits (1:2.5) of
calling males to total males during peak calling on each night of the bgessison at Nate’s
and Cattail ponds (all adults breed; J. L. Heemaywgaublished data). To obtain total population
estimates, | doubled the calculated number of males (because seapptmsmate 1:1; V. C.

Kinney, unpublished data) to give an overall estimate of breeding adults in the population.

RESULTS

Determining Call Rates Based on Seasonal, Daily, and Environmental Factors
Using data compiled from Song Meteecording units, chorusing dates during the 2010
breeding season ranged from 11 March—14 April at Nate’s Pond and from 16 March—4 April a
Cattail Pond (Fig. 3). Chorusing levels varied within the breeding season attesthvith peak
chorusing (calls/min) occurring in both wetlands during the same 4-d period between30 M
and 2 April (Fig. 3). The beginning of the breeding season at each site was imaekgradual
increase in chorusing levels interrupted by nights of little to no callingr péak breeding,

calling dropped off sharply at the end of the season at both wetlands (Fig. 3).
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Within nights, mean calling intensity at both sites increased during thadius of
sampling (0700-0800), and after a period of peak chorusing lasting about 1-2 hrs, grew weake
as the night progressed (Fig. 4). On average throughout the breeding seasgnatcisliite’s
Pond abruptly rose from scattered calling (< 5 calls/min) around 0700, to pea§ ¢ali5
calls/min) around 0745-0845, then gradually tapered off to < 10 calls/min at 0300 (Fig. 4).
Average calling at Cattail Pond steadily rose during the first 30 min qflsayrand peaked (>
10 calls/min) for about 2 hrs. Low level calling (< 5 calls/min) continued 22@6.

Crawfish Frogs reduce calling rates, and often stop calling, when distiveghi and
Myers 1927, Swanson 1939, Minton 2001; M. Redmpensonal communication). To illustrate, |
present a plot of a strong chorus recorded on a Song*Metitrat Nate’s Pond on 24 March
interrupted repeatedly (3x) by researchers checking drift fdocemtering Crawfish Frogs (Fig.
5). A comparison of call levels during and in the absence of disturbance (when apteusis
were high, between 1930 and 0200) from the data presented in Figure 5 demonstrate that
Crawfish Frogs call significantly less during human-induced disturbanodssturbed = 42.7
calls/min; disturbed = 15.0 calls/min; p < 0.001; Independent t-test). For thisianklys
discarded data for five min after each disturbance (because maximuatesinay not resume
immediately), and | assumed the number of males present during disturbed ahdhextlis
periods was equal.

The probability of detecting Crawfish Frogs (DP) varied with season ancdbemantal
factors (Table 3; Fig. 6). The environmental factors chosen here wezengerature and
rainfall, which are thought to trigger calling or breeding activity iav@ish Frogs (Smith et al.
1948, Smith 1950, Busby and Brechesien 1997, Minton 2001). Analyses of subsamples taken

from Nate’s Pond indicated that humidity was not significantly corrlaith calling intensity
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(p = 0.8), nor was wind speed (p = 0.5). Water temperatures were correlduted wi
temperatures (p < .00001), but because | was interested in the applicatiotyafetasnined
envrionmental variables to call surveys, | focused on air temperatures, whibl ganerally
measured.

At Nate’s Pond, randomly chosen 5-min samples (NAAMP protocol) from March and
April, irrespective of knowing whether Crawfish Frog breeding had begun od eyidiled a
0.30 DP. That is, any 5-min sampling period from 1900-0300 in March or April 2010 at Nate’s
Pond would have offered a 30% chance of hearing calling Crawfish Frogs. Regsicvey
days to when Crawfish Frogs were known to be breeding at Nate’s Pond (11 Marchijl4 Apr
DP rose to 0.75. Further restricting sampling to the time when Crawfish Fesgkmown to be
breeding and when air temperatures weld° C (~55° F, thought to be the temperature
minimum for optimally detecting Crawfish Frogs; Busby and Bresgheil 997, Minton 2001)
DP again rose, but only marginally, to 0.76. In contrast, restricting santplimgen Crawfish
Frogs were known to be breeding and it was raining dropped DP to 0.41.

At Cattail Pond, DP for March and April was 0.20, and for breeding season (16 March—4
April) was 0.49 (Table 3; Fig. 6). Detection probabilities for samples withibréeding season
and when temperatures werd 3° C increased dramatically to 0.91. In contrast, DP for samples
selected within the breeding season during rains dropped to zero.

Detection probabilities improved, but only slightly, with duration of sampling period
(Table 3; Fig. 6). A second way to state this is that first-time deteofi Crawfish Frogs
typically occurred during the initial five min of sampling (Table 3). The gstahcreases in
detectability occurred at Cattail Pond during the breeding season (aasmorfed.06 when

extending surveys by five min; an increase of 0.14 when surveys were extendd&sdronm to



34

30 min). The smallest increase in DP when extending surveys from five min to 3@ coirred
at Nate’s Pond when raining during the breeding season and at Cattail Pond duchgiMia
April. In both cases DPs increased by 0.01. In 11 cases, extending surveyndoydtve min

did not increase DP at all. Regardless of site or sampling parametadiegtsurvey duration

by 5-min increments increased DP values only slightly after thalifite min of sampling.

The Effect of Distance on Crawfish Frog Call Detectability

Crawfish Frogs calls were detected by each of the ground level Sond Meitsr (0 m,
50 m, 100 m, and 200 m away from the edge of Big Pond) during all three rounds of sampling
(24 March, 31 March, and 10 April). As expected, the resolution of calls on sonograms
decreased as distance from wetland increased (Fig. 7). Additionally, cgiitetng from at
least one other site (Nate’s Pond) were detected by the recordinglatigsfrom these two
wetlands became increasingly difficult to distinguish with distance &wayBig Pond and
towards Nate’s Pond until at the 200 m station when they became indistinguishat60The
station was approximately 550 m from Nate’s Pond, but situated uphill, which dikknced
the detection of calls from that site.

Recording units placed on the tripod near human ear level (~2 m) averaged higiedr dec
readings that those placed on ground level at three of four listening stations.(Biguii&)
pressure levels of calls measured from tripod recordings were 2.5 dBr gheatground level
recordings at the 50 m listening station, 3.9 dB greater at 100 m listening station, and 1.8 dB
greater at 200 m listening station. Interestingly, calls from the tripaddiag unit at the edge of

the wetland averaged 17.7 @i®ver than the ground (wetland) level unit.
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Crawfish Frogs were detected from all four distances from Big Pond (0 m, 500 m,
and 200 m) by the human listener, though call levels could not be assessed at the 20 lis
station on 24 March and 31 March because chorusing from two other sites blended with Big
Pond choruses. Call level indexes show that chorusing was at its highest on 24 Marchglne
index of 2.8 compared to 1.6 on 31 March and 1.0 on 10 April). Analysis of ground level audio
recordings at the wetland edge allowed for a comparison between calisithNAAMP
chorusing rank: Level 1 calling ranged from 0-16 calls/min; level 2 from 26—72hwatland

level 3 from 54-92 calls/min (Table 4).

Occupancy Surveys of Historic and Current Stes

Crawfish Frogs were detected at one of nine historic sites (Owen Cé&imt$). At this
site, sonograms indicated calling from a distant area, beyond the immediateifyrokithe
recording unit. A subsequent visit by the author confirmed the presence ofSBr&ndgs in an
area south of the original sampling site. Aerial images (viewed using Goagi®)Eshow a
small wetland located 1 km south of the sampling location that may be the sourceusinghor
detected by the recording unit.

Loud chorusing was heard from eight current sites (Daviess County NovilesBa
County South, Daviess County Southwest, Daviess County Southeast, Greene County
Northwest, Green County East, Green County West, and Vigo County West) and dilgtant ca
were detected from the ninth site (Sullivan County East; Fig. 9). Calssna¢heard from an

additional site (Daviess County Northeast) suspected to contain Crawdggh Fr
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DISCUSSION

Using ARS techniques at wetlands where the number of males present was knasn, | w
able to: 1) Describe Crawfish Frog call characteristics as theyreccthrough the duration of
the breeding season and during the portion of the night when the majority of oatiumged
(Figs. 3, 4); 2) Establish detection probabilities as they related to timthexneariables, and
survey duration (Fig. 6); 3) Determine the effect of distance on catitaet€Figs. 9, 10); and 4)
Develop a model based on maximum call rate that can be used to estimate population a
uncensused sites. After first discussing the results of call characseaistl detection

probabilities, | will use chorusing data to estimate population sizes atitetor current sites.

Optimizing Detection Probabilities: When Should Crawfish Frog Call Surveys be Conducted?

The data collected here suggest that to optimize detectability, Crawdiglstiveys
should be conducted: 1) After reports of calling have been received (Fig. 6); 2)akbootr
after sunset (Fig. 4); 3) When temperatures>&t8° C (~55° F; Fig. 6, Table 3); 4) When it is
not raining (Fig. 6); and 5) Under conditions where frogs are not disturbed (Fig. 5)

At Nate’s Pond, DP during 5-min samples increased from 0.30 during March antbApril
0.75 during breeding season, and marginally increased to 0.76 when temperature$3tete
(Table 3; Fig. 6). At Cattail Pond, detection increased from 0.20 duringhManct April to 0.49
during the breeding season, and further increased to 0.91 when temperature$39ete(Table
3; Fig. 6).

Rainfall decreased detection probabilities (Table 3, Fig. 6). Five-nsant@les from
Nate’s Pond when rain was falling during the breeding season yielded a DP 6f4dnlgnd

decreased DP at Cattail Pond to zero. These numbers are lower than what veoylelcibed
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given the information provided in the literature regarding rainfall and breedihgsisgecies
(Smith 1950, Barbour 1971, Minton 2001). Careful interpretation of these results should be
considered, however, as low detectability during rainfall in this study mdyd#o at least two
factors. First, researchers studying Crawfish Frogs at the twdy sites were often present on
rainy nights. Because these pond disturbance times were censored durimalyatsa
removing these times resulted in a portion of data associated with raimfigllexeluded from
the analyses, creating a partial bias against rainfall. Secondly, only §®od#ta(minutes)

when rainfall occurred during the breeding season at Cattail Pond wdebkvas a pool from
which random samples were to be selected; all of these points were drawn from 21 and 22
March, nights without chorusing at Cattail Pond.

Rainfall may play a more significant role in initiating the CrawfishgHrceeding season
itself by triggering migration and filling up breeding wetlands (Barbour ,1Bé$by and
Brecheisen 1997). Smith et al. (1948) noted “warm weather (exceeding 10° Chaispri
insufficient alone to stimulate breeding activity; a certain amountmfathis required in

addition.”

Optimizing Detection Probabilities: How Long Should Crawfish Frog Surveys Last?
Detection probabilities improved only slightly when survey length was extendbde(T
3; Fig. 6). Initial detection of Crawfish Frogs most frequently oexliduring the first five min
of sampling, and in the majority of samples, occurred during the first min.
Standardized surveys have used 3-min (Shirose et al. 1997), 5-min (NAAMPaimiei
Mossman 2005), and 10-min (Hemesath 1998) listening periods. My data show that, when

detected, Crawfish Frogs were usually heard during the first fivefrdampling, and increasing
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sampling effort (by 5-min increments) provided comparatively littlea gaterms of detection
(Fig. 6). This was true across all survey conditions. Shirose et al. (1997) foundriimat 3
surveys appeared adequate to sample for the presence/absence and ealsiitg afitspecies in
their study. They also found that in the majority of instances, all speeietified at a given site
were heard within the first min of surveying. A similar trend in earlgctéin was observed in

this study.

Determining the Effect of Distance on Detectability

Crawfish Frog calls recorded at short distances can be easily mabgising sonograms
produced by Song Scopsoftware. As expected, calls viewable on sonograms generally
decrease in quality as the distance from the sampling wetland increadast Balls originating
from other wetlands can also appear on sonograms, and using ARS to distinguish betwee
sources of different calls is difficult. Calls originating from Big Poreleasily recognized at the
0 m and 50 m listening stations (Fig. 7). At the 100 m station, these calls becomefficoite di
to distinguish from calls originating from other wetlands. At 200 m, they arstimgliishable
from these calls.

The inability to detect Crawfish Frog calls by ear from the 200 m listestatgpn in this
study highlights an interesting aspect of call detection, and is likely dueotolaration of at
least two factors. While the overall terrain at the listening stationkais/edy level, the 200 m
listening station is located down a gently sloping decline, with a short portiandbktcurring
between the listening station and Big Pond. Conversely, Nate’s Pond is lag#ted down the
incline, about 550 m in the opposite direction of Big Pond. Despite being over two tiraes gre

than the distance of Big Pond, the landscape between the 200 m listening station @nd Nate
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Pond provides for an amphitheater-like arrangement, with the listening stationdiset)
above the pond. As a result, calls from Big Pond were likely weakened by land arativrget
interference, and calls from Nate’s Pond carried more freely to theifigtstation, drowning
out calls from Big Pond. During Round 3, when overall chorusing was less intensepuaiig
from Big Pond could be detected at the 200 m listening station by the human listener.

One limitation to using ARS recording units is their inability to discerrditeztional
origin of sound. As noted above, calls lose visual and audible resolution as distance ttal the
source increases. When analyzing sonograms in this study, researchersvayas{etcept
under certain circumstances) counted strong calls present on sonogrdotngxtistant
sounding calls that were understood to be coming from another wetland. This atbowad f
estimate of calls occurring in the immediate vicinity (wetland of istgr&his approach would
likely become less practical at larger wetlands, where frogs could pdiecathfrom distant
parts of the wetland. In a few cases during this study, calls at Big Ponteddigt¢he human
listener were not detected (counted) during analyses of recordings. Suiisdaen
underdetection using call counts from ARS recordings. Conversely, analysdiscoliots using
ARS recordings identified calls that were not detected during on-siteainzailisurveys. In
these cases, the manual call survey approach underdetected Crawfishofusng, and the
ARS unit aided in more accurate detection.

The effectiveness of using ARS techniques for anuran sampling depends lardny on t
objectives of the research. Studies focusing on calling metrics at spesifeaads may need to
consider the effects of external calls originating from other sitescm@ses, recording units
should be placed close to the wetland of interest to eliminate the possibility of data

contamination (via external calling), with consideration of the size of the wettandted above.
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This is less of an issue for studies that are not “pond-specific,” but that focuseotindeany
and all species within “earshot” of the recording unit.

The results of this study indicate that Song Metecording units have the ability to
detect Crawfish Frogs from over 500 m distance. Detection of distantexaisled on a Song
Metel® was also observed at the Owen County study site. The author visited this site dn 9 Apri
and heard Crawfish Frog calls coming from an aré@0 m from the original recording site. The
specific location was not identified, but the chorus appeared to have possibly been coming f
a small wetland 1 km from the original recording site. This audible distamoasistent with

values reported by Swanson (1939) and Minton (2001) for detection with the human ear.

Conclusions About Occupancy Based on Detection

Crawfish frogs were heard at only one of nine historic sites surveyedletéaion of
Crawfish Frogs at the Owen County site reconfirms a 46 year-old recordréengyand Lannoo
2010), and represents one of only two known extant populations in the county. The noordetecti
of Crawfish Frogs at the eight other historic sites may refffizaton’s (2001) observations of
the disappearance of Crawfish Frogs from several sites in Indiana; sixsaimpjed historic
sites were based on location data accompanying Minton’s museum spedimgine¢ht and
Lannoo 2010).

Imprecise locality descriptions did not improve chances of detectabilityetgwthe
carrying power of Crawfish Frog breeding calls and the recording uhitiy/do pick up distant
chorusing would have improved opportunities for detection.

Crawfish Frogs were heard calling at all areas where they were io@989. This result

documents the ongoing presence of this species in a region where declines areokreoxen t
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occurred (Minton 2001). It also validates the effectiveness of ARS technigdeteating
Crawfish Frogs at sites where calling occurs at low levels, repreggutentially smaller
populations (i.e., Daviess County North, Daviess County Southeast, and Greene County
Northwest; Fig. 9). These are populations that might have been missed usingistadda

manual call survey techniques.

Population Estimates

Two methods of different utility and precision were used to determine population
estimates in this study, and a third method is examined for its potential usenetiegt
populations. The first method was specific to this study and consisted of a satiplbased
approach using detailed population data from an on-site study. Using tingjtes; | was able
to estimate the number of calling males at uncensused statewide histbciareent sites by
taking call rate and number of males present from Nate’s and Cattail pahdate-matching
them with call data from uncensused sites. Date-matching allowed mettol dor weather
variables occurring that night. This value was doubled, once to account for ohef ratles
present to males in the entire population (based on approximate ratios aaNdt€attail
ponds; V. C. Kinneyunpublished data), then doubled again to account for females (based on an
estimated 1:1 sex ratio; V. C. Kinnaypublished data). A test of this approach using data from
Nate’s Pond to predict number of males present at Cattail Pond, and data frahiPGattdéo
predict number of males present at Nate’s Pond yielded accurate populatismasse¢Table
2).

Using this approach | obtain estimates for uncensused statewide histbcigreant sites

(Table 5; Fig. 9). From these data, it appears that Greene County NaytDessss County
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Southeast, Daviess County North are most in peril (estimates between foiugharmteding

adults), while Sullivan County East, Greene County West, Owen County, and Vigo County West
are more robust (estimates between 16 and 48 breeding adults). All of these popukations a
considerably smaller than those reported from southern lllinois (Cagle 18d2hese

population sizes warrant concern.

The second approach used in this study is more generalizeable, and involves the simple
regression equation: y = 0.12(x) — 0.38, where y = population at the uncensused site, and x =
maximum call rate at the uncensused site. By reducing this equation lhesge@an take the
number of calls per six seconds, and subtract 0.4 to get an estimate of cakisg-mailtiply by
four to get an estimate of population size. If this rapid assessment approaath issuggest
repeating the survey several times and using the maximum call reteexhs

Because this formula is based on maximum call rates, and because Crawgish Fr
chorusing is variable even with the same number of males present, this poputatiatees
provides the researcher with a minimum estimated number of frogs. Frogérays call less
than their maximum potential; they can never call more. Therefore, estnpajpulations based
on call counts that are below maximum provide researchers with conservativeipapula
estimates.

Using this regression approach, | obtained population estimates that warkesdtéhan
those obtained using the ratio approach (Table 5). This could be, in part, becausesiseoreg
approach does not control for seasonal or weather variables. Differences atipopsgtimates
between the ratio and regression methods should be considered by researchershadd weig
against the benefit of quick data collection. The ratio approach requires acefsiterat which

the number of males present and call rate is known, and obtaining these numbeuafiyartic
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population estimates) can be time consuming. Additionally, due to regionaéddésr in season
and weather, this method is most appropriately used to sample populations occurrirsgmehe
region as the reference site. The advantage of this method is that it daggonoore precise
population estimates because it helps control for weather variables. Tdre afdbe regression
approach does not require data from a reference site (the data is built in fretodig)sand
requires only the call rate from the uncensused site. Because of its desigmpithéch has the
capacity to be used across a broader geographic range; though because it doa®hiotrr cont
weather variables, it may result in less precise population estimates

Another approach examined in this study is also generalizable, but less.pteelgss
on NAAMP survey calling indices. In this approach, NAAMP calling indices weatched with
maximum call rates (calls/min) obtained from ARS units placed at thendetldge during
manual call surveys. This allowed for a comparison of how call rate (cal)szorresponded
with each of the NAAMP calling index levels (Table 4). The imprecision of thimique lies
partially in the qualitative nature of using call index values as opposed to cooumtmggrs of
calls. Additionally, considerable overlap occurs between call ratée¥@ 2 and Level 3 (Table
4). This approach, however, could be used by NAAMP coordinators with data that has already
been collected by survey volunteers, and would require relatively little &ffagply. Additional
research on the relationship between call rate and call index value shoulddodéestanding
as to how population estimates can be calculated using NAAMP survey protocols.

Estimating numbers of calling males and overall population sizes using théselset
rests on certain assumptions: 1) The relationship between the number of malesgne<all

rate (calls/min) is linear; 2) Half of all males in the population areepte8) All adults breed; 4)
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Sex ratios are 1:1; 5) Disturbances did not occur; and 6) Chorusing is at maxirhtatecal

These assumptions are discussed below.

1. Call rateislinearly proportional to number of males present. Data from Nate’s Pond
and Cattail Pond showed a linear relationship (Fig. 2). It is not known iftle@rltrend would
continue in large populations (an aggregation estimated to be 500 Crawfish Fragpaveesl
by Philip Smith in southern lllinois [Cagle 1942]). In a study of Greegy$-{athobates
clamitans), Nelson and Graves (2004) found that the relationship between number of males and
calls was roughly linear when up to 10 males were present, but as densiggatc(> 50 males)
calling became asymptotic, with call rates peaking at about 45 call$trmay be that at higher

densities of male Crawfish Frogs calling in this species becomes asigmptot

2. At any given time half of all malesin the population are calling. This may be the
weakest of the five assumptions since the number of males present in a weklawingo
change throughout the breeding season. To assume that all males in the popelatieseat
would underestimate the total population, but assuming that only a small percentedesore
present (such as 10%) would grossly overestimate the population values. lndjpisssuming
a 1:2 ratio of males present to total number of males represents a balancdeatsitinefoverall
ratio of 1:2.5 that occurred during peak calling on each night of the breeding sebiste’s

and Cattail ponds (V. C. Kinneynpublished data).

3. All adults breed. Studies at HFWA indicate that all adult Crawfish Frogs breed each

year, and that breeding takes place once per season (J. L. Heemayarshed data). This
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may not hold true in southern populations, where warmer climates and tropical istayms
permit fall breeding, as is the case with closely related Gophgs rdhobates captio) and

Dusky Gopher Frogd ( sevosus; Richter and Seigel 2002, Richter et al. 2003).

4. Sexratiosare 1:1. Research at our study site show overall adult sex ratios at Nate’s
and Cattail ponds approximate 1:1, although numbers varied between wetlands and between

years (2009, 2010; V. C. Kinneynpublished data).

5. Calling is not influenced by disturbance. Human disturbance lowers calling rates in
Crawfish Frogs (Fig. 5). To eliminate the effects of human interfergreriods when
researchers were present at Nate’s and Cattail ponds were censoredbalyses. Steps to
help eliminate disturbance when performing onsite surveys include avoiding dppgoac
breeding wetlands, turning off vehicle headlights and stereos, and, when possiidea gme

lag of up to five min before conducting call counts.

6. Chorusing is at maximum call rate. Population estimates in this study are based on
maximum call rates; thus, chorusing levels detected during surveys areeddsure at peak
levels. Because Crawfish Frogs are capable of calling below theimmiaxpotential (i.e. at less
than maximum call rates), estimating populations from less than maximumiolgomasild
result in more conservative (lower) population estimates. The approachasexkamnthis study

assume that calling rates detected during surveys are at maximum.
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Implications

This study offers a rapid assessment tool that can be used to monitpordgtions in a
practical and novel way. Certain characteristics of Crawfish Froglingeenake this tool
particularly useful. The loud, distinct breeding call allows for the calculaticalbfates (via
manual counts or using ARS) from proximal or remote distances. The relatinet breeding
season in which peak chorusing is even further compressed (Fig. 3) demanelsethrahers
make good use their time; this tool allows for short visits to numerous siteat®episits to
study sites over the course of the breeding season should help account for otelhging
intensities, providing researchers with opportunities to hear peak chorusing abg there
improving population estimates.

While this tool was developed to study Crawfish Frogs, it has the potential to be used
with other species when certain assumptions are met. The purpose of thisaqubisde
(minimum) population estimates, however, and does not provide the absolute counts that
methods such as drift fence/pitfall trapping can provide. Is this tool finb&amswer of course,
is “n0”. Research-based tools can most always be refined. This tool wasrnbeitensive data
sets from two wetlands (Nate’s Pond and Cattail Pond), and increasing the numbtaiods
would certainly improve the model. As in all studies, however, time, resources, anedgew
of the species were limited.

This study represents a new step toward understanding a species and hovittdt save
also represents a step toward developing a tool that can be used in studying otimes@eties
using a rapid assessment approach that saves time and allows reséaetand their search
area by visiting (or revisiting) more sites. In situations where popuakafor species) are at risk,

time can be the most limiting factor.
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Because of their propensity to call, frogs present researchers with atuogydo
locate, study, and—in dire circumstances—save them. ldentifying how amdtevletect frogs,
and identifying the status of populations are important components to anuran conservation
Finding answers to these questions (or finding out how to answer them) is an @TQoBEs.
The application of these answers, however, may reach beyond the confines afspguies,

and can potentially benefit anuran conservation as a whole.
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Table 1. Museum specimenslofareolatus from Indiana. Specimens CAS-SU 13390-93 were

found to be misidentified and are not included. Specimen OUZ A1126 could not be located and

may be lost.
County Year Collection Number
Benton pre-1879 CA 160
Clay 1950 UMMZ 101623
1958 UMMZ 118078
1966 ISUVC 1492
Daviess 1953 UMMZ 108125
Fountain 1951 FMNH 64663
Greene 1949 UMMZ 100304
Jefferson 2003 FMNH 262589
Monroe 1926 CAS-SU 2174-80, 13343-
64
1940 OUZ A1126, UMMZ
95312
Owen 1954 UMMZ 110638
Pike 1936 CMNH 13371-75
1963 ISUVC 2473
Ripley 2003 FMNH 262588, DRK 381
Sullivan 1952 UMMZ 105544
1969 ISUVC 2255
Vanderburgh 1936 CMNH 13378
Vigo 1903 HUMCZ A-7043, A-7044
1964 ISUVC 395-97, 399-403,
TCWC 66467
1965 ISUVC 937
1966 PU 8482-83
1967 ISUVC 1820
1969 ISUVC 2822
1972 ISUVC 2738, 2793, 3204—
3207

1974 ISUVC 3177
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Table 2. A test of the ratio method used to estimate number of calling malésrasion of

maximum call intensity (calls/min). Here | use the formula y = (e¥p)where in the Nate’s

Pond estimate, a = number of males present at Cattail Pond, b = maximumircatLCattail

Pond, x = maximum number of calls/min at Nate’s Pond, solved for y, which equals the number
of males present at Nate’s Pond. The number of males predicted at Cattail Poattwated

the same way from Nate’s Pond data. Values representing predicted numbersoiveral

rounded to the nearest whole number. In each case, note that predicted number of rables clos
matched number of males present. Comparative data were collected on thegbanoecointrol

for season and weather.

Nate's Pond

# Males Predicted by
Max Call Rate # Males Present Cattail Pond Data

60 9 11

64 9 10

54 11 11

71 12 12
Cattail Pond

# Males Predicted by
Max Call Rate # Males Present Nate's Pond Data

45 8 7
50 8 7
45 9 9
54 9 9




Table 3. Detection probabilities at different survey durations using fouretitfeampling parameters. Probabilities were determined
using 100 randomly selected 30-min samples for each parameter. The excepabiCaidsil Pond when rain was falling during the

breeding season, where all available samples (n = 89) were used. Crawgsivdre not detected in any samples within this

parameter.

Site Survey parameters 5 min 10 min 15 min 20 min  ®2min 30 min
Nate's Pond March and April 0.30 0.32 0.34 0.37 004 041
Nate's Pond Breeding Season 0.75 0.80 0.84 0.85 6 0.8 0.86
Nate's Pond Breeding Season + Air Temp3° C 0.76 0.81 0.83 0.84 0.85 0.86
Nate's Pond Breeding Season + Rainfall 0.41 0.42 42 0. 0.42 0.42 0.42
Cattail Pond March and April 0.20 0.20 0.20 0.20 200. 0.21
Cattail Pond Breeding Season 0.49 0.55 0.60 0.61 62 0. 0.63
Cattail Pond Breeding Season + Air Temf3° C 0.91 0.96 0.99 1.00 1.00 1.00
Cattail Pond Breeding Season + Rainfall 0.00 0.00 .000 0.00 0.00 0.00

6S
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Table 4. Maximum calling rates and corresponding call index values for 30-acim\(éth six 5-
min periods) call surveys at four distances from Big Pond during three rounds ohgampl
Means are for each category are presented at the bottom of each columeo@alist be
detected at the 200 m listening station during rounds 1 and 2. Estimated number chihiates

was calculated using the regression method.

Max Estimated #

Call Index Calls/min  Males Calling
1 0-16 0-1
2 26-72 2-7

3 54-92 ¢) 6-9 (o)




Table 5. Population estimates for Crawfish Frogs at 10 sites in southwestlrigsimates were independently based on maximum
call rates (calls/min) and number of males at Nate’'s Pond and Cattail Rdrzl; eombining data from both sites using regression

analysis. The asterisk indicates that < 0.5 individuals were estimated, Auséehorusing occurred at the site, it was given a value

of 1.
Estimated # Males Estimated # Males Estimated

Max (Nate's Pond (Cattail Pond Estimated # Males  Population Estimated Population
Site Date Calls/Min Data) Data) (Regression Analysis) (by Ratio) (by Regression)
Greene Co. Northwest ~ 26-Mar 6 1 1 1* 4 4
Sullivan Co. East 27-Mar 46 6 4 5 16-24 20
Daviess Co. South 28-Mar 32 6 6 4 24 12
Daviess Co. Southwest  28-Mar 16 3 3 2 12 8
Daviess Co. Southeast  28-Mar 10 2 2 1 8 4
Greene Co. West 29-Mar 39 7 6 4 24-28 16
Greene Co. East 29-Mar 21 4 4 2 16 8
Owen Co. 5-Apr 84 12 N/A 10 48 40
Daviess Co. North 7-Apr 22 2 N/A 2 8 8
Vigo Co. West 9-Apr 57 6 N/A 6 24 24

T9
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Figure 1.Most recent records (pre-2009) for Crawfish Frogs in Indiana by county.
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Calls Per Minute vs. Number of Male Crawfish Frogs
14 -

12 .

10 o

# males present

o y=.12(x) - 0.38, r>= .83, p=.0001
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Figure 2. Graph showing the relationship between call rate (calls/mimuanider of males
present in wetland. Linear regression shows a highly significant coorelztween number of
males present and maximum call rate (p = .0001, r2 = 0.83). Data from Nate’s Pond aihd Catt

Pond were combined for this analysis.
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Figure 3. Call rates (calls/min) as a function of date at A) Nate's Pond)aDdt®il Pond
during the 2010 breeding season. Gaps in the x-axis are nights when recording units

malfunctioned or when times were removed due to human disturbance at the study site
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Figure 4. Mean call rates (calls/min) during the daily sampling pexaohimed in this study
(1900-0300) at A) Nate’s Pond and B) Cattail Pond. Call rates were averagechfarieate
across the breeding season at each site (11 March—-14 April at Nate’s PondMardHt&}

April at Cattail Pond). Note that calling intensity increases during thehiour, and after 1-2 hrs

of peak chorusing, decreases gradually through the night.
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Figure 5. An example of the effect of human disturbance on Crawfish Fiog¢atensity
(Nate’s Pond, 24 March 2010). Human presence is indicated by gray bars.
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Figure 7. Sonograms showing the effect of distance on Crawfish Fradgtadtion using Song

Scopé software.
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Figure 8. Sound pressure levels (in decibels) from recording units placediadl ¢gevel and on

a tripod.
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Figure 9. Map showing survey sites visited during this study. Crawfish Fragsie®ected at or

near all nine recently documented (2009) sites, and at one of nine historic sitesti¢topula
estimates are given for all sites where Crawfish Frogs weretel@tec
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APPENDIX A: HABITAT DESCRIPTIONS OF HISTORIC CRAWFISH KBG SITES
Here | provide a description of the habitat at historic sites based on personzhtser
and remote sensing analyses using aerial photographs as viewed using @abglerl Acme
Mapper 2.0 (http://mapper.acme.com/). A more general description of thesasitesfound in
Engbrecht and Lannoo (2010). Notes on the suitability of habitat for Crawfish Fregshesite

are given.

Daviess County East
The collection locality for this site is located in northern Daviess Countyp&tst town
of Odon. The habitat is predominately agriculture with interspersed pafaggisssland and
forest. Large portions of rolling forest are located to the east. A recardihg/as placed at a
small wetland located on private property that appears to have been managedlifer wil
Crawfish Frogs were not documented at this site but habitat (both aquatic asttiabrie the
immediate vicinity appears adequate. Additional pasture land south of this site sowdérak

as terrestrial habitat.

Fountain County
The collection locality at this site is located in southern Fountain County, and is
described as a “shallow pond in a cultivated field” (Alan Resetar, Field MusENatural
History, unpublished data). The majority of the landscape at this site consists of agriculture,
though bottomland forest and a residential neighborhood are located nearbyar8asatf
grassy habitat occur in the area. The original collection locality couldendebtified. A

recording unit was placed at a small pond located in the forested bottoms of asekatiarth
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of Kingman. Because the original collection locality occurred in a cultivaeéd] the breeding
site has probably been destroyed, though open grassy habitat located north oplimg S&m
could potentially serve as terrestrial habitat. Crawfish Frogs were teatek at this locality and

their status at this there remains unknown.

Greene County North
This collection locality is situated in an area of rolling hills near the congumot the
Eel and West Fork White River. The landscape immediately surrounding this daainated
by pasture. Floodplain, agricultural fields, and tracts of forest also occar ghe=cording unit
was placed at a small pond located between a pasture and an agricultlibaitfiérawfish
Frogs were not detected. The abundance of open, grassy habitat (pasture) aséiice pfe
several small ponds may make this area suitable for Crawfish FrogsioAdtdsurvey work in

nearby areas may reveal the presence of this species.

Monroe County
This site is located in a large wetland complex in the bottoms of Beanblossokn(&lree
Parker personal communication) in northern Monroe County. The wetland basin consists of both
grassland and forest, and is at least partially bordered by cattleep&X&itir terrestrial and
aguatic habitats appear adequate, though the presence of fish may be a bictbinghf
recording unit was placed in a relatively open, shrubby area within the wetlandegompl
Crawfish Frogs were not detected at this site, and their status remainsvankmdiana

Department of Natural Resources personnel failed to detect this spexpés disiting the site
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several times from 2004—-2008 (Engbrecht and Lannoo 2010). Because it has not been detected in

recent surveys, Crawfish Frogs are thought to possibly be extirpated aethis s

Morgan County

Crawfish Frog records from this region are noted by several sourceseendallected
here as recently as 1978 (Engbrecht and Lannoo 2010). This site is situated im hdottree
County, in an area characterized by heavy agriculture to the northwest antdetgief forest
to the southeast. Suburban developments also occur in the region, though pasture exdsts adja
to the sampling site. Because the original collection site is in a develag@edamall wetland
approximately 0.4 km east of the collection locality was selected for samphrgwetland
consists of a small, shallow oxbow adjacent to a stream in a narrow woodlot. Bhigarbeing
used to pasture horses at the time of sampling. Crawfish Frogs were nadlatehts site.
Livestock pasture located near the original collection site could serggesttial habitat for a
remaining population, however, because Crawfish Frogs have not been deteatedtin re
surveys (by the author and by IDNR personnel; Engbrecht and Lannoo 2010), thespactesi

to be extirpated at this site.

Owen County
This site is located in southwest Owen County and is characterized bybagh#drest
and agriculture. A recording unit was placed at a farm pond in a grassy pastu kan SW of
the original locality description. Though calls were not heard from this sstantlichorusing
was heard on two of the recordings on the nights of 5 April and 6 April, 2010. The author

subsequently visited the area on 9 April and heard sporadic calling coming froeaat East
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0.6 km south of the sampling site. The chorusing site could not be identified, but the calls
appeared to be coming from an area approximately 1 km to the south. A small weetéad |
within a large pasture may be serving as a breeding site for this spe@aga$by pastures
around the wetland could serve as terrestrial habitat during the non-breedimy &ed be a key
component to Crawfish Frogs’ ongoing existence at this site.

The last known report of Crawfish Frogs from this vicinity was by Shermatollion
25 March 1954 (Engbrecht and Lannoo 2010). In March 2007, IDNR personnel located a
population of Crawfish Frogs over 4 km from this site near the Clay-Owen County borde
(Engbrecht and Lannoo 2010). The IDNR site appears to be distinctly diffeentife early
locality description given by Minton, and it is not known if these populations represent the
remnants (or the persistence) of a larger metapopulation. Further intrestiganeeded in order

to confirm the relationship of Crawfish Frog populations at these sites.

Sullivan County North
This site is situated in an area heavily dominated by agriculture, with wodllots and
housing establishments located nearby. A recording unit was placedrafieialgoond located
within a small woodlot ca. 0.9 km south of the original collection locality. Crawftaisfwere
not detected at this site. Though the overall landscape in this area is dominateduby ey
and rural development, grassy fields and a nearby cattle pasture coeldseotential habitat.
The status of this population is unknown, but the overall lack of habitat suggests it may be

extirpated.
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Vigo County East
This site is located in northeast Vigo County near an agricultural field kth Baainch
Otter Creek. The habitat of this area is characterized by a modarest, shrub land,
agriculture, and rural development. A recording unit was placed adjacent tstedonetland
near the original locality description, but Crawfish Frogs were nettkt. A network of
grasslands (including a small pond) west of this area could serve as potent| traigh past
mining activity and other habitat disturbances may have rendered the origiedlionlsite

unsuitable for Crawfish Frogs.

Vermillion County

The original locality description for this site places it in a flat, opena@ppeoximately
one mile west of the Wabash River in northern Vermillion County. The landscape is
predominantly agriculture, with sizeable tracts of forest located teastealong the edge of the
Wabash River flood plain. Several ponds are located in the area, but the pond noted in the
original locality description (Engbrecht and Lannoo 2010) has not been identified amidmay
longer exist. A moderately sizeable (~ 9 ha) grassland/savannaloiifex along with a
(presumably artificial) pond are located very near the original lgaddiscription, and could
serve as habitat for a remaining population. A recording unit was placethatl psnd located
in the front yard of a farm house approximately 0.75 km north of this area. The pond appeare
be spring-fed, and contained fish. Crawfish Frogs were not detected aethisasigh a Cricket
Frog (Acris crepitans), which is listed as a Species of Special Concern in Indiana, was

documented. This site represents one of only two Indiana records for Crameigshdecurring
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on the west side of the Wabash River, and contains the most descriptive localioy dataof

these sites. The current status of Crawfish Frogs at this locality knowon.
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APPENDIX B: APROTOCOL FOR PERFORMING CRAWFISH FROG SURXS

The following is a protocol designed to maximize detection of Crawfish Frogg usi
manual call survey techniques. Call surveys should begin no sooner than 30 min afteasdnset
conclude no later than three hours after sunset. Additionally, surveys should be @erdrem

temperatures are 13°C and it is not raining.

1.) When approaching the site, minimize disturbance by turning off car stexdgaatar arriving
at the site, immediately turn off vehicle headlights. With windows rolled downlyblisgen

for calling from within vehicle.

2.) Exit vehicle and quietly shut door. Find a comfortable place to stand where you eamn rem

for the duration of the survey. Avoid talking, and, when necessary, only in a quiet whisper.

3.) Wait 3-5 min before starting surveys to allow frogs to recover frondiatyrbance caused

by your presence.

4.) Begin survey. Listen for five min. Note the presence of Crawfish Rmdjshe intensity of

chorusing using the three-level NAAMP calling index given by Weir and Mas$2@5):

1. Individuals can be counted, space between calls;
2. Calls of individuals can be distinguished, some overlapping of calls;

3. Full chorus, calls are constant, continuous, and overlapping.
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5.) Take note of which direction and how far the calls appear to be coming froonibedke

various landscape features associated with the area the calls are coming f

6.) To obtain population estimates (after the 5-min survey has been completed), count the
number of calls per six seconds. Repeat this technique 10 times. Using the maxioaim val
obtained in these counts, multiply the number by two. This is the minimum population
estimate at the sampling site. To obtain a more robust population estimaielyrthet

maximum call count by four.
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