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KHS BUSINESS

REPORT ON THE KANSAS HERPETOLOGICAL SOCIETY 36th ANNUAL MEETING

The Kansas Herpetological Society held its 36th Annual
Meeting in Smith Hall at MidAmerica Nazarene University,
Olathe, Kansas, on 7-8 November 2009. Over 135 participants
attended six scientific paper sessions to listen to 28 talks on
amphibians, reptiles, and turtles by scientists and students
from across the nation.

During its business meeting, the KHS elected a new slate
of officers. Derek Schmidt (Overbrook, Kansas) was voted
president-elect for 2010, Eric Kessler (Blue Valley North
High School) was voted treasurer, and Mary Kate Baldwin
(Topeka Collegiate School) was voted secretary. Kathy Ellis
(Wakarusa) currently is president-elect and takes office as
president on 1 January 2010. Dan Johnson (Overland Park)
served as president during 2009, hosted the meeting this
year, and will serve on the KHS Executive Council in 2010
as past-president.

At the start of the Saturday night KHS auction, Dan Fogell
(KHS Awards Committee Chairperson)announced thatJ. Kent
Daniel of Pittsburg State University was this year’s recipi-
ent of the Howard K. Gloyd-Edward H. Taylor Scholarship.
The scholarship of $300.00 honors the memory of two great
herpetologists (and KHS Distinguished Life Members) with
strong ties to Kansas. Gloyd was born in Ottawa, Kansas,
and attended both Kansas State University and the University
of Kansas, and Taylor graduated from Garnett (Kansas) High
Schoolandwas afaculty member fordecades atthe University
of Kansas. Next, Fogell presented the Alan H. Kamb Grant for
Research on Kansas Snakesto Dr. Mindy Walker of Rockhurst
University. The $300.00 grant honors the memory of longtime
KHS member Al Kamb of Lawrence.

Next on the KHS Awards Ceremony agenda was the
recognition of a KHS Honorable-Mention in the photography
competition for The Collins Award. As determined by KHS
Awards Committee, Dan Krull was judged as Honorable-
Mention and received a check for $100.00 and a commemo-
rative certificate from KHS President Dan Johnson.

The KHS Saturday nightaward ceremony continued with
Paul Rodriguez, University of Nebraska, Omaha, becom-
ing the twelfth recipient of The Suzanne L. and Joseph T.
Collins Award for Excellence in Kansas Herpetology. Paul
was selected for this honor by the KHS Awards Committee,
which judged his image of a Copperhead to be the best of a
Kansas amphibian, turtle, or reptile displayed during the KHS
photography competition. For his excellent photographic skill,
Paul was given a commemorative certificate and a check
for $1,000.00 by KHS President Dan Johnson. The Collins
Award is the largest biological award given annually in the
state of Kansas, and the largest annual presentation made
nationally for research (even-numbered years) or photog-
raphy (odd-numbered years) of amphibians, reptiles, and
turtles. The KHS Awards Committee for 2009 consisted of
Daniel D. Fogell (University of Nebraska, Omaha), Curtis J.
Schmidt (Sternberg Museum of Natural History, Fort Hays
State University, Hays), and Walter E. Meshaka, Jr. (State
Museum of Pennsylvania, Harrisburg).

In concluding the Saturday night KHS Awards Ceremony,
Joseph T. Collins, by the authority of the KHS Executive
Council, introduced and invested his longtime friend, Larry L.
Miller of Wakarusa, Kansas, as the tenth KHS Distinguished
Life Member. For his nearly 70 herpetological publications
spanning 1976 to 2009, for his service to KHS over three
decades as the Society’s unofficial photographer, and for
his successful campaign to have the Ornate Box Turtle
declared a state symbol by the Kansas Legislature in 1986,
Larry received a commemorative plaque to the enthusiastic
applause of the audience.

After welcomes by Dan Johnson (KHS President), and Dr.
Ed Robinson (President of MidAmerica Nazarene University),
Joe Collins introduced the Society’s keynote speaker at the
two-day event, Dr. R. Alexander Pyron (Stony Brook Univer-
sity, New York). Alex spoke about the Common Kingnsnake
complex and his talk was very well received and generated
much interest about these creatures, one species of which
is found in Kansas.

Other speakers for the scientific paper sessions on Saturday
morning included (in order of presentation): Jeff Witters on
Radio-tracking Turtles ofthe Genus Terrapene in Northeastern
Kansas: the First Summer, George R. Pisani on Use of Visual
Cues by Snakes as both Predator and Prey, Daniel Fogell
on Re-discovery of Some Rare Nebraska Herpetofauna,
Eva A. Horne on Herpetological Research at Kansas State
University, Walter E. Meshaka, Jr. & Pablo Delis on Summer
Racers, Some Are Not: Seasonal Activity Patterns of Snakes
at Letterkenny Army Depot in South-Central Pennsylvania,
and Raul E. Diaz, Jr. on How to Make a Snake: Evolution of
Limb Loss, Elongation, and Craniofacial Adjustment.

Speakers for the scientific paper sessions on Saturday
afternoon included Ashley Inslee & William Stark on Macro-
habitat and Microhabitat Associations of the Texas Horned
Lizard (Phrynosoma cornutum) on Matagorda Island, Texas,
Bruce Rothschild & Hans-Peter Schultze on Turtle Pathology
Through Time, Rebecca Christoffel, Daria Hyde & Yu Man
Lee on Eastern Massasauga Outreach Initiative in Michigan:
The First Five Years, Richard Kazmaier & Mark Lange on
Variation in Demography of Yellow Mud Turtles in the Texas
Panhandle, Emilie Blevins on Eastern Collared Lizards in the
Flint Hills of Kansas, Robert Powell, Seth M. Rudman & John
S. Parmerlee, Jr. on Ameiva fuscata on Dominica, Lesser
Antilles: Natural History and Interactions with Anolis oculatus,
Eric Kadlec, Jennifer Dorr, George R. Pisani & Mindy Walker
on Field Observations of Relocated Timber Rattlesnakes
in Eastern Kansas, Casey M. Holliday on Room to Wiggle:
Histology and Imaging of Joints and Sutures in the Heads of
Lizardsto Better Understand the Evolution of Cranial Kinesis,
J.DarenRiedle, Richard Kazmaier, Trey Barron & Wes Littrell
on Turtles, Gators, and Fishes: Gradient Analysis of Aquatic
Vertebrate Communities in East Texas, and David Chiszar,
Hobart M. Smith & Bryon K. Shipley on Condition (length and
mass) of Kansas Rattlesnakes, Crotalus viridis, in Comparison
with Conspecifics from Colorado and Wyoming.
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Some of the over 135 participants at the KHS Annual Meeting at MidAmerica Nazarene University, Olathe, Kansas, on 7-8 November
2009. The campus facilities provided an excellent venue for the meeting. Photograph courtesy of Larry L. Miller, Kansas Heritage Pho-

tography.

The final presentation of the afternoon session was by
Dwight R. Platt entitled A Tribute to Henry Sheldon Fitch: A
Legend in Our Time. Dwight’'s memorial tribute was followed
by a moment of silence. Everyone missed Henry at this meet-
ing, and will continue to miss him for many more meetings to
come. He was an instant role-model for anyone who ever had
the great good fortune to know him. And Henry, even though
you have left us, don’t touch the Copperheads!

Speakers for the scientific paper sessions on Sunday in-
cluded Kenneth L. Brunson on Spacial Applications in Setting
Kansas Herpetofaunal Conservation Priorities, Michael R.
Rochford, Kenneth L. Krysko, Joseph P. Burgess, Kevin M.
Enge, Louis A. Somma, Christopher R. Gillette, Jennifer L.
Stabile, Daniel Cueva, & Stuart V. Nielsen on Nonindigenous
Amphibians and Reptiles in Florida: Outlining the Invasion
Process and Identifying Continuous Pathways, Shannon
Muro, Richard Kazmaier & James Ray, on Daily Movement
Patterns of Texas Horned Lizards, Mark S. Mills, Teresa
Ausberger, Kristen Sheehan & Colton Zirkle on A Prelimi-
nary Study of the Population Ecology of Turtles on Missouri
Western State University’s Campus, Walter E. Meshaka, Jr.
& Pablo Delis on Variability in Snake Assemblage Structure
at Sites in the Letterkenny Army Depot in South-Central
Pennsylvania, Beau Vidal & Levi Kinder on A Preliminary
Survey of the Turtles of the Little Arkansas River in Sedgwick
County, Kansas, Matthew Broxson & Richard Kazmaier on
Ecology of a Copperhead Population in Eastern Texas, Matt
Nordgren on Wild Sumaco: A Preliminary Herpetofaunal
Survey in Napo Province, Ecuador, Steve Grant, Richard
Kazmaier, Chip Ruthven & Mike Janis on The Ecology of
Ornate Box Turtles in a Fire-influenced Sand-sage Prairie,
and Terri Toland on The Life & Times of George Fredrick
Toland (1915-1992).

At the conclusion of the Sunday presentations, the second
annual George Toland Award, for the best paper presented at
the meeting by a student on the ecology of North American
amphibians, reptiles, turtles, and/or crocodilians was given by
KHS President Dan Johnson, Terri Toland (George Toland’s

daughter), Rick Toland (George Toland’s son) and his wife,
Elaine Toland, and Rich Nitsch (former Toland son-law) to
Emilie Blevins, Kansas State University. Emilie received a
commemorative certificate and a check for $200.00.

The Saturday evening KHS auction garnered $1,492.00 for
the Society treasury, led once again in part by the extraordinary
offering of original artwork by Eva Horne, excellent donations of
herpetological books by Suzanne L. Collins (CNAH) and Eric
Thiss (Zoo Book Sales), historical herpetological artifacts by
Ted Leonard, and T-Shirts from Touchstone Energy, and also
by the hard work of auction assistants Laura Acuff and Grace
Anne Johnson, who so diligently assisted KHS auctioneers Joe
Collins, Dan Fogell, and Walter E. Meshaka, Jr.

Meeting Chairperson and KHS President Dan Johnson
deserves the generous thanks and appreciation of the KHS
membership for putting together a most memorable meeting.
Dan was aided in his task by a local committee consisting of
himself, Dan Krull, Suzanne L. Collins, and Joseph T. Collins.
To them all we owe our enthusiastic kudos. And, of course,
we must recognize the scintillating and sensational efforts of
Mary Kate Baldwin (KHS Secretary) and Eric Kessler (KHS
Treasurer); both kept us financially afloat and affordable
through their stellar moneywork.

And, of course, thanks to our sponsors, The McPherson
Family Trust, Touchstone Energy, Zoo Book Sales, Arbor
CreekAnimal Hospital , JTC Enterprises, and CNAH. Without
their support, financial and otherwise, the meeting would
have been less.

In 2010, the Society will meet at the Topeka Zoo (talks,
donuts, and coffee, free beer and auction) underthe auspices
of Kathy Ellis, who will serve as KHS President during that
year. For more precise information on the 37th Annual Meet-
ing of the KHS in November 2010, bookmark and regularly
check the KHS meeting web site (updated constantly as new
information becomes available) at

http://www.cnah.org/khs/AnnualMeetinginfo.html
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Images from the Kansas Herpetological Society 36th Annual Meeting

PaulRodriguez, University of Nebraska at Omaha, was the twelfth
recipient of The Collins Award. Paul received a certificate and a
check for $1000.00. The winning image is shown below. Photograph
courtesy of Larry L. Miller, Kansas Heritage Photography.

Dr. R. Alexander Pyron (L), the KHS Keynote Speaker, shown
here during his talk. Alex, a post-doctoral researcher at Stony Brook
University in New York, showed us the splendid systematic splitting
of serpents with his enlightening lecture entitled “Systematics and
Historical Biogeography of the North American Kingsnakes (Lampro-
peltis getula complex).” Photograph by Suzanne L. Collins.

KHS founder Joe Collins introduced Larry L. Miller as the Soci-
ety’s tenth Distinguished Life Member. Larry’s distinguished career KHS President Dan Johnson presented the Alan H. Kamb Grant
as a herpetologist and his lengthy service to the KHS were but a  for $300.00 to Dr. Mindy Walker, Rockhurst University. Mindy will
few of the reasons he was so honored by the Society, Photograph  use the grant to track more Timber Rattlesnakes in northeastern
courtesy of Suzanne L. Collins. Kansas. Photograph courtesy of Suzanne L. Collins.
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KHS President Dan Johnson (center) and Curtis Schmidt (R)
present the KHS Honorable Mention Photography Award to Dan
Krull, Danreceived a certificate and a check for $100.00. Photograph
courtesy of Larry L. Miller, Kansas Heritage Photography.

b J . ¢ 'Ih i

Curtis Schmidt (right, of behalf of the KHS Awards Committee) and
Dan Johnson (KHS President) presented the Gloyd-Taylor Scholar-
ship for$300.00 to J. Kent Daniel, Pittsburg State University. Photo-
graph courtesy of Larry L. Miller, Kansas Heritage Photography.

Members of the George Toland family came to the KHS meeting
to present the second annual George Toland Award for Ecologi-
cal Research on North American Herpetofauna to Emilie Blevins,
Kansas State University. Emilie received a certificate and a check
for $200.00. L-R: Rick Toland (George Toland’s son), Elaine Toland,
Emilie Blevins, Rich Nitsch (former Toland son-in-law), Terri Toland
(George Toland’s daughter), and Dan Johnson (KHS President).
Photograph by Suzanne L. Collins.

Stslies

KHS President-elect Derek Schmidt will host the annual meeting
in 2011 in Topeka, Kansas. He is shown here greeting the crowd in
the hot glare of celebrity lights after his successful election campaign.
Photograph by Robin Oldham.

Former KHS President Mark Ellis and current KHS President-
elect Kathy Ellis watch the crowd during the Society auction. Kathy
will host the annual meeting at the Topeka Zoo in 2010. Photograph
courtesy of Suzanne L. Collins.

Former KHS President and well-known artist Eva Horne was
featured at the meeting with a display of her exquisite work. Photo-
graph by Suzanne L. Collins.
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Dan Fogell received a special gift during the KHS auction. Well-
known Wichita artist John Lokke presented him with an exquisite
rendering of a Nebraska landscape. Photograph by Larry L. Miller,
Kansas Heritage Photography.

KHS Distinguished Life Member Dwight R. Platt memorialized
the incredible career of Henry Sheldon Fitch, who recently passed
away. A tribute to Henry appears elsewhere in this issue of JKH.
Photograph courtesy of Suzanne L. Collins.

Abare-footed KHS First Daughter, Grace Anne Johnson, shows
the proper technique to be used when holding a large serpent. Pho-
tograph courtesy of Larry L. Miller, Kansas Heritage Photography.

Bill Stark, Fort Hays State University, gently explains to his
student, Ashley Inslee, that if she uses his auction number again
to bid on yet another item, she will flunk. Photograph courtesy of
Suzanne L. Collins.

L-R: Dan Krull encourages Jonathan Parks, Kent Daniels, and
Alex Pyron (partly obscured) to stick their hands in the container

and pick up the funny-looking snake. Jonathan looks skeptical. Alex Rich Kazmaier, West Texas A&M, describes just how big it really
is having none of it. But Kent decides to go forit . . . was. Precisely what he was describing is not known, butit must have
Photograph courtesy of Suzanne L. Collins. been spectacular. Photograph courtesy of Suzanne L. Collins.
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LeeAnn and Ken Brunson listen to the talks. Ken has been a
strong supporter of the KHS and leads the state in promoting the
conservation of Kansas amphibians, reptiles, and turtles. But behind
every good man or woman, there is always a very good . . . woman
or man. Photograph courtesy of Larry L. Miller.

David Chiszar, University of Colorado, had a lot of data and de-
livered his talk in a lively and exciting manner. Photograph courtesy
of Larry L. Miller, Kansas Heritage Photography.

Eric Kessler (KHS Treasurer) and Mary Kate Baldwin (KHS Sec-
retary) gathered the money, kept it secure, and took no I0Us. Pho-
tograph courtesy of Larry L. Miller, Kansas Heritage Photography.

After the KHS annual meeting was over on Sunday, Joe Collins
led a few of the meeting participants down south to his study site
at the Marais des Cygnes National Wildlife Refuge. Approximately
16 serpents were found under one piece of sheet metal. L-R: Ryan
Shofner, R. Alexander Pyron, Eric Thiss, and Walter E. Meshaka, Jr.
Alex was on his cell phone immediately to tell his colleagues back in
New York that there were more snakes in Kansas under one piece
of cover than in most of the Empire State. Photograph courtesy of
Suzanne L. Collins.

PAY YOUR 2010 DUES

If you have not already done so, send your
calendar 2010 dues ($15.00 regular, $20.00
contributing) to:

Mary Kate Baldwin
KHS Secretary
5438 SW 12th Terrace Apt. 4
Topeka, Kansas 66604

Your attention to this matter will ensure that de-
livery of the Journal of Kansas Herpetology will
be uninterrupted.

KHS 2010 SPRING FIELD TRIP
The KHS 2010 spring field trip will be to
Greenwood County. For information as it
is posted, be sure to check the KHS web
site regularly at:
www.cnah.org/khs/FieldTripSpringInfo.html

For immediate information, contact:

Daniel G. Murrow
KHS Field Trip Chairperson

(see inside front cover of this issue)
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REPORT ON THE KHS FALL FIELD TRIP TO LINCOLN COUNTY, KANSAS

The Kansas Herpetological Society Fall Field Trip for
2009, held on 2-4 October in Lincoln County, was a stu-
pendous success. Seventy-eight participants conducted
herpetofaunal counts, recording twenty-three species of am-
phibians, turtles, and reptiles and over 1,160 specimens dur-
ing the weekend event.

The field trip began on Friday evening, with campers ar-
riving at Sylvan Park (along the shores of Wilson Reservoir)
to set up their tents, cook the evening meal, and check the
surrounding habitat for creatures of the dusk. On Saturday
morning, the group assembled at 9:00 am to receive instruc-
tions from KHS Field Trip Chairperson Daniel Murrow about
the herpetofaunal survey to be done by them on the hillsides
of a pre-selected site in Lincoln County. The twenty-five car
caravan arrived at the rugged, spacious habitat and it oc-
cupied the participants for much of the morning. Afternoon
searching and surveying was done ad libitum.

Saturday night consisted of the usual revelry around the
campfires, snakes stories, and dancing and singing offkey,
followed by a night’s slumber. The KHS extends its thanks to
Glen Ringler, Jr., for generously allowing a large band of her-
petologists to roam and experience the beauty of his land.

The Sunday portion of the Society field trip began at 9:00
am and ran until noon. It was cooler, but at least two new
species were added to the count.

Participants were: Ted Abel, Laura Acuff, Brooke Ad-
ams, Jack Adkins, Betsy Austin, Mary Kate Baldwin, Mi-
chael Caron, Daniel Carpenter, Nathan Carpenter, Mark
Childs, Joseph T. Collins, Suzanne L. Colllins, Donna Coo-
per, Olivia Cowin, Cindy Cummings, Hannah Deblauwe,
Bruce Eichhorst, Kathy Ellis, Mark Ellis, Lindsey Fender,
Mari Jayne Fox, James Gubanyi, Julian Gubanyi, Ben

Gulick, Douglas Gulick, Kevin Harris, Dylan Howes, Brian
Hubbs, Daniel Johnson, Grace Anne Johnson, Eric Kes-
sler, Owen Kessler, Daniel Krull, Karl Larson, Max Larson,
Olaf Larson, John Lokke, Brandon Low, Judy Low. Josh-
ua Marshall. Steve Marshall, Larry L. Miller, Suzanne L.
Miller, Daniel Murrow, Aready Mushegian, Nikolai Mushe-
gian, Descames Norgane, Guillaume O’Haese, David
Oldham, Robin Oldham, Tag Oldham, Keegan Olson, Eva
Petakovic, Erica Peterson, Danielle Phillips, Rhonda Phil-
lips, Carne Remillard, Leigh Reynolds, Austin Rice, Brett
Schmidt, Derek Schmidt, Ryan Shofner, Colby Smiith, lan
Sneid, Craig Spomer, Dylan Spomer, lan Staudenmyer,
George Stevenson, Charlie Stiebben, Travis W. Taggart,
Gus Tomlinson, Brian Tuplin, Sara Unruh, Melanie Weber,
Garrett Wilkinson, Victor Wilkinson, Ryan Witmer, and
Brant Yeoman.
The following species were observed:

Amphibians
Barred Tiger Salamander ............cccocvviiiiiiiiiiiiieeeeee 1
Blanchard’s Cricket Frog ........cccocoeveiiiiiiiiiiiiiceee 741
Plains Leopard Frog .......ccccovuviiiiiieiiiieeiee e +123
BUIIFTOG .. 8
Reptiles
Eastern Collared Lizard..........cc.coooeviiiiiiiieiicie e, 24
Texas Horned Lizard.........cccoooviiiiiiiieeeee e 15
Prairie Lizard ..o 2
Six-lined RACEIUNNET ..........cooiiiiiiiiiiiee e 1
Western Slender Glass Lizard..........ccocccveviiiiiiiieiniinene, 3

Some of the more than 75 participants at the KHS Fall Field Trip to Lincoln County, Kansas, on 3—4 October 2009. The herpetofaunal
survey of Lincoln County yielded over 1,160 observations. Photograph by Larry L. Miller, Kansas Heritage Photography, Wakarusa.
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Eastern RACEr..........uueeeiiiiiiieeee e
MilK SNAKE ...coeeeeeeeeeeeeeeeeeee e

Great Plains Rat Snake...............ccooeeeeeeennnn,
Western Rat SNake .......cocoocvvvvvveiiiiieieeeeeeeee e
Gopher Snake (aka Bullsnake)

RINGNECK SNAKE ......eeeieiiieieiie e +171
Brown SNake ........cocviiiiieiiie e 1
Plains Garter SNaKe .........cooueeeriiieiiee e 1
Common Garter SNaKe.........cceeeviieeeiiieeieee e 10
Lined Snake........cooooeieiiieeiie e ..8
Western Hognose Snake..........cccceeieeenieeennnen. w1
MaSSASAUGA .....eeeeeiiiiiiiee et 4
Turtles
False Map Turtle..........oooooiiiiie e 1
Ornate BoX TUIE ...ceuiieiiiee e 2
Field Trip Totals
23 SPECIES...evieeieiiiiieee e e +1161 Specimens

DANIEL G. MURROW, KHS Field Trip Chairperson,
8129 Perry Street #37, Overland Park, Kansas 66204.

Participants register with Dan Murrow on Saturday morning at
the KHS Fall Field Trip to Lincoln County, Kansas. They were slow to
gather, many having spentthe previous evening drinking much orange
juice and bottled water. Photograph by Suzanne L. Collins.

Some of the KHS 25-car caravan that set forth on Saturday
morning at the Society Fall Field Trip to Lincoln County, Kansas.
Photograph by Suzanne L. Collins.

By the light of day on Saturday morning at Sylvan Park, most
KHS members noticed that Tent-Making 101 was not one of Laura
Acuff’s better subjects. Despite this, she did show some ingenuity
with the help of her car. Photograph by Suzanne L. Collins

Eric Kessler and his students frolic on the bales at the Society
Fall Field Trip to Lincoln County, Kansas. Julian Gubanyi (lower right)
shows off his cool watch. Photograph by Larry L. Miller, Kansas
Heritage Photography, Wakarusa.

KHS President Dan Johnson went deep into the bushes to get
the good stuff at the Society Fall Field Trip to Lincoln County, Kan-
sas. Photograph by Larry L. Miller, Kansas Heritage Photography,
Wakarusa.
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Three Western Hognose Snakes drew a crowd on Saturday
morning at the KHS Fall Field Trip to Lincoln County, Kansas. The
small specimen held by Joe Collins (right) was the first ever found
in the county. Photograph by Suzanne L. Collins.

KHS Secretary Mary Kate Baldwin demonstrates great technique
and style as she goes prone to photograph a Texas Horned Lizard
at the Society Fall Field Trip to Lincoln County, Kansas. In all, a total
of 45 lizards were found during the KHS field survey. Photograph by
Larry L. Miller, Kansas Heritage Photography, Wakarusa.

Donna Cooper (left) and students admire a small serpent found
during the Society Fall Field Trip to Lincoln County, Kansas. In all, a
total of 240 snakes were found during the KHS field survey. Photograph
by Larry L. Miller, Kansas Heritage Photography, Wakarusa.

Kansas
Herpetological

Society

Dan Murrow, KHS Field Trip Chirperson, tallies everything up at
the Society Fall Field Trip to Lincoln County, Kansas. Photograph by
Larry L. Miller, Kansas Heritage Photography, Wakarusa.

KANSAS HERPETOLOGICAL SOCIETY
EXECUTIVE COUNCIL MEETING
Sylvan Park, Kansas
3 October 2009

All members of the KHS Executive Council were
polled on Saturday morning before the field trip: Dan
Johnson (KHS President, presiding), Mary Kate Baldwin,
Dan Carpenter, Eric Kessler, Kathy Ellis, Joseph T. Col-
lins (proxy for Travis W. Taggart), and Suzanne L. Collins.

Two nominations were proposed and approved:

Curtis J. Schmidt, Sternberg Museum of Natural History,
Fort Hays State University, was nominated by Suzanne L.
Collins (seconded Mary Kate Baldwin) to be the new editor
of the Journal of Kansas Herpetology, with Travis W. Taggart
and Joseph T. Collins serving as associate editors. The KHS
Executive Council unanimously thanked Travis for his de-
cade of dedicated service to a sometimes thankless task, and
also for consenting to remain as an Associate Editor for JKH.

Larry L. Miller, a member of KHS for over three de-
cades, was nominated by Joseph T. Collins (seconded
Kathy Ellis) to be named the 10th KHS Distinguished Life
Member. Miller’s list of nearly 70 herpetological publica-
tions spanning 1976 to 2009 was noted and distributed.
In addition, his service to KHS for many years as the So-
ciety's unofficial photographer was lauded, as well as his
successful campaign to have the Ornate Box Turtle de-
clared a state symbol by the Kansas Legislature in 1986.

Both proposals were unanimously approved.

Respectfully submitted,

Suzanne Collins
KHS Historian

Journal of Kansas Herpetology Number 32 (December 2009)



www.cnah.org/khs/

IN MEMORIAM

HENRY S. FITCH: THE TWILIGHT OF AN INCREDIBLE CAREER

| first met Henry Fitch in 1968, forty-one years ago, while
visiting a friend in Lawrence. I'd read many of his papers in
the course of my studies, and when | met him again in 1970
two things beyond his vast store of knowledge once more
impressed me. At age fifty-nine, he could, while making a
round in the field, walk the legs off many people far younger.
And, for someone whose many papers had essentially es-
tablished the field of snake ecology as we now know it, he
was incredibly unassuming and reserved (except when play-
ing the, ummm . . . rules-modified, basketball games that
then were a KU Natural History Reservation feature event).

Many herpetologists accompanied this remarkable man
into the field in the course of his long, distinguished career.
It was my distinct privilege to be among them at various
times, and to work with him during the final few years of that
career. Our close professional relationship really began in
the mid-1980s with our collaboration on Timber Rattlesnake
telemetry. | built an effective (albeit awkwardly maneuver-
able) antenna. Using that and some transmitters (immense
by current standards!) assembled by Tony Shirer and which
Henry pushed gently down the throats of large rattlers, we
spent a summer gathering movement data that retrospec-
tively turned out more a learning experience about the tech-
nique than about the snakes. Henry assimilated all this, and
nearly 20 years later, when we had far better equipment
and far more background knowledge on the subtleties of
using it, we were able to initiate an ongoing study of this
species in northeastern Kansas.

In 1987, Henry and | received funding from Oklahoma De-
partment of Natural Resources to study rattlesnake roundups
and their effects on populations of Western Diamondback
Rattlesnakes. It was no secret that Henry's long-term enthu-
siasm for rattlesnake study wasn't shared by his wife Virgin-
ia, perhaps out of her recognition that his reflexes were slow-
ing, as do everyone’s with time, hampering the avoidance
response essential for such work. It's one thing to dodge the
feint of a 2-foot copperhead, but quite another to dodge the
long strike of a five-foot Crotalus. Virginia's reaction was sub-
dued apprehension. But after some discussion, we agreed to
handle the captive snakes after cooling them, a reassuring
model that Virginia accepted and which proved effective for
safely gathering the morphological data we sought.

Henry’s enthusiasm for field work and for learning all
there was to learn about snake ecology never diminished,
though by 2002 time plainly was having its inexorable effect
of limiting bone and muscle. In these later years of his ca-
reer, | had retired, and so was able to help him make rounds
in the field using one of the field station’s “Gator” ATVs. |
drove while Henry’s gaze was fixed firmly on our destination
of the day, wherever it happened to be. By 2003, he was
gamely trying to maneuver using crutches on a local ledge
that served as a Timber Rattlesnake den. | emphasized to
him that | didn't plan to be remembered as the guy who
brought him back from the field with a severe envenomation
or a broken leg, and so he agreed (perhaps acquiesced is
a more accurate term) with a change of model— I'd do the

rough and tumble stuff and he'd wait in the 6-wheeler to
share in the results, and we’d collaborate on papers that of
course required his incredible store of knowledge. Or if to-
pography allowed, he'd hunt close to the 'Gator while | ven-
tured further. That model worked well through the remainder
of the time he was able to live independently on what was to
become the Fitch Natural History Reservation (FNHR), and
other persons, younger than either of us, pitched in to help
Henry make productive rounds in the field safely. Notable
among these were Scott Sharp (a high school teacher in a
nearby district) and his family, and KU undergraduates Mike
Zerwekh and Joey Brown.

As late as 2006, the “Henry and George team” (which
| once pointed out to him had an average age of 79, a re-
alization he greatly enjoyed) still made joint rounds, these
in my Smooth Earth Snake study area not far from FNHR.
This was a species he’d rarely seen, with just three FNHR
records. He was fascinated by the fact that the species was
so close, yet he’d seen so few. When, on our first trip into
that area, | caught the first of several we subsequently found
in tall grass habitat, his reaction was to look at it intently and
softly remark “Well, I'll be damned.” | think it was the only
time | heard him say that! I'm glad | sent him the final draft
of the article summarizing that research. When | emailed it
to his daughter Alice, his primary care-giver by then, | asked
her to “tell Henry he has to stick around to see this in print.”
Planned publication was for December 2009 (see this issue
of JKH). Alice read it to him and afterward told me how at-
tentive he’d been and how he’d enjoyed learning about this
elusive species.

On 8 September 2009, just a few months shy of his
centennial birthday, Henry Sheldon Fitch passed away,
leaving for science one of the most outstanding legacies
of ecological study ever known. Best known for his exten-
sive long-term study of the herpetofauna of what in 1948
was The University of Kansas Natural History Reservation
(renamed in 1986 the Fitch Natural History Reservation),
his published studies in animal ecology extending back to
1933 also include a wide range of birds, mammals, and in-
vertebrates, as well as the local successional flora of their
habitats. Harry W. Greene, interviewed by the Lawrence
Journal-World, accurately reflected on Henry's legacy by
stating "It's not an exaggeration to say that Henry's the fa-
ther of snake biology." His studies on the ecology and rela-
tions of so many species were refined through his extensive
career to reflect his unique insights regarding the way they
form communities of interacting organisms. All of us who
continue to build on this legacy, as well as those who follow
us and will do the same, owe a tremendous thanks to this
modest man of great talent.

George R. Pisani

Kansas Biological Survey
University of Kansas
2101 Constant Avenue
Lawrence, Kansas 66047
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Henry S. Fitch (1909-2009), Distinguished Life Member of the Kansas Herpetological Society, shown here in front of the Museum of
Natural History at the University of Kansas while attending the annual meeting of the KHS in Lawrence, Kansas, on 29 October 1986.
Henry regularly attended the Society gatherings and presented the results of his research on the herpetofauna of the newly-named Fitch
Natural History Reservation in northeastern Kansas. He was gracious and patient with the multitude of younger herpetologists that wanted
to meet him and have him autograph one of his books for them. He will be missed by so many for so many reasons, but particularly for
his kind and gentle demeanor. Photograph by Larry L. Miller, Kansas Heritage Photography, Wakarusa, Kansas; image from the private
collection of Suzanne L. & Joseph T. Collins.
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ARTICLES

THE DISPERSAL OF THE GREENHOUSE FROG, ELEUTHERODACTYLUS PLANIROSTRIS (ANURA:
ELEUTHERODACTYLIDAE), IN LOUISIANA, WITH PRELIMINARY OBSERVATIONS ON SEVERAL
POTENTIAL EXOTIC COLONIZING SPECIES

WALTER E. MESHAKA, JR.
Section of Zoology and Botany
State Museum of Pennsylvania

300 North Street
Harrisburg, Pennsylvania 17011

JEFF BounDy
Louisiana Department of Wildlife & Fisheries
P. O. Box 98000
Baton Rouge, Louisiana 70898-9000

AVERY A. WiLLIAMS
Division of Sciences
Louisiana State University at Eunice
P. O. Box 1129
Eunice, Louisiana 70535

Abstract: We used literature records, unpublished museum records, and observations, to evaluate the status and ecology of
the Greenhouse Frog (Eleutherodactylus planirostris), an exotic species in Louisiana. During 1976-2008, 56 specimens and an
egg clutch were collected from 10 parishes in southern Louisiana. Human disturbance was common to all sites. Most individu-
als were mottled in dorsal pattern. Captures occurred in all months except December, and most captures occurred in June and
October. Calling was heard during May—October, and nesting and parturition occurred during May—July. Attributes associated with
its success in Louisiana mirrored those of the Mediterranean Gecko (Hemidactylus turcicus), also well-established in Louisiana.
Human-mediated dispersal, association with humans, and climatic compatibility lead us to predict eventual colonization of larger
areas of the state. Those attributes, also found in other range-expanding exotic amphibian and reptile populations in Florida,
lead us to predict an inevitable dispersal of, and high likelihood of colonization by, several other exotic species to Louisiana.

Introduction

The Greenhouse Frog (Eleutherodactylus planirostris)
is a small-bodied West Indian frog that is found in Cuba,
the Bahamas, and the Cayman Islands (Schwartz and
Henderson, 1991). In the United States, this non-native
species is established in Alabama, Florida, Georgia, Ha-
waii, Louisiana, Mississippi, and Texas, and it represents
one of seven anuran species that are exotic to the Unit-
ed States (Meshaka, 2008). In the southeastern United
States, the Greenhouse Frog is most widespread in Flori-
da (Meshaka et al., 2004) where it was first reported from
Key West (Cope, 1863). Its appearance elsewhere in the
southeastern United States is much more recent, with few-
er documented colonies (Meshaka, 2008). In Louisiana,
the Greenhouse Frog was first detected from Audubon
Park in New Orleans, where it has been established since
1975 (Plotkin and Atkinson, 1979; Dundee and Rossman,
1989). In light of a recent increase in published records
of this species in southern Louisiana, we undertook this
study to examine the status of this species in Louisiana
with respect to its spatial and temporal colonization pat-
tern. We also summarize its natural history from published
and unpublished accounts to ascertain the degree to which
life history traits may be responding to its geographic ex-
pansion.

Materials and Methods

We examined published records, unpublished reports,
and museum specimens from Louisiana State University
Museum of Zoology, LSU-Eunice, and Tulane University to
determine the spatial and temporal colonization patterns of
the Greenhouse Frog in Louisiana. Records also provided
us with seasonal activity data, and specimens provided
us with data relating to body size and reproductive condi-
tion. Body size was measured in mm snout-urostyle length
(SUL). Means are followed by + 2 standard deviations.

Results

During 1976-2008, the Greenhouse Frog was detected
in 10 Louisiana parishes: Calcasieu (Williams and Wygoda,
1997), East Baton Rouge (Platt and Fontenot, 1995), Jef-
ferson (Dundee and Rossman, 1989), Lafayette (Boundy,
2004), Orleans (Plotkin and Atkinson, 1979), Plaquemines
(Dundee, 1994; Boundy, 2004), St. Bernard (Boundy,
1998), St. John the Baptist (Boundy, 1998), St. Tammany
(Elbers, 2007), and Terrebonne (Liner, 2007) parishes. All
of these parishes are within the southern one half of the
state (Figure 1), sites are disturbed, and the rate at which
the species has been detected has remained on the rise
since a spike in detection beginning in the 1990s (Figure 2).
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Figure 1. Geographic distribution of the Greenhouse Frog
(Eleutherodactylus planirostris) in Louisiana.

Greenhouse Frogs display two body patterns, mottled
and striped. The mottled morph was found in 74.5% of all
Greenhouse frogs, including those of unknown sex. With
only two exceptions, the mottled morph occurred at a
greater frequency than the striped morph, respectively, in
nine parishes: East Baton Rouge (2, 4), Jefferson (2, 0),
Lafayette (4, 0), Orleans (16, 0), Plaquemines (9, 1), St.
Bernard (1, 0), St. John the Baptist (1, 0), St. Tammany (1,
0), and Terrebonne (2, 8) parishes. Likewise, the mottled
morph was dominant in each sex and among juveniles (Fig-
ure 3). Adult males (mean = 19.8 + 2.8 mm SUL; range
= 16-25; n = 26) were significantly smaller in mean body
size (t = —4.777; df = 38; p < 0.000) than adult females
(mean = 241 + 2.6 mm SUL; range = 18-29; n = 14).
Most Greenhouse Frogs were captured in June and Oc-
tober (Figure 4). Most captures of males occurred in
June and October, whereas all captures of females oc-
curred primarily during May-June and less so during
October—-November (Figure 5). Juveniles were detected
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Figure 2. An accumulation curve of the number of parishes in which
the Greenhouse Frog (Eleutherodactylus planirostris) was record-
ed in Louisiana during 1976-2008.
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Figure 3. Distribution by sex and age-class of mottled and striped
morph of the Greenhouse Frog (Eleutherodactylus planirostris) in
Louisiana.

in July (Figure 5). The seasonal distribution of body siz-
es among the juveniles (Figure 6) suggested parturition
in June and at least in May. In this connection, spent fe-
males were collected in May (n = 1) and June (n = 2). A
nine-egg clutch was discovered in Houma, Terrebonne
Parish, on 6 June 2005 (LSUMZ 89730) by Ernie Liner.

Discussion

The original source of the Louisiana population of Green-
house Frogs was thought most likely to have been derived
from large nurseries (Dundee and Rossman, 1989). Like-
wise, the colonies in Calcasieu have all but certainly been
traced to a nursery (AAW). This species disperses well in
the agency of humans, and the temporal and spatial scat-
tershot pattern to its colonization in Florida (Goin, 1947;
Meshaka et al., 2004) and elsewhere in the United States
(Meshaka, 2008) is true of Louisiana as well. In much of
Florida, the Greenhouse Frog is not restricted to human-
disturbed habitats but it does succeed in them (Meshaka,
2001; Meshaka et al., 2004; Meshaka and Layne, 2005). In
the Florida panhandle, the Greenhouse Frog is known only
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Figure 4. Seasonal distribution of opportunistic captures of the
Greenhouse Frog (Eleutherodactylus planirostris) in Louisiana.
This figure includes individuals of known and unknown sex.
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Figure 5. Seasonal distribution of opportunistic captures of male,
female, and juvenile Greenhouse Frogs (Eleutherodactylus planiro-
stris) in Louisiana.

from disturbed sites (B. Means, pers. comm.), and in Loui-
siana, this species does not yet appear to have invaded
natural habitat. However, the climate of northern peninsular
Florida (exclusive of the panhandle) and extreme southern
Louisiana are similar and these two regions are divided
climatically by colder climate in the Florida panhandle and
coastal zones of Alabama and Mississippi. Consequently,
what appears to us to be inevitable human-mediated dis-
persal along the coast westward to Louisiana could depend
heavily on disturbed systems for natural dispersal.
Greenhouse Frogs from Audubon Park, Orleans Par-
ish, were of the mottled morph, but a striped individual was
found near the Audubon Park colony (Dundee and Ross-
man, 1989). Most animals from a nursery located 11.3
km (7 miles) northeast of the Audubon Park were striped
(Dundee and Rossman, 1989). The suggestion that future
dispersal of this species in Louisiana would include mixed-
pattern populations was corroborated by our findings.
Generally speaking, the striped morph was most prevalent
in northern Florida (exclusive of the panhandle), the mottled
morph was predominant in southern Florida, and the ratios
varied among sites in central Florida (Goin, 1947). Even with a
larger sample from extreme southern Florida, mottled individu-
als still outnumbered those of the striped morph in Miami, Up-
per Keys, and Lower Keys (Duellman and Schwartz, 1958).
Most captures of Greenhouse Frogs occurred during
May—-October when average highs are at least 26.7°C
(80°F) in Baton Rouge, Houma, Lafayette, Metairie, and
New Orleans. In south-central Florida, most captures using
systematic trapping occurred during September—December
and were represented by rapidly maturing juveniles from a
summer peak in reproduction (Meshaka and Layne, 2005).
Male Greenhouse Frogs were heard calling on 21 May
1997 at a site in Lake Charles, Calcasieu Parish (Williams
and Wygoda, 1997) and choruses have been heard there
from during May to September (AAW pers. obs.). In Baton
Rouge, males were heard calling on 9 October 2007 and
beginning 4 May 2008 (JB, pers. observ.). Calling occurred
during April-September in extreme southern, south-central,
and northern Florida (Goin, 1947; Meshaka and Layne,
2005); however, in a residential area in extreme southern
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Figure 6. Seasonal distribution of body sizes of the Greenhouse
Frog (Eleutherodactylus planirostris) in Louisiana.

Florida, calling was heard during February—November (Me-
shaka et al., 2004). Calling was possible when average
monthly temperature lows were at least 15.8°C (60.4°F) and
monthly rainfall volumes were at least 6.9 cm (2.72 inches)
(Meshaka and Layne, 2005). Using these threshold values,
the predicted seasons during which calling should occur by
the Greenhouse Frog in selected sites in southern Louisi-
ana are May—October (Houma, Metairie, New Orleans) and
May—-September (Baton Rouge, Lafayette, Lake Charles).

Based on the hatchling body sizes of Greenhouse Frogs
reported in northern Florida of up to 5.7 mm (Goin, 1947),
the distribution of July hatchling body sizes from our data
set suggested that hatching was possible at least one
month prior (in June) in southern Louisiana. Hatchlings
were also found in a garden 0.8 km (0.5 miles) from Audu-
bon Park in Orleans Parish in July 1980, and juveniles were
found 11.3 km (7 miles) from Audubon Park in early August
in 1981 (Dundee and Rossman, 1989). A gravid female
was collected on 13 July 1997 at a site in Lake Charles,
Calcasieu Parish (Williams and Wygoda, 1997), and eggs
with developed froglets were found 11.3 km (7 miles) from
Audubon Park in mid-June 1981 (Dundee and Rossman,
1989). These findings suggested a nesting season of at
least June—July in southern Louisiana, although in light of
a 13-20 day incubation period (Goin, 1947), the mid-June
developed clutch found by Dundee and Rossman (1989)
could certainly have been deposited in late May. In north-
central Florida, eggs were laid during May—September with
first hatchlings appearing in mid-June (Goin, 1947). Based
on seasonal distribution of body sizes, it appeared that the
nesting season in north-central Florida was similar to that
of south-central Florida (Meshaka and Layne, 2005). In ex-
treme southern Florida, eggs (Deckert, 1921) and neonates
(Lazell, 1989) were found in May. It remains to be seen how
long the nesting season extends in southern Louisiana, al-
though it appears to begin at about the same time as in
Florida. If calling ends in September, then it would appear
likely that nesting occurred in southern Louisiana during a
season that did not exceed May—September.

Peak nesting of the Greenhouse Frog in northern Florida
was July, and the breeding season overlapped the rainy sea-
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son (Goin, 1947). The greatest intensity of calling in extreme
southern Florida occurred during May—June and was followed
by a much smaller peak in September, which was associated
with the bimodal rainfall pattern during May—October of ex-
treme southern Florida, and perhaps reflected seasonal fre-
quency of nesting (Meshaka and Layne, 2005). Peak rainfall
in southern Louisiana occurs approximately during June—Sep-
tember; however, peak months vary among sites.

Thus, it appears that southern Louisiana populations of
the Greenhouse Frog shared similar colonization, morpho-
logical, ecological, and life history traits as those of Florida.
Human-mediated dispersal, an association with human-
disturbed habitat, a preponderance of the mottled pattern
morph, calling seasons, and initiation of nesting activities
as well as probable termination of those activities were sim-
ilar to those of Florida populations.

Among the exotic amphibian and reptile species of the
United States, three other exotic taxa, the Mediterranean
Gecko (Hemidactylus turcicus), Brown Anole (Anolis sagrei),
and Brahminy Blind Snake (Ramphotyphlops braminus) are
common to Louisiana and Florida (Meshaka, 2008). In Loui-
siana, the Brahminy Blind Snake is known from Orleans Par-
ish (Thomas, 1994), and the Brown Anole is known from six
parishes: Calcasieu (Wiliams and Comeaux, 2008), East
Baton Rouge (Platt and Fontenot, 1994; Boundy, 2004), Jef-
ferson (Boundy, 2004), Lafourche (Wiley et al., 2007), Orleans
(Boundy, 2004), and Terrebonne (Wiley et al., 2007) parishes.
The Mediterranean Gecko is, however, widespread in Louisi-
ana and has been studied to a greater extent. As exotic spe-
cies in Florida and Louisiana, all three species share several
ecological traits with those of the Greenhouse Frog. First, all
but the Brahminy Blind Snake are among the oldest coloniz-
ing species of their respective states. Second, all four species
first colonized the warmest regions of their respective states.
Third, all four species have extensive geographic ranges in
Florida, whose northern climate is similar to the interior of Lou-
isiana. Fourth, all four species dispersed well in the agency of
humans and succeeded in many human-disturbed habitats.
Fifth, exclusive of the Brown Anole and Brahminy Blind Snake,
for which comparable data do not exist, the reproductive sea-
sons of the Mediterranean Gecko and the Greenhouse Frog
are similar in southern Louisiana and Florida.

From our findings and comparisons, it seems not too
surprising that Louisiana should expect to see the Green-
house Frog in disjunct locations farther north as the species
begins to attain a statewide distribution. Louisiana cities in
more northerly locales, such as Natchitoches, Alexandria,
and Shreveport would be among the likely initial sites of in-
troduction from Florida or southern Louisiana nurseries that
supply those cities with retail ornamental plants.

Likewise, other human commensal species of exotic am-
phibians and reptiles that have reached northern peninsular
Florida, exclusive of the panhandle, will presumably be ac-
companied by a greater likelihood of human-mediated dis-
persal by those species to coastal Louisiana, most notably
through disturbed systems that could serve as intermediate
colonies. In this connection, one can expect an inevitable
dispersal to Louisiana by Florida hemidactyline geckos (Me-
shaka et al., 2006) and by the Cuban Treefrog (Osteopilus
septentrionalis), whose colonization is likely to take it around
the entire gulf coast (Meshaka, 2001). To this list, we add the

Tokay Gecko (Gekko gecko) and the Cane Toad (Rhinella
marina), which meet the aforementioned third and fourth
shared traits such that dispersal to Louisiana seems inevi-
table and establishment has a high likelihood of success.

Acknowledgments: We heartily thank D. Bruce Means
for his constructive comments on this manuscript.
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ESTIMATING SNOUT TO VENT LENGTH FROM DATAACQUIRED FROM THE SHED SKINS OF THE
NORTHERN BROWN SNAKE, STORERIA DEKAYI DEKAYI

BRriAN S. GraY
P. O. Box 3515
Erie, Pennsylvania 16508-0515
brachystoma@hotmail.com

Abstract: Data (snout-vent length, SVL; frontal scale length, FL) from shed skins and actual specimens of Northern Brown Snakes,
Storeria dekayi dekayi, were studied using correlation and linear regression analysis for the purpose of determining the best of
three methods of estimating the SVL of a snake from a cast shed skin. The methods tested were: 1) using a regression equation
to predict actual SVL from the shed skin SVL, 2) using a regression equation to predict actual SVL from the shed skin FL, and 3)
using the average amount that an S. d. dekayi shed skin stretches to predict actual SVL. All three estimation methods were not
significantly different from the actual SVL. Using a regression equation that predicts actual SVL from shed skin SVL proved to be
the best method. However, an equation estimating actual SVL from the known average amount of shed skin stretch would be ac-

cessible by a greater number of people, including those without knowledge of statistical analysis.

Introduction

A shed snake skin found during a field survey can pro-
vide much useful information. For instance, when properly
prepared and identified, a shed snake skin can be used as
a voucher, documenting a species presence without sacri-
ficing an individual. If the shed skin is complete, the gender
of the snake that left it can be inferred by counting ventral
scales and or subcaudal scales. Shed skins also provide
high-quality DNA for use in molecular studies (Bricker et al.
1996; Clark 1998). The location where a shed skin is found
can provide insight regarding species habitat preferences
during ecdysis (i.e., shedding of skin).

During ecdysis, a snake’s stratum corneum is stretched,
resulting in a shed skin that is usually 10-20% longer than
the actual snake (Bellairs 1970; Mattison 1995). It is likely that
a great deal of variation in this character occurs within and
among species. Knowing the average percentage that a spe-
cies’ shed skin stretches, may allow a researcher to estimate
the “actual” snout-vent length (SVLa) of the snake that left a
shed skin. Regression analysis may also prove useful in at-
tempts to estimate SVLa from shed skin data. In this paper,
| examine three methods for estimating SVLa of Northern
Brown Snakes, Storeria dekayi dekayi, from shed skin data.

Materials and Methods

Between 1998 and 2008, Northern Brown Snakes,
Storeria dekayi dekayi (n = 53) in preecdysis were collected
from a site in Erie County, Pennsylvania, for the purpose
of examining the relationship between SVLa and shed skin

data, such as frontal scale length (FL), shed skin snout to
vent length (SVLs), and the degree that shed skins stretch.
Individual snakes were maintained in plastic shoeboxes
(32.2 x 18.7 x 10.8 cm), with shredded paper as a sub-
strate, and a water bowl until they shed. As soon as a shed
was observed in a shoebox, it was carefully removed, then
placed on a paper towel and allowed to air-dry. Measure-
ments for SVL to the nearest mm were obtained from each
dried shed skin by placing the rostral scale at 0 mm, then
gently pulling the shed taunt along the edge of a ruler and
noting the location of the vent along the ruler. To measure
FL, the cephalic portion of the shed was cut, spread and
mounted as described in Gray (2005), then measured us-
ing a stereo microscope and a miniscale (Bioquip Products,
Rancho Dominquez, California) accurate to 0.1 mm. Within
a day of shedding, the actual SVL and FL measurements
were also obtained from each individual snake using a ruler
and calipers, respectively. Snakes were released at the site
of capture after data collection.

Simple correlation and regression analysis were used
to study the relationship between FL and SVLa, and also
the relationship between SVLs and SVLa. The regression
equations derived from these analyses provide estimates
of SVLa from shed skin data.

For each individual, the amount that the shed skin had
stretched (P) was calculated by subtracting SVLa from
SVLs, then dividing by SVLa. The equation is as follows:

P =[(SVLs -SVLa)/SVLa]

Multiplying P by 100 gives the percentage that a shed skin
has stretched.

Table 1. A summary of comparisons between actual snout-vent length (SVLa) and three SVL estimation methods (est. SVLF, est. SVLp,
and est. SVLs). All three estimation methods were not significantly different from SVLa. n = number; sd = standard deviation; df = degrees

of freedom; P value = observed probability.

Method mean n sd range t-value df P value
SVLa 209.3 25 54.3 135.0-343.0 N/A N/A N/A

est SVLs 210.5 25 52.0 138.2-329.3 -0.079 48 0.9370
est SVLp 205.7 25 55.9 128.0-333.4 0.230 48 0.8191
est SVLF 222.4 25 33.7 181.4-301.5 -1.0261 40 0.3110
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A mean was calculated by summing the individual mea-
surements for P and dividing the total by the number of in-
dividuals. This mean was then used to estimate SVLa from
SVLs with the following equation:

Est. SVLp = SVLs — (SVLs - P)

Comparisons between methods: During May and June
2009, a second sample of twenty-five Storeria d. dekayi in
preecdysis were collected from the Erie County site, for the
purpose of testing the reliability of the regression equations
obtained from the first sample. Snakes were housed as de-
scribed above. Once the specimens molted, the shed skin
exuviate was removed and allowed to air-dry on a paper
towel, and measurements (FL, SVLs, and SVLa), made as
described above. From each shed skin | measured SVLa,
and calculated estimates from SVLg, SVLs, and SVLp. |
used Student’s t—tests to determine whether there was a
statistically significant difference between SVLa and each
of the three methods for estimating SVL. Prior to performing
a t-test, | tested for homogeneity of variance by calculating
an F ratio as described in Runyon et al (1996). When com-
pared variances were heterogeneous, a corrected f-test
was employed. For all statistical tests, a = 0.05.

Figure 1. Relationship of actual snout-vent length and shed skin
snout-vent length in the Northern Brown Snake, Storeria d. dekayi.

100 f f f i
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Figure 2. Graphic representation of paired measurements for ac-
tual snout-vent length (SVLa) and estimate of snout-vent length
from shed skin (est. SVLs) for each of twenty-five Northern Brown
Snakes, Storeria dekayi dekayi. SVLa is depicted with shaded col-
umns; est. SVLs is depicted with open columns.
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Figure 3. Graphic representation of paired measurements for ac-
tual snout-vent length (SVLa) and estimate of snout-vent length
from amount of shed skin stretch (est. SVLp) for each of twenty-five
Northern Brown Snakes, Storeria dekayi dekayi. SVLa is depicted
with shaded columns; est. SVLp is depicted with open columns.

Results and Discussion

There was a significant positive correlation between SVLa
and SVLs (r = 0.98, df = 46, P = < 0.01) (Figure 1). The re-
gression equation used to estimate SVLa from SVLs was

Y =0.8273x + 19.101

where Y is the estimated SVL and SVLs is x. Estimated SVL
using the above equation is designated as est. SVLs.

The variances of SVLa and est. SVLs were homogenous
(F =1.0895, df =48, P =0.4177), and there was no signifi-
cant difference between SVLa and est. SVLs (f = -0.0790,
df =48, P =0.937) (Figure 2 and Table 1).

Snout-vent length of shed skins was on average 11.08%
(n =36, sd =0.860, range 1.5-23.5%) longer than SVLa. To
estimate SVL from the amount of stretch (est. SVLp), | used
the following equation:

est. SVLp = SVLs — (SVLs - 0.1108)

The variances of SVLa and est. SVLp were homogenous
(F =0.9425, df = 48, P = 0.4429). There was no significant
difference between SVLa and est. SVLp (t =0.2300, df = 48,
P =0.8191) (Figure 3 and Table 1).

A significant positive correlation was also observed be-
tween FL and SVLa (r=0.84, df=52, P=<0.01) (Figure 4).
The equation used to predict SVL using FL data was

Y =109.24x — 91.747

where Y is the estimated SVL (est. SVLf) and x is FL.

The variances between SVLa and est. SVLr were het-
erogeneous (F = 2.5953, df = 48, P = 0.0116), thus requir-
ing an adjusted t- test. There was no significant difference
between SVLa and est. SVLf (t = -1.0261, df = 40, P =
0.3110) (Figure 5 and Table 1). However, the estimates of
SVL obtained from the regression equation for predicting
SVL from FL measurements ranged widely, with twelve out
of twenty-five (48%) of the estimates being greater than
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Figure 4. Relationship of frontal scale length and actual snout-vent
length in the Northern Brown Snake, Storeria dekayi dekayi.

the shed skin SVL. Furthermore, SVLF were underesti-
mated by as much as 63.3 mm, and overestimated by as
much as 48.3 mm. Thus making est. SVLr the least favor-
able of the three estimation methods considered in this
study.

Although predicted mean values for all three SVL esti-
mation methods were not significantly different from SVLa,
the method that best estimated SVLa was the regression
equation derived from SVLs data. It is therefore recom-
mended that this method (est. SVLs) be used whenever a
SVL measurement can be obtained from a shed skin. How-
ever, for individuals lacking an understanding of linear re-
gression analysis, the use of the est. SVLp method has the
advantage of requiring only elementary mathematics. Most
anyone can calculate the average amount of shed skin
stretch, in this study 0.1108, and utilize the equation given
above for est. SVLp. To illustrate, suppose a Storeria d. de-
kayi shed skin is found that is 200 mm SVL; using the aver-
age amount of stretch method, we multiply 200 by 0.1108,
which is 22.16, and subtract this value from 200, resulting
in an estimate of 177.84 mm SVL. Due to the much greater
range of estimated SVL values, the est. SVLf should only
be used when one cannot obtain a SVL measurement from
a shed skin. If the relationship between SVL and mass is
studied, it may also be possible to estimate the mass of a
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Figure 5. Graphic representation of paired measurements for actu-
al snout-vent length (SVLa), and estimate of snout-vent length from
frontal scale length (SVLF) for each of twenty-five Northern Brown
Snakes, Storeria dekayi dekayi. SVLa is depicted with shaded col-
umns; est. SVLF is depicted with open columns.

snake from shed skin data.
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Abstract: Fitch (1999) summarized his fifty years of intensive field work on the snake fauna of the Fitch Natural History Reservation
(FNHR) and adjacent study areas, commenting upon the relative scarcity of two small, secretive species, the Smooth Earth Snake
(Virginia valeriae) and the Brown Snake (Storeria dekayi). Location of a population of V. valeriae (Pisani 2005) as a component
of a diverse snake fauna that includes S. dekayi on land adjacent to Fitch's main study areas provided opportunity to accumulate
considerable new information on these species in a similar snake community. An intensive mark-recapture study of this community
was done from September 2006 through November 2008 and is ongoing. Observations on feeding, defense, home range, mor-
phology, and population size are presented along with relevant microhabitat characteristics. Data accumulated indicate consider-
ably greater use of available grassland habitat by these and syntopic small snake species than has previously been recognized.
An extensive review of literature and unpublished dissertations provided insight to aspects of the community interrelations of small
vermivorous snakes in northeast Kansas. These interrelations are considered in light of land-management and other anthropo-
genic factors affecting abundance of earthworms. Conservation implications of these findings are presented, as are suggestions

for further study.

INTRODUCTION

Fitch (1999) summarized his fifty years of intensive field
work on the snake fauna of the Fitch Natural History Reser-
vation (FNHR) and adjacent study areas, commenting upon
the relative scarcity of two small, secretive species, the
Smooth Earth Snake (Virginia valeriae) and Brown Snake
(Storeria dekayi). Location of a population of V. valeriae
(Pisani 2005) as a component of a diverse snake fauna that
includes S. dekayi on land adjacent to Fitch's main study ar-
eas provided opportunity to accumulate considerable new
information on these species in a community similar to that
studied by, and thus building upon, Fitch (1999).

Of Storeria dekayi, Fitch (1999: 112) noted "less than
five records per year, on the average [total = 172 marked in
50 years with but three recaptures]”; Fitch's Virginia valeri-
ae records totaled just three over the same 50-year period;
the species is recognized as Threatened by Kansas De-
partment of Wildlife and Parks. My 3-year study has yielded
124 S. dekayi records (32 recaptures) and 94 V. valeriae
records (46 recaptures) from one site near the extreme
western edge of the range of V. valeriae.

Much of the ecological data involving these two species,
especially V. valeriae, is found in unpublished theses or in
published sources that may easily be overlooked. My sec-
ondary goal in this paper is to call attention to them by ap-
propriately citing these sources.

BACKGROUND

Various authors (cf., Todd et al. 2008; Bradford 1973)
have noted the difficulty of studying the ecology of Virginia
valeriae due to its small size (too small for radiotelemetry),
secretive nature, and (in at least some parts of the range)
patchy distribution. Much prior work involving small, secre-
tive colubrids and natricids refers to their preferred seasonal
habitat as some variation of "on wooded slopes under rocks"
(cf., Fitch 1956, Clark 1970, Collins 1993), habitats in which
collecting such species is reasonably simple. Over time,
such description has come to reflect the collecting habits
of herpetologists as much as true seasonal habitat prefer-

ences of the snakes. Most previous studies of V. valeriae
and S. dekayi ecology have been conducted by classical
"rock turning" methods, including the detailed study (Cer-
vone 1983) of V. valeriae pulchra endemic to the Allegheny
Plateau of Pennsylvania and New York, and regarded by
systematists as derived from V. v. elegans, the race found
in Kansas. Cervone (1983) found V. v. pulchra "in all cases
within 15 m from the forest edge" and concluded that the
primary habitat is grassy, rock-strewn slopes. Of Cervone's
516 captures, 506 were under rocks.

The adult female Virginia valeriae noted by Pisani (2005)
in ground-level thatch of 2 m tall Conservation Reserve
Program (CRP) grass focused attention upon the bias in-
troduced by the unfavorable logistics of seeking small spe-
cies in habitat that made collecting difficult. Bradford (1973)
expressed a similar conclusion after his limited radioisotope
tagging study of Missouri Virginia striatula. Thirty percent of
his relocated snakes were in grass clumps and would have
been missed by conventional collecting methods; Bradford
remarked that the snakes were "stationary" in the grass,
suggesting low vagility. In the tall, dense grassland habitat
noted by Pisani (2005) — devoid of rocks of any size as ob-
served during 2009 post-burn examinations — there would
be almost no chance of a fortuitous collecting encounter.

This collecting bias, coupled with the secretive nature
of Virginia valeriae, has resulted in most conclusions be-
ing based upon small sample sizes. Ahrens (1997) found V.
valeriae only at his Camp Naish (Wyandotte Co., Kansas)
site and recorded major habitat components as 45% her-
baceous, 25% leaf litter, and just 5% rock. He trapped (drift
fences and funnel traps) from May—October 1994 and for
25 days between June—July 1995, and so missed the entire
spring emergence season. Fitzgerald (1994) attempted to
derive a Habitat Suitability Index (HSI) for the species to
be used as a conservation tool, but collected just 12 speci-
mens and constructed the HSI using previously published
records from diverse and often distant geographic areas.
This approach constituted an obvious weakness in model-
ing resulting in her HSI corresponding to actual captures by
just 55% (random chance).
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Christiansen (1973) reported collecting 11 of 12 lowa
Virginia valeriae in or near dense woodland, 9 of which he
collected within 1000 ft of a stream. He concluded V. valer-
iae is "typically a woodland snake, most often found under
stones . . ." and characterized the species' habitat in lowa as
"rocky woodland riparian or rocky woodland-meadow edge
...." Intriguingly, Christiansen (2009, pers. comm.) also col-
lected (Appanoose Co., lowa, near the Missouri state line)
two specimens between May—July from beneath boards in
reseeded prairie grassland at least 500 ft from the edge
of thin woodland. Diadophis punctatus was also present.
Large Harvester Ant (Pogonomyrmex occidentalis) mounds
were common in that habitat.

METHODS

My study was concentrated in 5 hectares of the area
in Jefferson County, Kansas, generally described in Pisani
(2005, 2009), and had not been burned or hayed since be-
ing enrolled in the federal Conservation Reserve Program
(CRP) and reseeded with warm-season grasses in 1988.
From 1950 through 1987, the land was farmed with rota-
tions of wheat and row crops. Crops during the 1981-1985
seasons alternated between wheat and soybeans. Succes-
sional upland woods adjacent to the grassland vary in spe-
cies composition with slope aspect. Though leaf litter is thin,
oaks are abundant, typical of an Osage Cuesta vegetation.
In geology and overall characteristics, the site is not un-
like the upland parts of the nearby (<1000 m) Fitch Natural
History Reservation (Fitch 1965). Woodland just north of
the grassland tract had little or no leaf litter and dry soil
for much of the study period. It is included within habitat
mapped as historically forested in the late 1850s by Gov-
ernment Land Office. A lightly-wooded hedgerow and fence
line (both removed by bulldozing in 2006) divided the tract
into two plots: a northern roughly rectangular area; and, a
southern area approximating a right-triangle with the hy-
poteneuse oriented to the southeast (Figure 1a). This bull-
dozed strip was ca 10 m wide, and quickly regrew in late
2006 and early 2007 with a mix of grasses and forbs typical
of heavily disturbed habitats such as Musk Thistle (Carduus
nutans), Sandbur (Cenchrus pauciflorus), Mullein (Verbas-
cum thapsis), and Sunflower (Helianthus annuus).

In 2006, transects of paired (tin and wood) shelters
(Parmelee and Fitch 1995; Wilgers and Horne 2006) were
established at sampling stations (Figure 1b) through this
primary tract. While some studies (cf. Ribiero-dunior et al.,
2008) have concluded that pitfall traps used with drift fenc-
es should be part of all herpetofaunal sampling, installa-
tion difficulties in the woodland and wooded edge habitat of
parts of my study area, with a root-bound subsoil, weighed
against their use. | installed transects of shelters in three
principal habitats: Grass (in the CRP grass); Edge (at the
edges of the woods—basically the drip line of the trees be-
tween Grass and Woods habitats); and Woods (10 m into
the woods along the N and W edges of the north part of the
site). These Woods shelter pairs were planned to provide
comparison with their corresponding Edge pairs, and differ-
ences were present from the beginning, although only with
greatly accumulated data did that become apparent. The
woodland to the southeast of the site drops off along a rock

Figure 1a. Google Earth view of the study area (outlined in white)
in Jefferson County, Kansas in 2008.

ledge that doesn’t lend itself to shelter sampling; only Edge
stations were established there. Stations were spaced at
approximately 20 m intervals as topography allowed. Rock
turning, rakes, and other potentially destructive sampling
methods were not used to seek snakes.

From September—-November 2006 and March—-Novem-
ber 2007, 166 shelters were checked several times weekly
for a total of 12,600 shelter-samples. This frequency contin-
ued March—May 2008 (172 shelters, 4816 shelter-samples),
after which sampling effort was reduced. In May 2007, a
transect of 8 plywood Grass shelters was extended into a
similarly-vegetated secondary tract west of the main study
area, and in March 2008 six woodland stations (two rows
of three sets of paired shelters, extending 60 m N) were
added to the north-edge Woods array in the primary tract.
Total number of snake records from 2006—2007 was in ex-
cess of 3,000; all herpetofauna observed were recorded. All
snake species except Diadophis punctatus and Agkistrodon
contortrix were captured, processed (snout-vent length, tail
length, mass, etc), marked with a unique scale clip, and
released within minutes at point of capture.

Stations were georeferenced with a Garmin eTrex GPS
(NAD83 datum). Sampling times were varied to minimize
the considerable effects of microclimate bias attendant to
artificial shelter sampling (Parmelee and Fitch 1995; Grant
et al. 1992; Pisani this paper). Because most of the small
species forming the focus of this study are of similar size,
the potential for mechanical bias of artificial shelters (e.g.,
under-shelter clearance for snakes of different body size)
was deemed minimal.

Temperatures beneath representative shelter pairs
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Figure 1b. Diagrammatic map of the study area in Jefferson Coun-
ty, Kansas in 2008, showing the numbered locations of each of the
sampling sites.

were recorded each sample day with an Electro-Therm
digital thermometer (SH66A, Cooper Instruments). An at-
tempt was made to record relative humidity (rH) beneath
representative shelter pairs using Beckman gypsum block
sensors, but this was quickly judged to be inadequate. In
May 2008, funding allowed purchase of ten HAXO-8 tem-
perature/relative humidity dataloggers (MicroDAQ Co.,
Contoocook, NH 03229), which were installed beneath
representative shelter pairs and in adjacent natural habi-
tat. These were programmed to record 4 times daily (mid-
night, 6AM, noon, 6PM) through the end of October 2008.
Logger data subsequently were downloaded via a LTI data
dock using proprietary software. Two dataloggers failed
during the season, and two others showed signs of irreg-
ular function late in the season. Removal of these data
points allowed analysis of 536 data points from loggers in
3 Grass microclimates (grass thatch, under adjacent tin,
and under adjacent wood) and at (1 each) a Grass, Edge,
and Woods station. General comparisons were made by
ANOVA (Minitab).

Scats were collected opportunistically from Diadophis
punctatus, Storeria dekayi, and Virginia valeriae with greater
emphasis placed upon those from V. valeriae. Samples were

preserved in 95% ethanol upon collection, and examined
microscopically thereafter. No attempt was made to quan-
tify the amount of earthworms consumed per the methods of
Kruuk and Parish (1981) or Wroot (1985) as these methods
are imprecise by the admission of those authors.

Similarly, no attempt was made to identify earthworm re-
mains in scats to species. Snakes typically may encounter
several earthworm species in varying habitats as they move
seasonally (James and Cunningham 1989; James 1988;
Satchell 1983; Edwards 1983; Zicsi 1983). Worms of several
surface-feeding genera (mainly Lumbricus and Allolobopho-
ra) comprise the typical fauna of nearby sites (Clark 1970)
and previous research indicates that Virginia valeriae, Dia-
dophis punctatus, Storeria dekayi, Carphophis vermis and
Thamnophis sirtalis feed opportunistically on these, with prey
size relative to snake size affecting their choice, especially in
smaller size classes (Cervone 1983; Fitch 1982, 1999). The
vertical distribution of earthworms varies with season, age
(and hence size) of worm, and species (Piearce 1983), all of
which affect vulnerability to snake predation.

Virginia valeriae and Storeria dekayi population sizes
were estimated from mark-recapture data with Simply Tag-
ging software (Version 2.0.1.27, 2009, Pisces Conserva-
tion, Ltd., Hampshire, UK.) using the Chao model for closed
populations with temporal change in capture probability.
This model is mathematically more rigorous than the origi-
nal Schnabel method (Henderson, et al. 2009). Morphologi-
cal data were Log-transformed prior to analysis.

The few biopsies performed in the field for suspected
subcutaneous parasites were formalin preserved and later
sent to Dr. Stephen Goldberg (Whittier University, Califor-
nia) for examination.

Species occurrence was scored as Woods, Edge, or
Grass depending upon the transect in which a snake was
observed. Overall habitat use then was evaluated using
the percent distribution of shelter stations among these
transects (Grass: 46%; Edge: 34%; Woods: 20%), noting
the Observed habitat use of a species overall, and compar-
ing (Chi-square) these observations to Expected numbers
based upon station distribution.

OBSERVATIONS AND RESULTS

Morphology

Male and female Virginia valeriae were highly sexually di-
morphic in their relative tail lengths (Table 1a), as is typical for
small natricid species. Adult female snout-vent lengths (SVL)
were significantly longer than those of adult males (Table
1b). Regressions of male vs female mass on SVL showed
no clear sexual dimorphism, and doubtless was affected by
the presence of embryos seasonally and/or of food.

Morphological data for Storeria dekayi were equivalent
to those of the species from nearby habitats as summarized
by Fitch (1999).

Habitat and Species Associations
Fifteen herpetofaunal species were observed to utilize

the Grass habitat (Table 2). Of these, the most frequently
observed were Carphophis vermis, Diadophis punctatus,
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Table 1a. Adult Virginia valeriae male vs. female ratio of tail
length to total length (TTL).

Table 3. Habitat utilization by selected species, all records (not
adjusted for seasonality), September 2005 through October 2008.

Mean TTL Range
Males (n = 20) 0.183 0.146-0.204 F =103.3849
Females (n = 29) 0.143 0.120-0.170 p =0.0001

Paired Shelter distribution
Grass: (46%)

Edge: (34%)

Woods: (20%)

Table 1b. Adult Virginia valeriae male vs. female snout-vent
length (SVL in mm).

Mean SVL Range
Males (n = 20) 217.8 200-244 F =5.9795
Females (n = 29) 282.8 225-320 p=0.0179

Storeria dekayi, Thamnophis sirtalis, and Virginia valeriae.
Results of sampling conducted in 2008 were in accord with
2006—2007; the study is ongoing. Clark (1970) studied a
species assemblage associated with C. vermis in habitat
just 500 m southeast of my study tract; while nine of the
species commonly observed in my study were the same
(Table 2), there were notable differences. In particular, Gas-
trophryne olivacea, Plestiodon fasciatus, and Agkistrodon
contortrix (major individual components in Clark's species
assemblage) together comprised a minor component of the
assemblage in the Grass habitat. Clark described his study
area as being mostly rocky wooded slopes. The elapsed 36
years since Clark's published results limits the conclusions
that can be drawn from these comparisons.

Table 3 and Figures 2a-d indicate far more frequent
overall use of Grass habitat by several species than was
predicted from earlier published accounts. This use was
highly seasonal, with clear patterns. In particular, station
data and snake recapture records showed the early emer-

Table 2. Species commonly recorded from Grass habitat,
2006—-2008 (* also noted by Clark 1970).

Agkistrodon contortrix*
Anaxyrus americanus™
Carphophis vermis*
Coluber constrictor*
Diadophis punctatus™
Gastrophryne olivacea™
Lampropeltis calligaster
Lampropeltis triangulum™

Ophisaurus attenuatus
Pseudacris maculata
Plestiodon fasciatus*
Scincella lateralis*
Storeria dekayi
Thamnophis sirtalis
Virginia valeriae

gence of Virginia valeriae at woodland and edge stations
followed by their dispersal into Grass habitat by mid-April.
All of the Woods and Edge records occurred either March—
April or September—October. This indicates considerably
more complex habitat utilization by V. valeriae than previ-
ously recognized.

Diadophis punctatus, Storeria dekayi, and Carphophis
vermis followed this pattern as well.

Diadophis punctatus occurred far less frequently at
Woods stations than predicted by simple reflection of shel-
ter distribution. Fitch (1982, 1999) categorized D. punctatus
as primarily an edge species, though it occurs in diverse
habitats. While | did not attempt to mark individual D. punc-
tatus, when shelter records are viewed diagrammatically by
week it was apparent that D. punctatus, like Virginia valeriae

Carphophis vermis (111 observations)
Grass: 37 (33)%, Expected = 51
Edge: 56 (50)%, Expected = 38
Woods: 18 (16)%, Expected = 22

DF: 2, Chi-sq 13.10, p = .0014

Virginia valeriae (92 observations; includes 2005 female)
Grass: 32 (35)%, Expected = 42

Edge: 43 (47)%, Expected = 31

Woods: 17 (18)%, Expected = 18

DF: 2, Chi-sq 6.533, p = .0381

Storeria dekayi (122 observations)
Grass: 50 (40)%, Expected = 56
Edge: 36 (30)%, Expected = 41
Woods: 36 (30)%, Expected = 24
DF: 2, Chi-sq 5.4144, p = .0667

Diadophis punctatus (2779 observations)
Grass: 1557 (56.0%), Expected = 1278
Edge: 1057 (38.0%), Expected = 359
Woods: 165 (6.0%), Expected = 555

DF: 2, Chi-sq 1432.743, p = .0001

Thamnophis sirtalis (107 observations)
Grass: 33 (31%), Expected = 49

Edge: 51 (48%), Expected = 36
Woods: 23 (21%), Expected = 21

DF: 2, Chi-sq 12.343, p = .0021

and Storeria dekayi, showed a clear pattern of use of Edge
habitat during early March, moved into the Grass habitat
from Edge and Woods stations by mid— to late March, and
then retreated to Edge and Woods habitats in Fall. By late
October, they were absent at Grass stations. By late March,
D. punctatus was common at all stations and remained the
most frequently encountered species at Grass stations
through summer. Diadophis punctatus far outnumbered
(Table 3) all other species studied in this population. This is
consistent with Fitch (1975).

Clark (1970) refers to this seasonality in passing, saying
that "unpublished data [from FNHR] ...show Diadophis to
be wide ranging and a common inhabitant of grasslands
during the summer months," and also (p. 106) that the
"drop in frequency of observation [within C. vermis habitat]
of Ringnecks in May is probably due primarily to their mov-
ing out into other areas, while the rise in October is due to
their return."

Fitch (1982) categorized Storeria dekayi as an edge
species, Carphophis vermis as primarily a forest one, and
Thamnophis sirtalis as aquatic-riparian. In the present
study, seasonally pooled S. dekayi records occurred across
all habitat types with no significant difference from shelter
distribution (Table 3). Fitch (1999) later indicated that this
species seemed to avoid only grazed pasture with very
short vegetation height, and inferred that it preferred "dense
vegetation in damp places."
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Figure 2a. Circles show capture stations during 2006—2007 for Vir-
ginia valeriae at the study site in Jefferson County, Kansas.

All of Clark's (1970) Carphophis vermis collecting sites
were characterized by rocky, wooded slopes or (Clark
1970: Plate 4) one site with mixed grass-woody vegetation
and evidence of previously wooded habitat. While most of
my observations of C. vermis conform to habitats noted by
Clark (1970), the species was commonly recorded in the
Grass habitat (Table 3, Figure 2c), which was surprising to
Fitch (pers. comm) during several collecting rounds.

A pictorial "flip book" of seasonal use of the different
habitat types by the species discussed here is available at

http://people.ku.edu/~gpisani/flipbook.pps
Movements and Recaptures

Recaptures of marked snakes (Virginia valeriae and
Storeria dekayi) allow some conclusions to be drawn about
seasonal habitat use as well as site fidelity and to a lesser
extent home range. This last is the most elusive when sam-
pling with shelters, as encounters with animals rely far more
on chance than when using techniques such as tantalum

Figure 2b. Circles show capture stations during 2006—-2007 for
Storeria dekayi at the study site in Jefferson County, Kansas.

tagging (Clark and Fleet 1976). Not only does home range
commonly vary in snakes by species, but also varies within
species by sex, age and season, making generalities at
best weak and at worst terribly misleading. My approach
here, therefore, will be very conservative and will omit the
seemingly traditional drawings of circles and polygons with
attendant statistical manipulation of sparse data.

Storeria dekayi

Fitch (1999) felt that Storeria dekayi demonstrated
greater vagility than Diadophis punctatus, and also noted
that population size was hard to estimate; of 172 marked
specimens, he found just 3 recaptures (Table 4) from
1948-1997. He remarked (p. 111) that capture "[R]ecords .
.. have averaged less than five per year during the decades
of the study." A limited radiotagging study indicated that dai-
ly movements greater than 30 m were common. Snakes
in his study were generally active from mid-March to early
November.

In the present study between September 2006 and No-
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Figure 2c. Circles show capture stations during 2006—2007 for Car-
phophis vermis at the study site in Jefferson County, Kansas.

vember 2008, | marked a total of 89 Storeria dekayi, with
32 recaptures after first capture and observed 3 escapes
(habitat recorded) for a total of 124 records. S. dekayi con-
sistently has been among the first species to emerge from
hibernation, and often was the first — the earliest noted
activity date in 2009 was 10 February (Pisani and Pittman
2009). Average movement distance of males and females
was similar (Table 5) and roughly comparable to the esti-
mate provided by Fitch (1999). Most recaptures involved
movements of less than 30 m.

Seven (3 female, 4 male) of 19 Storeria dekayi with mul-
tiple recaptures were encountered at the same shelter sta-
tion, often for prolonged periods of time (Appendix 1). For
example, a 216 mm (SVL) gravid female was recorded at
the same Grass tin five times in 2007 (June 14, 16, 29;
July 6, 8) — no doubt having found a site with temperature
favorable to embryonic development. Another female (255
mm SVL) with five recaptures, first encountered (9 Novem-
ber 2006) at a Woods shelter on the west side of the tract,
was recaptured at a Woods shelter 20 m N (16 May 2007),
and was visibly gravid at that time. She remained at that

Figure 2d. Circles show capture stations during 2006—2007 for
Thamnophis sirtalis at the study site in Jefferson County, Kansas.

shelter until 19 May and on 25 May was captured 110 m
N beneath an Edge tin on the N side of the tract. In 6 days
she had gained 16% in mass. It is unknown if she fed in this
interval — | felt that palping for food would have damaged
developing embryos, and so didn't.

The longest movements of male Storeria dekayi (190
mm and 215 mm SVL, respectively) were 125 m from an
Edge to a Grass shelter between 10 March and 17 May
2007, and 50 m from an Edge to a Grass shelter between
17-27 March and 17 April 2007.

These males came from opposite directions and were
captured 17 April at the same Grass station used by the 216
mm SVL gravid female described above. The female was
not observed that date and may not have been in the vicin-
ity. She also could have been concealed in thatch beneath
the shelter or adjacent to it.

Most same-station recaptures were the next day or with-
in 3 days, and many were associated with fall and spring
aggregations at or near an active nest of ants (Formica sub-
sericea) used as a regular hibernaculum by several snake
species (Pisani 2009).
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Table 4. Movements of marked Storeria dekayi (from Fitch
1999).

Date Interval and distance

Date not given
Date not given
2nd year male 4/16/66

Next day about 15 m
386 days, 60 m
19 days later, 37.5 m

Diadophis punctatus

Fitch (1975) provided an extensive overview of move-
ments in this species, and recorded movements up to 70
m in 1-5 day intervals. He noted a general trend towards
progressively longer distance moved with increased time
between captures, and suggested that over time different
snakes were fluid in their use of habitat. This species shows
pronounced aggregative tendencies (Dundee and Miller
1968) not observed in Virginia valeriae or Storeria dekayi.

Virginia valeriae

Forty-eight Virginia valeriae were marked in the 2006—
2008 study interval, with 46 recaptures after first capture for
a total of 94 records. Sixteen snakes were recaptured one
or more times and in various habitats (Appendix 1). Most
recaptures (69%) involved snakes at the same station, and
as with Storeria dekayi, often occurred over prolonged peri-
ods of time. A large female (315 mm SVL) was captured 14
times between mid-March and mid-April 2007 beneath ply-
wood at the same Edge station in the northwest corner of
the tract. A 205 mm (SVL) male was recaptured 8 times at
the same Edge station on the north perimeter of the tract.

Two males (SVLs 212 mm, 203 mm) moved a consider-
able distance, both during spring 2007; these movements
could have been associated with mate searching, though
that is unproven. These movements were, respectively, 65
m SE from an Edge to a Grass shelter between 10 March
and 25 March 2007 (after remaining at that station March
26th and 29th the snake was encountered at another Grass
station 100 m west on April 3rd), and 45 m S from one Grass
shelter to another between 16 March and 21 March 2007
(this male again was encountered at that Grass shelter on
23 March).

Two females (SVLs 295 mm, 320 mm) moved (60 m
S and 20 m W, respectively) between Grass shelters dur-
ing April-May 2007. Though the moves were to the same
shelter (Grass Station 8), the snakes were not observed
together.

Based upon these limited records, males seem to move
more than females during spring, possibly associated with
mate searching, as is typical of natricid snakes in general.
The high percentage of same-station recaptures seems
principally to be due to snakes leaving or returning to hiber-
nacula. When only males (for which same-station recapture
dates are comparable) are compared, the data suggest
that Virginia valeriae is a less vagile species than Storeria
dekayi. However, the numbers are too small to compare
statistically with any degree of confidence in the biological
significance of the results.

Todd et al. (2008) summarized 36 years of data on the
eastern race of Virginia valeriae, which were collected in

Table 5. Average movements of Storeria dekayi (this study).

Females
Males

Mean =55 m (20-150 m), n =6
Mean =48 m (20-100 m), n=6

n.s. paired t-Test, p = 0.3657

South Carolina using several methods. Of 222 marked Vir-
ginia valeriae valeriae, only one female was recaptured.
Their data plus other studies of V. v. valeriae suggest a
bimodal (spring, fall) activity season for this eastern race,
though they indicate that snakes were "frequently captured
in all warm months." While abundance of V. valeriae and
Storeria dekayi in my study could be described as bimodal
(Figure 3a,b), it is unclear (see below — datalogger analy-
ses) if this is simply an artifact due to a less attractive mi-
croclimate beneath shelters during warmer months. Also,
Todd et al. (2008) used pooled data from multiple collection
methods gathered over a greater time span which undoubt-
edly decreases collecting bias.

What is apparent from Figure 3a,b is that the proportion
of male V. valeriae observed in my study decreased mark-
edly in April and May, becoming more nearly equal again
in October and November. For S. dekayi this decrease in
male captures occurred a month later. | believe that this
reflects affinity of gravid females for the relatively warmer
microclimate beneath shelters during late spring and early
summer, making them more likely to be observed.

Reproductive mode may also affect seasonal shelter use.
In contrast with the oviparous Carphophis vermis, which
was captured during all March—October months except
August (Figure 3c), no Virginia valeriae (viviparous) were
captured during July—August. For Storeria dekayi (also vi-
viparous), this gap in the data occurred August—September.
Since most V. valeriae and S. dekayi summer records were
of gravid females, it is possible that these snakes sought
cooler microclimates in which to deliver litters. Soil beneath
several Grass shelters and adjacent thatch typically dried
during summer, with deep cracks evident. These cracks
would have afforded ready access to a presumably cooler
microclimate, though it is not known if snakes used them.
More reclusive female behavior during birthing also may
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Figure 3a. Captures of male and female Virginia valeriae by month
during 2007 (no captures in July—August).
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Figure 3b. Captures of male and female Storeria dekayi by month
during 2007 (no captures in August—September).

reduce predation risk to neonates. As noted below (Tem-
perature Relations), V. valeriae and S. dekayi are not only
cool-tolerant, but (except for gravid females) seem to have
lower preferred body temperatures than other species.

Carphophis vermis

Fifty-eight Carphophis vermis were marked, with 52 re-
captures after first capture (most at same place) for a total
of 110 records.

Of 16 snakes with multiple recaptures, 10 (2 male, 8 fe-
male) were at the same shelter and 2 others (1 male, 1
female) differed by 10 m between capture points. One of
these latter (female, 290 mm SVL at first capture, 305mm
SVL at last capture) was caught (on 8 and 16 May 2007
plus 1 May 2008) at the same Edge station. On 7 Septem-
ber 2008, she was again observed 10 m N at a Woods sta-
tion.

Another female (332 mm SVL) was recorded at the
same Woods shelter 12 times between 9-23 March 2007.
On 9 April 2008, she was collected at an Edge station 60
m north of her 2007 records and was again observed (17
April 2008) 40 m east at a Grass station. A third female,
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Figure 3c. Captures of male and female Carphophis vermis by
month during 2007 (no captures in August).

328 mm SVL, recorded (26 and 27 March 2007) at an edge
station 20 m N of the female mentioned above had by 19
April moved to a Grass station 45 m NE where she also was
captured on April 24th, 28th, and May 8. A male (267 mm
SVL) observed at a Grass station 24 April 2007 was in 2008
observed twice (May 8, 12) 90 m N at an Edge station.

As with Virginia valeriae, these data are insufficient to
provide any biologically significant home range or sexually
differentiated movement generalities, but all (Appendix 1)
are consistent with data for resident snakes (as opposed
to his introduced ones) in Clark's (1970) study of this spe-
cies.

Thamnophis sirtalis

While not a principal focus species for this study, 82
Thamnophis sirtalis were marked, with 36 recaptures after
first capture. Four escaped capture (habitat recorded), and
in 2006 eleven were released unmarked (habitat recorded)
for a total 123 records. Unsurprisingly (cf. Fitch 1999), T.
sirtalis was far more vagile than Virginia valeriae, Storeria
dekayi, or Carphophis vermis. Only 2 of 7 males (both ca
430 mm SVL) and no females were collected at the same
shelter multiple times (Appendix 1). Male versus female
movements (n = 18 versus 5) were not statistically different
(67.8 m range 20—180 m, and 83 m range 20-120 m; s.e.*
14.5 and 10.7) in this small sample.

Thamnophis sirtalis having incomplete tails (6 of 32
male: 4 of 50 female) ranged from 420-570 mm SVL. Fitch
(1999) discussed tail autotomy as an anti-predator mecha-
nism in T. sirtalis.

Food and Feeding

The earliest defecations observed (2007) during field
handling were: Virginia valeriae: March 16 and 26; Storeria
dekayi: March 17 and 23. The earliest collection date (both
species) was March 10, indicating that by 1-2 weeks after
emergence snakes were feeding.

Fitch (1975:24) cited his own data and that of others to
estimate that the average residence time of an earthworm
meal in Diadophis punctatus was ca. 4 days at 25°C. Com-
parable data on Storeria and Virginia are not available, but
this estimate seems reasonable for these genera at similar
temperature regimes. Thus, it can be inferred that snakes in
the present study began successful foraging and digestion
very soon after emergence from hibernation.

The diet of Virginia valeriae (n = 12 scats) collected in
this study consisted solely of earthworms. Scat samples
from Storeria dekayi (n = 6) contained earthworm setae in
all but one sample which contained unidentifiable exoskel-
etal remains. This is consistent with previously published
research with these species (Fitch 1999; Cervone 1983).
Several D. punctatus scats (n = 5) were also collected op-
portunistically during March 2007. Most identifiable mate-
rial indicated a diet of earthworms (consistent with Fitch
1975); one sample contained unidentifiable exoskeletal
fragments.

Scats containing setae also contained considerable
amounts of soil and partially digested plant material consis-
tent with an earthworm diet.

Journal of Kansas Herpetology Number 32 (December 2009) 27



Bradford (1973) observed one wild-caught male Virginia
striatula in the act of consuming eggs of an unidentified
species of ant, and remarked that "[a] few ants were on the
snake but did not appear to have been biting him." All other
Virginia in Bradford's study consumed earthworms. While
V. striatula is a species distinct from V. valeriae, given the
close association with ants noted for V. valeriae it is not
impossible that this species (especially juveniles for which
data are especially lacking) also on occasion consumes ant
eggs and/or pupae.

Endoparasites

Observed incidences of endoparasitism were low. One
adult Storeria dekayi (of 6 scats from that species) contained
rhabditiform larvae (Goldberg pers. comm.) that could not
be identified to genus. Similarly, one of 12 Virginia valeriae
scats contained rhabditiform larvae. Three other V. valeriae
and one S. dekayi were observed with soft, subcutaneous
masses. These were biopsied in the field. The contents
tentatively were identified as metacercariae, but no further
identification could be made (Goldberg pers. comm.).

Temperature and Humidity Relations
Environment from Dataloggers

Deployment in this study of a relatively small number of
dataloggers was insufficient to provide any detailed charac-
terization of habitats across the study tract. However, one
valuable pattern observed involved relative humidity (rH) at
Station 40, a representative Grass station (Figure 1b; Table
6). ANOVA analysis of datalogger humidity records evalu-
ated differences among environments and times of day
while removing the variation among days. This indicated
that ground level grass thatch at this station was consis-
tently more humid than either of the shelters (tin or wood).
Wood was consistently the least humid, but tin was insignifi-
cantly different from grass at night and in early morning; this
latter condition perhaps was due to a condensation effect
beneath tin as it cools, whereas wood has a tendency to ab-
sorb moisture as well as release it. A significant interaction
term indicated that the differences among environments dif-
fered with time of day. Also, the residuals from these models
were autocorrelated, meaning that the standard errors are
gross underestimates. This did not affect the overall pattern
to the humidity data, nor did it affect the means.

As elaborated in sections above and below, these data
suggest that the apparent seasonal bimodality of activity |
observed for Virginia valeriae and Storeria dekayi may sim-
ply be an artifact of shelter sampling. These species may
very well have been in the more humid natural habitat ad-
jacent to a number of shelters where | observed them at
various times during summer.

A second 2-way ANOVA was used to compare (Table
7) humidities at ground level in natural habitat at three dif-
ferent stations: 40 (a Grass station), 60 (an Edge station
largely shaded from morning sun), and 22 (an Edge station
generally exposed to sunlight from 9 am to sunset). Humid-
ity varied with both site and time of day, but there was no
interaction, indicating that basically the differences among

Table 6. ANOVA for humidity at Station 40 beneath tin and
wood shelters vs. adjacent grass thatch. All data pooled (rH-p) and
pooled by time-of-day hour (TOD).

Means
n rH-p (%) TOD n rH-TOD (%)
Grass 536 93.594 0000 402 86.518
Tin 536 86.101 0600 402 86.065
Wood 536 62.818 1200 402 74.252
1800 402 76.515
Source DF SS MS F P
Gr_Tn_Wd 2 276103.4 138051.7 250.46 0.000
Time of day 3 48898.8 16299.6 29.57 0.000
Gr_Tn_Wd 6 28589.8 4765.0 8.64 0.000
(x Time of day)
Day 133 262668.8 1975.0 3.58 0.000
Error 1463 806401.8 551.2
Total 1607 1422662.5

S=234776 R-Sq=43.32% R-Sq (adj) = 37.74%

sites were consistent for all four times and the differences
among times were the same among all sites. Unsurpris-
ingly, the graphs show that at all locations humidities were
highest at dawn and midnight and lower at 6 pm and noon.
Tukey 95% Simultaneous Confidence Intervals (All Pairwise
Comparisons among Stations and Times) confirmed pat-
terns evident in the ANOVA. While these particular pooled
data are well within the range recorded by other authors for
these snake species, the analyses again suggest the need
for caution (at least when sampling with shelters) in ascrib-
ing seasonally bimodal snake activity based upon bimodal
observational data.

Seasonally pooled temperature data beneath wood
shelters at three stations with different exposures were
compared using 2-way ANOVA. Temperature varied with
both site and time of day, with a significant interaction, indi-
cating that the differences among the sites depended upon
time of day (lower at midnight and 6 am; higher at noon and
6 pm). While statistically significant, these pooled data are
of minimal biological meaning, as gross variation in pooled
temperature was less than 3°C and no snake sampling was
conducted between 6 pm and 6 am. Daily and seasonal
temperature cycles were more important to locating snakes
beneath shelters (see models in Grant et al., 1992).

Temperature, Humidity and Snakes

Because temperatures beneath tin and wood shelters
tended to be considerably warmer than air temperatures
(thus affecting snake body temperatures, Tb) during most
sampling periods, no attempt was made to record Tb of
captured snakes, nor to draw conclusions about minimum
activity temperatures. However, as noted above, Virginia
valeriae and Storeria dekayi consistently were the earliest
species observed to be active. While specimens of Diado-
phis punctatus and Carphophis vermis also were observed
during the first week of March 2007, D. punctatus did not
reach a level of activity comparable to that of V. valeriae
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or S. dekayi until the third week of March, followed a week
later by C. vermis.

Data from this and other studies indicate that Virginia
valeriae is relatively cold-tolerant, and is active at temper-
atures inhibiting activity in most other genera. Fitch (1956)
reported the captive survival and activity of a juvenile V.
[Haldea] valeriae at near-freezing temperatures that were
fatal to Diadophis punctatus housed with it. Cervone
(1983) recorded adult Virginia v. pulchra active in March,
and in April recorded body temperatures for both sexes of
8.6-8.8°C. Fitch (1975) noted one low activity tempera-
ture for D. punctatus of 11.7°C, with most lower-level read-
ings around 15°C. The majority of his records clustered
between 26-30°C (mean 26.6), with most D. punctatus
having a Tb above ambient. Clark (1970) indicated that
Carphophis vermis had a broad range of activity tempera-
ture, and cited Fitch (1956) "average and maximum body
temperatures [of C. vermis] were markedly lower than
those of any other kind of reptile studied." While activity of
these species generally occurred later than that of Store-
ria dekayi or V. valeriae, in 2007 an adult female C. vermis
and a juvenile D. punctatus were the first two snakes |
observed (on March 9).

By late March in this study, Diadophis punctatus com-
monly were recorded beneath shelters in grass and edge
habitats, and by late April they were the dominant species
recorded beneath shelters in all habitats, especially when
shelters were checked in the afternoon (when temperatures
were highest). Temperatures recorded in grass thatch ca. 2
cm beneath shelters, receiving even indirect insolation, not
unexpectedly exceeded nearby air temperatures. In early
March, the difference by 1300 hr CST would commonly be
ca. 12°C higher beneath tin and 4°C higher beneath wood
at the Edge transects, and by early April 2007 these differ-
ences at the same general time of day could exceed 14°C.
D. punctatus of both sexes and several age classes not
uncommonly were found beneath shelters when April tem-
peratures exceeded 31°C. By early June, when (raw data
from Loggers) mid-day temperatures beneath Grass and
Edge tin and wood regularly reached 35°C or above, no
herpetofauna were observed beneath shelters, whereas if
transects were checked in early morning up to 1000 hrs
CDST, D. punctatus, Thamnophis sirtalis, and Coluber
constrictor would predictably be seen, and to lesser extent
Storeria dekayi (almost all female and most gravid). Col-
lecting time plus cloud cover and air temperature combine

Table 7. Datalogger humidity variation by station (Woods, Edge, and Grass) and time-of-day. SD = standard deviation.

Individual 95% confidence intervals for mean based on pooled SD

Station Time n Mean SD
------- R e e
22 6 am 134 99.11 3.17 [
22 6 pm 134 92.42 11.38 (----%----)
22 Midnight 134 97.97 4.89 (==--%---9)
22 Noon 134 90.97 12.62 (----%----)
40 6 am 134 97.05 9.70 (----%----)
40 6 pm 134 91.69 13.50 (-=--%----)
40 Midnight 134 97.57 7.73 (==--%---9)
40 Noon 134 88.07 20.65 (--------)
60 6 am 134 97.67 6.48 (=--%---9)
60 6 pm 134 89.76 17.59 (-==--%----)
60 Midnight 134 96.68 7.37 (==--%---7)
60 Noon 134 89.27 18.26 (----%----)
------- R e e
88.0 92.0 96.0 100.0
Individual 95% confidence intervals for mean based on pooled SD by time of day
Time of Day Mean
------- R e e
6 am 97.9450 (---%----)
6 pm 91.2913 (---%---)
Midnight 97.4057 (---%---)
Noon 89.4351 (---%---)
------- R e e
90.0 93.0 96.0 99.0
Individual 95% confidence intervals for mean based on pooled SD by station
Station Mean
------- R e e
22 95.1162 (--------- ke mmm e )
40 93.5938 (=== Kmmmmmmmo )
60 93.3478 (--------- P R )
------- R e e
93.0 94.0 95.0 96.0
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to introduce complex collecting bias when using shelters
(Grant et al., 1992). In this study, such bias was minimized
by varying collection times and shifting effort to early morn-
ing on May—August days with low cloud cover. Even so,
observations of Virginia valeriae declined greatly between
May—August. However, the few recaptures occurring during
these months suggested that V. valeriae moved beneath
nearby grass thatch where datalogger rH records were
generally higher than under shelters. Cervone (1983) found
gravid Virginia v. pulchra under rocks in areas of mean rH
of 86.2% (n = 163, range 44—100%).

Sudden drops in temperature during early and late activ-
ity seasons resulted in some mortality. During my regular
shelter checks, four dead Diadophis punctatus were seen
in late October 2007, and one dead Storeria dekayi in April
2008. The snakes bore no sign of external injury; they pre-
sumably were killed by sudden temperature decreases the
preceding evenings.

Defense

Aggression in small snake species is poorly document-
ed, with repellant musk being the most commonly reported
defense mechanism. Thus, it is useful to collect here the
very few observations of aggression in Virginia valeriae.
Todd (2008) noted a threat display by a male (111 mm SVL)
V. v. valeriae in South Carolina. Cervone (1983) reported
that two gravid females of the closely related V. v. pulchra
flattened their bodies, drew back lips and gaped when han-
dled. In the course of my study, | noted one bite attempt by
a female (236 mm SVL) on her 3rd capture in spring 2007.

While an anthropocentric view of aggression by such
small species may consider such to be of questionable ef-
fectiveness in avoiding predation, effectiveness must be
viewed in the context of potential predators. Fitch (1975)
thoroughly reviewed the predators of Diadophis punctatus.
As a number of those predators reach considerably greater
mass than adults of any of the small snake species | ob-
served, they must be considered potential predators of any
small snakes, as well as juveniles of some others that at-
tain large adult size. In all probability, the secretive nature
of Virginia, Storeria, Diadophis, and similar-size species
make many large predators reasonably infrequent threats
to small snakes that spend most of their lives beneath
plant litter. However, several small mammals quite com-
mon in the habitats reported here are potential predators
on these snakes, of which the one with the largest (and
presumably best developed) eyes is Peromyscus leucopus,
noted by Fitch (1975) to prey upon D. punctatus. P. leuco-
pus occurred in all habitats (with seasonal variation) in my
transects. It therefore is not far-fetched that selection has
preserved the lip curling and more overt aggressive display
noted here and by other authors.

Additionally, when illumination allows, Virginia and some
other small snake genera make extensive use of vision dur-
ing predator encounters with other snakes (Pisani, unpub-
lished), with both predator and potential prey keying upon
the movements of each other. This raises the intriguing
question of aggressive displays by adult or juvenile snakes
also being effective, even momentarily, against attack by
snakes or larger lizards.

Fitch (1975:23) discussed the euryphagous habits of the
genus Diadophis throughout its range and remarked that it
was therefore unusual for the large sample of Diadophis in
his study to feed almost exclusively on earthworms. Fitch's
study area and mine are contiguous, and it appears that
earthworms are an abundant, nutritious food resource that
in all but perhaps the driest periods are not a limiting fac-
tor (see for discussion MacDonald 1983). However, Chris-
tiansen (1973) mentioned finding one Virginia valeriae in
the stomach of a D. punctatus. That specimen was collect-
ed "along a stream in a grazed woodland," and presumably
had access to earthworms. Therefore the genus must be
considered at least a potential, and abundant, predator of
sympatric Virginia and Storeria dekayi.

Reproduction

Fitch (1999: 112) described Storeria dekayi as “notable
for early birth dates, made possible by cold tolerance with
early emergence from hibernation.” The few published re-
cords of birth dates for Virginia valeriae elegans through-
out its range (Smith 1961, Dundee and Rossman 1989)
and the closely related V. v. pulchra (Cervone 1983; Pisani
1971) suggest that the same applies to Kansas V. vale-
riae. Both Bradford (1973) and Fitch (1970) relied upon
earlier-published records of V. valeriae births in early or
mid-August.

While | collected juveniles of Storeria dekayi and Vir-
ginia valeriae, | hesitate to label these as neonates sensu
stricto. | observed just one young-of-the-year V. valeriae in
2007— a female, 105 mm SVL, captured twice at a Woods
station (on 29 September and 1 October). Another female
(112 mm SVL) apparently of the 2006 cohort was collected
at Grass Station 8 on 21 March 2007. At Station 8, | col-
lected two gravid female V. valeriae (one of which also was
recaptured) in May and June 2007; the 105 mm juvenile
was collected not far away.

While no conclusions can be drawn from such a small
number of snakes, both stations were on the northwest
side of the tract, which features a shallow, northwest-facing
slope. As such, it received less direct summer insolation
than other exposures, though | did not include measure-
ments of that in my study. It is possible that the exposure
afforded a slightly cooler August temperature regime and
may have been attractive to pre-parturient female Virginia
valeriae, but this is speculative.

Bradford (1973) measured ten preserved neonate Vir-
ginia valeriae (5 males, 5 females) from Missouri that were
collected during July—September. Exact localities were not
given. Mean neonate SVLs did not indicate sexual dimor-
phism at birth (males 9.0 cm, females 8.6 cm). The earliest
embryo Bradford observed was in a female collected May
11. Bradford’s histological work indicated that sperm pro-
duction peaked in July and that sperm were seen in female
reproductive tracts in both March—April and September—
October. | observed neither courtship nor mating in V. val-
eriae or Storeria dekayi, but Bradford’s observations com-
bined with Cervone’s (1983) observation of spring and fall
mating in V. v. pulchra suggest that Kansas V. valeriae may
mate in spring or fall.
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Population Estimates

Fitch (1999) suggested a density of 42/hectare for Store-
ria dekayi but qualified the very tentative nature of this esti-
mate due to the low number captured over 50 years. Fitch
calculated that his captures, and therefore S. dekayi abun-
dance, were only 3.3% of those for Diadophis punctatus. In
this study, that value is 4.4% (24.4/hectare) for S. dekayi
and 3.3% (18.3/hectare) for Virginia valeriae.

Analyzing the full individual recapture data for animals
marked in this study indicates a density for Storeria dekayi
close to Fitch's estimate: total population 160 (32/hectare),
95% confidence, range = 136-210, s.e. 18.22, mean prob-
ability of capture = 0.0206.

The corresponding analysis for Virginia valeriae is lower,
though confidence limits of the two species overlap: total
population 97 (19.4/hectare), 95% confidence, range 65—
178, s.e. 27.2, mean probability of capture = 0.0171.

Fitch (1999: 112) noted that the vagility of Storeria de-
kayi was greater than that of Diadophis punctatus, and that
this likely affected trap captures. S. dekayi seems also to be
more vagile than Virginia valeriae; probabilities of capture
are not significantly different in this study (unpaired t-value
=0.796, p = 0.4278).

DISCUSSION and CONCLUSIONS

The most common ophidian associates of Virginia valeri-
ae observed in this study are Diadophis punctatus, Storeria
dekayi, Thamnophis sirtalis, and Carphophis vermis. This
corroborates observations by other authors for the spe-
cies (or the closely related V. v. pulchra) in other parts of its
range (Christiansen 1973; Cervone 1983).

Cumulatively, data from this study, others done by Fitch
in adjacent tracts, and ones done in other parts of the range
of these species indicate that Virginia valeriae and Storeria
dekayi are active at cool temperatures, and are among the
very first (if not the first) eastern Kansas snakes to emerge
from hibernation. By early April, both species have dis-
persed from hibernation sites. Cool early March weather is
often regarded as unsuited to snake collecting and obser-
vation, though it may in fact be optimum weather for locat-
ing species in these two genera.

Early emergence, relatively short gestation, and activity
at temperatures lower than is optimum for sympatric small
vermivorous snakes facilitates the early parturition typical
of Virginia valeriae and Storeria dekayi. Additionally, neo-
nate SVL and mass (as percents of those of the female par-
ent) of both species are considerably greater than similar
values for sympatric surface-feeding vermivorous snakes
(Fitch 1999: 140; Cervone 1983: 147; Pisani 1971). Neo-
nates grow rapidly in the first few months, and add at least
20 percent SVL by hibernation. These important resource
partitioning elements headstart neonates of these species
in having access to a critical, but more restricted, food re-
source (small earthworms) than is available to older snakes
with concomitantly larger gape. Larger vermivorous snakes
can (and not unexpectedly do) opportunistically consume a
spectrum of worm size-classes (Fitch unpublished; Pisani
unpublished). In this study, a 570 mm SVL female Tham-
nophis sirtalis, captured October 2007, disgorged an adult

Pseudacris maculata and 5 earthworms ranging in length
from 3.8-7.6cm.

While several authors (c.f. Fitzgerald 1994) have stated
that Virginia valeriae feeds at night, there has been no evi-
dence presented that this is their sole behavior. While they
very well may consume food at night, there is no reason to
believe they would not forage at any other time as well. The
dense grass thatch described in this study would seem to
provide excellent refuge and foraging opportunity indepen-
dent of time-of-day.

Fitch (1999) observed that Kansas Storeria dekayi ne-
onates were larger than those from the state of Virginia
(Mitchell 1994), which were 59 percent of the weight of
Kansas ones. This could reflect different selection pres-
sures affecting the two races of this widespread species,
or could simply represent feeding success of particular fe-
males widely separated in time and place. No similar differ-
ence has been noted for Virginia valeriae.

In my study, both Virginia valeriae and Storeria dekayi
made extensive use of tall grass habitat during their ac-
tivity seasons. In particular, V. valeriae in this population
made far more use of this habitat, seasonally, than previ-
ously reported. Woodland in this study was used primarily
for available hibernation sites, with little occurrence of V.
valeriae in woodland between April and September. This
pattern most likely is associated with food availability. An
observation of Fitzgerald (1994: 42) is instructive: Virginia
valeriae "[c]apture success increased as canopy cover in-
creased and decreased as [leaf] litter increased." Her site
has high density of large oaks, and tannins may have re-
duced availability of earthworms. Satchell (1983) and Zicsi
(1983) showed that in Europe oak litter was not a preferred
earthworm food source for the lumbricid genera introduced
in North America and common through eastern Kansas.
This remains speculative, as Fitzgerald's sample size of 12
limited her conclusions.

Habitat within the rectangular north part of the tract was
not uniform, which was correlated with occurrence of Virgin-
ia valeriae, Carphophis vermis, and Storeria dekayi. As can
be seen in Figure 2a—d, no captures of these species oc-
curred in the southeast corner of that tract, which had been
invaded by woody species— mainly Blackberry (Rubus
ostryifolius) and Coralberry (Symphoricarpos orbiculatus).
This may have offered unfavorable microhabitat for small
vermivores. The more generalist Thamnophis sirtalis often
was captured there. Very few T. sirtalis (4 of 107 records
2006-2007) and no Coluber constrictor were observed in
the triangular south part of the tract. This is peculiar given
that these highly vagile species commonly were observed
in the north part. Just one female T. sirtalis (470 mm SVL)
crossed the ca 10 m disturbed strip between the two areas
in 2006—2007, moving from the SE edge of the lower part to
the general center of the grass in the north part in early Oc-
tober 2007. The earliest 2007 T. sirtalis records suggested
that the majority of this species entered the area from the
northwest corner of the tract where the topography drops
off along a wooded, rocky, west-facing ledge. Fitch (1999)
estimated average home ranges for adult T. sirtalis at ca
0.54 ha, and it is therefore possible that the home ranges
of these snakes all were within the north area and adjacent
woods.
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The observation that no Virginia valeriae, Carphophis
vermis, and Storeria dekayi recaptures occurred across the
disturbed strip, despite abundant records north and south
of it, suggests that even this small span of disturbed habitat
served as an effective barrier to movement of these spe-
cies. As part of ongoing prairie management of this and ad-
jacent grassland tracts, the entire area was burned on 18
March 2009. Continued study should clarify some of these
issues.

Land management, Earthworms,
and Snake Populations

Earthworms are an abundant, high quality food resource
for many vertebrates, and though snake studies are lack-
ing, mammalian studies indicate that earthworms of various
genera provide a high-protein diet rich in essential amino
acids (Mattson, et al. 2002; Sabine 1983).

Populations of vermivorous snakes are very susceptible
to land use and management practices insofar as these af-
fect established hibernacula and availability of earthworm
prey. Northeast Kansas Diadophis punctatus, Virginia val-
eriae, Carphophis vermis and Storeria dekayi all feed pre-
dominantly on earthworms of various species. While C.
vermis is a highly specialized burrower capable of active
tunneling to forage, V. valeriae is far more a surface for-
ager that opportunistically uses burrows and soil interstic-
es. Cervone (1983) characterized the soil of V. v. pulchra
habitat as loamy sand to clay well-drained soils (3.2-30.3%
[mean 10.6%] soil moisture) that support persistence of un-
derground tunnels. Cervone (1983) also kept V. v. pulchra
adults on a variety of soils in the lab; none showed any ten-
dency to burrow, instead remaining on the surface beneath
available cover objects. While similar studies have not been
done with D. punctatus, S. dekayi, or the other races of V.
valeriae, the generally rounded, elliptical head shapes of
these snakes suggest that they too are surface feeders.

The foraging success of surface-feeding vermivorous
snakes is closely bound to the ecology (and hence vulner-
ability) of earthworms across habitats. The relationship
between dense vegetative ground litter (especially grass
thatch), availability of organic nutrients, and surface mois-
ture on earthworm abundance at the surface is apparent
from other studies. Uncultivated grassland supports up to
three times the population of lumbricid worms than does
cultivated soil (Lofs-Holman 1983), which was directly re-
lated to more available organic material in thatch. Other
relevant aspects of worm ecology are that uncultivated
grassland supports up to four times the population of lum-
bricid worms than does dry upland woods with minimal leaf
litter and, as mentioned above, oak litter is less palatable to
many genera of worms than is litter from plants lacking tan-
nin (Satchell 1983; Zicsi 1983). | lacked time and resources
to sample earthworm populations in the woodland adjoining
my study area, but its characteristics warrant application of
the observations of these authors. Reduced populations of
surface-feeding worms may be expected to have concomi-
tant effect upon foraging snakes in Woods transects.

Historical land use practices affect both abundance
and diversity of earthworms. James (1988) found that in
tallgrass prairie, biomass of native prairie species of earth-

worms (Diplocardia), which feed below ground, increased
considerably with burning, while that of the surface-feeding
introduced European Aporrectodea turgida decreased.
Lofs-Holman (1983) indicated that burning greatly reduces
thatch, which lowers lumbricid worm reproductive success
(via much-reduced juvenile survival). Related studies (Ed-
wards 1983) showed that regular cultivation destroys the
upper parts of the relatively permanent burrows of adults of
larger, surface-feeding worm species (Lumbricus terrestris,
Allolobophora sp.) used as food by Carphophis, Virginia,
and other eastern Kansas snakes. Setser and Cavitt (2003)
found that Thamnophis sirtalis (largely vermivorous espe-
cially in younger age cohorts) was frequently observed in
long-term unburned Kansas prairie but was not in burned
tracts until late in the season after grass cover had regrown.
They suggested increased predation risk and less favorable
thermal regimes in burned vs. unburned tracts as potential
reasons for their results, and certainly these factors are op-
erant to an extent. But in light of the above-mentioned ef-
fects of burns on lumbricid worm abundance, poor foraging
opportunity for snakes well may be a major factor.

Wilgers and Horne (2006) noted that “four small-bodied
earthworm-eating snakes (D. punctatus, S. dekayi, T. linea-
tum, and C. vermis) were found in much lower abundances
than expected in the two higher-burn frequencies [interme-
diate and annual] . . .”; in particular, they found that Diado-
phis punctatus "significantly preferred long-term unburned
habitat . . ." and ascribed this tendency to higher soil mois-
ture and greater earthworm availability in unburned habi-
tat. Storeria dekayi is far more resistant to dessication than
D. punctatus (Elick and Sealander 1972; Cervone 1983),
suggesting that the role of soil moisture in affecting worm
abundance at the soil surface, coupled with more thatch for
worm food and snake concealment in less frequently burned
tracts, are more important to these two surface-feeding
snake species than soil moisture alone acting directly upon
snakes. Virginia valeriae is equivalent to S. dekayi in desic-
cation resistance (Elick and Sealander 1972). Carphophis
vermis is an adept burrower, readily able to seek prey be-
neath the surface, though such foraging in burned tracts
would reduce its visibility to investigators.

Land use practices such as haying and mowing have im-
pacts similar to those of burning. Regular haying removes
almost as much organic matter as burning, and can lead
to lower lumbricid worm production and/or shifts in species
composition towards smaller worm species (Lofs-Holman
1983). Kjoss and Litvaitis (2001) found Storeria dekayi and
S. occipitomaculata entirely lacking in regularly mowed
sites, and speculated that frequent mowing reduced diver-
sity of vegetation, which in turn reduced ground-level mois-
ture and thus prey for these two species. Interpretation of
their results was complicated by the fact that their frequent-
ly mowed, small-patch sampling stations also were close to
roads. A negative association between habitat proximity to
roads (also buildings) and abundance of Virginia valeriae
was also noted by Fitzgerald and Nilon (1993) in Wyan-
dotte County, Kansas. However, an unpublished study of
V. valeriae at Miami County (Kansas) State Lake (Kessler,
2009 pers. comm.) found this species regularly between
1997-2004 at a site close to an access road and camping
area. The species also has been collected crossing paved
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roads in various parts of its range (see for example Durso
et al., 2009).

Considering the published evidence relating the removal
of thatch by frequent haying (or similar effects of mowing),
and consequent effects upon surface moisture and earth-
worm abundance, these apparently negative habitat as-
sociations between roads and small, mainly vermivorous
snakes probably more reflect nearby vegetation manage-
ment practices than the mere presence of a road. None of
the studies cited make mention of traffic density along said
roads, or potential toxins applied for insect or vegetation
control that may affect snakes and/or earthworms.

Application of chemicals has been shown to have a
profound effect upon the abundance of snakes like Tham-
nophis sirtalis, Opheodrys vernalis, and Storeria 0. occip-
itomaculata (Campbell and Campbell 2001). The ecotoxi-
cology of reptiles in urban habitats is a relatively new field
of study (see Section lll, Chemical and Light Pollution in
Mitchell et al., 2008) that holds promise for understanding
the effects of urban chemicals on snakes relying upon diets
of worms, slugs and insects. These environmental variables
are worthy of further study to better define the influence of
encroaching urbanization on populations of relatively un-
common prey-specialist snake species.

Small, semi-fossorial snakes lacking the vagility of gen-
era such as Coluber and Thamnophis are increasingly
threatened by habitat fragmentation and alterations caused
by human land use practices that extirpate local snake pop-
ulations. These may be as extensive as clearing habitat for
a housing or shopping development, certain timber harvest-
ing practices (Todd and Andrews 2008), or (as alluded to
above) on a much smaller scale using heavy equipment to
remove fence lines or wooded edge habitat for grassland
restoration projects. This greatly complicates the dynam-
ics of conservation of these snake species, since islands
of habitat created anthropogenically for mitigation may in
fact be useless if resident populations of genera such as
Storeria, Virginia, Carphophis, etc. have been extirpated
from said islands (or have had populations reduced to lev-
els constituting genetic catastrophe). These effects are by
no means well understood; interestingly, urbanization can
in some circumstances enhance population viability of cer-
tain small snakes (Gaul 2008).

Site fidelity and habitat conditioning, both of which influ-
ence the time required for a particular site to be used regular-
ly by snakes (cf. Dundee and Miller 1968), are complicating
variables that deserve greater research attention. Parmelee
and Fitch (1995) commented “Over 40 years of checking ar-
tificial shelters in northeast Kansas by HSF has shown that
snakes are rarely recaptured under the same shelter on suc-
cessive visits. . . . in general, individual snakes have activity
ranges of several hectares and do not return to any one spot
consistently.” However, more recently Fitch (1999: 148) noted
that “For each species certain shelters seem to be preferred
and were known to have been used several or many times,
whereas other shelters that appeared to be equally suitable
were used only once or not at all.” My recapture data support
the latter. In addition to the four species that are the main fo-
cus of this study, 7 of 18 Coluber constrictor records in 2007
occurred at two well-separated shelters of the 11 where this
species was observed.

The information from this study, combined with data from
earthworm ecology studies and research on snake popula-
tions in different land use regimes, begins to point to a suc-
cessful plan for habitat management to avoid damage to
resident populations of secretive and relatively uncommon
vermivorous snake species.

All collection methodologies contain some element of
bias, and as most recently pointed out by Heatwole and
Stuart (2008) “Rarity” and “commonness” is more of a
perception than a reality for some species.” Though my
study protocol has successfully revealed much about the
ecology of Kansas Virginia valeriae, it would be remiss to
describe these animals as common. V. valeriae in Kan-
sas presently is patchily distributed with low population
densities, though causes of this fragmentation remain
speculative. This distribution, coupled with low vagility
and specialized diet, make the species vulnerable to the
increasing urbanization of northeastern Kansas as a func-
tion of both habitat destruction and potential contamina-
tion of the earthworm resource by the seemingly inevitable
chemical effluent of suburbia.
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APPENDIX 1. Movements and Recaptures for Storeria dekayi, Virginia valeriae, Carphophis vermis, and Thamnophis
sirtalis at the study site in northeastern Kansas. M = male; F = female.

Sex & SVL

F 117 mm
F 215 mm
F 195 mm
F 255 mm
F 221 mm all same
F 250 mm
F 216 mm all same
F 267 mm all same
F 253 mm

Same Station =3 of 9

Sex & SVL

M 215 mm
M 210 mm all same
M 193 mm
M 163 mm all same
M 190 mm
M 210 mm all same
M 250 mm
M 211 mm all same
M 168 mm
M 235 mm

Same Station =4 of 10

Sex & SVL

F 305 mm
F 140 mm all same
F 265 mm all same
F 105 mm all same
F 295 mm
F 236 mm all same
F 315 mm all same
F 320 mm
F 150 mm all same

Same Station =6 of 9

Sex & SVL

M 215 mm all same
M 220 mm all same
M 212 mm

M 205 mm 8 at same

Storeria dekayi
Dates/Stations/Distances

11/13/07 at 21 Woods, 4/4/08 at 22 Woods, 20 m E

3/16/07, 3/17/07 20 m N (12 > 13)

3/18/07, 3/22/07 100 m SW (23-35)

11/9/06, 5/16/07 20 m N (10 > 11), 5/17/07 & 5/19/07 same (#11), 5/25/07 150 m N (#18)
5/26/07, 5/28/07 same place (#48)

6/9/07, 6/10/07 (#40), 7/1/07 & 7/6/07 60 m NE (#2)

6/14/07, 6/16/07, 6/29/07, 7/6/07, 7/8/07 all same (#33)

7/11/07, 7/12/07 same (#22)

4/4/07, 4/9/07 20 m E (#3 > 2)

Mean = 55 m (20-110),n =6
Dates/Stations/Distances

3/17/07, 3/27/07 same (13), 4/17/07 50 m SE (33)

3/17/07, 3/18/07 same (8a)

3/18/07, 3/21/07 20 m E (13 > 8a)

3/11/07, 3/12/07 same (#54)

3/10/07, 4/17/07 125 m NW (54 > 33)

3/11/07, 3/12/07 same (#54)

10/30/07 (21 Woods), 4/9/08 #25 (25 m SW)

10/26/07, 11/8/07, 11/13/07, 3/25/08 same (all #22 Woods)

11/13/07, 3/20/08 same (#22 woods), 3/25/08, 3/28/08 #21 Woods 20 m W
3/28/08, 4/9/08 20 m S (25 > 26)

Mean =48 m (20-125), n=6
Virginia valeriae
Dates/Stations/Distances

10/21/08-10/28/08 20 m E (27th) then same (#22 on 28th)
3/25/08-3/28/08 same (#20) 4/9/08 20 m E

11/8/07, 11/10/07 same place (#21)

9/29/07-10/1/07 same (#11)

4/3/07, 5/5/07 60 m S (#25-8), 5/8/07 same (#8)

3/10/07, 3/11/07, 5/3/07 same (#10)

3/14/07—-4/19/07 14 at same place (#15)

3/29/07-4/1/07 20 m W (#28-8)

3/29/07, 4/3/07 same (#48)

Mean=30m,n=4
Dates/Stations/Distances

7/2/08-7/3/08 same place

4/28/07-5/22/07 same #33

3/10/07, 3/25/07 65 m SE (#22 > 2) then same 3/26/07, 3/29/07 (#2), 4/3/07 100 m W (#7)
3/13/07, 3/14/07, 3/16/07, 3/18/07, 3/19/07, 3/22/07, 3/23/07, 3/25/07 same (#22)
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M 228 mm all same
M 218 mm all same
M 203 mm

Same Station = 5 of 7

Sex & SVL

F 332 mm

F 305 mm all same
F 310 mm all same
F 285 mm all same
F 312 mm all same
F 182 mm all same
F 325 mm all same
F 328 mm

F 287 mm all same
F 300 mm all same
F 285 mm

F 305 mm (started 290)

Same Station = 8 of 12
Sex & SVL

M 200 mm
M 267 mm
M 170 mm all same
M 243 mm all same

Same Station = 2 of 4

Sex & SVL

F 785 mm
F 465 mm
F 475 mm (2007)
F 555 mm
F 485 mm
F 560 mm
F 570 mm
F 430 mm
F 575 mm
F 473 mm
F 675 mm
F 550 mm
F 620 mm
F 595 mm

Same Station = 0 of 14
Sex & SVL

M 430 mm all same
M 495 mm
M 445 mm
M 420 mm
M 285 mm
M 472 mm
M 430 mm all same

Same Station =2 of 7

3/17/07-4/2/07 7 at same (#22)
10/21/07, 10/27/07, 10/28/07 same (#22)
3/16/07, 3/21/07 45 m S (#8a > 33), 3/23/07 same (#33)

Mean=70m,n=3
Carphophis vermis
Dates/Stations/Distances

12 captures at 10 Woods, 3/9-23/07 & 4/9/08 13 Edge (60 m N), 4/17/08 #7 moved 40 m E
3/24-27/07, 3/29/07 all at #28

3/23/07, 5/26/07 both at 24 Edge

5/17/07, 5/28-29/07, 6/2/07, 6/29/07 all at 22 Edge

6/16/07, 7/15/07 at #60

3/26-27/07 same #52

5/25/07, 10/18/07 same #44

3/26-27/07 #11 Edge, 4/19/07, 4/24/07, 4/28/07 and 5/8/07 #8 (45 m NE)
5/3-5/5/07, 5/8/07 all at #25

4/17/07, 4/24/07, 4/28—-29/07 at same #47

4/24/07 (#57), 4/129/07, 5/3/07, 5/22/07 (#58) 20 m SW

5/8/07, 5/16/07, 5/1/08 (22 Edge) 9/7/08 22 Woods (10 m N)

Mean 25 m (n = 4); furthest female 45 m
Dates/Stations/Distances

4/17/07 (21 Woods), 5/18/07, 5/25/07 (21 Edge) 10 m S
4/24/07 at #8a, 5/8/08, 5/12/08 #20 Edge 90 m N
4/28-29/07, 5/3-5/07, 5/8/07 all same (#24 Edge)
5/4-5/07 and 7/1/07 all same #20 Edge

Furthest male 90 m (4/24/07-5/8/08) Least = 10 m in 30 days mean =50 mn =2
Thamnophis sirtalis
Dates/Stations/Distances

probably newly emerged 3/24/07, 5/16/07 ca 180 m SE (16 Woods > 37)
9/29/07,10/18/07 ca 100 m N (58 > 41)

gravid 555 mm (2008) several 2007, one 2008, all at #s 12—13, mostly Edge (just 1 Woods)
9/2/07, 4/4/08 40 m E (21 > 19)

5/22/07, 5/29/07 20 m W (19 Edge > 18 Edge)

5/17/07, 9/2/07 20 m E (19 Woods > 18 Woods)

10/1/07,10/11/07 60 m E (#7 > 40), 4/28/08 at 22 Edge possible emergent

4/17/07, 6/5/07 ca 80 m N (8a > 19 Edge)

(gravid in June) 6/9/07, 4/28/08 180 m SW (#2 > #9)

3/26/07, 5/19/07 180 m NE (#11 Edge > 18 Edge)

4/17/08, 9/19/08 ca 100 m NW (#41 > 18 Edge) Grass to Edge

9/19/08, 10/21/08, 10/28/08 (2008) back-forth 20 m on N Edge (18 Edge <> 17 Woods)
7/3/08, 7/29/08 20 m N (15 > 16 Edge)

9/19/08, 10/21/08 (2008) 120 m E (#23 > 17 Edge)

Dates/Stations/Distances

4/17/07, 5/17/07 same shelter (#19 Edge)

6/5/07,10/28/08 ca 80 m W (22 Woods > 18 Edge)

9/2/07, 4/28/08 90 m S (#21 > 28) probably hibernated on N Edge

10/16/07, 10/30/07 120 m SW Grass to Edge (#37 > 9)

10/26/07, 10/28/07 60 m NE Grass to Edge (25 > 22); 5/1/08 45 m NW in at 21 Woods B
3/25/08, 4/4/08 65 m NW (#6 > 19 Edge) Grass to Edge with female

5/8/08, 5/18/08 same place
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About the Kansas Herpetological Society

The KHS is a non-profit organization established in 1974 and designed to encourage education and dissemination of
scientific information through the facilities of the Society; to encourage conservation of wildlife in general and of the
herpetofauna of Kansas in particular; and to achieve closer cooperation and understanding between herpetologists,
so that they may work together in common cause. All interested persons are invited to become members in the So-
ciety. Membership dues per calendar year are $15.00 (U.S., Regular), $20.00 (outside North America, Regular), and
$20.00 (Contributing) payable to the KHS. Send all dues to: KHS Secretary, 5438 SW 12th Terrace Apt. 4, Topeka,
Kansas 66604.

KHS Meetings

The KHS holds an annual meeting in the fall of each year. The meeting is, minimally, a two day event with lectures
and presentations by herpetologists. All interested individuals are invited to make presentations. The annual meeting
is also the time of the Saturday night social and fund-raising auction.

Field Trips

The KHS hosts two or more field trips each year, one in the spring and one in the fall. Field trips are an enjoyable
educational experience for everyone, and also serve to broaden our collective understanding of the distribution and
abundance the amphibians, reptiles, and turtles in Kansas. All interested persons are invited to attend.

Editorial Policy
The Journal of Kansas Herpetology, currently issued quarterly (March, June, September, and December), publishes
all society business.

Submission of Manuscripts

As space allows, JKH publishes all manner of news, notes, and articles. Priority of publishing is given to submissions
of Kansas herpetological subjects and by KHS members; however all submissions are welcome. The ultimate decision
concerning the publication of a manuscript is at the discretion of the Editor. Manuscripts should be submitted to the
Editor in an electronic format whenever possible. Those manuscripts submitted in hard copy may be delayed in date
of publication. Manuscripts should be submitted to the Editor no later than the 10th of the month prior to the month
of issuance. All manuscripts become the sole possession of the Society, and will not be returned unless arrangements
are made with the Editor. In the interest of consistency and comprehension, the KHS Executive Council voted that the
common names used in JKH will follow the latest edition of standardized common names as organized by CNAH (www.
cnah.org; Collins and Taggart, 2009), which are also used in the prior and current editions of Amphibians and Reptiles
in Kansas (currently Collins and Collins, 1993) and the Peterson Field Guide (Conant and Collins, 1991, 1998).

Reprints & Artwork

JKH publishes original peer-reviewed submissions under the Articles and Notes sections. Upon review, acceptance,
and publication, Portable Document File (PDF) copies are provided gratis to the author on request. Figures and photo-
graphs submitted with manuscripts are welcome, but must be sized appropriately by authors for this journal’s column
sizes (i.e., 19.5 or 39 picas wide). Particular attention should be paid to reduction of text on the figures.

Societal Awards, Grants, and Recognitions
Distinguished Life Members

Individuals selected as Distinguished Life Members are chosen by the KHS Executive Council based on their distin-
guished published research papers on Kansas herpetology.

Bronze Salamander Award

Established in 1987, this Award is presented to those individuals whose efforts and dedication to the Kansas Herpe-
tological Society go far beyond the normal bounds. The recipients of this Award have given exemplary service to the
KHS, and are presented with an elegant bronze sculpture of a Barred Tiger Salamander.

The Howard K. Gloyd - Edward H. Taylor Scholarship

The Gloyd-Taylor Scholarship is presented annually by the Kansas Herpetological Society to an outstanding herpe-
tology student. The scholarship is a minimum of $300.00 and is awarded on the basis of potential for contributing to
the science of herpetology. Students from grade school through university are eligible.

The Alan H. Kamb Grant for Research on Kansas Snakes
KHS members only are eligible to apply for The Alan H. Kamb Grant for Research on Kansas Snakes. The recipient
of the grant will be selected by the KHS Awards Committee. A minimum award of $300 is given annually.

The George Toland Award for Ecological Research on North American Herpetofauna

This CNAH Award was established in recognition of the scientific career of George Fredrick Toland, whose life-long in-
terest in amphibians, reptiles, and turtles was passed on to so many of his students. The recipient of this award will be
selected by the KHS Awards Committee. A minimum award of $200 is given annually at the end of the KHS meeting.

The Suzanne L. & Joseph T. Collins Award for Excellence in Kansas Herpetology

This CNAH Award was established in recognition of the scientific and photographic achievements of Suzanne L. Collins
and Joseph T. Collins, whose life-long study and conservation of the native amphibians, reptiles, and turtles of Kansas
is amply demonstrated in their extensive and excellent writings and photography, both academic and popular, about
these animals. In even-numbered years, the Award is bestowed upon an individual who, in the preceding two calendar
years, had published a paper of academic excellence on the native species of Kansas amphibians, reptiles, and/or
turtles, and in odd-numbered years, the Award is bestowed upon an individual who was chosen the best in a juried
competition featuring the art of photography in portraying amphibians, reptiles, and/or turtles. The Collins Award is
minimally $1,000.00, and is neither a grant nor a scholarship. No nominations or applications can be made for it.
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