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suggest that specimens from the southern half of Tennessee Valley Authority’s Land Between
The Lakes (LBL) upstream throughout the remainder of the LCRB are N. e. neglecta
(Copperbelly Water Snake) and that specimens from the northern half of LBL throughout the
Jackson Purchase and Reelfoot Lake regions are intergrades between N. e. neglecta and N. e.
flavigaster (Yellowbelly Water Snake). Data from this study also indicate that this area of

intergradation encompasses northeastern Arkansas, southeastern Missouri, most of southern

Ilinois, and all drainages of the Mississippi River within the species range north of southern

[1linois.
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ABSTRACT

The distribution, habitat availability, and taxonomic status of the Plainbelly Water Snake
(Nerodia erythrogaster) in the lower Cumberland River basin (LCRB) was studied to better
understand the geographic, ecological, and phylogenetic relationships of populations in the
LCRB with those to the north and west. Prior to this study, existing data suggested a
distributional hiatus separating the Clarksville (Montgomery Co., Tennessee) population from
the Dover (Stewart Co., Tennessee) population.

This study was conducted from the fall of 1996 to the winter of 1998. The field work
was done mostly in the fall of 1996 whereas laboratory work was conducted throughout the
study. Field work consisted mainly of walking and road-cruising searches for snakes in the
vicinity of suitable habitat. Laboratory work focused on the analysis of National Wetland
Inventory Maps in order to characterize habitat parameters, and examining specimens for
taxonomic characteristics. | used digital image analysis techniques to provide initial quantitative
data on pattern and pigment characteristics of snakes from across this entire region.

Excluding the stretches below Barkley Dam and above Ashland City, I found Nerodia
erythrogaster in suitable palustrine habitat throughout the LCRB. These stretches of the river
below Barkley Dam and above Ashland City had reduced habitat (especially the section above
Ashland City), they also saw the least intensive field work, and might produce specimens in the
future. From the early 1980's to the mid-1990's the LCRB underwent an 11% reduction in
available habitat due mainly to draining wetlands for agricultural purposes.

Nerodia erythrogaster populations from the LCRB, the Jackson Purchase region of
western Kentucky, and the Reelfoot Lake region of western Tennessee have a confusing
taxonomic history, primarily because of only anecdotal analysis of these areas. My results
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CHAPTER 1

INTRODUCTION

Nerodia erythrogaster (Plainbelly Water Snake) inhabits several types of aquatic habitats
throughout the southeastern United States. Currently four subspecies are recognized (Conant &
Collins 1998) in the United States based primarily on Conant’s (1949) taxonomic work.

Remnant populations of the subspecies N. e. neglecta (Copperbelly Water Snake) in northeastern
Indiana, northwestern Ohio, and southern Michigan are listed by the United States Fish and
Wildlife Service (USFWS) as threatened in accordance with the Endangered Species Act of 1973
(Buhlmann 1997). Putative populations of N. e. neglecta from southern Indiana, southern
[llinois, and western Kentucky are not currently afforded such protection (Buhlmann 1997).

Natural history and taxonomic studies of N. erythrogaster, especially of those populations in
the lower Cumberland River basin (LCRB), have been limited to anecdotal descriptions of its
distribution, habitat, and taxonomic characteristics. My review of the literature demonstrated the
need for a broad-based regional study of this species. My research focused on the distribution,
availability of habitat, and taxonomic status of this species in the LCRB. This study provides the
first quantitative analysis of the extent and intensity of pigmentation of ventral scales in adult

specimens of N. erythrogaster.

Literature Review

Distribution

The distribution of N. erythrogaster in the LCRB of Tennessee and Kentucky has been

poorly documented over the years. Gentry (1956) stated that N. erythrogaster was mostly
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confined to western portions of the state, with few records east of the Tennessee River. Scott
and Snyder (1968) published the first records of . erythrogaster from the LCRB in Tennessee
after finding a population in Montgomery County. This population was subsequently mapped by
Conant (1975) as disjunct from the main western body of the distribution, which terminated at
the Tennessee River. Whereas Conant and Collins (1998) still show this disjunct Montgomery
County population, McCranie’s (1990) map indicates a continuous distribution up the
Cumberland River from western Kentucky to Montgomery County, Tennessee. Further
anecdotal information on the distribution of N. erythrogaster in LBL was given by Snyder

(1972), while Scott (1991) provided a detailed distribution map for LBL.

Habitat

Wright and Wright (1957), Conant (1949), Conant and Collins (1998), MacGregor (1994),
McCranie (1990), and Sellers (1991) have described N. erythrogaster as inhabiting an array of
aquatic habitats such as bayous, marshes, swamps, and wooded upland ponds. Recent research
on N. e. neglecta (copperbelly subspecies) suggests that a viable population requires large (200-
250 ha) tracts of palustrine bottomland hardwood swamp-forest with slow moving water (Sellers
1991). Upland ponds serve as secondary summer habitat, with relatively undisturbed wooded

corridors between bottomland and upland sites serving as transitional habitat (Sellers 1991).

Taxonomy

Nerodia erythrogaster was widely recognized by herpetologists as having two subspecies (V.
e. erythrogaster [Redbelly Water Snake] and N. e. transversa [Blotched Water Snake]) prior to
Conant’s (1949) descriptions of N. e. flavigaster (Yellowbelly Water Snake) and V. e. neglecta

(Copperbelly Water Snake). Conant (1949) associated N. e. flavigaster with the Mississippi
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River drainage south of the Missouri bootheel, and N. ¢. neglecta with scattered northern
populations in Michigan and Ohio that extend southwest through Indiana, approaching the Ohio
River via the Wabash River drainage. He further characterized western Tennessee (Reelfoot
Lake) and western Kentucky as a zone of intergradation. Conant (1949) restricted the range of
N. e. erythrogaster to the Coastal Plain Province of the southeastern United States and relegated
N. e. transversa to the southwest portion of the species range, mainly in Kansas, Texas, and
Oklahoma.

Chaos in the taxonomy of this species in the western regions of Tennessee and Kentucky
really began when 1) Gentry (1956) described snakes from western Tennessee as N. e.
erythrogaster, 2) indicated that N. e. flavigaster had not been documented for the state, and 3)
made no mention of N. e. neglecta occurring anywhere in Tennessee. No other researcher
suggested that N. e. erythrogaster occurs in Tennessee, but there has been considerable
confusion over whether the LCRB is home to N. e. flavigaster, N. e. neglecta, or an inte‘rgrade of
the two.

Comparing their specimens to Conant’s (1949) subspecific description, Scott and Snyder
(1968) felt the disjunct Montgomery County, Tennessee, population of N. erythrogaster most
closely resembled the neglecta subspecies. Scott (1991) reported that LBL specimens appeared
to be intergrades whereas Meade (1991) concluded that snakes from western Kentucky (Jackson
Purchase) were N. e. neglecta with minimal N. e. flavigaster influence. MacGregor (1994)
characterized the Jackson Purchase region as an area of intergradation between the two
subspecies, with M. e. flavigaster influence being strongest to the southwest and N. e. neglecta
influence being strongest to the northeast. Brandon and Blanford’s (1995) preliminary genotypic
analysis of specimens from southern Illinois helped little in resolving relationships at the

subspecific level and did not allow them to discriminate reliably between subspecies and



mtergrades. Conant and Collins (1998) indicate that the Montgomery County, Tennessce

population is N. e. neglecta, but the Tennessee Wildlife Resources Agency (TWRA) has listed

this subspecies as only potentially occurring in the state (Withers and Christie 1997).

Goals and Objectives

The goals of this study were to: 1) document the distribution of, 2) characterize, quantify,
and identify trends in available habitat for, and 3) determine the taxonomic status of N.
erythrogaster in the LCRB. These goals involved the following specific objectives: 1)
document the known populations of N. eryrhrogaster by surveying zoological museums likely to
have specimens from the study area, and by searching the study area for living specimens; 2)
quantify and describe the known and potential habitat of N. erythrogaster by determining the
area and characteristics of documented habitat, the area and characteristics of potential habitat,
and identifying any obvious trends in habitat quality and availability; and 3) determine the
subspecific status of N. erythrogaster in the region by placing sample specimens into appropriate
a priori groups, identifying distinguishing phenotypic characteristics, and analyzing those

phenotypic characteristics.

Significance of Study
Prior to this study no comprehensive review of the distribution, habitat, and taxonomic status
of N. erythrogaster had been conducted in the LCRB. In fact, McCranie (1990) felt that a
thorough range-wide taxonomic study of this species was needed. Concern for threatened and
endangered species, along with continued decline of wetlands in the southeastern U.S. (Hefner

et. al. 1994), demonstrate the importance for broad-based local and regional natural history

studies. Results from this research may aid in developing management plans for wetlands within



the LCRB, since further degradation of habitat across this region could eventually threaten its
resident populations of N. erythrogaster. 1f protection is extended over the entire range of this

subspecies it will be necessary to define more clearly areas of intergradation so that preservation

and enforcement efforts are properly focused.



CHAPTER 11

METHODS AND MATERIALS

The Study Area
My study area included the Cumberland River floodplain and adjacent uplands from its
confluence with the Ohio River at Smithland (Livingston County), Kentucky upstream to Old
Hickory Dam near Nashville (Davidson County), Tennessee. This 348 kilometer portion of the
Cumberland River is within the Interior Low Plateaus Province (Miller 1974). From Old
Hickory Dam the river flows from the Inner Central Basin through the Outer Central Basin and
Western Highland Rim to the Ohio River (Burr & Warren 1986). Most of the study area was

privately owned, but public lands occurred at LBL and Cross Creeks National Wildlife Refuge.

Distribution Analysis

Austin Peay State University’s (APSU) Museum of Zoology housed most of the specimens,
and its data bases contained all known records (some based on specimens in other museums) of
N. erythrogaster for the LCRB. Additional distribution data were gathered from several local,
regional, and national zoological museums (Appendix A) that housed Tennessee and Kentucky
collections of N. erythrogaster. With these museum data and the aid of current distribution maps
(Conant & Collins 1991), field work was concentrated on areas lacking documented populations
of N. erythrogaster. Most field work consisted of day and night road cruising and walking
searches in and near habitats thought attractive to the species. Another tactic included
investigating reports of specimens by the general public. The majority of the field work was

conducted in late summer through the fall of 1996.

Collection localities represented by voucher specimens were plotted on United States Fish



and Wildlife Service National Wetland Inventory (NWI) maps of the LCRB. These maps are
based on aerial photographs taken between 1980 and 1983, and are formatted as a United States
Geological Survey (USGS) 7.5-minute series quadrangle map. Many of the plotted locations are
based on very accurate latitude-longitude determinations by the collector (Appendix B & C).
Locations of specimens that did not have latitude-longitude data were plotted based on the
written description of the locality data.

After the voucher specimen locales were plotted, they were grouped into "sub-populations"
based on a "home range" index value. The home range index value was set as the average
distance between sites where specimens were found outside the Cumberland River floodplain
and the nearest wetland with a stable (seasonally flooded, semipermanently flooded, or
permanently flooded) water regime. This distance was then used as the radius of a home-range
circle drawn around the collection point of each voucher specimen. Sub-population sizes ranged

from one to several individuals with overlapping home ranges.

Habitat Analysis

Area and habitat structure, based on NWI map habitat classification, of documented and
potential N. erythrogaster habitat sites were determined for the LCRB. Documented habitat was
taken to be any palustrine habitat found in association with historical or newly discovered sub-
populations of N. erythrogaster. Potential habitat was assumed to be any palustrine habitat with
habitat structure similar to documented habitat but not necessarily associated with N.
erythrogaster sub-populations. The study area was subdivided into 10 "study zones" (each 34.8
river kilometers in length) to allow for comparison of habitat along the course of the river.
Habitats were classified according to the NWI maps classification system, briefly outlined by

Tiner (1984), and area was calculated using a map scales and equivalents modified area grid



(acctate overlay) from Forestry Suppliers, Inc. Based on published generalizations about V.
ervihrogaster habitat (Wright & Wright 1957; Snyder 1972; Conant & Collins 1998: Sellers

1991) and my own personal observations, | limited the wetland habitat analysis to the palustrine

wetland system.

Analysis of Documented Habitat

The analysis of documented habitat focused on the wetlands associated with the sub-
populations of N. erythrogaster. Wetlands falling within or touching the home range boundary
of a sub-population, and all other contiguous wetlands, were included in the analysis. This
provided a detailed habitat analysis with a breakdown of habitat types and their area for each of

the sub-populations of N. erythrogaster identified in the study area.

Analysis of Potential Habitat

With information gleaned from the analysis of the documented habitat on dominant wetland
types and area, the analysis of potential habitat considered wetland habitat availability regardless
of voucher specimen locale. Potential habitats were analyzed by using a modified wandering-
quarter sampling method (Brower et. al. 1990) to locate wetland habitats outlined on the NWI
maps. The wandering-quarter sampling method is actually a field sampling technique for plant
surveys, but I used its basic principles (modified so that the Cumberland River corridor was
followed instead of a straight line transect) to locate wetlands.

Sampling began on the Smithland, KY-ILL NWI map at the confluence of the Cumberland
and Ohio rivers in Livingston County, Kentucky (Smithland) and concluded on the
Goodlettsville, TENN NWI map in Davidson County, Tennessee (Old Hickory Dam). Habitats

selected were those with a stable water regime and at least 5.8 hectares of area. These
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limitations on type and size of habitats were selected to avoid analysis of what would probably
be marginal habitats. The size limitation is the median value for the largest single habitat with
the desired water regime found within each sub-population of the analysis of documented

habitat.

Habitat Trends

Aerial photographs were analyzed to determine changes in the LCRB’s habitat that have
occurred since the early 1980's. Aerial views (in the form of 35 mm slides) of the Cumberland
River’s floodplain taken during the summers of 1994 and 1995 from an altitude of 2590 m were
obtained from various county offices of the United States Farm Service Agency (USFSA). The
sites analyzed in the analyses of documented and potential N. erythrogaster habitat were then
identified in the aerial slides and any detectable area changes determined. Whereas the
"sampling technique" in the analysis of documented habitat was biased toward easily accessible
habitats (e.g., public lands) and selection for a specific type of habitat, in the analysis of potential
habitats the wandering-quarter sampling technique provided a systematic approach free of these
biases. Because of the sampling bias inherent in the analysis of documented habitat, long-term

projections are primarily based on the analysis of potential habitat.

Taxonomic Analysis
Nerodia erythrogaster specimens collected during the study, those housed in the APSU
collection, and those borrowed from several zoological museums (Appendix A) were analyzed
for juvenile and adult taxonomic characteristics. Specimens with a total length equal to or
greater than 800 mm were considered adults with smaller individuals treated as juveniles (Sellers

1991). The phenotypic subspecific characteristics analyzed in both juveniles and adults were
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those detailed by Conant (1949), and all references to these characteristics throughout the

remainder of this section refer to this work.

Taxonomic Characteristics

Conant stated that, except for N. e. flavigaster and N. e. neglecta, the Juveniles of the various
subspecies of N. erythrogaster are indistinguishable. He characterized N. e. Sfavigaster juveniles
as usually having a clean-cut pattern with very little fusing of mid-dorsal and lateral blotches,
whereas M. e. neglecta juveniles usually have a confused pattern with extensive fusing of mid-
dorsal and lateral blotches.

Adult N. e. flavigaster have an olive grey to dark greenish-grey unpatterned dorsum, with
occasional individuals showing a remnant of the juvenile dorsal pattern. Some adult individuals
also retain a parietal-spot and postparietal streak. Ventral coloration is yellow or lemon, with
slight encroachment of the light-hued dorsal pigment onto the ventral scales.

Nerodia e. neglecta adults have a dark brown to black unpatterned dorsum. Rare individuals
display a remnant of the juvenile dorsal pattern. Parietal-spots and postparietal streak are almost
always absent in adults. Ventral coloration ranges from orange red to red or scarlet, with a heavy

invasion of dark dorsal pigment onto the ventral scales.

Phenotypic Characters Analysis

Overall Analysis - Juvenile specimens with a visible pattern were scored as N. e. flavigaster,
N. e. neglecta, or an intergrade of these two taxa, based on the amount of fusion among mid-
dorsal and lateral blotches. Depending on the intensity of the dorsal pattern and postparietal

streak, adults were scored on a scale from zero (not visible) to three (conspicuous). The

conspicuousness of each of the two parietal-spots was scored from zero to three, and the average
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of these two values was used in the statistical analysis. The extent (area) of pigment invasion
from the dorsum onto the ventral scales, and pigment intensity, were measured using video
image analysis of three systematically selected areas (for a total of nine ventral scales) of the
venter in each adult specimen. Only anecdotal data could be gathered on ventral coloration
because most of the specimens examined for this study were preserved. Snout-vent length
(SVL), tail length (TL), sex (when discernible), and ventral scale number (excluding the plate)
were determined for all adults in the analysis.

Equipment - Snout-vent length and TL were measured with a nylon string and a meter stick.
Area and intensity characters were analyzed with a combination of video imaging, editing, and
analysis software. Images were "captured" by two different photographic systems. The initial
photographic system consisted of an 18 mm to 108 mm zoom lens attached to a Javelin
Electronics Chromochip IT MDS solid state CCTV camera (model JE3462HR). Images were
taken as 24 color bit bitmap files (BMP) with a 160 X 120 frame size using Adobe Premiere 4.2
software. The remainder of the images were taken as 24 color bit tagged-image file format files
(TIF) at super high resolution (1600 X 1200 pixels) using a Polaroid Digital Camera (PDC) 2000
and PDC direct software. Lighting was provided by three 100-watt incandescent lamps, each
with its own custom-made filter consisting of a cardboard box frame and tracing paper. The
PDC 2000 system had additional light from an automatic flash, and the autofocus option was
used. Forceps were used to remove shedding scales and other extraneous material from the
imaged area.

Image Location -Three sites from the venter of each specimen were imaged. Each image
involved three contiguous scales. To standardize the siting of the images, | made a standardized
ventral count and divided that number by four. The ventral scales of these images were,

respectively, 1/4, Y, and 3/4 of the distance (measured by ventral scale number) back from scale
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number one. In a few specimens the image sites were shifted anteriorly or posteriorly to avoid

scarred or mutilated scales in the images.

Image Editing - Since the extent and intensity of pigment invasion of the ventral scales —
the focus of this analysis, a "study image" was measured and cropped out of the original image
using Sigma Scan Pro 4.01 (SigmaScan) image analysis software (Figure 1). The width of the
study image was the middle half of the original image. The height of the study image extended
from the anterior-most point of the anterior scale to the posterior-most point of the posterior
scale. The study images taken with the PDC 2000 were converted from TIF files to BMP files
using SigmaScan. The study images then went through final editing using Microsoft Paint and
SigmaScan. Only the dark pigment invading from the dorsum onto the ventral scales needed to
be analyzed, so all other pigment in the study image was erased using Microsoft Paint.
SigmaScan was then used to transform the study images from a 24-color bit format to a
grayscale format, which made intensity measurements possible.

Image Analysis - After editing was complete, area and intensity measurements were taken
with SigmaScan to determine the number and average intensity of pixels of pigment in the study
images. The percentage of pigment was calculated by adding the area values (AV) of individual
pigment clusters (discrete areas of pigment within a given study image) resulting in a total area
value (TAV), which was then divided by the total study image area and multiplied by 100.
SigmaScan calculated an average intensity value (AIV) for each pigment cluster in a study
image, the AIV was expressed on an arbitrary scale from zero (black) to 255 (white).

Study images had from one to several pigment clusters, of various sizes, so it was necessary
to determine the relative average intensity value (RAIV) for each pigment cluster before an
average image intensity value (AIIV) could be determined for any study image. To do this, the

relative area (RA) for each pigment cluster was calculated by dividing its AV by the TAV for



Figure 1. Steps in study image preparation for the analysis of ventral scales in Nerodia erylhrogast_er: A) original study image.
B) area selected for analysis, C) analysis area cropped from original image, D) final study image preparation completed with the erasure

of unwanted background pigment.
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the study image. The RA then provided the percentage an individual pigment cluster contributed
to the TAV, thus allowing for size correction in the AIIV. The RAIV equaled a pigment
cluster’s AIV multiplied by its RA. The AIIV for a study image equaled the sum of its RAIVs.
The final step was to determine the total average intensity value (TAIV) for each specimen, by

taking the three AIIVs for each specimen and calculating their mean.

Statistical Analysis

The statistical analyses of the habitat and taxonomic data were performed with StatSoft
Statistica software. The habitat analysis was limited to descriptive statistics of various habitat
types, and measurable characteristics of the distribution of available habitat. The taxonomic
analysis of juvenile and adult data sets involved both nonparametric and parametric statistics, as
appropriate.

The Shapiro-Wilk’s W test (Royston 1982) for normality was used on the various taxonomic
data sets to determine which were normally distributed. Data not normally distributed were
subjected to nonparametric analyses, specifically the Spearman rank order correlation and the
Median test (Sokal & Rohlf 1995). Parametric statistical tests were employed on normally
distributed data, specifically the Pearson product-moment correlation, a one-way MANOVA
with a post hoc (LSD) comparison, and a discriminate function analysis (DFA) (Sokal & Rohlf

1995),



CHAPTER 111

RESULTS AND DISCUSSION

Distribution Analysis

The distribution data on N. erythrogaster in the LCRB prior to this study revealed a lack of
specimens not only between eastern Stewart County, Tennessee (Cumberland City) and central
Montgomery County, Tennessee (Clarksville), but also at both ends of the study area (Figure 2).
The putative disjunct status of the Montgomery County population seemed to be an artifact of
collecting, since apparently suitable habitats existed within the hiatus, there were no barriers to
colonization, and this area had seen little collecting effort. During this study I and others
collected several specimens from previously documented populations of N. erythrogaster and
from within the distributional hiatus. But I found no specimens in the upper or lower ends of the
study area (Figure 2, Appendix B & C). Further field work downstream from Barkley Dam,
where potential habitat still exists, should yield specimens from the Livingston County,
Kentucky area, but it is doubtful that specimens will be found upstream of Ashland City,

Tennessee in Davidson County because of the scarcity of favorable habitat.

Habitat Analysis

Analysis of Documented Habitat

The average home-range radius of specimens from the LCRB was found to be 1.3 km (n=9).
A total of 1221 ha of documented habitat was found to be associated with the 23 populations of

N. erythrogaster known from the LCRB (Appendix D). Forested, emergent, and scrub-shrub
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: i . B .
habitat accounted for more than 90% of this total (Figure 3). Documented \" ervihrogasier

habitat was found in study zones two through eight. whereas zones one nine, and 10 lacked

voucher specimens (Figure 4). More than 60% of the documented T SO

in the LBL arca (zones two, three, and four), with the highest concentration of habitat occurring
from the middle of study zone three through zone four (Figure 4).

The average size of contiguous habitats associated with the documented populations of N
crvthrogaster across the 10 study zones had a distribution similar to the total v alues, with zones

four, three, and five having, in that order, the most total documented habitat Zones four. seven

and cight had, in that order, the largest average habitat size (Figure 3)

Analysis of Potential Habitat

Nine-hundred seventy-cight hectares of potential habitat were identified from the LCRB with
forested. emergent, and scrub-shrub habitat accounting for more than 90% of that total (Figure
0) At least some potential habitat was found in all zones except onc, mine, and 10, 32% of the
total potential habitat was found within the L BL arca (Figure 7)  Zones four, five, and seven
had. m that order, the highest concentration of potential habitat (Figure 7)  The average amount
of potential habitat per zone ranged from S 8 to 16 2 hectares (Figure 8) Wherceas study zone
one had substantial potential habitat around Smithland. Kentucky, the upper and lower portions
of the study arca generally lacked potential N enythrogaster habitat (Figure 7). The average
distance between habitat sites was greatest in the terminal zones (Figure 9)

The habitat types associated with N envthrogaster in the .CRB were similar to those
described for the species by Wright and Wright (1957), Conant and Collins (1998), and Sellers
(1991). Sellers (1991) observed that "southern mesic floodplain swamp-forest” is critical habitat

for N ¢ neglecta. Sellers (1991) stated that a viable population of V. ¢ neglecta needs



UB =36 ha (2.9%

SS =192 ha (15.7%)

M =225 ha (18.4%)
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FO =710 ha (58.1%)

Total Hectares = 1221

Figure 3. Total area of documented Nerodia erythrogaster habitat in the lower Cumberland River
basin. Habitat categories: FO = forested, OW = open water, FO/SS = forested/scrub-shrub, UB =

unconsolidated bottom (man-made ponds), EM = emergent vegetation.
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Figure 4. Total area of documented Nerodia erythrogaster habitat in each study zone along the

lower Cumberland River basin between Smithland, Kentucky and Nashville, Tennessee.
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Figure 5. Average area of documented Nerodia erythrogaster habitat in each study zone of the

lower Cumberland River basin between Smithland, Kentucky and Nashville, Tennessee.
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Figure 6. Total area of potential Nerodia erythrogaster habitat in the lower Cumberland River
= - / ent
basin. Habitat categories: FO = forested, OW = open water, SS/EM scrub-shrub/emerg

= t
vegetation, SS = scrub-shrub, UB = unconsolidated bottom (manmade ponds), EM = emergen

vegetation.



20

[ S Bl
qY i = ™ g
=l = % 7
o = : 2 g
N2
P =k .
REHRRIN W Mmm )
0 W oH
& 5
IO &

> Nashville, Tennessee

= 34.8 River Kilometers

Study Zone

Smithland. Kentucky <
Figure 8. Average area of potential Nerodia ervthrogaster habitat within each study zone of the

lower Cumberland River basin between Smithland, Kentucky and Nashville, Tennessee.
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Figure 9. Average distance between locations of apparently suitable Nerodia erythrogaster
habitat (no value possible for study zones with fewer than two habitat sites) in each study zone of

the lower Cumberland River basin between Smithland, Kentucky and Nashville, Tennessee.

200-250 ha of continuous southern mesic floodplain swamp-forest habitat. I found no place in
the LCRB with 200-250 ha of contiguous, much less continuous, palustrine habitat, yet N.
erythrogaster has been a common species of water snake in the region since it was first collected
there in the early 1950's (Appendix E).

Although forested wetlands dominated in both the documented and potential habitat
analyses, I do not agree that it is the "critical habitat" for this species in the LCRB as suggested
by Sellers (1991). My habitat analyses and field work both suggest that the critical habitat for
rested, emergent,

this species is probably a combination of 1) palustrine habitats dominated by fo

and scrub-shrub wetlands, and 2) adequate hibernacula.
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Habitat Trends

The LCRB experienced a 1.4% reduction of documented and a 10.8% reduction of potential
N. erythrogaster habitat between the early 1980's and the mid-199('s. This rate of decline in

documented habitat represented only about 30% of the 4.8% rate of decline for wetlands in the

southeastern United States between the mid-1970s and the mid-1980s (Hefner et. al. 1994), but
the decline in potential habitat was more than twice the regional rate. Documented habitat was
lost in study zone seven (17 ha), whereas potential habitat was lost in study zones one (10 ha),
five (48 ha), seven (24 ha), and eight (24 ha). Nerodia erythrogaster faces threats to its habitat
from coal mining (MacGregor 1994), hydrologic modifications, and illegal collecting (Sellers

1991: Kingsbury 1993), but it is agricultural activity that has historically caused the greatest loss

of habitat for this species (Sellers 1991), in the LCRB and elsewhere. Several specimens have
been documented from upland pond sights throughout the years but I could not assess the

stability of this habitat because of the difficulty in seeing woodland ponds in aerial slides.
Taxonomic Analysis

Test for Normal Distribution and Transformation of Data Set

The Shapiro-Wilk’s W test was used to test the various data sets for normal distribution (P <
0.05). Data on juvenile pattern (W = 0.782, P = 0.000), adult pattern (W = 0.805, P =0.000),
adult parietal-spots (W = 0.720, P = 0.000), invasion of dorsal pigment onto the venter in adults
(W =0.934, P = 0.000) and intensity of invasion of dorsal pigment onto the venter in adults (W

=0.982, P =0.0296) were not normally distributed. Data transformations of the juvenile pattern,

. i of the
adult pattern, and adult parietal-spot data were not effective because of the basic nature
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scored data. Since surface area data are often better analyzed after being square-root-
transformed (Sokal & Rohlf 1995), adult ventral pigment area (W = 0.984, P=0.051) and
intensity (W = 0.988, P = 0.155) data were transformed in this manner. After transformation,
both data sets passed the Shapiro-Wilk’s W test for normality. To accomplish the
transformation, the pigment area data were left as decimal values, whereas the pigment intensity
data were converted into decimals by dividing each datum by 255, the maximum value for the
intensity scale of measurement which ranges from zero (black) to 255 (white).

Another concern was that body size might influence the adult ventral pigment area and
intensity data, since this species tends to darken and ventral pigmentation to increase with age.
Because of these tendencies size correction was done by calculating residuals for each variable
regressed on SVL (Irschick & Shaffer 1997). Multiple regression analysis showed significant
correlations (P <0.05) between both the pigment area (beta = 0.259, P = 0.001) and intensity
(beta=-0.171, P = 0.028) data and SVL; therefore, residual values are used in the analysis. The

residual values for the pigment area (W = 0.990, P = 0.325) and intensity (W = 0.991, P = 0.403)

data also passed the Shapiro-Wilk’s W test for normality.

Correlations Between Adult Phenotypic Taxonomic Characteristics
Conant’s (1949) description of the various subspecies suggests that correlations should exist
among the various taxonomic characteristics. A review of my data revealed that the postparietal

streak characteristic, present in two of the 165 adult specimens examined, is invalid as a

taxonomic character. The other characteristics were regularly present. Since the pattern and

parietal data were suited only to nonparametric analyses, the Spearman rank order correlation

was used to look for relationships among the area, intensity, pattern, and parietal data.

The Spearman rank order analysis revealed correlations (P < 0.05) between pigment area and
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pigment intensity (Spearman R =-0.566, p = 0.000), and adult pattern and parietal-spot
(Spearman R = 0.219, P =0.005) data. The Pearson product-moment correlation analysis
confirmed the strong negative correlation (P < 0.05) between pigment area and pigment
intensity (Pearson r =-0.576, P = 0.000). Thus, as dorsal pigment encroachment onto the ventral

scales increases there was a corresponding darkening of the pigment intensity (Figure 10). The

adult pattern and parietal-spot data were positively correlated, but less strongly. As pattern

visibility increased so did parietal-spot visibility (Figure 11).

A Priori Groups

Irschick and Shaffer (1997) analyzed the phenotypic variation in Ambystoma tigrinum (Tiger
Salamander) looking at 1353 larvae from across the species’ range in hopes of clarifying
taxonomic questions that had been debated for years (Collins et al. 1980). My study tested the
validity of Conant’s (1949) classification of N. e. flavigaster and N. e. neglecta, and outlined
areas of intergradation between these two subspecies. Of the 530 specimens I examined, 242
were included in the analysis of juvenile characters and 165 in the analysis of adult characters
(Appendix B). For various reasons the remaining 123 were excluded from the analysis
(Appendix C). Irschich and Shaffer (1997) were able to place their 1353 specimens into 60
discrete populations (individual ponds) thus making both an a priori and an a posteriori analysis
of their data possible. My data set did not provide me with an adequate number of individuals or
groups to justify an a posteriori analysis, so my taxonomic analyses were performed on
specimens placed into a priori groups based on distribution.

. e i s uped as
Specimens from Alabama, Mississippi, Louisiana, and southern Arkansas were group

typical N. e. flavigaster (FLAV). Specimens from Michigan, Ohio, Indiana, extreme

; . cky were
southeastern Illinois (one specimen), and the coal field region of north-central Kentucky
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Figure 10. Relationship (Pearson r=-0.5762, P = 0.000) between the index of ventral pigment

intensity and invasion of dorsal pigment onto ventral scales of adult Nerodia erythrogaster.

Values are residuals of the square-root-transformed data.
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Figure 11. Relationship (Spearman R = 0.2187, P =0.005) between the indices for juvenile

pattern visibility and parietal-spot visibility in adult Nerodia erythrogaster.
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grouped as typical N. e. neglecta (NEG). Specimens from western Tennessee, western
Kentucky, and southern Illinois were grouped as intergrades (INT). Specimens from the
northern half of LBL (based on Scott 1991) were grouped (LBL) to determine if they were more
similar to the suspected intergrade population or to the snakes found upstream throughout the
rest of the LCRB. Specimens from extreme northeastern Arkansas and extreme southeastern
Missouri were grouped together (ARMO) in hopes of more clearly defining the zone of
intergradation. These portions of Arkansas and Missour] are generally shown to be populated by
N. e. flavigaster (Conant & Collins 1998), though specimens just east of the Mississippi River in
western Kentucky (McGregor 1994) and western Tennessee (Conant 1949) are considered
intergrades. Specimens from approximately the southern half of LBL upstream throughout the

remainder of the LCRB were grouped (CUMB) to determine if this area is populated by

intergrades or typical specimens of either subspecies.

Nonparametric Analysis

Since the juvenile pattern, adult pattern, and adult parietal-spot data were not normally
distributed, my analyses of these data were limited to descriptive and nonparametric statistics.
The Median test was chosen over the Kruskal-Wallis ANOVA by Ranks because of the artificial
limits inherent in the scored data and many of the cases tended to fall at the extreme ends of the
scale (Figures 12, 13, and 14). Results of the Median test indicate that there are statistically
significant differences (P < 0.05) among the medians of the a priori groups for the juvenile (Chi-
Square = 91.710, P = 0.000) and adult pattern (Chi-Square = 15.572, P = 0.008) data while the

adult parietal-spot data do not show a significant difference (Chi-Square =9.125, P =0.104).

) . Lo oung N. e. neglecta
A review of the descriptive statistics for the juvenile data suggests that young g
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Figure 14. Distribution (Shapiro-Wilk’s W = 0.7196, P = 0.000) of parietal-spot visibility data

for adult Nerodia erythrogaster.

can be distinguished from young N. e. flavigaster and from intergrades, but that the latter two
groups are indistinguishable (Table 1). This finding agrees with Conant’s (1949) original
description of these taxa. Nerodia e. neglecta juveniles tend to have a more confused pattern,
with considerable mid-dorsal and lateral blotch fusion. Nerodia e. flavigaster and intergrade
juveniles tend to have a more clean-cut pattern, with less fusion of mid-dorsal and lateral

blotches. Based on these data, the LCRB population is more similar to the intergrade or the N. e.

flavigaster phenotype than the N. e. neglecta phenotype. But, these data may be skewed because

several groups of individuals from several litters were analyzed, possibly adding bias to the

sample.

. P o b i ic
Results of the adult characters analysis suggest that pattern v isibility are valid taxonom

I e isti ala
characteristics, but that parietal spot visibility is not. The descriptive statistics (Table 2) reve



29
Table 1. Means (+) and standard deviations (s) of the index for mid-dorsal and Jat I blotcl
~ eral blotch
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of abbreviations.

wwup n 5 S
FLAV 38 1.84 +0.64
ARMO 53 1.76 p—
INT 27 2.48 +£0.58
LBL 40 95 0% +0.49
CUMB 32 2.44 +£0.56
NEG 52 2.94 +0.24

considerable difference between the means of the pattern data for the various groups, suggesting
a broad zone of intergradation between N. e. flavigaster and N. e. neglecta with the Cumberland
River specimens most similar to the intergrade population. These results support Conant’s
(1949) and MacGregor’s (1994) opinions that this region is an area of intergradation between

these two subspecies.

Parametric Analysis

The adult pigment area and intensity data were analyzed by both a one-way MANOVA with

a post hoc (LSD) comparison, and a discriminate function analysis (DFA). The descriptive
statistics reveal a considerable difference between the pigment area and intensity data for the a
Priori groups (Table 3). The one-way MANOVA results indicate a significant difference (P <
0.0008) between the means of the pigment area and intensity data (Wilks’ Lambda = 0.827, P =

S jori
0.00076). The results of the DFA show no discrimination (P < 0.0008) between the a pri

P ——
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Table 2. Means (%) and standard deviations (s) of the indices for pattern and parietal-spot

characteristics in adult Nerodia erythrogaster from various parts of its range. See text f
: ext for

explanation of abbreviations.

Body Pattern Parietal-Spot

A priori group n X S X s

FLAV 45 1.24 +0.98 0.80 £0.96
ARMO 27 0.93 +£0.92 0.48 +0.85
INT 45 0.67 +0.83 0.44 £0.63
LBL 7 0.86 £0.69 0.93 +£0.73
CUMB 17 0.71 £0.69 1.09 £1.18
NEG 24 0.42 £0.50 0.46 +0.72

Table 3. Means (%) and standard deviations (s) of raw values and residuals (RES) of the square-
root-transformed values for ventral pigment area and intensity characteristics in adult Nerodia

erythrogaster from various parts of its range. See text for explanation of abbreviations.

Indices of Ventral Pigment Characters

Area Intensity

Raw Value  RES Value Raw Value RES Value
A priori group n % s % S X S X s
FLAV 45 120 +11.7 -0.08 =0.16 1323 £21.6 0.02 +0.06
ARMO 27 16.6 =108 0.03 =0.13 133.0 £17.5 0.01 =0.05
INT 45 18.8 139 0.03 =0.16 127.8 +18.0 0.00 =0.05
LBL 7 12.8 +5.8 -0.55 =£0.07 131.5 +17.5 0.02 0.04
CUMB 17 229 +98 006 =0.10 112.1 +17.5 -0.04 0.05

NEG 24 200 £122 004 =0.15 1189 #20.1 -0.02 0.06
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oroups based on pigment arca and intensity data (Wilks’ Lambda = 0.827
‘ ’ =0.827, F\g34=3.14, area P =

0.013. and intensity P = 0.043).

Post hoc (LSD) analysis of the pigment area data reveals a significant difference (P <0.05)
between the FLAV group and all other groups except the LBL group (Table 4). The same
analysis of the pigment intensity data shows a more complex relationship. Although there is a
significant difference between the pigment intensity data for the CUMB group and each of the
other groups, there is also a significant difference between the data for the NEG group and the
FLAV and ARMO groups (Table 5). A DFA classification matrix with each a priori group
having the same classification probability (P = 0.167) correctly placed 42.2% of the FLAV,
29.6% of the ARMO, 11.1% of the INT, 42.9% of the LBL, 52.9% of the CUMB group, and
only 8.3% of the NEG specimens into their respective a priori groups (Table 6).

After considering all the data, the six a priori groups were reorganized into three groups:
Nerodia erythrogaster flavigaster includes the FLAV group; Nerodia erythrogaster neglecta is
comprised of the combined CUMB and NEG groups; and an intergrade population is composed
of the combined ARMO, INT, and LBL groups.

One-way MANOVA analysis resulted in a significant difference (Wilks’ Lambda = 0.846, P
=0.000) between the means of the three groups. Post hoc (LSD) analysis of the pigment area
data showed a significant difference between N. e. flavigaster and the N. e. neglecta and

intergrade populations (Table 7). The intensity data showed a significant difference between N.

e. neglecta and the N. e. flavigaster and intergrade populations (Tables 8). The DFA of these

groups showed no discrimination (P < 0.0008) between these new a priori groups (equal a priori

i i ilks’ =0.846,
classification probabilities, P = 0.333) and the area and intensity data (Wilks’ Lambda =0

Fi3,=17.02, area P = 0.002, and intensity P = 0.006), but review of the classification matrix
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rodia erythrogaster from various parts of jts range. Probabilities values

A priori group

n

FLAV

ARMO

INT

LBL CUMB NEG
FLAV 45 0.005 0.001 0.706 0.002 0.003
ARMO 27 0.005 0.876 0.208 0.476 0.783
INT 45 0.001 0.876 0.160 0.520 0.576
LBL . 0.706 0.208 0.160 0.094 0.155
CUMB 17 0.002 0.476 0.520 0.094 0.650
NEG 24 0.003 0.783 0.876 0.155 0.650

Table 5. Post hoc (LSD) comparison of one-way MANOVA results for adult pigment intensity

characteristic in Nerodia erythrogaster from various parts of its range. Probability values, in

bold type, are significant (P <0.05). See text for explanation of abbreviations.

Apriorigroup n _ FLAV ___ ARMO INT LBL _ CUMB _ NEG
FLAV 45 0.804 0.196  0.859  0.001 0.009
ARMO 27 0.804 0384  0.754  0.006 0.031
INT 45 0.197 0384 0396  0.023 0.117
LBL 7 0859  0.754 0.396 0.028 0.085
CUMB 17 0.001  0.006 0.023  0.028 0.423
NEG 24 0.009  0.031 0117  0.085  0.424
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Table 6. Discriminate function analysis classifi

cati IX iori
On matrix (equal apriori classification

probabi“t)’ values, P =0.167) of residuals for square-root-transfonned ventral pigment
gment area and

) n Finas O - ) .
intensity data from adult Nerodia eryihrogaser from various parts of its range Percentages i
v €sIn

bold type indicate proper classification. See text for explanation of abbreviation
s.

A priori group n FLAV ARMO INT [ BL

CUMB NEG
FLAV 45 42.2 20.0 4.4 1.1 20.0 55
ARMO 27 3.7 29.6 3.7 2.2 259 1-4-8
INT 45 20.0 24.4 11.1 133 26.7 44
I.BL 7 14.3 256 0 42,9 143 0
CUMB 17 1.8 1.8 0 59 52.9 17.6
NEG 24 29.2 125 83 0 41.7 8.3

Table 7. Post hoe (1.SD) comparison of one-w ay MANOVA analysis of adult ventral pigment

arca for proposed Nerodia ervthrogaster taxa. Probability values, in bold type, are significant (P

= 0.09).

Taxa n N._ e flavigaster Intergrade N ¢ neglecta
A, e ﬂu\'iguxlvr 45 0.000 0.000
Intergrades 79 0.000 0.397

-
O
~d

N e neglecta 41 0.000 0.
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Table 8. Post hoc (LSD) comparison of one-way MANOVA analysis of adult pigment intensity
intensi

for proposed Nerodia erythrogaster taxa. Probability values, in bold type, are significant (P <

0.05).

Taxa n N. e. flavigaster Intergrade N. e. neglecta
N. e. flavigaster 45 0.363 0.000
Intergrades 79 0.363 0.002

N. e. neglecta 41 0.000 0.002

showed that 53.3% of N. e. flavigaster, 61.0% of N. e. neglecta, and 34.2% of intergrades were
properly classified (Table 9).

Reviewing Conant’s (1949) descriptions of the various subspecies of N. erythrogaster, |
suggest that the degree of fusion of mid-dorsal and lateral blotches can be used to distinguish the
juveniles of N. e. flavigaster from N. e. neglecta, but that this character will not separate
intergrades of these two taxa from N. e. flavigaster (Figure 15). Valid adult phenotypic
characteristics are juvenile pattern visibility, ventral pigment intensity, and dorsal pigment
invasion of the ventral scales. Adult retention of a juvenile pattern is not common in either
subspecies, but is more prevalent in N. e. flavigaster (Figure 16). The quartile ranges (Figures
15& 16) illustrates how these data are strongly skewed, as seen in the V. e. neglecta data set for

juvenile mid-dorsal and lateral blotch fusion, whereas individuals were scored for each

phenotype, the median and both quartile values reflect the N. e. neglecta phenotype. Nerodiae.

. : g ales than
neglecta tends to be darker and have more dorsal pigment invasion onto the ventral sc

does N. e. flavigaster (Figures 17 & 18). Adult pattern and ventral pigment intensity of

' ‘ igment area of
Intergrades resembles the N. e. flavigaster phenotype, whereas the ventral pig
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Table 9. Discriminate function analysis classification matrix of residuals for squ t
are-root-

transformed pigment area and intensity data from adult Nerodia erythrogaster in proposed t
¢ axa

with equal a priori classification probability values (P=0.333). Percentages in bold -

indicate proper classification.

Taxa n N._e. flavigaster Intergrade K & neploeia
N. e. flavigaster 45 53.3 26.7 20.0
Intergrades 19 31.6 34.2 342
N. e. neglecta 41 244 14.6 61.0

intergrades resembles more the N. ¢. neglecta phenotype (Figures 17 & 18).

Ventral coloration is another important subspecific taxonomic characteristic (Conant 1949),
but no data could be gathered for this characteristic because of the effects of preservation. My
observations of N. erythrogaster captured from the LCRB seem to agree with those of Scott and
Snyder (1968) in that most specimens’ ventral coloration ranges from dull-to-bright orange.
Within a subspecies it is not uncommon for an occasional individual to express a phenotype not
consistent with the majority of its population (Mayr 1969). After completing the data analysis
for this study, an adult N. eryrhrogaster was captured from Montgomery County, Tennessee
(Haynes Bottoms Wildlife Management Area) that was dull-yellow on the venter and light grey
dorsal pigment invasion onto

on the dorsum. It also had a distinct juvenile pattern, and moderate

the ventral scales.
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T Min-Max
[ 25%-75%

0 Median value

Figure 15. Medians, quartiles, and ranges for the degree of mid-dorsal and lateral blotch fusion

in juvenile Nerodia erythrogaster flavigaster, Nerodia erythrogaster neglecta, and their

intergrades. Degree of fusion ranges from 1.0 (very little) to 3.0 (extensive).

3.5

3.0

2.5

2.0

Juvenile Pattern Visibility

Figure 16. Medians, quartiles, and ranges for the degree of

; ; ir int
Nerodia erythrogaster flavigaster, Nerodia erythrogaster neglecta, and thei

n=45 n=79

N. e. flavigaster Intergrades ~ N.e neglecta

Taxa

of visibility ranges from not visible (0) to very visible (3).
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ergrades. Degree
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Figure 17. Means, standard errors, and standard deviations for ventral pigment intensity in adult

Nerodia erythrogaster flavigaster, Nerodia erythrogaster neglecta, and their intergrades.

Pigment intensity ranges from 0 (black) to 255 (white).

Percentage of Dorsal Pigment
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Figure 18. Means, standard errors, and standard deviations for

. j / ] aster
ventral scales in adult Nerodia erythrogaster flavigaster, Nerodia erythrog

th intergrades. Results are average percentages of dorsal p1g
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CHAPTER v
CONCLUSIONS

Where suitable habitat exists, Nerodia erythrogaster occurs in the LCRB from Ashland City
hland Ci

9

Tennessee down river to Barkley Dam, Kentucky. Below Barkley Dam additional field work

should yield specimens, especially from favorable habitat in the Smithland, Kentucky area.
Above Ashland City in Davidson County, Tennessee it seems unlikely that specimens will be
found, because of the limited suitable habitat in that area.

The loss of potential habitat for N. erythrogaster in the LCRB has been twice the regional
average, but I do not think there is any immediate danger to the LCRB population because much
of the river drainage is public land. Populations of N. erythrogaster have been documented in or
around LBL, Cross Creeks National Wildlife Refuge, several Army Corps of Engineers’ sites,
and at two sites (Shelton Ferry Wetlands Wildlife Management Area and Haynes Bottom
Wildlife Management Area) recently acquired by the TWRA. Cooperative land owners
(Marshall Creek sub-population) also afford protection to substantial populations of V.
erythrogaster in the LCRB. To ensure the future of this species in the LCRB, | recommend that
private and government agencies follow the example of the TWRA, and acquire additional

habitat as it becomes available.

Nerodia erythrogaster from the southern half of LBL upstream throughout the LCRB are

most like the neglecta subspecies, as originally reported by Scott and Snyder (1968). A broad

. P : i rn Arkansas,
area of intergradation occurs in the Mississippi River valley, including northeaste

S} half of LBL.
northwestern Tennessee, western Kentucky, southern Illinois, and the northern

- : , inois, and lowa. The
Nerodia e. flavigaster is apparently absent from Missour, Kentucky, Illinois, an

Reelfoot Lake and
southern border of the intergrade population is probably somewhere between
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Memphis, Tennessee. Nerodia e. flavigaster ranges southward in the Mississinpi River d
1pp1 River drainage
(<}

and over much of the Coastal Plain.

The results of this research have answered some basic questions, but several others have
been raised. What is the minimum habitat requirements for this species and how important are
upland habitats? What are the population dynamics of N erythrogaster in the LCRB? While the
taxonomic scope of this research was to determine subspecific relationships, based on accepted
phenotypic characteristics, does such an analysis accurately depict evolutionary relationships? Is
it even appropriate to recognize subspecies for N. erythrogaster?

Further research will undoubtably answer many of these questions. Whereas the findings of
my research agree with the phenotypic classification scheme for these two subspecies, I would
not be surprised if further genotypic research revealed that subspecific recognition for N.
erythrogaster invalid. The biggest inefficiencies of this research were in the area of image
analysis. While I became very efficient at processing specimens, it was still a very labor

intensive and cumbersome task to take and edit images by myself.
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Contributing Zoological Museums

and their Standarq Abbreviations

700logical Museum

Austin Peay State University Museum of Zoology
Au )

APSU

Monte L. Bean Life Science Museum Bringham Young University BYU
Carnegie Museum of Natural History H
Ficld Museum of Natural History FMNH
Natural History Museum, The University of Kansas KU
Museum of Natural Science, Louisiana State University LSU
Morehead State University, Museum of Zoology MSU
Ihe University of Loutsville, Museum of Zoology UL

I'he University of Michigan, Museum of Zoology UMMZ

USNM
National Museum of Natural History

Standard Abbreviation
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Nerodia erythrogaster Specimens Used in the Taxonomic Analysis

State County/Parish Museum/Number

Collection Locality

Collection Date Collector

Data Set
‘AL Coosa UMMZI122208 7 mi. SW of Rocktord, along Hatchet Creck 19 July 1931 H.G. Dowling Adult
AL  Coosa UMMZ96765 7 mi. SW of Weogufka 4 July 1943 Jesse Nicholls Adult
AL Elmore UMMZ96766 1 mi. W of Wetumpka 5 July 1943 Jesse Nicholls Adult
AL  Mobile UMMZ97012 Unknown Unknown Loding & Van Aller Adult
AL  Mobile UMMZ97013 Unknown May 1926 H.P. Loding Adult
AL  Perry CM72166 1.4 mi. W Hwy. 183 on Hwy. 49 ( 0.9 mi. N Sprott) 19 May 1979 R.C. Vogt, et al Adult
AL  Perry CM72167 1.4 mi. W Hwy. 183 on Hwy. 49 ( 0.9 mi. N Sprott) 19 May 1979 R.C. Vogt, et al Juvenile
AL  Tuscaloosa USNM260819 Tuscaloosa, 2.3 mi. S of Moody Swamp 20 April 1951 Richard M. Johnson Adult
AR  Arkansas USNM131503 Stuttgart 17 July 1951 Unknown Adult
AR  Clay UMMZ155654 6 mi. W of Boydsville, on Ark. 90 9 July 1974 P. Rosen Adult
AR Clay UMMZ77680 1 mi. E of Coming 8 June 1934 Hartweg & Clanton Juvenile
AR Clay UMMZ77684-A 2 mi. E of Corning 8 June 1934 Hartweg & Clanton Juvenile
AR Clay UMMZ77684-B 2 mi. E of Coming 8 June 1934 Hartweg & Clanton Juvenile
AR Desha CM23985 Rohwer 22 June 1944 R.H. McCauley Adult
AR Drew FMNH40779 Monticello April/May 1942 W.C. Hobgood Juvenile
AR  Garland UMMZ46646 Hotsprings Unknown Unknown Juvenile
AR Grant BYU43672 Hurricane Cr., 0.5 mi. W of Hwy. 167 15 March 1974  Steven R. Hayes Adult
AR  Grant UMMZ109378 3.5 mi. E of Poyen 14 August 1953  A. Schwartz Juvenile
AR  Greene UMMZ71349 Paragould July 1931 M.V. Parker Adult
AR  Greene UMMZ71350 Paragould July 1931 M.V. Parker Adult
AR  Greene UMMZ76753-A Paragould, born 10 Sept. 1934 Unknown Jane Coftman Juvenile
AR  Greene UMMZ76753-B Paragould, born 10 Sept. 1934 Unknown Jane Coffman Juvenile
AR  Greene UMMZ76753-D Paragould, bomn 10 Sept. 1934 Unknown Jane Coffman Juvenile
AR  Greene UMMZ76753-F Paragould, born 10 Sept. 1934 Unknown Jane Coftman Juvenile
AR  Greene UMMZ76753-H Paragould, born 10 Sept. 1934 Unknown Jane Coffman Juvenile
AR  Greene UMMZ76753-M Paragould, born 10 Sept. 1934 Unknown Jane Coffman Juvenile
AR  Greene UMMZ76753-N Paragould, bomn 10 Sept. 1934 Unknown Jane Coffman Juvenile
AR  Greene UMMZ77683-B 2 mi. W of Paragould 8 June 1934 Hartweg & Clanton Juvenile
AR  Greene UMMZ81245 S of Marmadoke 5 May 1934 M. Parker Adult
AR  Greene UMMZ81247 8 mi. Cr, 3.5 mi. SE of Paragould, born 28 Sept. 1934 8 June 1934 Hartweg & Clanton Adult
AR  Greene UMMZ81247-B 8 mi. Cr, 3.5 mi. SE of Paragould, born 28 Sept. 1934 8 June 1934 Hartweg & Clanton Juvenile
AR  Greene UMMZ81247-D 8 mi. Cr, 3.5 mi. SE of Paragould, born 28 Sept. 1934 8 June 1934 Hartweg & Clanton Juvenile
AR  Greene UMMZ81247-F 8 mi. Cr, 3.5 mi. SE of Paragould, born 28 Sept. 1934 8 June 1934 Hartweg & Clanton Juvenile
AR  Greene UMMZ81247-H 8 mi. Cr, 3.5 mi. SE of Paragould, born 28 Sept. 1934 8 June 1934 Hartweg & Clanton Juvenile
AR  Greene UMMZ81247-1 8 mi. Cr, 3.5 mi. SE of Paragould, born 28 Sept. 1934 8 June 1934 Hartweg & Clanton Juvenile
AR  Greene UMMZ81247-K 8 mi. Cr, 3.5 mi. SE of Paragould, born 28 Sept. 1934 8 June 1934 Hartweg & Clanton Juvenile
AR  Greene UMMZ81247-L 8 mi. Cr, 3.5 mi. SE of Paragould, born 28 Sept. 1934 8 June 1934 Hartweg & Clanton Juvenile
AR  Greene UMMZ81247-M 8 mi. Cr, 3.5 mi. SE of Paragould, born 28 Sept. 1934 8 June 1934 Hartweg & Clanton Juvenile
AR  Greene UMMZ81247-Q 8 mi. Cr, 3.5 mi. SE of Paragould, born 28 Sept. 1934 8 June 1934 Hartweg & Clanton Juvenile
AR  Independence = CM91803 Batesville 1 June 1964 W. Callaway Adult
AR  Jackson CM25041 Newport 10 May 1944 R.H. McCauley Juvenile
AR  Jackson CM25042 Newport 10 May 1944 R.H. McCauley Juvenile
AR  Lafayette UMMZ90198 4 mi. W of Louisville May 1940 Geo Siegfried Adult
AR  Lawrence CMS5436 Imboden 10 June 1926 B.C. Marshal Juvenile
AR  Lawrence FMNH8501 Imboden 1925 Byron C. Marshall Juvenile
AR Lawrence FMNH8502 Imboden 1925 Byron C. Marshall Juvenile
AR  Lawrence FMNH8726 6 mi. SW of Imboden April 1926 Byron C. Marshall Adult
AR Lawrence FMNH8727 6 mi. SW of Imboden April 1926 Byron C. Marshall Adult

8Y



Nerodia erythrogaster Specimens Used in the Taxonomic Analysis (Continued)

State County/Parish Museum/Number

Collection Locality

Collection Date Collector

Data Set
AR Lawrence FMNHS8728 6 mi. SW of Imboden Aprl 1926 Byron C. Marshall Adult
AR  Lawrence FMNH8729 6 mi. SW of Imboden April 1926 Byron C. Marshall Adult
AR  Lawrence FMNH8730 6 mi. SW of Imboden April 1926 Byron C. Marshall Adult
AR  Lawrence FMNH8962 Imboden June 1926 Byron C. Marshall Adult
AR  Lawrence FMNH8967 Imboden June 1926 Byron C. Marshall Juvenile
AR  Lawrence FMNH95263 Imboden May 1929 Byron C. Marshall Adult
AR  Pike FMNH33896 Delight September 1939 C.M. Barber Juvenile
AR  Poinsett CM24611 1 mi. W of Harrisburg, Ark 14 23 August 1944  R.H. McCauley Juvenile
AR  Poinsett CM24611-B Offspring of CM24611 NA NA Juvenile
AR  Poinsett CM24611-C Offspring of CM24611 NA NA Juvenile
AR  Poinsett CM24611-D Offspring of CM24611 NA NA Juvenile
AR  Poinsett CM24611-E Offspring of CM24611 NA NA Juvenile
AR  Poinsett CM24611-F Offspring of CM24611 NA NA Juvenile
AR  Poinsett CM24611-G Offspring of CM24611 NA NA Juvenile
AR  Poinsett CM24611-H Offspring of CM24611 NA NA Juvenile
AR  Poinsett CM24611-1 Offspring of CM24611 NA NA Juvenile
AR Randolph LSU43561 U.S. 67, 3 mi. NE of Pocahontas Unavailable Unavailable Adult
AR  Randolph UMMZ100424 10 mi. N of Pocohontas 7 July 1945 Sherman Minton Jr. Juvenile
AR St Francis USNM39266 Wheatley 1909 Unknown Adult
AR  Stone FMNHS51960 Marcella 22 March 1948  Sanbormn, Wonder, & Kalinowski Juvenile
1L Alexander FMNH2229 Olive Branch, Horseshoe Lake 10 May 1907 C.M. Barber Adult
1L Alexander FMNH2234 Olive Branch, Horseshoe Lake 9 May 1907 C.M. Barber Adult
IL Madison USNMS56545 Unknown 7 August 1911 Julius Hurter Juvenile
1L Randolph USNMS56546 Unknown 4 September 1896 Julius Hurter Juvenile
1L Richland USNM14156 Olney 20 July 1885 John & Charles Walker Adult
1L St. Clair USNMS56543 Unknown 13 May 1894 Julius Hurter Adult
1L St. Clair USNMS56544 Unknown 7 October 1903 Julius Hurter Adult
1L Union FMNH23733 0.5 mi. W of Ware, banks of dredge ditch 23 June 1936 D.D. Davis Adult
IN Gibson UMMZ111887 4 mi. NE of Griffin 14 August 1954 Madge & Sherman Minton Juvenile
IN Gibson UMMZ89738 South shore of Foots Pond 10 July 1940 K. Lagler & C.B. Obrecht Adult
IN Pike CMS9759 4 mi. W of Winslow CCC Camp, Patoka Township 4 March 1936 D.C. & P.L. Swanson Adult
IN Scott UMMZ116311 1.5 mi. SW of Austin 13 May 1956 K. Downey, K. Shaw, & S. Minton Adult
IN St. Joseph FMNH245282 South Bend, South Bend Ave. & Corby Blvd. 17 June 1965 G. Sechrist Adult
IN Washington UMMZ108088 4 mi. NW of Little York 9 May 1953 S.A. Minton & W. Reifsteck Juvenile
IN Wells CMRI1113 Bluffton 3 May 1905 E.B. Williamson Juvenile
IN  Wells CMR1114 Bluffton 3 May 1905 E.B. Williamson Juvenile
IN Wells CMR1520 Bluffton Unknown E.B. Williamson Adult
IN Wells CMR1928 Bluffton 28 June 1905 E.B. Williamson Juvenile
IN Wells CMRI1928-AA Bluffton 28 June 1905 E.B. Williamson Juvenile
IN Wells CMR1928-B Bluffton 28 June 1905 E.B. Williamson Juvenile
IN Wells CMR1928-BB Bluffton 28 June 1905 E.B. Williamson Juvenile
IN Wells CMR1928-C Bluffton 28 June 1905 E.B. Williamson Juvenile
IN Wells CMR1928-CC Bluffton 28 June 1905 E.B. Williamson Juvenile
IN Wells CMR1928-D Bluffton 28 June 1905 E.B. Williamson Juvenile
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Nerodia erythrogaster Specimens Used in the Taxonomic Analysis (Continued)

State County/Parish Museum/Number

Collection Locality Collection Date  Collector Data Sct
IN Wells CMR1928-DD Bluflton 28 June 1905 E.B. Williamson Juvenile
IN Wells CMRI1928-E Bluffton 28 June 1905 E.B. Williamson Juvenile
IN Wells CMRI1928-EE Bluffton 28 June 1905 E.B. Williamson Juvenile
IN Wells CMR1928-F Bluffton 28 June 1905 E.B. Williamson Juvenile
IN Wells CMR1928-FF Bluffton 28 June 1905 E.B. Williamson Juvenile
IN Wells CMR1928-G Bluffton 28 June 1905 E.B. Williamson Juvenile
IN Wells CMR1928-GG Bluffton 28 June 1905 E.B. Williamson Juvenile
IN Wells CMR1928-H Bluffton 28 June 1905 E.B. Williamson Juvenile
IN Wells CMR1928-HH Bluffton 28 June 1905 E.B. Williamson Juvenile
IN Wells CMR1928-1 Bluffton 28 June 1905 E.B. Williamson Juvenile
IN Wells CMR1928-] Bluffton 28 June 1905 E.B. Williamson Juvenile
IN Wells CMR1928-K Bluffton 28 June 1905 E.B. Williamson Juvenile
IN Wells CMR1928-L Bluffton 28 June 1905 E.B. Williamson Juvenile
IN Wells CMR1928-M Bluffton 28 June 1905 E.B. Williamson Juvenile
IN Wells CMR1928-N Bluffton 28 June 1905 E.B. Williamson Juvenile
IN Wells CMR1928-O Bluffton 28 June 1905 E.B. Williamson Juvenile
IN Wells CMR1928-P Bluffton 28 June 1905 E.B. Williamson Juvenile
IN Wells CMR1928-Q Bluffton 28 June 1905 E.B. Williamson Juvenile
IN Wells CMR1928-R Bluffton 28 June 1905 E.B. Williamson Juvenile
IN Wells CMR1928-S Bluffton 28 June 1905 E.B. Williamson Juvenile
IN Wells CMR1928-T Bluffton 28 June 1905 E.B. Williamson Juvenile
IN Wells CMR1928-U Bluffton 28 June 1905 E.B. Williamson Juvenile
IN Wells CMR1928-V Bluffton 28 June 1905 E.B. Williamson Juvenile
IN Wells CMR1928-W Bluffton 28 June 1905 E.B. Williamson Juvenile
IN Wells CMR1928-X Bluffton 28 June 1905 E.B. Williamson Juvenile
IN Wells CMR1928-Y Bluffton 28 June 1905 E.B. Williamson Juvenile
IN Wells CMR1928-Z Bluffton 28 June 1905 E.B. Williamson Juvenile
KY Ballard KU214469 Axe Lake, 3 mi. NW of Barlow 12 May 1963 Julien C. Lee Adult
KY Ballard KU214471 Barlow 14 May 1963 Julien C. Lee Juvenile
KY Ballard UL7138 4 mi. W of Barlow 28 May 1976 Dale Fell Juvenile
KY Ballard UL7142 4 mi. W of Barlow 29 May 1974 Susan Wilbum Adult
KY Ballard USNM339511 Ballard St. WMA, Turkey Lk. Rd. at Beaverdam Slough 8 June 1983 J. Moriarty, M. Evans, & B.D. Anderson  Adult
KY  Ballard USNM339512 Ballard St. WMA, Turkey Lk. Rd. at Beaverdam Slough 8 June 1983 J. Moriarty, M. Evans, & B.D. Anderson  Adult
KY Ballard USNM339513 Ballard St. WMA, Turkey Lk. Rd. at Beaverdam Slough 8 June 1983 J. Moriarty, M. Evans, & B.D. Anderson  Adult
KY Ballard USNM339514 Ballard St. WMA, Turkey Lk./Shelby Lk. spillway 8 June 1983 J. Moriarty, M. Evans, & B.D. Anderson  Adult
KY Ballard USNM339515 Ballard State Waterfowl Management Area 7 June 1983 Brian D. Anderson & Marc Evans Juvenile
KY  Butler MSUR4443 Roundabout Swamp 29 April 1989  Les Meade, et al Adult
KY Caldwell USNM339516 Dawson Springs, W of U.S. 62 at Tradewater River 22 May 1980 Ronald S. Caldwell Adult
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Nerodia erythrogaster Specimens Used in the Taxonomic Analysis (Continued)

State County/Parish  Museum/Number Collection Locality Collection Date Collector Data Set
KY  Carlisle KU214476 5 mi. S of Wickhffe 18 Apnl 1963 Julien C. Lee Adult
KY Carlisle MSUR2849 Back Slough, Laketon 23 April 1983 Les Meade Juvenile
KY Carlisle MSUR2903 Back Slough, Laketon 24 Apnl 1983 John MacGregor Adult
KY Carlisle MSUR3598 Back Slough, Laketon April 1983 Les Meade, ct al Adult
KY  Carlisle USNM339518 Laketon, NW of Black Slough 8 Junc 1983 John Moriarty Juvenile
KY Daviess KU144825 3 mi. SE of Owensboro Unknown Joseph T. Collins Juvenile
KY  Fulton KU144824 Mississippi R. peninsula, NW of Reelfoot Lake 20 April 1967 Joseph T. Collins Adult
KY  Fulton KU154196 N end of Reelfoot Lake 16 May 1973 Joseph T. Collins Adult
KY  Fulton KU214466 3.5 mi. NNW of Fulton 11 May 1963 Julien C. Lee Adult
KY  Fulton KU214467 Approximately Fulton 12 May 1963 Julien C. Lee Adult
KY  Fulton KU214468 N end of Reelfoot Lake 24 May 1963 Julien C. Lee Adult
KY  Fulton MSUR2589 North end of Reelfoot Lake 26 April 1982 Les Meade & Matt Mcadows Adult
KY  Fulton MSUR3584 North end of Reelfoot Lake April 1985 Matt Meadows & Les Meade Adult
KY  Fulton MSUR770 North end of Reelfoot Lake 18 April 1981 Les Meade, et al Adult
KY  Fulton MSUR793 North end of Reelfoot Lake 18 April 1981 Les Meade & Matt Mcadows Adult
KY  Fulton UL4769 3 mi. S.E. Bondurant 29 May 1974 Burt Monroe, Jr. Adult
KY  Fulton UL4770 3 mi. S.E. Bondurant 29 May 1974 Burt Monroe, Jr. Juvenile
KY  Fulton UL4771 3 mi. S.E. Bondurant 17 May 1972 Burt Monroe, Jr. Juvenile
KY  Fulton UL4772 3 mi. S.E. Bondurant 4 Junc 1971 Burt Monroe, Jr. Juvenile
KY  Fulton UL4773 3 mi. S.E. Bondurant 17 May 1972 Burt Monroe, Jr. Juvenile
KY  Fulton UL4774 3 mi. S.E. Bondurant 17 May 1972 Burt Monroe, Ir. Juvenile
KY  Fulton ULA77S 3 mi. S.E. Bondurant 17 May 1972 Burt Monroe, Jr. Adult
KY  Fulton UL4777 3 mi. S.E. Bondurant 17 May 1972 Burt Monroe, Jr. Adult
KY  Graves CM40489 2 mi. S of Hardmoney, Blizzard Pond 14 Apnl 1965 M.E. Sisk Adult
KY Hardin UL4000 Weir's Creck, 4 mi. W. Nebo 29 May 1974 Monroe & Lattis Adult
KY  Henderson UMMZ61010 Near Smith Mills 15 June 1924 F.N. Blanchard Adult
KY  Henderson UMMZ61011 Near Smith Mills 15 June 1924 F.N. Blanchard Adult
KY  Henderson USNM339517 Cape Hill, 2 mi. (air) E of Jct. of RT 163 and RT 268 1 May 1980 Ronald S. Caldwell Adult
KY  Hickman KU214472 5 mi. N of Cayce 14 May 1963 Julien C. Lec Juvenile
KY  Hickman KU214473 S mi. N of Cayce 14 May 1963 Julien C. Lec Adult
KY  Hickman KU214474 S mi. N of Cayce 14 May 1963 Julien C. Lee Adult
KY  Hickman KU214475 7.5 mi. S of Kirbyton 31 May 1963 Julien C. L.ce Adult
KY  Hickman MSUR769 Murphys Pond Arca, near Obion Creck 17 Apnl 1981 Les Mecade, ct al Adult
KY  Hickman UMMZ105578 Murphy Pond 7 Junc 1948 S.A. Minton Adult
KY  Hopkins APSU4310 S mi. 8 Nebo at Clear Cr. bndge (Hwy. 502) 20 May 1982 Bemard Rottman Adult
KY  Hopkins UL3554 Weir's Creck, 6 mi. W. Nebo 18 May 1970 Burt L. Monroe, Jr. Adult
KY  Hopkins UL3997 Weir's Creck, 4 mi. W. Nebo 18 May 1970 Lattis & Monroe Adult
KY  Hopkins UL7137 Weir's Creck, 3 mi. S of Provodence 29 May 1974 Dale Fell Adult
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Nerodia erythrogaster Specimens Used in the Taxonomic Analysis (Continued)

State County/Parish  Museum/Number Collection Locality Collection Date Collector Data Set
KY  Hopkins UL7141 Weir's Creek, 3 mi. S of Provodence 17 May 1972 Glen Early Adult
KY  Hopkins UL7143 Weir's Creek, 3 mi. S of Provodence Spring 1932 Alan Clubb Adult
KY Lyon APSU335 365510N, 880045W; Honker Bay Pop. 20 April 1966 W. Nall Adult
KY Lyon APSU885 1/2 mi. SW of Carmack Bay; Carmack Bay Pop. 18 July 1967 J.W. Sexton, Pardue Adult
KY Lyon APSU933-1 Offspring of APSU88S NA NA Juvenile
KY Lyon APSU933-10 Offspring of APSU885 NA NA Juvenile
KY Lyon APSU933-11 Offspring of APSU88S NA NA Juvenile
KY Lyon APSU933-12 Offspring of APSU88S NA NA Juvenile
KY Lyon APSU933-13 Offspring of APSU88S NA NA Juvenile
KY Lyon APSU933-14 Offspring of APSU885 NA NA Juvenile
KY Lyon APSU933-15 Offspring of APSU88S NA NA Juvenile
KY Lyon APSU933-16 Offspring of APSU88S NA NA Juvenile
KY Lyon APSU933-17 Offspring of APSU88S NA NA Juvenile
KY Lyon APSU933-18 Offspring of APSU88S5 NA NA Juvenile
KY Lyon APSU933-19 Offspring of APSU885 NA NA Juvenile
KY Lyon APSU933-2 Offspring of APSU88S5 NA NA Juvenile
KY Lyon APSU933-20 Offspring of APSUS8S NA NA Juvenile
KY Lyon APSU933-21 Offspring of APSUS88S NA NA Juvenile
KY Lyon APSU933-22 Offspring of APSUB8S NA NA Juvenile
KY Lyon APSU933-23 Offspring of APSU8SS NA NA Juvenile
KY Lyon APSU933-24 Offspring of APSU88S NA NA Juvenile
KY Lyon APSU933-25 Offspring of APSUS8S NA NA Juvenile
KY Lyon APSU933-26 OfYspring of APSUSSRS NA NA Juvenile
KY Lyon APSU933-27 OfTspring of APSUSRS NA NA Juvenile
KY Lyon APSU933-28