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THE RICHNESS AND RELATIVE ABUNDANCE OF SMALL MAMMALS IN OLD
SURFACE COAL-MINED SITES IN CRAWFORD AND CHEROKEE COUNTIES,
KANSAS

An Abstract of the Thesis by
Fabio Giacomelli

Species richness and relative abundance (RA) of the small terrestrial mammals
were accessed in 20 different unreclaimed old coal mined sites in Crawford and Cherokee
counties, southeast Kansas in 2014. Lines of Victor™ wooden snap-traps were set in
three habitat types in each area: grassy, brushy and forested during 3-days period in each

of the four seasons.

Southeast Kansas was heavily surface-mined (strip-mined) between the 1930’s
and the 1970’s and many of these sites were not reclaimed (restored to the appearance of
its original landscape). This has resulted in many types of altered habitats in this region
such as strip-pits (usually long, narrow lakes), and a diversity of vegetative communities
such as grassy, brushy and forested habitats categorized in this study. A total of 12
different species were collected. These species belong to two orders: Rodentia and
Soricomorpha. Order Rodentia had 10 species represented in this study. Prairie vole
(Microtus ochrogaster), pine vole (Microtus pinetorum), house mouse (Mus musculus),
Eastern woodrat (Neotoma floridana), white footed mouse (Peromyscus leucopus), deer
mouse (Peromyscus maniculatus), fulvous harvest mouse (Reithrodontomys fulvescens),

plains harvest mouse (Reithrodontomys montanus), hispid cotton rat (Sigmodon hispidus)



and meadow jumping mouse (Zapus hudsonius). Order Soricomorpha was represented by
two species: Elliot’s short-tailed shrew (Blarina hylophaga) and least shrew (Cryptotis
parva). The richest habitat was grassy habitat where all twelve species (650 individuals)
were collected followed by brushy with ten species (483), and finally forested habitat

with eight species (219) collected.

The most collected species were the deer mouse, 494 individuals, 36.54% RA.
The least collected species were the house mouse, the plains harvest mouse and the

meadow jumping mouse with only seven individuals for each species and 0.5% RA.

Most sites presented high richness and number of specimens collected. Although some
sites show low richness and specimens collected, there were no apparent reasons for such

results.
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CHAPTER I

INTRODUCTION

Several studies of small mammals have been conducted on unreclaimed strip-
mined land. Mammal and plant species common name and scientific names will be used
the first time the species is mentioned and then only common names will be used. A list
of all common and scientific names can be found in the appendix B and C of this thesis.

Yeager (1942) reported that all native species were present in his study of
unreclaimed coal strip-mined land in Vermillion County, Illinois. De Capita and
Bookhout (1975) said in their study of “Small Mammal Populations, Vegetational Cover,
and Hunting Use of an Ohio Strip-Mined Area” that they did not believe that strip-mined
areas offer better habitats when compared with abandoned farmland, despite some
favorable characteristics.

Sly (1976) and Hansen and Warnock (1978) claimed that while the numbers of
white-footed mice (Peromyscus leucopus) increased as tree cover increased, deer mouse
(Peromyscus maniculatus) numbers decreased as tree cover increased in their studies of
“Small Mammal Succession on Strip-mined Land in Vigo County, Indiana” and
“Response of Two Species of Peromyscus to Vegetational Succession on Land Strip-
Mined for Coal in Fulton County, Illinois” respectively. Although their role in nature is

important, few small mammal studies have been conducted in Crawford and Cherokee



counties in Southeast Kansas in the last three decades. Studies of small mammals
conducted in these counties include the following. Brown (1959) studied the

and relative abundance of small mammals in the strip-mined area of Pittsburg,
Kansas. Bingman (1963) conducted a small mammal census in the Pittsburg area
from 1950 to 1962. Heacock (1965) studied the aspects of the ecology of small
mammals in a strip-mined area. Ireland and Hays (1966) focused on the fulvous
harvest mouse (Reithrodontomys fulvescens) in Crawford County. May (1970)
studied the home range of small mammals in grassland areas. Irvin (1977) studied
the circadian rhythms of the hispid cotton rat (Sigmodon hispidus). Fotouhi (1978)
studied the mammals of the Natural History Reserve of Pittsburg State University.
Cleveland and Hays (1979) reported the first record of the meadow jumping
mouse (Zapus hudsonius) in Southeast Kansas.

Throughout most of the 20" century, Crawford and Cherokee Counties
have undergone landscaping-altering coal mining (strip mining). This type of
mining involves large shovels removing soil and underlying rocks down to
commercially-viable layers of coal. The “overburden” was deposited in long
ridges of soil and rock up to a mile long. These side-by-side ridges somewhat
resemble a corduroy effect from an aerial view. Among these ridges are “strip-
pits” - long relatively narrow lakes. Prior to state and federal laws taking effect in
the late 1960’s and early 1970’s, these old mined lands were “unreclaimed,” that
is the coal companies did not recontour them into something similar to the
original landscape, nor did they (usually) replant any vegetation. The resulting

landscape today is that of ridged land of poor soil, covered with a heterogeneous



mix of maturing trees, brush and grasses, intermixed periodically with mostly small, but
occasionally large strip-pit lakes. These areas are of little agricultural value, but
increasingly of value for fishing and hunting, and in some areas desirable for home-sites.

This study was located in the Mined Land Wildlife Area (MLWA), an area of
some 45 unreclaimed sites scattered throughout Crawford and Cherokee Counties. These
areas are owned and maintained by the Kansas Department of Wildlife, Parks, and
Tourism (KDWPT) primarily as hunting and fishing lands that are open to the general
public. Altogether there are around 5,600 hectares (14,000 acres) of land in the MLWA.
There is considerable unreclaimed, reclaimed and unmined land in and around the
MLWA in private hands.

One of the ecological problems noted in strip coal-mined areas is that none of the
natural pedologic-geologic topsoil, subsoil and bed rock is left. Coal companies used
power shovels to remove the soil into “gob piles” where the original topsoil is buried
underneath ridges of subsoil, shale, rock and discarded coal waste (Yeager, 1942). This
shoveling left behind strip pits formed by high hills and deep ditches that eventually
became filled with water. The pyrite, an iron sulfide associated with the coal in a few
areas, caused acidic pollution in the water and soil affecting cropland, native vegetation,
drainage and aquatic wildlife (Brosius, 2005).

Today most of the strip pits in the MLWA support a great number of aquatic
vertebrate and invertebrate life and these areas have great importance for public activity
as hunting, fishing, camping and other non-consumptive activities. Considering the

ecological and social importance of these areas, and the lack of recent studies regarding



the small mammal population, this study proposed to survey the small mammal

population present in the Mined Land Area for its richness and relative



CHAPTER II

MATERIALS, METHODS AND DESCRIPTION OF STUDY SITES

The Kansas Department of Wildlife, Parks, and Tourism (KDWPT) has 45
mined-land areas in Crawford and Cherokee Counties; from these, 20 areas were chosen
to serve as collecting sites. These 20 sites were all acquired by KDWPT between 1926
and 1981. After the first season (winter), collection had to be stopped in one of the sites
(site #3) due to a project conducted by KDWP which disturbed the landscape and made
the site unsuitable for my project.

This study was conducted during 2014. After site selection, three habitats (grassy,
brushy and forested) were selected in each site.

The trapping system used in this project was based on Ford (1977), using lines of
wooden mouse traps, with the addition of rat traps. According to Perry et.al, (1996) a mix
of mouse- and rat-size traps is more efficient to capture a better sample of species since
mouse traps are not fully efficient to capture larger species.

One line composed of 180 Victor™ mouse traps (98x46mm) and 20 Victor™ rat
traps (176x83mm) baited with peanut butter was set in each habitat. The line was set in
such a way that each nine mouse traps was followed by one rat trap. Each trap was set
about one meter apart. The three lines were checked daily, usually in the morning to
avoid specimen spoilage, scavengers, and because most of the expected species are
nocturnal according to Fotouhi’s (1978) study of the circadian rhythms of the hispid

cotton rat. All traps from each habitat were picked up after the third night, so the total



seasonal trapping effort was 1,800 trap-nights (TN) in each site. One trap-night is
one trap set for one night. In the end of this project 136,800 TN was the total
effort, this number is obtained by multiplying the number of traps in one area by
the number of days the traps were then multiplying the result by the number of
areas and then multiply it by the number of seasons trapped (600 x 3 x 19 x 4 =
136,800 TN). Relative abundance (RA) is calculated by dividing the number of
individuals of a single species by the total number of individuals captured.

All specimens collected were stored in zip-lock bags with collecting data
and taken to the laboratory where they were preserved in a freezer. The species of
each specimen was identified and standard measurements were recorded (Hall,
1955). The identification was done using an electronic dichotomous key (Timm,
Slade, and Pisani, 2005) and Peterson Field guide to Mammals of North America
(Reid, 2006). Some specimens, from each species, with no skull or skin damage
were preserved in the Pittsburg State University mammal collection.

The most common plant species, at each trap line, from each site, were
collected and identified to characterize the vegetation composition of each line
into three different habitats: grassy, brushy and forested. All specimens collected
were preserved and added to the Sperry Herbarium at Pittsburg State University..

The most common species in each category were:

Grassy: Big bluestem (Andropogon gerardii), Indiangrass (Sorghastrum
nutans), little bluestem (Schizachyrium scoparium var. scoparium), sericea

lespedeza (Lespedeza cuneata) and switchgrass (Panicum virgatum).



Brushy: Eastern red cedar (Juniperus virginiana), Japanese Honeysuckle
(Lonicera japonica), rough-leaf dogwood (Cornus drummondii), sericea lespedeza,
smooth sumac (Rhus glabra) and sumac (Rhus copallinum).

Forested: Cottonwood (Populus deltoides) Osage orange, (Maclura pomifera)
and pin oak (Quercus palustris).

Not all sites had all three habitats perfectly delineated and in some cases habitats
were mixed. The predominant type of vegetation was used to determine to which
category the site belonged. If the predominant vegetation were grass the habitat was
categorized as grassy, if brush and shrubs the habitat was categorized as brushy, and if
the predominant vegetation were trees, the habitat was categorized as forested.

Each site was trapped once each season (winter, spring, summer and autumn).
The winter trapping was conducted from January 18" through February 16™. Spring
trapping was conducted from April 19" through June 14™. In this season trapping had to
stop twice for some weeks, and this is the reason it took longer than the other trapping.
Summer trapping was done from September 11" through October 4. Finally Autumn
trapping was done from November 25" through December 20", A total of 228 trap lines
(136,800 trap-nights) were set during the period of this study.

The mapping of the study areas was conducted using a cellphone software called
Backpacker GPS Trails Lite, version 5.7.1 on a Samsung Galaxy S3. The software is no
longer available since April 2016. Each trap line was map separately and then joined in a
single map using a freeware called GPS Utility version 5.23. The last stage of the
mapping process was conducted using Google Earth were the coordinates of all lines

were transferred to a satellite image.



Site Description
Crawford and Cherokee Counties are located in the Southeast corner of
the state of Kansas (Fig.1). Crawford County has an area of 1,541 square
kilometers and lies on two different physiographic regions: the Cherokee
Lowlands and the Osage Cuestas. Cherokee County has an area of 1,531 square
kilometers and most of it lies on the Cherokee lowlands physiographic region, but

the southeastern corner of it lies in the Ozark Plateau physiographic region.



Crawford County

Map 1

Gorgle.,

Cherokee County

Map 2

Figure 1. Outline map of Kansas and detailed maps of Crawford and Cherokee counties.
Maps 1 and 2 are enlarged in Figures 2 and 3 respectively.



In total 4 areas surveyed in this project were located in Crawford County
(Fig.2) and fifteen in Cherokee County (Fig.3)

Before coal mining started in Southeast Kansas, the landscape was
different from what it is today. The main physiographic region in these two
counties is the Cherokee Lowlands, which is composed by gently sloping planes
with perennial streams, deep and fertile soils nourished the tall grass prairies
composed of little bluestem, big bluestem and Indiangrass. Today the land use
and land cover are a mix of cropland, grassland and scattered woodland (Kansas
Native Plant Society, 2016). The climate in Crawford and Cherokee Counties has
an average temperature of 13.3-14.4 degrees Celsius, and a precipitation average
of 101.6 — 114.3 cm (Goodin et.al. 1995). All sites were mapped using a Global

Positioning System (GPS) system.
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Site 1

This site corresponds to the Mined Land Wildlife Area (MLWA) #1. The site is
located northeast of the intersection of Highway 69 and West North County
Road/Highway 160 in Crawford County, Kansas (Fig. 4).

The trap line in the grassy habitat was located in the southern part of the site
where a grass field runs along the West North County Road/Highway 160. The most
common plants in the grassy habitat were little bluestem, Indiangrass, yellow foxtail
(Setaria glauca); longspike tridens, (Tridens strictus) and prairie bundle flower
(Desmanthus illinoensis).

The trap line in the brushy habitat was located on the top of a spoil bank along the
east side of the maintained road in the area. The brushy habitat abuts with a grass habitat
also along the road. In the brushy habitat, the most common plants were prairie bundle
flower; rough-leaf dogwood, smooth sumac, Indian grass, and big bluestem.

The forest trap line was located on the west side of the maintained road. This trap
line started in the bottom between two spoil banks and ended in the top of the southern
spoil bank. The most common plants in the forested area were cottonwood and catalpa
(Catalpa sp.). The understory was composed of buckbrush (Symphoricarpos orbiculatus)
and Japanese honeysuckle. While mapping this habitat, after trapping was done, the

location was flooded.
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Site 2

This site corresponds to MLWA #13 located southeast of the intersection of
Coalfield Road with Northeast 10th Street in Cherokee County, Kansas, 1.6 km south of
Scammon (Fig. 5).

The trap line in the grassy habitat was in a grass field in the western part of the
site along Northeast 10" street. The most common plants in this area were split-beard
bluestem (Andropogon ternarius), little bluestem, sericea lespedeza, and Indiangrass.

The brushy habitat trap line started along the boulder line surrounding the
campground area and followed a trail that led to the forest. The most common plants in
this area were woodoats (Chasmanthium latifolium), sericea lespedeza, willow-leaf
American-aster, (Symphyotrichum praealtum), white oldfield American-aster
(Symphyotrichum pilosum), smooth sumac, and Japanese honeysuckle.

The forested habitat trap line started in the valley between two spoil banks and
followed the valley for half of its length, then continued up on the eastern spoil bank and
followed the top of it until the end of the line. The most common plants in this area were
white mulberry (Morus alba), hickory (Carya sp.), and pin oak. The understory was

composed of bush honeysuckle and woodoats.
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Site 3

This site corresponds to MLWA #17 located northwest from the intersection of
Northwest 40™ Street and Kansas 102, one km east of West Mineral, Cherokee County,
Kansas. Because this site was disturbed (all the vegetation was removed), except for the
first trapping effort, no more collections were conducted in it. No description based on
the current plant community would accurately represent the vegetation present before the
disturbance.

Site 4

This site correspond to the MLWA #4, located southeast of the intersection of 260
Road with 570 Road in Crawford County, Kansas, 6.4 km east of Pittsburg (Fig. 6).

The grassy habitat in this site is located along a power line right-of-way. The
most common plants in this area were little bluestem, Indiangrass, goldenrod (Solidago
sp).

The trap line in the brushy habitat followed a trail leading southeast. The most
common plants in this area were rough-leaf dogwood, smooth sumac, crown vetch
(Securigera varia), trumpet vine (Campsis radicans), and common buttonbush
(Cephalanthus occidentalis).

The forested habitat was located south from the entrance trail. The most common
plants in this area were silver maple (Acer saccharinum), pin oak, Japanese honeysuckle,
and trumpet vine. Once again, as in the forested habitat from site #1, while mapping this

habitat after all trapping was conducted it was flooded.



18

1128 J]D00D)

Jegey yoes Joy saul| den ayr yum (7# WMTIN) # auis Buiddes | "9 ainbi

21600919102 @

Pa3saIo g



19

Site 5

This site correspond to the MLWA #24. 1t is located northeast of the intersection
of Northwest 100" Street and Northwest Center Star Road in Cherokee County, kansas
(Fig. 7).

The grassy habitat is located between a gravel road that gives access to the site
and a strip pit. The line of traps was on average about three meters from the water. The
most common plants in this area were switchgrass, field paspalum (Paspalum leave var.
leave), yellow foxtail, and purpletop tridens (Tridens flavus var. flavus).

The brushy habitat was also along a gravel road. The trap line was on average 2.5
m from the water. The most common vegetation was silver beard grass (Bothriochloa
laguroides), rough-leaf dogwood, Eastern red cedar, switchgrass, and sumac.

The forested habitat was closer to the Northwest Center Star Road than the other
two habitats. This trap line was inside a patch of forest close to one of the entrances of
the property. Less than half of the line was near a strip pit located on the west side of the
line. This part of the line was located on top of a spoil bank. The most common plants in
this area were; sugar-berry (Celtis laevigata var. laevigata); buckbrush and slippery elm

(Ulmus rubra).
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Site 6

This site corresponds to MLWA #6 and serves as the district headquarters for
KDWPT. The site is about 3.5 km west of the 69 Highway bypass, south of East 560"
Avenue in Crawford County, Kansas (Fig. 8).

The grassy habitat is in a grassland on the north side of the property, between East
560" Avenue and the access road. The most common plants in this area were big
bluestem, little bluestem, and Indiangrass. After the collecting was over, the area was

visited to be mapped and it was found that sericea lespedeza had invaded the area.

The brushy trap line was in the edge of a brush line and a patch of grass along the
access road. This trap line was about five meters from water, on average. The most
common plants in this area were Russian olive (Elaeagnus umbellate), and bush
honeysuckle (Lonicera maackii).

The forested trap line was west of the access road. The most common plants in

this area were hickory, bush honeysuckle, bur oak (Quercus macrocarpa), and pin oak.
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Site 7

This site corresponds to MLWA #12 and is located northwest of the intersection
of Northeast Star Valley Road and Northeast 10" Street, about two kilometers south of
Scammon in Cherokee County, Kansas (Fig. 9).

The grassy habitat was a grassland in the northeast corner of the property along
Northeast 10" Street. The most common plants in this area were big bluestem, little
bluestem, and willowleaf American aster.

The brushy trap line was along the main strip pit in the north of the property. The
most common plants in this area were sericea lespedeza, Japanese honeysuckle, pin oak,
and sumac.

The forested trap line was in the south part of the property. As with the forested
habitats from sites 1 and 4, when mapping this habitat after all collecting was done, this
area was found flooded. The most common plants in this area were rough-leaf dogwood,
and pin oak. The ground was covered by leaf material and no understory vegetation was

present, probably due to the flooding.
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Site 8

This site corresponds to MLWA #8 located northeast of the intersection of South
180™ Street and East 530" Avenue about 1.8 km from Chicopee, Crawford County,
Kansas (Fig. 10).

The grassy trap line was located south of the access road. The trap line was about
12 m from a wetland. The most common plants in this area were big bluestem, side-oats

grama (Bouteloua curtipendula var. Canadensis), prairie bundle-flower, and crown vetch.

The brushy trap line was in a brushy habitat that abuts with forest in the north side
and grass in the south. The most common plants in this area were Eastern red cedar, bush
honeysuckle, little bluestem, and Indiangrass.

The forested trap line was located on an abandoned road between two strip pits,
about 25 m from the water. The most common plants in this area were bush honeysuckle,
smooth sumac, and elm (Ulmus sp.), while the understory was covered by sericea

lespedeza.
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Site 9

This site corresponds to MLWA #34 and is located northeast of the intersection of
Northwest 110" Street and Northwest Lawton Road in Cherokee County, Kansas (Fig.
11).

The grassy trap line was set in a grass field in the southeast corner of the property.
The line was set about 15-20 m from the road, and it was about 100 m from the nearest
strip pit. The most common plants in this area were big bluestem, smooth sumac, little
bluestem, goldenrod, and Indiangrass. After the collections were over, sericea lespedeza
started taking over the area.

The brushy trap line was set on the top of the hill northeast of the grassy trap line,
along a patch of brush that abuts with the grass field. The closest point to the water was
about 50 m. The most common plants in this area were rough-leaf dogwood, wild goose

plum (Prunus hortulana), little bluestem, crown vetch, and goldenrod.

The forested habitat trap line was set in the patch of forest surrounding the
cemetery on the site, 30-50 m from water. The most common plants in this area were

Japanese honeysuckle, black cherry, black locust, buckbrush, and elm.
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Site 10

This site corresponds to MLWA #18, and it is located 1.6 km south of West
Mineral, Kansas, on the northeast side of the intersection of Northwest 50" Street and
Northwest Coalfield Road in Cherokee County, Kansas (Fig. 12).

The trap line in the grassy habitat was located in a patch of grass along Northwest
50" Street, about 25 m from water. The plant community in this habitat was dominated
by bristly foxtail (Setaria parviflora) and Indiangrass.

The brushy habitat trap line was set just north of Northwest Coalfield Road. The
most common plants were rough-leaf dogwood, Eastern red cedar, smooth sumac, and
Indiangrass.

The forested habitat trap line was set on the top of a spoil bank. Two species of

trees were dominant in this habitat, Osage orange, and pin oak.
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Site 11
This site corresponds to MLWA #42 located in Cherokee County, Kansas. It is
delimited by Northwest Coalfield Road in the north, Northwest 50" Street in the east,

Northwest Star Valley Road in the south and Northwest 60" Street in the west (Fig. 13).

The trap line in the grassy habitat was set in a grass field north of the Northwest
Star Valley Road. The most common plants in this area were Canadian horseweed
(Erigeron Canadensis), little bluestem, Harger’s goldenrod (Solidago canadensis var.
hargeri), and Western rough goldenrod (Solidago radula).

The trap line in the brushy habitat was set along a patch of brush, northwest from
the access road. This habitat abuts a grassy habitat. The most common plants in this area
were Russian olive, American pokeweed (Phytolaca americana var. Americana),

aromatic sumac (Rhus aromatica), and blackberry (Rubus sp.).

The forested habitat trap line was set on the top of a spoil bank. The most
common plants in this area were, sugar-berry, rough-leaf dogwood, Eastern red cedar,

bush honeysuckle, pin oak, and buckbrush.
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Site 12

This site corresponds to MLWA #38, and it is located southeast of the intersection
of Northwest Star Valley Road and Northwest 60™ Street in Cherokee County, Kansas
(Fig. 14).

The grassy habitat trap line was set along the access road in a grass field, about
700 m from Northwest Star Valley Road. The most common plants in this area were
switchgrass, little bluestem, and Indiangrass.

The trap line for the brushy habitat was also set along the access road, about 200
m from Northwest Star Valley Road. The most common plants in this area were rough-

leaf dogwood, switchgrass, black locust, little bluestem, and Indiangrass.

The forested habitat trap line was set in a patch of forest south of the grassy
habitat trap line. The dominant tree species in this area was the black locust, while the

understory had two common species, crown vetch and buckbrush.
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Site 13

This site corresponds to MLWA #33, and it is located southwest of the
intersection of Northwest Belleview Road and Northwest 110" Street in Cherokee
County, Kansas (Fig. 15).

The trap line for the grassy habitat was set in a patch of grass east of NW 110" St.
The most common plants in this area were big bluestem, silver beard grass, fall

panicgrass (Panicum dichotomiflorum), switchgrass, and purpletop tridens.

The brushy trap line was set on an animal trail in a patch of brushy vegetation
along the margin of the strip pit. The dominant plant in this area was rough-leaf

dogwood, while sericea lespedeza dominated the understory and open spaces.

The forested trap line was set on the top of a spoil bank between two strip pits.
The most common plants in this area were sweet gum (Liquidambar styraciflua),
sycamore, white oak, pin oak and red oak (Quercus rubra). Sericea lespedeza was present

in open spaces, but overall the ground was covered in leaf matter.
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Site 14

This site corresponds to MLWLA #30, and it is located northwest of the
intersection of NW 100" St. and NW Center Star Rd in Cherokee County, Kansas. This
area is known for Trout Lake, the only lake from all the MLWA suitable for trout (Fig.
16).

The grassy habitat line of traps in this site was divided in two, one west and one
east of the entrance road. The west part of the line was farthest from water, about 30 m,
and the east part of the line ran along the strip pit. The most common plants in this area
were silver beard grass (Bothriochloa laguroides var. torreyana), switchgrass, black
locust, yellow foxtail, and purpletop tridens.

The brushy habitat was along a secondary road running NE. This line was about
15 m from the water. The most common plants in this area were rough-leaf dogwood,
Japanese honeysuckle, and black locust.

The forested habitat was at the bottom of a spoil bank left by mining. The end of
this line is close to a puddle, and this habitat may flood after heavy rain. Fortunately there
was no such rain in the period of collection. The most common plants in this area were
rough-leaf dogwood, burningbush (Euonymus atropurpureus var. atropurpureus),

buckbrush, and elm.
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Site 15

This site corresponds to MLWA #25, and it is located west of Northwest 120™
Street, 900 m north of the intersection with Northwest Bethlehem Road in Cherokee
County, Kansas (Fig. 17).

The grassy habitat trap line was set along a road that provides access to one of the
strip pits on the site. The most common plants in this area were sericea lespedeza,
switchgrass, Indiangrass, and purpletop tridens.

The trap line for brushy habitat started along a four wheeler trail and followed
into the brushy vegetation. The most common plants in this area were rough-leaf
dogwood, sericea lespedeza, and smooth sumac.

The trap line for the forested habitat followed an animal trail starting along the
road and going south into the forest. The most common plants in this area were rough-
leaf dogwood, Eastern red cedar, sericea lespedeza, switchgrass, pin oak, and purpletop

tridens.
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Site 16

This site corresponds to MLWA #40, and it is located northeast of the intersection
of Northwest Star Valley Road and Northwest 80" Street in Cherokee County, Kansas
(Fig. 18).

The grassy habitat trap line in this site was set in a grass field in the southeast part
of the site. The most common plants in this area were sericea lespedeza, switchgrass, and
little bluestem. In this area, the amount of sericea lespedeza coverage qualitatively
increased in each trapping season, and by the end of this project it was the dominant
species in this habitat.

The trap line for the brushy habitat was set in the southwest part of the property
along the brushy vegetation present under a wind-break line of trees. On each side, this
brushy habitat abuts grass vegetation. The dominant brushy plant was aromatic sumac,
and the grasses present were switchgrass and Harger's goldenrod. The wind-break was
consisted of Eastern red cedar.

The forested habitat trap line was set in the northwest part of the property. The
most common plants were sugar-berry, rough-leaf dogwood, Osage orange, white

mulberry and buckbrush.
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Site 17

This site corresponds to MLWA #22, and it is located in the intersection of
Northwest 80" Street and Northwest Belleview Road, Cherokee County, Kansas (Fig.
19).

The grassy habitat trap line in this site was set in two parts, half on the east and
half on the west side of the entrance road, around 50 m from NW Belleview Road. This
habitat is dominated by one species of plant, composite dropseed (Sporobolus
COmpositus).

The trap line in the brushy habitat was also set in two parts, half on the east and
half on the west side of the entrance road, around 200 m from NW Belleview Road. The
half line on the east side of the road was set on top of a spoil bank, and the west side was
set at the bottom of a spoil bank about 20 m from water. The most common species in
this area were rough-leaf dogwood, sumac, and sericea lespedeza was present in the half
line set on the east side of the road.

The trap line for the forested habitat was set in the forest area on the east side of
the entrance road, about 100 m from NW Belleview Road. This area was dominated by

black locust.
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Site 18

This site corresponds to MLWA #21 located northwest of the intersection of
Northwest 70" Street and Northwest Belleview Road, Cherokee County, Kansas (Fig.
20). This site serves as a field office location for the MLWA managers. Before the last
season trapping, the managers of the MLWA were planning on mowing this property, so

this site had to be trapped a few days before scheduled.

The trap line for the grassy habitat was set in a grass field on the east side of the
entrance road. The most common plants in this area were big bluestem, yellow foxtail,
green foxtail (Setaria viridis var. viridis), and Indiangrass.

The trap line for the brushy area was set along NW Belleview road. The most
common plants in this area were big bluestem, prairie bundle-flower, Canadian
horseweed, sumac, rough Canada goldenrod (Solidago altissima var. altissima), and
Indiangrass. After the last trapping this habitat was completely destroyed by mowing
conducted by the KDWPT staff.

The forest habitat trap line was set between two spoil banks on the west side of
the entrance road leading north. The most common plants in this area were rough-leaf

dogwood, white mulberry, and cottonwood.
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Site 19

This site corresponds to MLWA #32 located at Northwest Center Star Road, 1.6
km west of Northwest 70" Street, Cherokee county, Kansas (Fig. 21).

The grassy habitat trap line was set along NW Center Star Road. The most
common plants in this area were big bluestem, Russian olive, switchgrass, puffsheath
dropseed (Sporobolus neglectus), and willowleaf American aster.

The trap line in the brushy habitat was set on the top of a spoil bank between the
main and secondary strip pits in the site. The most common plants in this area were
rough-leaf dogwood, Eastern red cedar, sericea lespedeza, bush honeysuckle, and
buckbrush.

The forest habitat trap line was set along a trail on the west side of the boat ramp.
The most common plants in this area were hickory, deciduous holly (llex decidua),

walnut (Juglans nigra), Osage orange, and buckbrush.
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Site 20

This site corresponds to MLWA #27, which is located southeast of the
intersection of Northwest Center Star Road and Northwest 120" Street, Cherokee
County, Kansas (Fig. 22).

The grassy habitat trap line was set in a grass field along NW 120" Street. The
most common plants in this area were big bluestem, silver beard grass, sericea lespedeza,
Indiangrass, and purpletop tridens. This grassland was burned by managers between the
second and third trapping seasons.

The brushy habitat trap line was set northeast of the entrance road. The southern
part of the trap line abutted a grass field. The most common plants in this area were
rough-leaf dogwood, Russian olive, and in the part of the line where the two habitats abut
sericea lespedeza was present.

The forested habitat trap line was set along a four wheeler trail northeast of the
brushy habitat trap line. The most common plants in this area were sweet gum,
cottonwood, pin oak, rough-leaf dogwood, buckbrush, and where the canopy was more

open allowing sunlight to penetrate, sericea lespedeza was present.
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CHAPTER IlI

RESULTS AND DISCUSSION

A total of 136,800 trap nights (TN) yielded 1,352 individuals of 12 species. From
greatest to least abundant these species were: deer mouse (494 individual, 36.54%),
hispid cotton rat (487, 36.00%), white-footed mouse (241, 17.83%), Eastern woodrat
(Neotoma floridana) (25, 1.85%), least shrew (Cryptotis parva) (23, 1.70%), prairie vole
(Microtus ochrogaster) (22, 1.63%), pine vole (Microtus pinetorum) (18, 1.33%), Elliot’s
short-tailed shrew (Blarina hylophaga) (12, 0.89%), fulvous harvest mouse
(Reithrodontomys fulvescens) (9, 0.67%) and the least abundant species were house mice
(Mus musculus), plains harvest mice (Reithrodontomys montanus) and meadow jumping

mice (Zapus hudsonius) with 7 individuals each, (0.52%).

The grassy habitat was the only habitat in which all 12 species were collected
collected (Table 1). A total of 650 individuals were collected in this type of habitat. The
habitat. The most abundant species in this habitat were hispid cotton rats (328
individuals) and deer mice (217 individuals). These two species correspond to 84% of all
84% of all specimens collected in Grassy habitat. Least shrew, prairie vole and pine vole,
pine vole, were the 3, 4™ and 5™ most abundant species respectively, which

corresponded to 8.5% of collected specimens. It was expected the grassy habitat to have



to have greater species richness and relative abundance, since most of the species

small mammals in these grassy sites are described in the literature as grass
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Table 1. Species and number of specimens collected in grassy habitat in four trapping
seasons.

Species in grassy habitat Number of specimens Percentage
Hispid cotton rat 328 50.5%
Deer mouse 217 33.4%
Least shrew 23 3.5%
White-footed mouse 22 3.4%
Prairie vole 18 2.8%
Pine vole 15 2.3%

Elliot's short-tailed shrew 7 1.1%
Plains harvest mouse 7 1.1%
House mouse 6 0.9%
Fulvous harvest mouse 3 0.4%
Eastern woodrat 2 0.3%
Meadow jumping mouse 2 0.3%
Total 650 100%




The brushy habitat yielded 483 individuals of 10 species (Table 2). Again
the most abundant species were the deer mice and hispid cotton rats, but here,
deer mice were the most abundant with 192 individuals, while 147 hispid cotton
rats were trapped. In this habitat the white-footed mice were also captured in great
numbers (112 individuals). These three species were 93% of the mammals
collected. The other 7 species corresponds to just 7% of the total capture. The
brushy habitat was second in richness and RA probably due to the fact that in
most sites brushy habitats abut with grassy habitats, and the fact that the food

availability in the brushy area must attract the small mammals.
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Table 2. Species and number of specimens collected in brushy habitat in four trapping
seasons.

Species in brushy habitat Number of specimens Percentage
Deer mouse 192 39,7%
Hispid cotton rat 147 30.4%
White-footed mouse 112 23.1%
Eastern woodrat 14 2.9%
Fulvous harvest mouse 5 1.0%
Meadow jumping mouse 5 1.0%
Elliot's short-tailed shrew 3 0.6%
Prairie vole 2 0.4%
Pine vole 2 0.4%
House mouse 1 0.2%

Total 483 100%
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The forested habitat had the smallest richness and RA, where 8 species
were represented (Table 3). In this habitat, 219 individuals were captured during
the four trapping seasons. The most abundant species in this habitat was the
white-footed mice with 107 individuals, which corresponded to 48.8% of all
specimens collected in this habitat. Deer mouse, the second most abundant
species was represented by 85 individuals. Wecker (1963) suggests that early life
experience and some habitat imprinting may determine habitat selection by deer
mice, but this species has a normal affinity for grassland habitat, thus the greatest
number of deer mice collected in this study was in the grassy habitat. Understory
vegetation in the forested habitat is usually sparse, and according to Bowne et. al.
(1999) the hispid cotton rat exhibits a preference for habitats with high
herbaceous cover and tends to shun areas where tree canopy shades the ground
cover, which explains the great difference in relative abundance of this species in

the three different habitats.
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Table 3. Species and number of specimens collected in forested habitat in four trapping
seasons.

Species in forested habitat Number of specimens Percentage
White-footed mouse 107 48.8%
Deer mouse 85 38.8%
Hispid cotton rat 12 5.5%
Eastern woodrat 9 4.1%
Elliot's short-tailed shrew 2 0.9%
Prairie vole 2 0.9%
Pine vole 1 0.5%
Fulvous harvest mouse 1 0.5%

Total 219 100%
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Brown (1959)trapping effort was 1600 TN and 152 individuals of six
species were collected and Bingman (1963) in his 12 year-long census, collected
851 individuals of nine species with a trapping effort of 18600 TN. At that time it
was believed that the shrew present in this area was the Northern short-tailed
shrew, but after DNA analysis it was discovered that those individuals were
actually the Elliot’s short-tailed shrew. In this project 1,352 individuals of 12
species were collected. All species, collected by Brown and Bingman were also
collected in this project. Six species were present in this project, but absent in
Brown’s: least shrew, prairie vole, Eastern woodrat, fulvous harvest mouse, plains
harvest mouse, and meadow jumping mouse. Three species were present in this
project and absent in Bingman’s; Eastern woodrat, plains harvest mouse and
meadow jumping mouse. These differences are probably due to several factors
such as number of sites trapped, trap effort, annual population fluctuation and
climate factors.

According to a Tukey test conducted to assess the significance of the
difference in species richness in the three different habitats (F=7.71, P=0.0011),
there are significant differences between grassy and forested habitats. Brushy and

forested habitats are similar and brushy and grassy habitats are similar (Table 4).



Table 4. Species richness differences according to Tukey test.

Level
Grassy
Brushy
Forested

Least Sg Mean
3.95
2.90
2.00
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The species’ relative abundance for all sites and habitats shows three distinct peaks for
deer mouse, hispid cotton rat and white-footed mouse since these three species were by
far the most abundant in all habitats (Fig. 23) while all other species had low relative

abundance.
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Fig 23. Relative abundance of small mammals for all sites and habitats.
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Seasonal Analysis

Nine species (450 individuals) were trapped in winter(January and
February): Elliot’s short tail shrew, prairie vole, pine vole, Eastern woodrat,
white-footed mouse, deer mouse, fulvous harvest mouse, plains harvest mouse,
hispid cotton rat. Eight species (253 individuals) were collected in spring (April —
July): least shrew, prairie vole, pine vole, house mouse, Eastern woodrat, white-
footed mouse, deer mouse, hispid cotton rat. Ten species (273 individuals) were
collected in summer (Sptember and October): Elliot’s short tail shrew, least
shrew, prairie vole, pine vole, Eastern woodrat, white-footed mouse, deer mouse,
fulvous harvest mouse, hispid cotton rat, meadow jumping mouse. Twelve species
(376 individuals) were collected in fall (November and December), which was the
only season where all 12 species were collected: Elliot’s short tail shrew, least
shrew, prairie vole, pine vole, house mouse, Eastern woodrat, white-footed
mouse, deer mouse, fulvous harvest mouse, plains harvest mouse, hispid cotton
rat, meadow jumping mouse.

According to Hansen and Fleharty (1974), the reduced capture during
spring and summer might not show the true population numbers since the
abundance of seeds, berries and insects available may reduce the chance of
capture since the animals do not have to roam far to get food thus finding food
before finding a trap. The opposite may occur in the autumn and winter since the
small mammals would have to roam more to find food and that would increase the
chance of capture. Brown (1959) captured 60 individuals between April and May,

47 individuals between June and August and 45 individuals between September
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and October. Bingman (1963) sampled during spring and fall season for 10 years, he
captured 439 individuals during fall and 320 in spring. Although in 5 years he collected
more individual during spring than fall.

The results obtained by Brown (1959) and Bingman (1963) differ from the results
obtained in this project, which indicates that capture success is a combination of different

factors such as temperature, precipitation, population numbers and food availability.

Seasonal relative abundance shows the same pattern as overall relative
abundance; far more deer mouse and hispid cotton rat were caught in all seasons than any

other species (Fig. 24).
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Fig 24. Seasonal relative abundance of small mammals for all sites and habitats.
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Weather Analysis

When comparing the seasonal capture rate with weather data (temperature and
precipitation), there is an inverse relationship between temperature and the number of
individuals collected (Fig. 25). During this project, the highest number of individuals
collected was in winter, when 450 individuals were collected; the average temperature for
this season was -3.18°C and the average precipitation was 1.34 cm. As the average
temperature and precipitation increased, the number of individuals collected decreased; in
the spring season, as the average temperature rose to 18.33°C and precipitation to 2.54
cm, the capture number decreased to 253 individuals. During the summer season, the
average temperature slightly increased from 18.33°C to 18.61°C, but precipitation
slightly decreased from 2.54 cm to 2.36 cm while the capture number increased to 273
individuals. In the fall season, the average temperature dropped to 4.71°C, precipitation
dropped to 0.5cm, and the capture number increased to 376 individuals. This weather
analysis follows the same pattern found by Brown (1959) where he captured 41% of the
total number of captured animals during the lower temperature and precipitation months
— but differs from Bingman’s study since he could not find any correlation between
precipitation and capture. Bingman also points out that if the lower temperatures of
winter are too extreme a reduction in survival rates will occur. Kaufman et al. (1995) and

Ernest et. al. (2000) states that precipitation has more affect temperature.
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Sites with Unusual Data
Some specific sites are worth mentioning due to different results when compared
to other sites. The average capture per site is 67.6 individuals. Site number 12 was the
site with the most capture in all seasons, totaling 185 individuals, almost three times the
average. The second most abundant site was number 16 with a total of 144 individuals
collected, more than double the average. Conversely a few sites had consistently low

results: Site #4 (22), site #5 (28), and site #19 (30).

The first assumption for the low abundance in site number 4 was the presence of a
power line right of way (the high voltage energy could affect the mammals in some way)
but according to Johnson et. al. (1979), power lines do not affect small mammal
communities in a negative way. It seems reasonable that the absence of species and
individuals in the forested habitat is due to the fact that this area floods during heavy rain
periods that may cause a lack of understory vegetation and thus be unattractive habitat.
No apparent reason was found to explain the lack of abundance and species richness in

the grassy and brushy habitats.

The same claim can be made towards the sites number 5 and 19, where there were
few species and individuals collected, and sites 12 and 16, where several species and
individuals were collected. No apparent difference in vegetation community or any other

reason was discovered to explain this extreme difference in numbers.



In comparison with Brown’s study (1959), this project was conducted on a
much larger scale. Brown conducted his project in one single area, and his total
trapping effort was 1600 TN. In this project 19 areas were trapped and the
trapping effort was 136,800 TN. Compared to Bingman (1963), who conducted a
study of a much larger duration (12 years), where a total of 1,067 individuals were
captured in the annual census (unknown TN) and auxiliary census (2400 TN), this
project captured 1,352 individuals in one year. No information regarding the total
number of areas trapped was available in Bingman (1963). Through the analysis
of richness and relative abundance, seasonal and weather data, and the vegetation
survey, even a short duration project as this has value to gain an understanding of
the complexities of a small mammal community and the importance of the Mined
Land Wildlife Areas as areas of flora and fauna preservation. In a region known
for its relatively homogeneous agricultural fields, the absence of such
preservation areas where animals can live without much exposure to the human
pressures, Southeast Kansas would be much less diverse in terms of species
richness. These areas, of fairly young age, are still in the process of vegetational
succession. The once poor soil is being enriched by the organic matter. The
prairies that are being maintained can support such diversity not only of small
mammals but those that come higher in the food chain.

Edge effect is a well know factor in game animals and song birds,
although in small mammals its effect on population’s densities and richness is not
clear. Anderson et al. (2003) found that edge of small patches of forest have

greater densities than the interior of the patch, but the same was not true in large
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patches. Pasitschniak-Arts and Messier (1998) found significant differences between
edge and interior in delayed hayfields but no differences in idle pasture and dense nesting
cover. Heske (1995) and Lindmann et al. (2015) found no significant differences between

edge and interior habitats.
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CHAPTER IV

CONCLUSION

During this project 1,352 individuals of 12 species were captured in 19
Mined Land Wildlife Areas of Crawford and Cherokee Counties, Kansas. The
most abundant species were the deer mouse, the hispid cotton rat and the white-
footed mouse respectively. Although the number of individuals collected is high,
this study is not a comprehensive representation of the small mammal community,
since the population numbers fluctuate from one year to another due to biotic and
abiotic factors. The present numbers can be just a reflection of one of those
fluctuations. A longer project should be done to address this subject.

The increasing presence of sericea lespedeza may be of note. This
invasive species is taking over several of the grasslands where this study was
conducted, and, when that happens, almost nothing from the native vegetation is
left. Areas dominated by sericea lespedeza are inferior in terms of food and
shelter for vertebrates when compared to native areas (Eddy and Moore, 1998);
therefore, new studies should be conducted to evaluate the effects of this plant
species over the small mammal population.

This project showed the importance of the Mined Land Wildlife Areas as
preservation areas that serve to maintain the richness and abundance of small

mammals.



More studies should be conducted in the future concerning the richness and
abundance of large mammals, the differences between small mammal populations in
mined lands and non-mined land areas, the deer population in mined lands, and the

effects of climate change in small mammal communities.
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APPENDIX A
Standard measurements and locations of small mammals trapped from January 2014 to
December 2014 in the Mined Land Wildlife Areas, Southeast Kansas.

Total Tail hind

Species Mass /g length/mm | length/mm | foot Ear | Sex Area MWA Date

B. hylophaga 13 104 21 13 10  * 1 1 18-Dec
B. hylophaga 12 110 20 12 8 * 2 13 28-Sep
B. hylophaga 11 101 19 12 7 * 2 13 28-Sep
B. hylophaga 13 111 24 14 10 * 6 6 16-Dec
B. hylophaga 14 107 23 13 9 * 6 6 18-Dec
B. hylophaga 14 106 21 13 7 0* 7 12 23-Jan
B. hylophaga 11 108 22 13 8 * 7 12 15-Dec
B. hylophaga 11 102 20 13 1 * 8 8 17-Dec
B. hylophaga 11 101 22 13 10 * 8 8 17-Dec
B. hylophaga 11 110 22 13 8 * 9 34 4-Dec
B. hylophaga 10 101 22 12 4 f 14 30 7-Dec
B. hylophaga 14 104 22 13 7 f 17 22 1-Feb
C. parva 5 76 18 10 7 0* 1 1 18-Dec
C.parva 4 83 16 0 7 * 1 1 19-Dec
C. parva 4 75 15 9 4 2 13 28-Sep
C. parva 9 71 15 9 6 f 6 6  30-Sep
C. parva 5 85 19 9 g * 6 6  18-Dec
C.parva 6 85 18 10 8 * 6 6  18-Dec
C. panva 6 83 18 0 7 * 6 6  18Dec
C.parva 5 83 17 10 8 * 6 6  18-Dec
C. parva 5 82 19 11 7 6 6  18Dec
C. parva 6 86 19 11 g * 6 6  18-Dec
C. parva 6 84 19 11 7 6 6  18-Dec
C. panva 5 84 19 10 g * 7 12 15-Dec
C. parva 9 90 17 1 9 m 9 3 22-Apr
C. panva 5 84 18 10 8 * 10 18 12-Dec
C. parva 6 82 19 10 g * 10 18 12-Dec
C.parva 5 80 19 1 7 o+ 10 18 12-Dec
C. parva 5 83 17 10 g * 12 38 12-Dec
C.parva 5 86 18 10 8 * 12 38 12-Dec
C. panva 6 84 18 10 8 * 12 38 13-Dec
C.parva 5 86 17 10 7 * 12 38 13-Dec
C. parva 4 77 11 9 3 x 14 30 6-Dec
C. parva 6 87 17 1 6 * 15 25 11-Sep
C. parva 6 82 14 17 = 15 25 12-Sep
M. ochrogaster 26 125 26 18 10 m 1 1 21-Jan
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184
151
159
157
162
181
185
182
183
175
172
165
169
138
139
138
170
181

67
79
89
76
70
60
61
69
68
91
68
68
68
7
78
80
76
85
83
83
78
78
85
7
61
61
68
66
74
78
79
76
71
71
66
74
60
58
55
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21
21
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21
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22
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14
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42
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33
33
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33
33
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22-Sep
10-Dec
10-Dec
10-Dec
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27-Jan
27-Jan
27-Jan
27-Jan
27-Jan
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4-May
5-May
5-May
5-May
22-Sep
22-Sep
22-Sep
22-Sep
22-Sep
11-Dec
11-Dec
4-Feb
4-Feb
4-Feb
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27
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161
173
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164
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174
190
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154
176
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160
165
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163
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171
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155
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172
173
169
183
157
184
175
182
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69
72
73
75
68
68
78
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74
72
68
75
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64
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69
69
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74
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66
75
7
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66
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74
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21
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21
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21
21
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21
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5-May
5-May
20-Sep
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1-Feb
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14-Feb
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Scientific and common names of the mammal species noted in this manuscript.

APPENDIX B

Blarina hylophaga

Elliot’s short-tailed shrew

Cryptotis parva

least shrew

Microtus ochrogaster

prairie vole

Microtus pinetorum

pine vole

Mus musculus

house mouse

Neotoma floridana

Eastern woodrat

Peromyscus leucopus

white-footed mouse

Peromyscus maniculatus

deer mouse

Reithrodontomys fulvescens

fulvous harvest mouse

Reithrodontomys montanus

plains harvest mouse

Sigmodon hispidus

hispid cotton rat

Zapus hudsonius

meadow jumping mouse
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APPENDIX C
Scientific and common names of Plant species noted in this manuscript.

Acer saccharinum

silver maple

Andropogon gerardii

big bluestem

Andropogon ternarius

split-beard bluestem

Bothriochloa laguroides var. torreyana

silver beard grass

Bouteloua curtipendula var. canadensis

side-oats grama

Campsis radicans

trumpet vine

Carya sp.

hickory

Catalpa sp.

catalpa

Celtis laevigata var. laevigata

sugar-berry

Cephalanthus occidentalis

common buttonbush

Chasmanthium latifolium

wood oats

Cornus drummondii

rough-leaf dogwood

Desmanthus illinoensis

prairie bundle-flower

Elaeagnus umbellate

Russian olive

Erigeron canadensis

Canadian horseweed

Euonymus atropurpureus var. atropurpureus

burning bush

Ilex decidua

deciduous holly

Juglans nigra

walnut

Juniperus virginiana

Eastern red cedar

Lespedeza cuneata

sericea lespedeza

Liquidambar styraciflua

sweet gum

Lonicera japonica

Japanese honeysuckle

Lonicera maackii

bush honeysuckle

Maclura pomifera

Osage orange

Morus alba

white mulbery

Panicum dichotomiflorum

fall panicgrass

Panicum virgatum

switchgrass

Paspalum leave var. leave

field paspalum

Phytolaca americana var. americana

American pokeweed

Platanus occidentalis

sycamore

Populus deltoides

cottonwood

Prunus hortulana

wild goose plum

Prunus serotina

black cherry

Quercus alba white oak
Quercus macrocarpa bur oak
Quercus palustris pin oak
Quercus rubra red oak



Rhus aromatica

aromatic sumac

Rhus copallinum sumac

Rhus glabra smooth sumac
Robinia pseudoacacia black locust
Rubus sp. blackberry

Schizachyrium scoparium var. scoparium

little bluestem

Securigera varia

crown vetch

Setaria glauca,

yellow foxtail

Setaria parviflora

bristlly foxtail

Setaria viridis var. viridis

green foxtail

Solidago altissima var. altissima

rough Canada goldenrod

Solidago canadensis var. hargeri

Harger's goldenrod

Solidago nemoralis ssp. nemoralis grey goldenrod

Solidago radula Western rough goldenrod
Solidago sp. goldenrod

Sorghastrum nutans Indiangrass

Sporobolus compositus composite dropseed
Sporobolus neglectus puffsheath dropseed
Symphoricarpos orbiculatus buckbrush

Symphyotrichum pilosum

white old-field American
aster

Symphyotrichum praealtum

willowleaf American aster

Tridens flavus var. flavus

purpletop tridens

Tridens strictus

longspike tridens

Ulmus rubra

slippery elm

Ulmus sp.

elm

112





