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INTRODUCTION
Managers are interested in planting oaks in the Mississippi
River and Lower Missouri River floodplains for a variety of
reasons including afforesting former agricultural
bottomlands, conserving native bottomland tree species,
improving wildlife habitat, and establishing agroforestry
practices. However, regenerating oaks in bottomland fields
can be difficult due to intense competition from other
vegetation and to wildlife damage. We initiated a study to
evaluate different methods for establishing bottomland
oaks in floodplains using different nursery seedling types
and planting seedlings with a cover crop of redtop grass
(Agrostis gigantea Roth) to control competition (Dey and
others 2003, Shaw and others 2003). After the first growing
season, we observed a substantial amount of rabbit
herbivory on the planted oak seedlings. This varied by
cover crop within the fields.

The eastern cottontail rabbit (Sylvilagus floridanus) is a
habitat generalist with an extensive geographic range that
covers the eastern two-thirds of the United States (Conway
and others 1974, Hanson and others 1969, Lord 1963).
Rabbits are herbivores that prefer succulent green vegeta-
tion. In Missouri, the most preferred foods are blue grass
(Poa pratensis L.), wheat (Triticum aestivum L.), and white
clover (Trifolium repens L.) when they are available. In the
winter, the rabbit’s diet includes more buds, bark, shoots
and twigs of vines, shrubs, and trees, especially when the
ground is snow covered (Haugen 1942, Schwartz and
Schwartz 1995). During the summer, rabbit damage to
woody plants is minimal because of the abundance of
preferred grasses, legumes, and forbs. But in winter,
rabbits can cause severe damage to tree reproduction by
pruning, barking, and girdling stems and shoots, which
often increases seedling mortality (Geis 1954, Meiners and
Martinkovic 2001). Trees with thin bark, young stump
sprouts, and seedlings are particularly vulnerable.

The specific objectives of this paper are to estimate the
winter population density of rabbits by cover type within the
40 acre fields at Plowboy Bend Conservation Area, MO,
and to relate population density to the amount and
distribution of rabbit herbivory on planted oak seedlings by
cover type. The two cover types in this study are redtop
grass and natural vegetation, in which we have planted oak
seedlings.

METHODS
The study was located on two conservation areas
managed by the Missouri Department of Conservation:
Smoky Waters (Sec. 5, T 44 N, R 9 W and Sec. 1, T 44 N,
R 10 W; Cole County) and Plowboy Bend (Secs. 24 and
25, T 47 N, R 14 W; Moniteau County). Shaw and others
(2003) have reported the experimental design of this study
and how the vegetation data were collected. To summarize,
we planted swamp white oak (Quercus bicolor Willd.) and
pin oak (Quercus palustris Muenchh.) seedlings grown as
1-0 bareroot, 3 gallon RPMTM, or 5 gallon RPMTM.
Grossman and others (2003) have described the Root
Production Method (RPMTM) that was developed by Forrest
Keeling Nursery in Elsberry, MO, and used to grow the
RPMTM seedlings in our study. The RPMTM is a cultural
system that uses air root pruning to produce a large
container-grown seedling with a dense, fibrous root
system. We planted the oak seedlings in 40-acre fields with
a cover crop of redtop grass, or with natural vegetation that
develops when bottomland crop fields are abandoned.
Within each field seedlings were planted at a density of 48
trees per acre (30 foot by 30 foot spacing).

Initial seedling sizes after planting are shown in table 1.
Heights and basal diameters were similar between the two
RPMTM stock types for each oak species. Height averaged
7.2 feet and 7.6 feet for pin oak 3 gallon RPMTM and 5
gallon RPMTM trees, respectively. Regardless of RPMTM
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stock type, pin oak seedlings averaged 0.8 inches in basal
diameter (1 inch above the root collar). Swamp white oak
RPMTM seedlings were slightly smaller in height and basal
diameter than the pin oaks. In contrast, bareroot seedlings
averaged about 1.1 feet in height and 0.2 inches in basal
diameter, regardless of species. Annually, we monitored
survival, diameter and height growth, and animal damage
on the planted oaks.

From June through August of 2000, ground layer
vegetation was monitored using 432 1-m2 quadrats that
were randomly located across all 40-acre cover type fields.
Percent ground cover by species was determined on the
quadrats. Vertical structure of the ground flora was
quantified at each quadrat location by setting a density
board between rows of trees to estimate percent cover of
grasses, woody vegetation, forbs, and total vegetation by
0.8 foot height increments up to a height of 6.6 feet (Hays
and others 1981).

Beginning in the fall of 2000 and through the winter, we
noticed that cottontail rabbits (Sylvilagus floridanus) were
browsing a substantial number of the planted oaks,
especially in the natural vegetation fields. Therefore, in the
spring of 2001 we documented the herbivory damage by
recording the proportion of each RPMTM seedling stem that
was girdled; i.e., where the rabbits had chewed through the
bark and eaten the cambium. For bareroot seedlings, we
noted if the stem was completely clipped or not.

In December 2001, we set Tomahawk cat/rabbit model 606
live-traps at a rate of one per acre in each of the two 40-
acre cover type fields to estimate population density of
cottontail rabbits at Plowboy Bend Conservation Area. We
set traps on a 210 foot by 150 foot grid in the natural
vegetation field for 8 continuous days, then repeated the
procedure for another 8 consecutive days in the redtop
grass field.

We covered the traps with black roofing paper to minimize
stress on the rabbits and to protect them from inclement
weather. The roofing paper was tightly wrapped around the
trap and held in place by the weight of the trap. We left the
ends of the trap uncovered so the food was visible to the

rabbits and so they could get into the trap. We baited the
traps with equal amounts of cabbage, carrots, celery, and
rabbit feed. We checked each trap daily between 7:00 a.m.
and 9:00 a.m. for captures and re-baited them as needed.

Initially, each rabbit caught was assigned a unique number
and marked with a pair of similarly numbered metal tags
that we attached to each ear. We measured the rabbit’s
weight, determined its sex, and rated its health based on
the visual appearance and behavior of the animal. Each
day of the 8 day trapping session, we recorded the ear tag
number of recaptured marked rabbits and released them
from the point of capture. Newly captured rabbits were
marked with uniquely numbered ear tags and measured.
We treated all injuries sustained by the rabbits during the
trapping process with an antiseptic spray.

We determined rabbit abundance using the Schnabel
method for mark and recapture data. The Schnabel
method is suitable for multiple trapping periods, and
accounts for possible deaths and rabbits that are captured
more than once. The standard Schnabel equation for
determining a population estimate is:

∑
∑=

t t

t tt

R

MC
N

)(

where, N is the population estimate, Ct is the total number
of individuals caught in sample t, Mt is the number of
marked individuals in the population just before sample t is
taken, and Rt is the number of individuals already marked
when caught in sample t.

RESULTS AND DISCUSSION
During the first summer, we identified 101 plant species in
the redtop grass and natural vegetation fields at Plowboy
Bend Conservation Area. Most plants were annual and
biennial forbs and grasses of which slightly more than half
were exotic species. Common native species included
purslane speedwell (Veronica peregrina L.), cut-leaf
primrose (Oenothera laciniata Hill), and horseweed
(Conyza canadensis L.). Many species (N = 81) were not
widely distributed, occurring on less than 10 percent of all
the 1-m2 quadrats. Woody species inventoried included
boxelder (Acer negundo L.), eastern cottonwood (Populus
deltoides Bartr. ex Marsh. var. deltoides), hackberry (Celtis
occidentalis L.), and trumpet creeper (Campsis radicans
L.). Total ground cover averaged 30 percent on the natural
vegetation field, where the presence of grasses was
minimal and forbs dominated the plant community. Sowing
redtop grass as a cover crop increased the mean total
ground cover to 53 percent and reduced the mean total
cover of forbs to about 13 percent. Grasses dominated (75
percent of the total cover) the vegetation in the redtop
grass field.

Vertical structure of the vegetation varied by cover
treatment at Plowboy Bend Conservation Area (fig. 1).
Vegetation grew to 4.9 feet on the natural vegetation field
and 3.2 feet on the redtop grass field. Percent cover
decreased more rapidly with increasing height above the
ground on the redtop grass field than on the natural

Table 1—Height and basal diameter (1 inch above
groundline) of seedlings planted in this study

Species and Sample Mean basal Mean total
stock type size diameter height

no. trees - - inches - - - - feet - -

Pin oak bareroot 1,175 0.23 ± 0.05 1.1 ± 0.2
Pin oak 3 gallon 1,204 0.75 ± 0.13 7.2 ± 1.2
Pin oak 5 gallon 1,269 0.79 ± 0.14 7.6 ± 1.2
Swamp white

oak bareroot 1,192 0.25 ± 0.06 1.1 ± 0.2
Swamp white

oak 3 gallon 1,274 0.66 ± 0.13 5.8 ± 1.1
Swamp white

oak 5 gallon 1,248 0.66 ± 0.13 6.1 ± 1.1
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vegetation field. At about 3 feet above the ground, total
vegetation cover had dropped to 12 percent on the redtop
grass field, but there was still 25 percent cover on the
natural vegetation field. Total plant cover on the natural
vegetation field averaged 4 percent even at 4.5 feet.

First-year (fall 2000) survival of oak reproduction at
Plowboy Bend Conservation Area was high for both
RPMTM and bareroot seedlings, regardless of species or
cover type. Survival of RPMTM was nearly 100 percent,
while that of bareroot seedlings averaged 82 percent for
pin oak and 92 percent for swamp white oak. Second-year
survival (fall 2001; i.e., 1 year after the first rabbit
herbivory) for RPMTM seedlings remained high, but it
declined for bareroot stock, regardless of species. Swamp
white oak bareroot seedling survival was 73 percent in the
redtop grass field and 80 percent in the natural vegetation.
Survival was lowest for pin oak bareroot seedlings with
only 53 percent of the seedlings surviving in the natural
vegetation field and 67 percent in the redtop grass field.

Second-year heights of oak seedlings were reduced in the
natural vegetation field at Plowboy Bend Conservation
Area, where RPMTM trees lost significant amounts of height

due to shoot dieback and resprouting after being girdled
by rabbits (table 2). In contrast, there was generally a net
increase in height after 2 years in the redtop grass field,
regardless of species and stock type.

Herbivory to oak seedlings primarily consisted of barking,
girdling and shoot clipping by rabbits. Damage to planted
oaks was substantially greater in the natural vegetation
field than the redtop grass field. In the redtop grass field,
69 percent of the bareroot seedlings had no rabbit
herbivory damage and approximately one-third had the
main stem clipped. In contrast, 85 percent of bareroot
seedlings were clipped in the natural vegetation field. Of
the RPMTM seedlings in the natural vegetation field, 97
percent were girdled or had the main stem completely
clipped, whereas only 25 percent were damaged in the
redtop grass field (fig. 2). Rabbit damage was severe (> 50
percent of the main stem girdled or shoot clipped) on 87
percent of the RPMTM seedlings in the natural vegetation
field, but only 14 percent of the damage was severe in the
redtop grass field. Most herbivory in the redtop grass field
occurred near the field edges, whereas herbivory occurred
throughout the natural vegetation field.

We marked a total of 26 rabbits in the redtop grass field
and 58 rabbits in the natural vegetation field in 8 days of
trapping. When incorporating recapture rates, we
estimated rabbit densities at roughly one rabbit per acre
and three rabbits per acre in the redtop grass and natural
vegetation fields, respectively. Rabbit densities were high in
the natural vegetation field compared to densities reported
in the literature for the Midwestern United States (Swihart
and Yahner 1982). We believe that the higher density of
rabbits in the natural vegetation field is because the growth
of summer vegetation provides good winter hiding cover for
the rabbits, thus reducing their risk to predation. The
preponderance of residual vegetative cover offers refugia
to rabbits, thus attracting them to these sites. As a result,
rabbits may be more likely to feed around these suitable
cover sites.

Redtop grass sod is effective in preventing the
development of natural vegetation in former bottomland
crop fields. In the winter, the low-growing (< 2 feet in
summer) redtop grass mats down and provides little cover

Figure 1—Height of vegetation and percent cover by height class in
the redtop grass and natural vegetation fields after 1 year at Plowboy
Bend Conservation Area.

Table 2—Average initial and second-year height by species, stock
type and cover type at Plowboy Bend Conservation Area

Natural vegetation field Redtop grass field

Species and Initial Second-year Initial Second-year
stock type height height height height

                           - - - - - - - - - - - - - - - - feet - - - - - - - - - - - - - - - -

Pin oak bareroot 1.1 0.5 1.1 1.0
Pin oak RPMTM 7.5 4.8 7.8 8.2
Swamp white

oak bareroot 1.1 0.9 1.2 1.4
Swamp white

oak RPMTM 6.0 2.7 6.1 6.3
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