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INTRODUCTION

Nest predation was long ago recognized as one of the
primary limiting factors to the annual recruitment of waterfowl
populations (Kalmbach, 1939), Recent studies have indicated that
waterfowl nest success is reaching an all-time low in the midcon-
tinent area as nest predation has increased in severity (Cowardin
et al,, 1983, 1985). Mammals are the principal predators of water-
fowl nests in North America (Sargeant and Arnold, 1984). 1In the
Nebraska sandhills however, a somewhat unusual nest predator was
discovered that outranks all mammalian predators in this area in
terms of nest destructions. This predator is the bullsnake,
Pituophis melanoleucus savyi,

During the years 1938-1942, waterfowl nesting studies
conducted upon the Crescent Lake and Valentine National Wildlife
Refuges recorded bullsnakes to be destroying an estimated 35-527%
of the dabbling duck nests at these refuges. Current nesting studies
at these refuges reveal that bullsnakes are still problem predators,
destroying 437% of the nests censused in 1984 (refuge records). With
this introduction, the management of bullsnakes in the Nebraska
sandhills means just one thing; controlling bullsnake numbers in the
waterfoewl nesting meadows,

Many techniques have been tried in the past to control
snake populations. Fitch (1960) has provided a still-current summary
pf these techniques which have included bounties, clubbing, shooting,
trapping, dynamite, and various poisons, These methods were usually
directed toward snakes concentrated in and around communal hiberma-
»ula and usually resulted in unsatisfactory control,

The present study of bullsnake ecology and management
at the CLNWR was initiated with the primary goal of using radio-
telemetry to reveal aspects of the spatial biology of bullsnakes

that could be exploited towards the reduction of bullsnake numbers
in the waterfowl nesting meadows. Three particular methods were



;closely examined for their potential to reduce bullsnake numbers
+in the waterfowl nesting meadows; 1, locating and destroying com-
munal hibernacula, 2, habitat management, and 3. removal trapping,
5L The preliminary report for this study contained the
majorlty of the descriptive information that was collected for this
bullsnake population, as well as the methods that were used during
this study and a description of the study area, This final report
beglns with a general description of the utilization of the water-
fowl nesting meadows by bullsnakes and their movements to and from
the meadows, Following this are the results of the investigation
of the three proposed bullsnake control techniques,



MEADOW UTILIZATION
and
MIGRATIONS

The utilization of the waterfowl nesting meadows by
bullsnakes was discovered during this study to be very discrete,
The bullsnakes used the meadows discontinuously throughout their
activity season and not at all during the winter. All of the
snakes that were tracked in the meadows were found to be migrating
back and forth between the meadows and the uplands many times each
year for two reasons; ecdysis and hibernation. These two activi-
ties were always performed in the uplands and never in the meadows,
The specifics of the migrations involved with each activity are
somewhat different, so they are described separately as follows,

Threes to five times a summer each of the bullsnakes that
were being tracked in the meadows individually migrated te upland
sites for purposes of ecdysis. The specific sites used by the
snakes were usually unoccupied pocket gopher (Geomys bursarius)

burrows, but the burrows of ornate box turtles (Terrapene ornata),
badgers (Taxidea taxus), and other unidentified burrows were used
as well. Most of the snakes seemed to have favorite burrows or
groups of burrows in the uplands that each always used for ecdysis,
The bullsnakes remained inactive at these sites for periocds of five
to sixteen days, the migrated back to the meadows when ecdysis was
completed. Ecdysis was determined to have taken place by the find-
ing of a slough that bore the individual scale-clip pattern of each
snake, or by examination of the snake when it returned to the meadow.

The timing of these ecdysis migrations was highly var-
iable both between and within individual snakes, with active periods
in the meadows of fifteen to forty days alternating with inactive
periods of ecdysis in the uplands of five to sixteen days. For all
snakes the average cycling of activity and ecdysis was twenty-nine
days of activity and seven days of ecdysis.

The straight-line distances travelled by the bullsnakes



between their meadow positions and ecdysis sites was also highly
variable, ranging from about twenty yards to six hundred yards,
and averaging about two hundred yards, The actual distances are
probably most closely related to the local distribution of meadows
and uplands, since those snakes that resided the farthest from the
meadow/upland boundary travelled the farthest to an ecdysis site
while those snakes the closest to the boundary travelled the shor-
test distances, The critical terminus for these ecdysis migrations
seems to be the meadow/upland boundary. Bullsnakes were observed
to perform ecdysis at burrow locations just outside the meadows
and beyond, but never within the meadows,

Once each year the bullsnakes also migrated out of the
meadows for purposes of hibernation. Each fall the bullsnakes left
the meadows and moved to burrows located in the uplands where they
remained inactive throughout the winter. In the spring of the year
the snakes emerged from hibernation and returned to the meadows,

The specific burrows that were used by the snakes as
hibernacula all appeared to have been pocket gopher burrows., (Also
see; BULLSNAKE DENNING.) With few exceptions the hibernaculum of
each snake was also usually located very near to the burrows each
snake used for ecdysis, but were never the same burrows,

The straight-line distances between the bullsnake's
hibernacula and meadow positions ranged from about fifty yards to
fourteen hundred yards, averaging about two hundred and fifty yards,
As ﬁith the ecdysis migrations, the actual distances are probably
most closely related to the local geography for the same reasons.
The critical terminus for these hibernation-related migrations also
seems to be the meadow/upland boundary since no bullsnakes were
ever found to be denning in the meadows, but the hibernacula of the
snakes were generally located farther outside the meadows than were
the ecdysis sites, depending on the local topography. (Hibernacula
were nearer the meadows where steep dune slopes intersected the
meadows than they were where the dune slopes were more gradual,)



The timing of the migrations of the bullsnakes to and
from their winter hibernacula was also variable and generally
spanned a three to four week period in the spring and again in the
fall. The earliest and latest dates for the spring migration that
were recorded during this study were April 18 and May 22, The ear-
liest and latest dates that were recorded for the fall migration
were September 21 and October 13.

These ecdysis and hibernation-related migrations seem
to be revealing a microhabitat requirement that the bullsnakes have
for burrows located specifically in upland areas, Although scarce,
thexre are some burrows located in the meadows that are available
to the snakes,that the snakes do use occasionally while they are
active, but these burrows were never used for ecdysis or hiberna-
tion. This apparent requirement for burrows in upland areas is un-
doubtedly somehow related to some physical characteristic of these
sites that the burrows in the meadows do not possess, but no such
data was available to this study and so this remains unexplained,

Whatever it is that the burrows in the meadows are lack-
ing, this deficiency results in the observed migrations being evi-
dently necessary for the bullsnakes that use meadow areas while
active and foraging. These migrations are also the only predict-
able bullsnake movements that were discovered during this study,
These migrations are predictable in that they can apparently be
relied upon to cross the meadow/upland boundary. This predictabil-
ity of these migrations can be exploited with bullsnake removal
trapping techniques, and this is discussed in a later section of
this revort. (See REMOVAL TRAPPING.)

These frequent migrations of the bullsnakes and the
amount of time spent in the uplands results in a sum-total utiliza-
tion of the meadows by the snakes that is a surprisingly small
fraction of each year. On an individual basis each bullsnake
spends an average of seven months hibernating in the uplands (Octo-
ber- April), plus an additional seven of every thirty-six days dur-



ing the activity season performing ecdysis in the uplands. This
sums to a total of eight months spent inactive in the uplands each
year, and only four months spent active in the meadows, on an in-
dividual basis. Considering a population of bullsnakes in any par-
ticular meadow, the snakes are only found in the meadow at all dur-
ing roughly May through September, and even then only about 807 of
the population that uses that meadow._is ever actually in the meadow
at any one time, due to the variability of migration times that
staggers the activity/inactivity cycles of the snakes in that pop-
ulation.

There is also one last effect of these migrations that
needs to be addressed here, These migrations cause the calculated
home ranges of the snakes that use the meadows to become differen-
tially inflated depending upon how far a bullsnake resides from the
meadow/upland boundary while active, Because of this, rather than
reporting home ranges in this final report, activity ranges are re-
ported instead, An activity range is that area occupied by a bull-
snake while it is active and foraging, exclusive of those sites
used for ecdysis and hibernation, Since the occupancy of the mea-
dows by the snakes while they are active and foraging is of great-
est interest here anyway, the use of activity ranges rather than
home ranges is more applicable, The activity ranges in this final
report were calculated using minimum convex polygons as was done
for home ranges in the preliminary report, but the sample size
corrections and 90% area estimations that were used for home ranges
are not used here for activity ranges. The activity ranges that
were calculated for the bullsnakes in the various meadow study
areas that were examined appear in the 'HABITAT MANAGEMENT' section

of this report,



HABITAT MANAGEMENT

As stated in the introduction,it was of interest during
this study to see what application the currently used habitat man-
agement practices may have for controlling bullsnake numbers in
the waterfowl nesting meadows. The results of this investigation

are as follows.

Grazing

Three study areas were used to examine the effects that
grazing a meadow may have upon the subsequent use of the meadow
by bullsnakes. As shown in Table 1, these three study areas repre-
sented meadow habitats during the same year grazing is applied, and
during the first, second, and third years of rest from grazing.
Bullsnakes were trapped and released with radio transmitters in
each of these meadows, The subsequent movements of the snakes was
found to be quite different in each of these units,

In the West Boyd study area used to examine same-year

Table 1, The habitat management histories of the West Boyd, East
Boyd, and Island Lake management units of the Crescent Lake NWR
for the years 1978-1985, The subscripts indicate the use of each
unit to examine the effects of grazing during 1984 and 1985 as
follows: 1. same-year grazing, 2, first year of rest from grazing,
3. second year rest, and 4, third year rest, G = Grazed, H = Hayed,
B = Burned, R = Rested '

1978 1979 1980 1981 1982 1983 1984 1985

West Boyd G G G G G/H G/H Gy G/B/G
East Boyd G G G G G/H G R, Ry

Island Lake G R R G G R R3 R4



grazing, six bullsnakes were trapped and released with radio trans-
mitters after the cattle were removed in 1984, None of these
snakes remained in this unit longer than four days after release.
These bullsnakes all dispersed from this recently grazed meadow
and moved in all directions into both upland and meadow habitats.
The dispersal distances of these snakes ranged from seventy-five
yards to three and one-half miles from their initial capture points,
Only one of these six snakes ever appeared to establish residecy
in another area., This snake moved to the fringe of an adjacent
meadow and remained there throughout the rest of the activity
season. The other five snakes never stayed one area for very long
and wandered throughout the time they were being tracked, Unfor-
tunately all five of these snakes were lost due to transmitter
failures, so the eventual fates of these animals are unknown. Be-
cause the snakes that were captured in the West Boyd unit did dis-
perse, activity ranges and densities for bullsnakes in a recently
grazed meadow could not be calculated, The West Boyd unit was
grazed, burned, and grazed again during 1985, so this unit was not
used during the second year of this study.

The East Boyd study area was used to examine the util-
ization of a meadow by bullsnakes during the first and second years
of rest from grazing, in 1984 and 1985 respectively. During 1984
six bullsnakes were captured and released with trandmitters in this
meadow. None of these snakes dispersed from this meadow, but they
did maintain activity ranges on the fringe of the meadow rather
than within it, These snakes conducted the majority of their ac-
tivity in the upland areas immediately adjacent to the meadow,
only going into the meadow during one to two day forays. Even
though these snakes did not maintain activity ranges wholly with-
in the meadow, their fringe-initiated forays did result in a
majority of the meadow being utilized by the snakes, Indeed,
waterfowl nest censuses that were conducted in the East Boyd meadow
reported that bullsnakes destroyed six of the seven nests that were



found in this unit, The activity ranges of the bullsnakes that
used the East Boyd unit during the firsﬁ year the unit was rested
from grazing averaged 41,7 acres, with an average of 28% of the
activity ranges encompassing the meadow,

During 1985, the second year the East Boyd unit was
rested from grazing, the two bullsnakes that were still locatable
from the previous year (the others were lost due to transmitter
failures) maintained new activity ranges wholly within the meadow,
Five additional snakes that were radiotagged in this unit during
1985 maintained their activity ranges wholly within the meadow as
well. The meadow fringe oriented activities of the snakes that
were so prevalent during the first year this unit was rested from
grazing were completely absent during this second year of rest,
The activity ranges of the bullsnakes were also much smaller dur-
ing the second year of rest, averaging 22.1 acres,

The Island Lake unit was studied during the second and
third years this unit was rested from grazing. During the two
years this unit was examined eighteen bullsnakes were trapped and
released with radio transmitters. All of the snakes that were
tracked in this unit maintained activity ranges wholly within the
meadow during both years. Three bullsnakes that were tracked in
this unit during 1984 and 1985 used nearly identical activity
ranges in both years. Also, two snakes that were initially trap-
in this unit in 1984 (but were too small for transmitters) were
recaptured in 1985 in the same traps, indicating similar activity
range positions during both years for these snakes as well, The
between-year activity range shifts that were observed in the East
Boyd unit during this study were not seen in the Island Lake unit.
The size of the activity ranges of the bullsnakes at the Island
Lake unit also did not change much during this study, averaging
10,1 acres in 1984 and 9.6 acres in 1985,

The Island Lake unit was the only study area for which
the density of the bullsnake population could be calculated, and



this could only be done during the second year of this study, (Too
few snakes were otherwise tracked in the-study areas to give re-
liable density estimates,) In 1985, eleven bullsnakes were trap-
ped and released with transmitters within a 10,2 acre portion of
the Island Lake meadow, The subsequent activity ranges of these
snakes covered all of this 10,2 acre area and an additional 3,7
acres of this meadow, This works out to a density of one snake per
1.3 acres, There were also three other snakes captured in this
10.2 acre area, but not radiotagged because of the interference to
radio reception from already having eleven transmitters in so small
an area. It cannot be known for sure, but if these three addition-
al bullsnakes also were maintaining activity ranges in this portion
of the meadow, then the resulting bullsnake density would be one

snake per acre,
—

These results of the examination of grazing indicate
that grazing has the effect of dispersing bullsnakes from a meadow
the same year the grazing is done. During the first year a meadow
is rested from grazing, bullsnakes do use the meadow, but maintain
. their activity ranges on the fringe rather than within the meadow,
When a meadow is rested a second year from grazing, the bullsnakes
move into the meadow proper and remain wholly within it while ac-
tive, During the third year a meadow is rested from grazing the
bullsnakes are well established as residents, with many of them re-
using the same activity ranges that were used the previous year.

There also appears as though there may be an additional
effect when a meadow is hayed as well as grazed. The East Boyd and
Island Lake units were both examined during their second years of
Test from grazing, but the activity ranges of the bullsnakes in the
East Boyd unit were nearly double the size of those at the Island
Lake unit, The major and most recent difference between the land
management histories of these two units is that the East Boyd unit
was hayed just two years prior to this study, while the Island Lake
unit had not been hayed for at least six years prior (Tablel),

10
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The difference in the sizes of the bullsnake's activity ranges may
be due to the haying that was done in the East Boyd unit, but this
would require further study to be certain,

It is suggested here that the observed dispersal of
bullsnakes from a recently grazed meadow is most likely due to the
loss of the matted thatch in the meadow that results from the tram-
pling action of the grazing cattle, This thatch is important to
the bullsnakes for two reasons. First, the voles (Microtus sp.)
that constitute the majority of the diet of the bullsnakes in the
meadows live primarily in the thatch, building nests and runway
systems within it. When the thatch is flattened by grazing cattle
a reduction of vole numbers, and thus bullsnake food resources, may
occur, Bullsnakes may then be dispersing from grazed meadows due
to a food resource shortage. A rodent census was planned for the
second year of this study to test this idea, but the snap-traps
that were obtained proved inadequate for this purpose,

The thatch is also important to the bullsnakes for a
second, and perhaps more significant reason. The thatch in a mea-
dow serves as a refugium to the snakes from high temperatures, and
possibly predators as well, While snakes are well adapted to wea-
thering long periods of food resource shortages (Fitch, 1949;1982;
Reynolds and Scott, 1982; Pough, 1983), snakes cannot survive even
a single day of the lethally-high body temperatures that would re-
sult from being continuously insolated, without a refugium of some
sort as protection (Imler, 1945; Bogert and Cowles, 1947), 1In the
uplands the bullsnakes utilize underground refugia, especially poc-
ket gopher burrows. In the meadows, underground burrows of any
kind are relatively scarce, presumably due to the high water table
and frequent flooding in the meadows that would discourage burrow
digging animals, The matted thatch that builds up in a rested mea-
dow may be the only protection that is available to the bullsnakes
from lethally-high temperatures. When this thatch is flattened by
grazing cattle the bullsnakes may have no choice but to disperse



from that meadow,

This explanation for the observed dispersal of bull-
snakes from a grazed meadow is untested, but within reason. This
explanation is somewhat supported by the observation that bull-
snakes were not dispersed from upland areas by grazing. In the
uplands the underground refugia that are used by the snakes are
little affected by grazing cattle, thus no dispersal due to a loss
of refugia would be necessary.

For whatever reason, grazing does produce the desired
effect of dispersing bullsnakes from a meadow. Unfortunately
the effect does not last long and bullsnakes begin to reinvade the
meadow (and depredate waterfowl nests) the first year it is rested
from grazing. Perhaps with meadows of a larger diameter than
those that were examined here (ca. 600 yards), the reinvasion of
bullsnakes might not reach the meadow interior so soon. Otherwise
grazing does not appear to have much application for reducing bull-
snake numbers in the waterfowl nesting meadows,

Prescribed Burning

As was mentioned in the preliminary report, the pre-
scribed burning that was planned for this study did not take place
(due to inclement weather), and so the potential of this practice
for reducing bullsnake numbers in the meadows could not be examin-
ed. A reasonable prediction can be made however, based upon the

results of the examination of grazing,

Fire does have the same general effects as grazing inso-
much that any matted thatch on the ground surface is severely re-
duced. If the loss of the thatch when a meadow is grazed is the
reason for the observed dispersal of bullsnakes, then fire is like-
ly to have this same effect. 1In fact, with this same reasoning,
all of the land use/management practices that are conducted upon

the meadows of this region are likely to cause the dispersal of
bullsnakes. Each of these practices may differ in the duration of
their effect upon bullsnakes however, and should be examined

12



specifically.

Land Use and Bullsnake Immigration

The above results of the examination of habitat manage-
ment are suggestive of the possibilty that the extensive use of
the meadow areas in this region (primarily by grazing and haying
operations) is the reason why controlling bullsnake numbers on
this refuge is such a problem, as follows,

The CLNWR is essentially a long and narrow strip of
land that averages only 2-3 miles in width, with the majority of
the high priority waterfowl nesting meadows located within one
mile of the refuge boundary, (See map; CLNWR Predator Management
Plan.) The land surrounding the refuge on all sides consists of
the same upland/meadow/wetland habitat mosaic that comprises the
refuge., The land surrounding the refuge is also heavily utilized
by ranching operations and none of it is allowed to remain idle,
The uplands are grazed and the meadows are hayed each year. Addi-
tionally, much of the refige is grazed or hayed each year as well,
although to a much lesser extent than the surrounding ranchland.
(Only 33% of the land area of the refuge was grazed or hayed dur-
ing 1984; refuge records,)

If the conclusions of this study are correct and land
use/management practices conducted within the meadows does cause
bullsnakes to disperse, then a large portion of this regional
bullsnake population is composed of migrants each year, dispersing
in all directions from the grazed and hayed meadows on and off the
refuge. With migrant bullsnakes capable of travelling three miles
in less than one week, idle nesting meadows on this refuge would
then be subject to a rapid reinvasion of large numbers of snakes
while control of the resident snakes is being attempted., This
would explain why hundreds of bullsnakes were removed from the
Gimlet Lake unit during 1939-1941 and no end to the large numbers
of snakes was ever reached (Imler, 193%; 1940; 1941), Currently,
because such a small proportion of the refuge meadows are grazed

13



or hayed in comparison to the surrounding ranchland, the majority
of the migrant bullsnakes that now occur on the refuge probably
originated in areas off the refuge, With most of the high priority
nesting meadows of this refuge located within only one mile of the
refuge boundary, they are within easy reach of migrant bullsnakes
dispersing from the surrounding ranchland,

There are also some indications from a recent bullsnake
removal effort at the Valentine NWR that controlling migrant bull-
snakes may in fact be a much bigger chore than controlling the re-
sident snakes., During 1985, about 200 bullsnakes were removed
from the VNWR's management unit #21b with 40 traps placed on those
70 acres (refuge manager; pers, comm,). This works out to 2,9
bullsnakes having been removed per acre. If the VIWR has resident
bullsnake densities that are similar to those at the CLNWR (one
snake per 1.0-1,3 acres), then the number of migrant bullsnakes
that were removed from unit #21b was nearly double the number of
residents that were removed,

Because the activity of snakes, and most other reptiles,
is highly variable and generally dependent upon environmental con-
ditions (Heatwole, 1976; Reynolds, 1982), bullsnake reinvasion
rates even greater than those that appear to have occurred at the
VNWR in 1985 may be possible, For example, the bullsnake removal
in unit #21b averaged 5 snakes captured per trap, while trap cap-
tures as high as 11.9 snakes per trap have been recorded at the
CLNWR (Imler, 1945).

This discussion of land use and bullsnake immigration
was included here for the purposes of stressing that immigration
is a factor that cannot be overlooked when attempting to control
bullsnakes. Contrary to the conclusions of Imler(1942), there is
no reason to believe that the removal of bullsnakes from an area
during any year will result in a carryover of reduced snake numbers
in subsequent years, In fact, the information that is available
indicates that this bullsnake population is probably capable of
replacing itself in an area with immigration much more rapidly

14



than what has been reported for mammalian predator populations
(Balser et al,, 1968; Chesness et al,, 1968; Greenwood, 1986),

15
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REMOVAL TRAPPING

Removal trapping is currently being employed at the
CLNWR in an attempt to control bullsnakes, but has so far been
unsuccessful. The data that was collected during this study indi-
cates several areas where the removal trapping effort can be im-
proved,

The first improvement concerns the placement of the
funnel traps and drift fences. The radiotelemetry tracking of the
bullsnakes revealed predictable movements of the snakes that can
be exploited with removal trapping. These movements are the ecdy-
sis and hibernation migrations of the snakes across the meadow/
upland habitat boundary. Funnel traps and drift fences should be
placed upon and parallel to the habitat boundary to intercept
these bullsnake movements., With this placement the earliest pos-
sible opportunity of capturing the snakes during the waterfowl
nesting season will be obtained when the snakes first emerge from
hibernation in the uplands and attempt to move into the meadows.
This placement will also serve to intercept the repeated ecdysis
migrations of the snakes during the summer, as well as intercept-
ing the movements of migrant snakes attempting to immigrate into
the meadows from other areas, The transverse placements of the
fences and traps that is currently being used should not be aban-
doned, but should be supplemented with placements upon and para-
llel to the meadow/upland boundary.

The second improvement concerns the density at which
the traps are placed within the meadows, The high resident den-
sity of active bullsnakes in the meadows that was discovered dur-
ing this study, combined with the information concerning immigra-
tion indicates that a far greater number of bullsnakes need to be
removed from the meadows each year to attain control than what is
currently being done at the CLNWR, The 1985 bullsnake removal
effort at the VNWR's unit #21b is a good example of this. 1In this
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management unit satisfactory control of the bullsnakes (reflected
by a 70% waterfowl nest success; refugevmanager; pers, comm.) was
attained only when 2,9 bullsnakes were removed per acre, as pre-
viously mentioned. The current bullsnake removal effort at the
CLNWR is only removing about 0,15 bullsnakes per acre (calculated
from the 1984 and 1985 trapping data).

The best way to increase the bullsnake removal rate is
to simply increase the trap demsity, Calculated for all known
bullsnake removal efforts at the CLNWR and the VNWR, the funnel
traps and drift fences capture an average of six bullsnakes per
trap per year, Using the above removal rate from the VNWR's unit
#21b as a guide, since it is the only known successful bullsnake
control effort, the funnel traps should then be placed in the mea-
dows at a density of one trap for every two acres to achieve the
removal of 2,9 snakes per acre., This 15 in fact very close to the
trap density that was used to attain control in unit #21b (one
trap per 1,8 acres). The funnel traps are currently being placed
at thé CLNWR at a density of about one trap per thirty acres, As
can be seen from the above, this trap density has to be incraesed
many-fold if bullsnake control is to be expected. A trap density
of one trap for every two acres probably represents the maximum
practical density that can be used. It may be possible to de-
crease this a bit if the above habitat boundary placements are
used, but this would require further study.

The last improvements to be discussed here for increas-
ing the efficiency of the bullsnake removal efforts concerns the
drift fences that are used with the funnel traps, The drift fences
that are currently being used consist of eighteen inch-wide strips
of tarpaper stapled to wooden stakes upon the ground surface,
During the course of this study bullsnakes were observed many
times crawling over and under the drift fences rather than follow-
ing along them. This bypassing of the fence by the snakes must be
stopped if the maximum efficiency of this trapping system is to be
expected,
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Two suggestions are made here, The first is to simply
increase the height of the drift fence to discourage the bullsnakes
from crawling over it, A height of twenty-four inches is recommen-
ded here, but a fence of up to thirty-six inches in height would
be better yet,

The second suggestion is to bury the lower edge of the
drift fences below the ground surface, When the fences are just
erected upon the ground surface as is being done now, gaps inevit-
ably result beneath the fences due to the irregularities of the
ground surface. These gaps, albeit small, appear as 'doorways'
under the fence from a snake's perspective, The bottom 4-6 inches
of the drift fences should be buried to eliminate these gaps.

Since the tarpaper that is currently being used as drift
fence material is ill-suited for burial however, another material
should be substituted. Metal flashing and screening have both been
found to be excellent drift fence materials and far superior to
tarpaper (Campbell and Christman, 1982; Vogt and Hines, 1982). The
use of either of these materials may also obviate the necessity of
increasing the height of the drift fences, since much of the prob-
lem with the snakes crawling over the fence stems from the drooping
and sagging of the tarpaper after just a short while of it’'s being
exposed to the elements.

Some last recommendations are made here, not sc much to
increase the snake captures, but to decrease the non-target cap-
tures. During the present study, forty-three species of verte-
brates were captured with the currently used funnel trap design,
and the mortality among the birds and mammals was quite high,
Imler(1945) has also previously reported this same problem with
this trap design, with bullsnakes only amounting to 5% of the total
captures that Imler reported. There does not seem to be any sure
solution to this problem, but two suggestions can be made here,

The first is to reduce the size of the inside-end of the funnel
from the current 3 x 3 inches square to a round funnel tip of
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1.5-2,0 inches in diameter, The second suggestion is to install
the 'drops' over the outside-end of the funnel as recommended by
Brauwart (1941), Braunwart stated that drops which reduced the
funnel entrance to a height of one inch would probably eliminate
the capture of young pheasants altogether. Both of these suggest-
ed modifications to the funnel trap design are aimed toward
reducing the trap entrance to a snake-only size, and although
rodents will probably continue to be captured, the inadvertant
capture of game birds will at least be severely reduced if not eli-
minated, if these recommendations are followed,
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BULLSNAKE DENNING

As stated in the preliminary report, the bullsnakes
that were tracked during this study did not appear to be denning
communally, In order to further substantiate this, eight of the
radiotagged bullsnakes were excavated from their dens during the
winters of 1984-1985 and 1985-1986, using the transmitter signals
to pinpoint their locations,

As was suspected, the bullsnakes were found to be den-
ning in pocket gopher burrows. The specific portion of the bur-
rows within which the snakes were located was usually a chamber
at the end of a burrow that contained plant-root clippings and
gopher fecal pellets. The depths at which the snakes were found
ranged from three feet to seven and one-half feet, averaging five
feet in depth,

Of the eight bullsnakes that were excavated, four were
found together with racers (Cgluber constrictor flaviventris),
and one was found denned together with another bullsnake. This
bullsnake was one that had not been previously captured or tracked
during this study.

While the above discovery does technically constitute
a communal bullsnake den, the numbers are obviously less than was
hoped for. The large communal dens that have been found in other
areas do not appear to exist here at this refuge. With this being

the case, the exploitation of communal bullsnake dens does mnot
appear to have any potential for controlling bullsnake numbers in

this area of the Nebraska sandhills,
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