











Figure 8. Map of Structure C Understory Plant Species Proportional Cover by Site. Note. ArcMap 9.3 software was
used to generate this map.
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Figure 9. Map of Structure E Understory Plant Species Proportional Cover by Site. Note. ArcMap 9.3 software was used
to generate this map.
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When comparing sites based on mammal species presence, no statistically
significant difference in vegetation composition and cover was detected (Table 5, Table
7) but a few relationships may warrant further investigation. For instance, sites occupied
by rat/mouse spp. had higher cover of California rose when compared sites used by
western gray squirrel sites (F(1,4)=2.10, p=0.17) and sites absent of animals
(F(1,4)=2.10, p=0.11). Also, sites occupied by gray fox had a lower cover of golden
currant when compared to western gray squirrel occupied sites (F(1,4)=2.03, p=0.11) and
sites absent of animals (F(1,4)=2.03, p=0.12).

RQ3: Habitat Characteristics of Sites Occupied by the Riparian Brush Rabbit

The rabbit was detected at four study sites, three in structure D and one in
structure E. The presence of a lower, secondary canopy and an absence of a high canopy
were characteristic of each of the four sites. The rabbit was not found in the three habitat
structures with a high canopy. Collectively, six plant species were recorded for the four
sites (Table 8). In the understory, Santa Barbra sedge, Pacific blackberry, and stinging
nettle were present at three of the four sites. Comparatively, throughout all the study sites
(n=125), Santa Barbra sedge, Pacific blackberry, and stinging nettle were present 54%,
71%, and 28%, respectively. Among all study sites (n=125), California rose was present
in 35% but absent from all four of the rabbit sites. The raccoon was present in three of
the four sites (75%) where the rabbit was detected compared to 30% throughout, gray fox

was found in 1 of 4 (25%) where the rabbit was detected and 20% throughout (26/125).

50



Table 12. Comparison of Vegetation Species Present at Sites Occupied by All
Animal Species.

Santa Barbara Golden California  Pacific Stinging Box Elder
Sedge Currant Rose Blackberry  Nettle
All
Animals F-value 0.21 2.03 2.10 0.20 1.57 0.39
(F1,6) p-value 0.97 0.06 0.06 0.98 0.16 0.89

Table 13. Habitat Characteristics of Sites Where the Rabbit Was Found.

T iy o ek WidGroe poxcer Ot

Site Structure g y Mammals
Cover (%) Cover (%) Cover (%) Cover (%) Cover (%) Cover (%)  Present

Gray Fox,

1 D 81 - - 96 8 - Raccoon,
Virginia

Opossum

2 D - 72 2 - - - Raccoon
3 D 19 40 2 7 - - Raccoon
Western

4 E 41 24 - 3 - 2 Gray
Squirrel

RQ4: Methodology Comparison: Cameras and Track Plates

Effectiveness between the two methods were not found to be statistically different
for any of the detected species (F(1,5)=9.477, p=0.091). The overall catch per unit
effort rate (CPUE) for the track plates and cameras was 0.0078 and 0.0077, respectively
(Table 9). The track plates failed to detect western gray squirrel and the rabbit, while the
cameras detected these species at a rate of 0.0011 and 0.0003, respectively (Table 9).

Track plates were twice as likely to detect Virginia opossum as cameras. Also, the dual
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detection statistic, which reports the percentage of locations where both methods detected
the same species, was 3.16% across all sites. Spatially, the mammal species were
distributed throughout the study site (Figures 10-14).

Table 14. Cameras (Cam) and Track Plate (TP) Comparisons Measured by Catch
Per Unit Effort (CPUE) for the Rabbit, Fox, Raccoon, and Opossum.

RlpaFr;:SbliBtrush Gray Fox Raccoon Virginia Opossum
Total CPUE Total CPUE Total CPUE Total CPUE

TP 0 - 0 - 2 0.0017 2 0.0017

A Cam 0 - 5 0.0021 5 0.0021 1 0.0008
Dual Detection 0 - 0 - 0 - 0 -
TP 0 - 2 0.0017 1 0.0009 0 -

B Cam 0 - 2 0.0008 2 0.0008 1 0.0004
Dual Detection 0 - 1 - 0 - 0 -

TP 0 - 2 0.0017 1 0.0009 2 0.0017

C Cam 0 - 2 0.0009 5 0.0022 1 0.0004
Dual Detection 0 - 1 - 0 - 0 -

TP 0 - 3 0.0026 5 0.0043 2 0.0017

D Cam 3 0.0012 5 0.0020 3 0.0012 3 0.0012
Dual Detection 0 - 0 - 1 - 0 -

TP 0 - 1 0.0009 4 0.0035 3 0.0026

E Cam 1 0.0004 6 0.0025 8 0.0033 3 0.0013
Dual Detection 0 - 0 - 2 - 1 -

TP 0 - 8 0.0014 13 0.0023 9 0.0016

All Sites Cam - 4 0.0003 20 0.0016 23 0.0019 9 0.0008
Dual Detection (Total) 0 - 2 - 3 - 1 -

Dual Detection (%) - 3.33% 4.00% 2.56%

52



Table 15. Cameras (Cam) and Track Plate (TP) Comparisons Measured by Catch
Per Unit Effort (CPUE) for the Squirrel, Rat/Mouse spp., and All Species.

Structure

All Sites

Method

TP

Cam

Dual Detection
TP

Cam

Dual Detection
TP

Cam

Dual Detection
TP

Cam

Dual Detection
TP

Cam

Dual Detection
TP

Cam

Dual Detection (Total)

Dual Detection (%)

Western Gray  Rat/Mouse Spp.

Total
0

OO U O ORFRPROOPM~MODONMOOW

-
© w

CPUE Total
- 3
0.0013 9
- 1
- 5
0.0008 5
- 1
- 3
0.0017 1
- 0
- 3
0.0004 5
- 1
- 1
0.0021 2
- 0
- 15
0.0011 22
- 3

4.00%

CPUE
0.0026
0.0038

0.0035
0.0021
0.0026
0.0004

0.0026
0.0020
0.0009
0.0008

0.0026
0.0018

All Species
Total CPUE

7 0.0061
22 0.0092
1 -

7 0.0061
12 0.0050
2 -

8 0.0069
13 0.0054
1 -

13 0.0113
20 0.0083
2 -

9 0.0078
26 0.0108
3 -
45 0.0078
92 0.0077
9 -

3.16%
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Figure 14. Map of Rat/Mouse Presence. Note. ArcMap 9.3 software was used to generate this map.
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Discussion

Comparison to Past Studies

Williams and Basey (1986) measured canopy cover, ground cover, and understory
cover at 30 sites--10 occupied by the rabbit, 10 occupied by desert cottontail, and 10
unoccupied--and found few willows where the rabbit was present. My data support these
findings as none of the four sites occupied by rabbits had willow spp. However, less than
seven percent of all sites in my study had willow spp. suggesting that this plant is not
overly abundant within Caswell Memorial State Park. William and Basey (1986) also
measured leaf litter and found higher levels at rabbit sites. The authors speculated that
these two factors, few willows and high amounts of leaf litter, are characteristic of areas
that do not flood regularly. Therefore, rabbits are occupying areas that allow them to
avoid flood waters.

Both this thesis study and the study by Williams and Basey (1986) found over
20% cover of native blackberry at rabbit occupied sites. The rabbit may prefer sites with
native blackberry since this plant can grow over one meter in height providing cover and
protection from predators. On the other hand, my rabbit-occupied sites had no California
rose present, while Williams and Basey (1986) found 17% cover on average. This
disparity may be due to my small sample size and the low rabbit population and may not
be a true reflection of the rabbit’s preference, as both blackberry and California rose
appear to be ideal for predator protection, providing cover and a barrier. For example,
Williams (1993) noted that the rabbit hides in areas so thick with vegetation that he was

unable to see the reflective taped placed on the animals during a census. Prior to this
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study, I frequently observed the rabbits in rose thickets in the Park, although these
sightings are anecdotal. Throughout the study sites, California rose was fairly common
occurring in 32% of the sites, covering 16% (SD=20.16) where found.

Williams and Basey (1986) also found close to 10% coyote brush cover at their
rabbit-occupied sites. This plant species was absent from my occupied sites, but again
was also limited in distribution throughout the Park, occurring at only 2 of 125 sites. The
authors also found that box elder, a medium sized tree, was the most prevalent canopy
species. Although I did not directly measure cover of canopy species, the habitat
structure classes used to stratify my sample were partly based on the presence of trees,
understory and canopy. Therefore, structures D and E were partly defined by the
presence of medium sized trees, commonly box elders. Since all rabbit detections were
within these two structures, the sites can be characterized as having medium sized trees
while lacking a high canopy. The rabbit may select sites that are devoid of a high canopy
because the increased sunlight allows for thicker understory growth and higher cover
resulting in better predator protection and forage. Without a high canopy, avian
predators, which have reportedly accounted for 25% of rabbit predator mortality
(Hamilton et al., 2010), also are denied a hunting perch.

Trail Proliferation and the Rabbit

Within the Park, | observed the rabbit most frequently in the western portion
within the trails-only area. This trail system is approximately 6.5 km in total length, and
trail width is on average 3-4 m (Figure 1). The peak hiking season is the summer on the

weekends, while numbers of weekday visitors are low throughout the year. In addition to
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hiking, the trails are used as emergency and maintenance vehicle access routes. In their
review of 40 research studies measuring responses of mammals to the presence of either
off highway vehicles or hikers, Boyle and Samson (1985) found that 72% documented
negative effects on these species. These negative effects can range from habitat
fragmentation, habitat loss, and changes animal behavior and species composition
including the introduction of invasive species.

Although this thesis research did not collect data on the influence of trails on
rabbit behavior, some evidence suggests that trails and the accompanying human
presence negatively affects the rabbit population. Orr’s (1940) observations confirm that
brush rabbits alter their behavior by fleeing into the brush when a disturbance occurs.
The rabbits waited six minutes, on average, before resuming foraging activities. If this
reaction is typical in rabbits, then constant human presence may reduce foraging times
resulting in lower body weights and reproduction rates. The rabbit may also seek habitat
farther away from trails and avoid the areas near trails. In addition to changing animal
behavior, trails have been found to facilitate invasive plant species establishment
(Dickens, Gerhardt, & Collinge, 2005). A shift in plant species and communities away
from the native habitat could exert further downward pressure on the Park’s rabbit
population.

Flood Regime

Prior to flood control measures, most of the surrounding land of the Park was

used for cattle pastures with uneven topography. The first Melones Dam, built in the

1920s, provided farmers flood protection which led to more intense agricultural practices
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within the river’s floodplain. The much larger New Melones Dam, completed in 1979,
intensified the development further because flood protection was more stable. Farmers
were more confident that flooding would not damage their investments and as a result
leveled the ground and cleared remaining patches of vegetation in order to plant row
crops and orchards. The cattle pastures, with higher elevations and less managed
vegetation cover, were more hospitable to the rabbit, especially during flooding,
providing them escape habitat during high waters (Williams & Basey, 1986). In addition,
levees were built parallel to the river confining the water during flooding and not
allowing it to disperse across the floodplain. The result is higher levels of water within
the levee banks and consequently in the Park.

In the winter of 1985-1986, Williams (1993) reported “severe flooding” at the
Park and estimated the rabbit population at 10 individuals. In 1988, population estimates
ranged from 88 and 540 (95% confidence interval) rabbits and to 170 and 608 rabbits in
1993 (Williams, 1993), a period of no flooding. In the winter and spring of 2004-05,
Modesto experienced 38.6 cm of rainfall, exceeding the mean annual rainfall of 31.6 cm
(NOAA, 2006). Approximately 8 km downstream, Hamilton et al. (2010) reported that
survival of the rabbit at the Refuge was “strongly impacted” by flood events in March,
May, and June of 2005 caused by reservoir releases. In the winter and spring of 2005-06,
the mean annual rainfall was again exceeded in Modesto, amounting to 34.52 cm
(NOAA, 2006). A flood event followed on the Refuge and again drastically impacted the
rabbit population. Anecdotally, the results appeared similar at the Park where flood

waters seeped into the Park, inundating approximately 40% of the habitat (personal

62



observation). Prior to the flooding of 2006, | frequently observed rabbits along the trails.
Over the next 22 months after the flooding, | made frequent visits to these areas and
rarely saw any rabbits in these locations. These observations correlate with my data
where only 4 of the 125 sites had rabbit occurrences. Unfortunately, the population still
appears to be suppressed since park staff reported only seeing a single rabbit between
2008-2010 (J. J. Ramsour, personal communication, July 25, 2010).

Flooding is predicted to become more intense and frequent in the coming years
due to the changing climate. Historically, streams and rivers in the West receive the
highest amount of flow from spring and summer snow melt (Stewart, Cayan, &
Dettinger, 2003). Data have shown that winter and spring temperatures are rising in the
West, and precipitation proportionally is shifting from snow to rain (Knowles, Dettinger,
& Cayan, 2006; Stewart et al., 2003). The rising spring temperatures are also resulting in
less snow and increased rain with quicker melting of the snow pack. At the current rate,
stream flows are projected to begin 20-40 days earlier (Stewart et al., 2003), and the snow
pack is expected to be reduced by 50 percent in the Sierra Nevada by century’s end
(Miller, Bashford, & Strem, 2003). The resulting reduction in natural storage in the snow
pack will lead to increased pressures on reservoirs likely leading in turn to larger, more
frequent water releases and consequently more flooding downstream (Brekke, Miller,
Bashford, Quinn, & Dracup, 2004; Miller et al., 2003). It should be noted that some
models predict decreased inflow and storage releases (Brekke et al., 2004).

Whether the flood regime remains at its current state or changes, a lack of high

water refugia remains one of the greatest threats to the Park’s rabbit population. The
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2006 flood event was mild when compared to past floods, yet the rabbit appears to have
been strongly impacted. High water refugia has been essential to similar rabbit species
(Zollner et al., 2000) and appears to be important for the riparian brush rabbit survival.
The Park and Mesopredator Release Theory

The mesopredator release theory may be applicable for the Park. The conversion
of the Central Valley’s native habitats to agriculture and urban development has caused
changes in the relationships and abundances of predator and prey species especially
reducing numbers of large predators. Predicting how these effects will cascade through
the food web is difficult. Historically, the coyote was one of the top predators in this
ecosystem but large scale land use changes have reduced their numbers. The absence or
reduction of the coyote may lead to a population increase of mesopredators.
Mesopredators detected during this thesis study included the gray fox and raccoon.
Although evidence is lacking on whether raccoons predate on rabbits, traces of Sylvilagus
spp. have been reported in raccoon scat (Baker, Coleman, Newman, & Wilke, 1945). A
potential increase in raccoon populations is expected to have a negative effect on their
prey species including the rabbit. With fewer rabbits, foxes and raccoons will have to
shift their diets to other species, such as the black rat and western tree squirrel. Live
trapping efforts have found the exotic black rat widespread and abundant throughout the
Park (personnel observation). The western tree squirrel is common, as well, and has been
observed collecting walnuts in the orchard adjacent to the Park (personnel observation).
The food web for the Park has likely been altered by the introduction of the black rat and

the diet subsidization of the western gray squirrel; mesopredator population increases
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may be the result. It should be noted this thesis study did not test this theory, rather it
only documents the presence of these mammals within the Park (Table 9).
Comparison of Cameras and Track Plates

The results of the two data collection methods were similar. Although the track
plates did not detect any rabbits, the sample size was also low for the cameras, indicating
a small population size and low likelihood of detection. In other words, the low rabbit
detection may be attributed to chance rather than avoidance. In order to detect statistically
significant differences, a power analysis indicated a sample of 480 samples would be
needed (u=.032, s=0.17670, p=0.20). In general, the results indicate either method would
be appropriate for detecting medium to small mammals within a riparian forest
ecosystem. Although the results were similar, these two methodologies did differ in cost,
data quality, and labor.

Track plates have proven useful and effective in detecting mammal presence.
Their popularity is due mostly to the economical advantage of the materials as compared
to other data collection methods. For instance, Connors et al. (2004) reported they could
produce a track plate for $0.24. Glennon et al. (2002) used plates and a tube structure at
a cost just over $2.00 each. Therefore, the investment is minimal which can be
advantageous if data collection is going to occur in areas where vandalism or theft may
take place. Comparatively, the cameras | used were approximately $140.00 each, without
batteries, and one was stolen during data collection.

Data quality was higher when using cameras to detect mammal presence. Most

importantly, species identification was easier and less ambiguous with the cameras. The
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species, excluding the rats and mice, could be confidently identified in short period of
time. Tracks sometimes took several minutes to interpret and multiple, overlapping
tracks also made the identification process more difficult. In fact, the more activity there
was at a site, the more difficult track identification became. An increase of activity for
cameras was never an issue as the memory card was never full. Additionally, more data
can be collected using cameras including a time/date stamp. The higher end models even
record temperature and moon phases. Any additional data collected outside of that
needed can be easily identified and discarded. Data recovery for track plates on the other
hand, has to be precise since the timing of the tracks is unknown. This is a draw back
because delays are not uncommon.

The track plates took more time to prepare since | had to cut them to size, mix the
graphite, let them dry and delicately transport them. In the field, | had to modify a small
patch of habitat in order for the track plate to sit level. Once | became familiar with the
cameras they were easy to program, quicker to set up, and habitat modifications were not
required. Lastly, the cameras are more durable. Unlike track plates, curious mammals
and storm events do not easily disturb cameras. Although none of the track plates were
in the field during a storm event, some plates were disturbed.

Study Recommendations

In 2004 and 2005, | frequently observed rabbits in several locations throughout
the Park. After the flood event in 2006, sightings declined drastically from daily
occurrences to just two over a several month period. By the time | conducted my study in

the summer of 2007, rabbit sightings were extremely rare. This anecdotal information

66



was corroborated by the low detection results from my study. If this study were
conducted prior to the flooding event, rabbit detections would certainly have been higher.
As a result, the potential of this study was never fully realized. Many questions about
rabbit habitat use still remain unanswered and additional research is needed. With a few
adjustments and proper timing, this study design could expand our understanding of the
vegetation components required by the rabbit and the areas of the Park the rabbits are
occupying. The research will be more informative if it is conducted when the population
has expanded, which will allow for higher sample sizes. This population expansion could
be verified by using a pilot study, morning and evening trail hikes, or interviews with
park staff.

A few changes to the methods are recommended for future studies. | would rely
exclusively on cameras since this research has indicated they are more reliable at
detecting rabbits. The focus should remain on habitat characteristics at ground level with
the addition of a bare ground and leaf litter measurement. Additionally, close attention
should be paid to canopy species and cover since some of the data suggests that the
rabbits avoid areas with higher canopies (Williams & Basey, 1986). This avoidance
could be due to raptor predation (Hamilton et al., 2010) and therefore, a raptor study that
documents presence, habitat use, and population trends could be useful in explaining
rabbit habitat selection.

While vegetation, especially cover, is important to the rabbit, a future study
should also refine the parameters to include topography and distance to trails.

Stratification by topography or elevation will require more detailed mapping.
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Considering the subtle elevation differences in the Park, a topographical map depicting
one foot contours would be required. The measure of rabbit presence by elevation and
trail proximity will lead to a greater understanding of their importance to the rabbit and
have direct and clear management implications for the Park.

An experimental study design should also be implemented for any newly acquired
lands in need of restoration. All restoration designs should include high ground refugia,
or “bunny mounds” with experimental vegetation treatments based on the presence and
absence of secondary and high canopy species. As indicated by this study and that by
Williams and Basey (1986), rabbits may be selecting sites with secondary canopy and
avoiding areas with higher canopies. If this behavior is verified through an experimental
design and the presence of high canopy species are increasing within the Park, this
habitat may fail to continue to support the rabbits in the future. Also, shrubby vegetation
could be planted on these mounds using varying levels of Pacific blackberry, California
rose, and golden currant cover.

A more robust monitoring program for the rabbit population should also be
explored. Williams (1993) conducted a baseline study using live traps. He speculated
that his results were a reliable estimate of the non-breeding population and likely
reflected the peak carrying capacity of the Park. He also identified 31 sites where rabbits
were using “communal toilets.” Since live-trapping has limitations and can be labor
intensive, his intention was for these pellet sites to be monitored annually and provide an
index of the population. This approach was never implemented and it should be

explored. As an alternative, cameras can also provide an index of rabbit abundance.
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Live trapping could then be performed every three to five years to corroborate the results
(Williams, 1993). Park managers should review Williams (1993) and consider
replicating his methods for an annual monitoring program or exploring a methodology
that suits their needs. The emphasis should be on the ease of regular replication while
remaining cost effective. Ultimately, the goal would be to create an action plan managers
can use to respond to prolonged population contractions. Anecdotal evidence can assist
in the interpretation of more formal study findings and should be collected in a database.
Management Recommendations
Each of the three riparian brush rabbit populations remain isolated from each

other and are highly vulnerable to extinction. The introduced population at the Refuge is
being intensely cared for by rabbit biologists but the future remains in question,
especially considering recent harmful events (Hamilton et al., 2010). The Paradise Cut
population is small in size and remains under the care of private citizens (Williams et al.,
2008). The Park population continues to be endangered as a result of being confined to a
small area that experiences regular flood events. The Park is the last known natural
rabbit population that is managed by the government and is therefore a critical
component to the recovery of this species. Several options are available to wildlife
managers that could improve the chances for recovery of the riparian brush rabbit.
Several options have been identified and prioritized below:
1) Acquire and Restore Habitat. Managers can use the vegetation data from this thesis

research (Table 4) as a model to evaluate the suitability of existing habitat for rabbits

or to guide restoration efforts on acquired lands.
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a. Acquire or obtain a conservation easement for farmland adjacent to the Park.
More specifically, priority should be given to the 36.50 ha parcel adjacent to
the Park’s trails-only area within the levee system (Figure 4). Currently, this
land is planted with walnut trees. The restoration of this parcel to rabbit
habitat would reduce the overall edge effects within the Park. Further, since
this is one of only two parcels of farmland within the confines of the levee
system and adjacent to the Park, the rabbits would not have to transverse a
potentially hostile, vegetation-free levee, which may act as a barrier to rabbit
movement. The result would be either the restored habitat is never colonized
or, if rabbits are introduced, the two populations will not interact with human
assistance.

b. Identify, evaluate, and acquire existing riparian forest habitat within and
outside of the rabbit’s historical range. Examine the remaining habitat
fragments and compare the habitat to the Park’s vegetation composition.

c. Acquire the land where the Paradise Cut population lives. Since this is one of
only two natural populations of the rabbit, management of the habitat needs to
be closely monitored.

2) Increase High Water Refugia. The low detection rate of rabbits during this thesis
study followed the flood event of 2006, underscoring the need for high water refugia
inside and outside of the Park.

a. Acquire adjacent farmland to provide for the construction of high water

refugia while preserving the Park’s habitat. The 36.50 ha parcel currently
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planted as a walnut orchard is favorable since it is within the levees and may
remain dry during minor flood events since it is relatively far from the river.
Seek an agreement with the Lower San Joaquin Levee District to allow
vegetation to become established on the adjacent levees. Rabbits have been
observed in re-vegetated levees (Rentner & Lloyd, 2010). The establishment
of vegetation on levees would allow managers to take advantage of existing
high water refugia allowing rabbits to escape a flood’s rising waters while also
being concealed from would be predators.

Build and vegetate “bunny mounds” in disturbed areas of the Park (Figure
15). The mounds should match the height of the ten foot levees that parallel
the Park. Within the Park, managers should consider enhancing lower quality
areas by building mounds using imported soil and planting with favorable
native species such as pacific blackberry, California rose, golden currant, and
Santa Barbara sedge.

i. The old burn pile is the most attractive site for “bunny mound”
construction for several reasons. Most importantly, it is surrounded by
native vegetation and within the largest habitat fragment of the Park.
Outside of annual, weedy plants, the site is currently clear of
vegetation to allow for the temporary stockpiling of brush material and
is not likely utilized by the rabbit. Therefore it would not result in any
temporary loss of usable habitat. There is also an access road to the

site which would accommodate construction traffic and restoration
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activities. While the area is relatively large (0.0952 ha), it is believed
the rabbits’ density is between 1.5-3.00/ha (Basey, 1990; Williams,
1993), so this area would not likely provide shelter to a large number
of rabbits. Park staff would need to adopt another staging site for
brush materials.

Eradicated invasive species sites are also available. For instance, the
area to the west was heavily infested with tree of heaven (Ailanthus
altissima) throughout the 1990s. Beginning in 1998, this invasive tree
population was removed. Although some native plant recruitment has
occurred and rabbits have been shown to use this area, it remains in
early successional stages with other exotic plant species invading,
mostly thistles. These areas could be surveyed for rabbit presence and
be considered for “bunny mound” construction.

Outside of the study area but within the Park, a few more opportunities
exist for higher ground construction. The most underutilized area by
humans and rabbits is the overflow parking lot since it is paved with
asphalt and only opened a few times a year during peak use. Similar
to the burn area, it would not result in temporary habitat loss and the
access road is conducive to construction activities.

The largest area in the Park that is not likely rabbit habitat is the
picnic/day use area (0.9729 ha) which is mowed to keep vegetation

low. Importing soil and raising the elevation by a few meters is very
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feasible since access to the area is provided by the main road. The
challenge would be providing both the cover required by the rabbit and
an area where visitors can recreate.

d. Elevate trails to provide connectivity between “bunny mounds”. If the hiking
trails are raised, the area underneath could act as corridors between mounds
(Rentner & Lloyd, 2010).

e. When large trees fall, leave the main stems where they lie or relocate them
strategically throughout the Park to provide high ground. Often, fallen trees
are cleared within the park to reduce fuel in the event of a wildfire or are used
for firewood. If wildfire remains a concern, the brushy canopy of the fallen
tree could be removed, leaving the main stems. The main advantage of this
measure is that it could be implemented immediately and should be effective
since rabbits have been reported climbing low lying trees during past flood
events (Basey, 1990; Williams & Basey, 1986).

f. Conduct a survey of the Park that produces detailed contours. Current
topographical maps are too coarse to provide useful elevation data. A survey
should be completed that produces one foot contours which will allow
managers to identify high ground. Appropriate protection and possible
enhancement measures could then be implemented in these areas. During the
severe 1997 flood event, only 15% of the park was not submerged by flood

waters (San Joaquin County Multi-Species Habitat Conservation and Open
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Space Plan, 2000). Managers need to ensure that adequate cover exists and
escape avenues to these areas are intact for future events.
3) Habitat Protection and Enhancement within the Park

a. Perennial shrub species, e.g., Pacific blackberry and California rose should be
used in restoration projects.

b. Brush thickets, especially Pacific blackberry and California rose, should be
considered the most critical to the survival of the rabbit and protected and
promoted when possible.

c. Evaluate existing fencing program in the campground and replace fencing
with a more substantial barrier to discourage trampling of vegetation. The
campground’s lack of observable rabbit activity over the past decade suggests
habitat enhancement is warranted. Over time, campers continued to trample
the habitat on the perimeter of the campsites, enlarging campsites far beyond
their original boundaries. In 2005, managers wisely erected fences to clarify
the limits of use and prevent further destruction. Unfortunately, the fence in
many areas is in a state of disrepair and will likely be targeted for removal
soon, leaving the habitat vulnerable to intrusion. An assessment of the fence’s
effectiveness and current condition should be completed and a more
substantial and aesthetic fence erected that will persist.

d. Enhance shrub habitat within the campground area. Areas within the
campground behind protected fencing should continue to be targeted for

habitat enhancement in order to expand useable habitat for the rabbit.
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e. If a negative correlation between high canopy and rabbit presence can be
established through further study, discourage the establishment of high canopy
tree species in rabbit habitat areas.

4) Rabbit Population Monitoring and Management

a. Develop a plan to guide long-term management of the Park for the rabbit.
This plan can be phased in by short, medium, and long-term goals. To help
ensure success, this plan should have “buy in” from all disciplines of Park
operations and be widely available so subsequent managers understand the
long term goals in the Park.

b. A simplified but formal monitoring protocol (cameras, pellet counts) should
be implemented annually.

c. A more robust monitoring program (live trapping) should be used less often
(every 3-5 years) to corroborate the aforementioned monitoring findings. For
more information, review the study and recommendations by Williams
(1993).

d. A protocol for documenting the anecdotal data needs to be developed and
training provided to all Park staff.

e. Track both anecdotal evidence and formal survey results in an electronic
database. Annually, summarize the data found and make the data widely
available for internal and external reference.

f.  Once the high water refugia are in place, compare the genetic information

between the Park rabbits and the Refuge rabbits and introduce new rabbits to
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the Park if the population remains suppressed and the genetic analysis
indicates the rabbit population is inbred.

Prohibit new trail construction. Since the Park is home to one of the last
known riparian brush rabbit populations and mammals have been shown to
alter behavior in the presence of humans, the trail system should be managed
with careful consideration to this species.

In areas with high levels of rabbit activity, consider full or partial (time of
day) closure of trails to humans. Managers should identify the areas where
the rabbit has been consistently observed and close trails nearby. If trail
closure is not feasible, then restrict hiker’s access during the most sensitive
times of the day (morning and evening).

Review current trail layout and eliminate trails, if feasible.
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Figure 15. Potential High Water Refugia, “Bunny Mounds,” Sites. These sites are
currently free of vegetation and have little value to the rabbit. Soil could be imported to
establish high ground during flood events. The trails could also be raised to allow
additional refugia and connectivity. Note. ArcMap 9.3 software was used to generate this

map.
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