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Introduction 
Brush rabbits (Sylvilagus bachmani) are found along the Pacific coast of North 
America from the Columbia River in the north to the southern tip of Baja California 
and 14 sub-species are recognized. Although the species is classified by the 
IUCN as a species of Least Concern, one sub-species, the riparian brush rabbit 
(S. b. riparius), is listed as Endangered by the state of California and the U.S. 
government. The riparian brush rabbit occupies riparian habitat in the northern 
San Joaquin Valley of central California, habitat that has been reduced to less 
than 1% of its historical extent, primarily due to irrigated cultivation, impoundment 
of rivers, and stream channelization. The only known population occurred within 
Caswell Memorial State Park, a small park dominated by riparian oak forest on 
the Stanislaus River. In 1998, a second population was confirmed in the southern 
Sacramento/San Joaquin River Delta, in non-forested and early successional 
riparian forest habitat. Subsequent research showed that the rabbits prefer habitat 
composed of willow thickets, blackberry, wild rose, and other successional shrubs 
and trees, even though they also use riparian-oak forests. In 2001, a captive-
breeding and reintroduction program was initiated to recover the riparian brush 
rabbit. 
 
Goals 
x� Goal 1: Establish and protect continuous habitat along the Stanislaus and San 

Joaquin rivers from 
Caswell Memorial State 
Park (MSP) to the south 
end of the San Joaquin 
River National Wildlife 
Refuge (NWR), a stretch 
of about 40 river-km that 
potentially could support 
several thousand brush 
rabbits. 
x� Goal 2: Establish a self
-sustaining population on 
the west side of the San 
Joaquin River on the San 
Joaquin River NWR. 
x� Goal 3: Protect and 
expand the population in 
Caswell MSP by 
acquisition of contiguous  Riparian brush rabbit © Moose Peterson 
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cultivated ground, restoring and enhancing habitat to double or more the 
current carrying capacity of the park to around 300 or more rabbits, and greatly 
reduce the threat of population extinction by fire or flood. 

x� Goal 4: Enhance, protect, and manage the South Delta population, which is on 
private land, so that it has permanent habitat as well as refugia during flooding. 

x� Goal 5: If one or more of the preceding goals are not achieved, establish self-
sustaining populations elsewhere on public land, such as the San Luis NWR, 
in the northern San Joaquin Valley to achieve the goal of at least three 
protected, self-sustaining populations outside of Caswell MSP. 

 
Success Indicators 
x� Indicator 1: Establish that rabbits will breed in captivity. 
x� Indicator 2: Produce enough captive-born young to initiate and sustain a multi-

year reintroduction program on the San Joaquin River NWR and adjacent 
lands. 

x� Indicator 3: Post-release survivorship is high enough to ensure breeding of 
rabbits in the wild, which is further verified through the capture of wild-born 
rabbits. 

x� Indicator 4: The San Joaquin River NWR population is resilient to extreme 
flooding. 

x� Indicator 5: Ultimately, the riparian brush rabbit can be down-listed and 
delisted. 

  
Project Summary 
Feasibility: The prospects for recovering the riparian brush rabbit did not 
look very promising when the only known population was thought to be confined 
to Caswell MSP. Not only is the park small (250 acres) and largely surrounded by 
private farmland, but we knew that only some of the habitat in the park was used 
by the rabbits, that the population was affected by camping and day use activities, 
and also by a feral cat problem. However, in late 1998, a second riparian brush 
rabbit population was confirmed along a network of linear habitat remnants along 
waterways and railroad rights-of-way in the South Delta, in effect a network of 
small populations and habitat patches (totaling about 430 acres), a spatial 
arrangement that is thought to be more resilient to flooding and wildfires, and 
better configured to support genetic diversity. Consequently, the discovery of the 
South Delta population accelerated the collaborative effort between federal and 
state agencies to formally initiate a recovery program for the brush rabbit, 
something that could not have been done without the active cooperation of the 
land owners. 
 
Implementation: In 2001, a captive-breeding and reintroduction program 
(CBRP) was initiated (Williams et al., 2002). Centered on the San Joaquin River 
NWR, the program included breeding small numbers of rabbits that were 
temporarily removed from the South Delta population in three large outdoor pens 
(each about 1 acre). Following veterinary inspection, healthy young rabbits 
(weighing 400 - 500 g or more) from the breeding pens were released into 
suitable habitat on the NWR. The first captive bred brush rabbits were released in 
July 2002. Initially, rabbits were soft-released into fenced enclosures that were 
opened after a few days to a week to allow the rabbits to move out into remnant 
riparian and newly-restored riparian habitat. However, in spring 2007 hard-
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releases of collared rabbits were shown to be equally effective (in terms of 
survivorship of released rabbits) and soft-release pens were no longer used.   
For the first five years of the program, many of the rabbits were fitted with radio-
collars. This was done to get detailed information on survivorship, dispersal, and 
habitat use (Williams et al., 2008; Hamilton et al., 2010; Kelt et al., 2014). 
However, this research was interrupted by manmade and natural events. A major 
wildfire swept across the NWR in 2004 and it was nearly completely inundated by 
flooding of the San Joaquin River in 2006, the latter resulting in the mortality of 
nearly all brush rabbits on the NWR, and pushing adaptive management into high 
gear. The extent and magnitude of flooding on the refuge was mapped so that 
locations could be chosen for the placement of large mounds of dirt that would be 
vegetated with brushy species and serve as temporary refuges during floods. The 
ideal locations for mounds were areas that did not experience deep water flooding 
or experience significant currents and scouring during floods. The U.S. Fish and 
Wildlife Service also fast-tracked a program to vegetate miles of river levees on 
the NWR.   
 
The paired habitat management/restoration measures, construction of the ‘bunny 
mounds’ and vegetation of the levees, were fully implemented, with mature 
vegetation in both cases, by the time the next major flood arrived in spring 2011. 
As a result, when the flood waters receded and the habitat recovered, the brush 
rabbit population quickly rebounded, by the end of 2011 in fact, and without 
augmentation, whereas following the 2006 flood it took the population two to three 
years to recover, and that was with ongoing augmentation from the captive-
breeding program. 
 
Implementation of the CBRP expanded in late 2005 and early 2006, with the 
release of rabbits on the privately-owned Faith Ranch. The ranch, which is under 
conservation easement, has about 7.2 river-km of oak-riparian habitat connecting 
the NWR northwards towards Caswell MSP. Further, in August 2006, the U.S. 
Fish and Wildlife Service acquired the 371 acre Buffington tract and added it to 
the San Joaquin River NWR. This tract brought an additional 3.2 river-km of oak-
riparian habitat under conservation management. More importantly, it linked the 
Faith Ranch to Caswell MSP, thereby creating more than 32 continuous river-km 
of riparian habitat for the brush rabbit and many other species, including the also 
endangered riparian woodrat (Neotoma fuscipes riparia). Starting in 2006, and 
following some extensive habitat restoration work, captive-bred brush rabbits 
were released on the Buffington Tract through the end of 2012, as well as on the 
Faith Ranch. By the time the CBRP was suspended in December 2013, a total of 
1,496 riparian brush rabbits had been released on the NWR, including the 
Buffington Tract and the Faith Ranch.  
 
Post-release monitoring: Post-release monitoring was done through a 
combination of radio-telemetry, although this was reduced over time, and 
biannual censuses: 18 transects; 15 traps, 15 m spacing; trapped spring/fall for 
one week.   
 
Major difficulties faced 
x� One of the major ongoing challenges in recovering the riparian brush rabbit is 

the small amount of suitable habitat that remains in the region. A related 
challenge is that most of the federal, state, and private land available for 
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conservation purposes 
in the region is already 
involved in the brush 
rabbit recovery effort at 
some level. An 
important population, 
South Delta, exists 
nearly entirely on 
private land that is not 
dedicated to 
conservation. Further, 
it is separated from 
protected habitat by 24 
river-km (13.7 air-km) 
of variable-quality 
habitat that is all on 
private land.  

x� Given their preference 
for riparian habitat, 
riparian brush rabbits 
are very vulnerable to flooding. The CBRP has already experienced major 
flooding three times, in 2006, 2011 and 2017. This threat was identified from 
the outset, but measures to counteract it were not implemented until after the 
2006 flood. Those measures included: 1) the construction and vegetation of 34 
flood refugia, large mounds (32) or berms (two, each 400 m long) of dirt that 
were vegetated with brushy species (‘bunny mounds’ and ‘bunny berms’), and 
2) the vegetation of 19.3 km. of river levees that formerly were kept free of 
vegetation other than grasses and forbs. These paired habitat management 
and restoration measures proved to be very beneficial during the 2011 and 
2017 floods. 

x� Wildfire is also a significant threat to riparian brush rabbit populations. There 
have been a number of wildfires on the San Joaquin River NWR and adjacent 
lands since the CBRP was initiated. The most significant wildfire took place in 
July 2004. The Pelican Fire swept southwards across the NWR from Highway 
132 burning approximately 58% of the NWR, affecting a significant amount of 
habitat for riparian brush rabbits and riparian woodrats: 53% (300 acres) of 
high quality dense riparian and willow/shrub mix habitat and 44% (60 acres) of 
moderately suitable oak woodland habitat burned (Phillips et al., 2005). Fire 
breaks are used by NWR personnel, but it is generally recognized that these 
can be of limited use under severe fire conditions. 

x� Urbanization is an ongoing challenge in the region, especially in the South 
Delta. Along with it come urban edge effects that can penetrate deeply into 
riparian conservation areas. They include but are not limited to trespass, 
habitat degradation, and depredation by household pets, especially domestic 
cats. There seems to be a problem with the release of cats in some riparian 
areas, especially Caswell MSP, but feral cats are also a problem at the San 
Joaquin River NWR. 

x� Another less common but still significant challenge for the CBRP was illegal 
marijuana gardens. From time to time, these small grow sites would appear in 
dense riparian habitat and thus curtail recovery efforts until the situation was 
stabilized by law enforcement.   

Author with rabbit during fall census in 2010  
© Tristan Edgarian  
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Major lessons learned 
x� By creating semi-natural conditions in large outdoor enclosures, we learned 

that it was relatively easy to breed riparian brush rabbits in large numbers for 
reintroduction elsewhere. It would seem from this experience, that this model 
could be implemented with other cottontail species and perhaps with other non
-cottontail lagomorphs. 

x� A quantitative habitat suitability assessment is warranted prior to initiating 
reintroduction. The habitat must meet the basic ecological needs of the 
species so that reasonable survivorship rates are achieved. We learned this 
lesson on the Buffington Tract with elevated mortality rates following the initial 
reintroductions, but ultimately rectified the situation through extensive habitat 
restoration. 

x� In reintroduction programs it is important to plan for the unexpected, so an 
adaptive management approach should be adopted from the outset. Nature or 
manmade factors will surely intervene to upset the best laid plans and they did 
in our case (e.g., flooding, wildfires). We learn from setbacks, modify our 
management, and move forward.   

x� We also need to plan for the long-term. Reintroduction is rarely simple or 
straightforward, or something that can be achieved over a few breeding 
seasons. In our case, it formally got under way in 2002, and appears to be 
successful but there is still work to be done and goals to achieve to recover the 
riparian brush rabbit. 

x� We must involve all stakeholders to the extent necessary and to the extent that 
we can, and be open to their viewpoints. This recovery effort was guided by a 
Riparian Mammals Technical Group that had representation from state and 
federal agencies, non-profits and academia. We also engaged with private 
landowners where possible. 

 
Success of project 

 
Reason(s) for success/failure: 
x� The first reason for the success of the CBRP was the availability of a second 

population of riparian brush rabbits, albeit on private lands, a population that 
could be sourced for a captive-breeding program. 

x� A second reason is that it was a truly cooperative effort. The process was 
guided and supported by a Riparian Mammals Technical Group that met 
regularly. It included representatives from the U.S. Fish & Wildlife Service, 
U.S. Bureau of Reclamation, California Department of Fish & Wildlife, 
California Department of Water Resources, California Department of Parks & 
Recreation, UC Davis Wildlife Health Center and Veterinary Medical Teaching 
Hospital, Sacramento Zoo, Center for Natural Lands Management, River 
Partners, and California State University, Stanislaus - Endangered Species 
Recovery Program. Other important partners included the California Bay-Delta 
Authority and River Islands LLC, the owner of the South Delta property that 
was the primary source of the breeding program rabbits. 

Highly Successful  Successful Partially Successful  Failure 

 √   
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x� A third reason was the 
availability of public 
land, the San Joaquin 
River NWR, to anchor 
the reintroduction 
program. 

x� A fourth was major 
funding from supportive 
programs and 
agencies: Central 
Valley Project 
Conservation Program; 
CVPIA Habitat 
Restoration Program; 
California Bay-Delta 
Authority; U.S. Bureau 
of Reclamation; U.S. 
Fish & Wildlife Service; 
California Department 
of Fish & Wildlife. 

x� A fifth is the hard work and dedication of the many past and present members 
of the riparian brush rabbit team and other staff members of the CSU 
Stanislaus - Endangered Species Recovery Program that have supported this 
project since 2000. 
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