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SPAWN (the Salmon Protection and 
Watershed Network) works to protect 
and restore the largest-remaining, but 
critically endangered, wild population of 
coho salmon in California, which occurs 
in the Lagunitas Creek watershed in 
West Marin County. The future survival 
of endangered salmon in California is 
intricately connected to local land-use 
policies, and the health of our surround-
ing watersheds, in particular, of riparian 
forests, which provide cold, clean, food-
rich waters for salmon. 

Our community outreach and riparian 
restoration programs are primarily  
focused along private reaches in the 
headwater areas of the San Geronimo 
Valley, where 50% of Lagunitas coho 
spawn in residents’ backyards. We have a 
toolbox of educational strategies and  
programs aimed at restoring coho 

PAOLA BOULEY AND TODD STEINER 
SPAWN

GRASSROOTS STRATEGIES TO PROTECT AND 
RESTORE ENDANGERED COHO SALMON HABITAT 
IN THE LAGUNITAS CREEK HEADWATERS

streams and ripar-
ian habitat, 
particularly in 
those areas of the 
watershed that are 
suffering increas-
ingly from the 
impacts of subur-
banization and poor 
land-management 
policies. Our tool-
box includes public 

outreach techniques such as billboards 
explaining that it is spawning time and 
asking people not to grade, working with 
private landowners to stablize their banks 
using soil-bioengineering techniques, 
repairing unpaved roads that are not 
maintained by the county, taking people 
on tours of the creek to show them the 
salmon, giving presentations in schools, 
and conducting spawning surveys.

MORE  
INFO? paola@tirn.net
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The flood control system in the Central 
Valley of California needs to be rede-
signed with modern objectives to 
simultaneously satisfy ecological values 
and flood safety concerns. The design 
should focus on maximizing ecosystem 
sustainability and minimizing long-
term flood risk to urban development. 
Engineering design solutions should 
explicitly allow for riparian trees and 
shrubs in floodplains that also serve 
a flood control function. In nearly all 
cases, the current flood control system 
was designed not to contain vegetation. 
The new flood control channels need to 
be redesigned with sufficient capacity 
to store and convey flood waters from 
storms exceeding 200-year flood levels in 
the presence of trees and shrubs at mod-
erate to high densities. The flood bypass 
systems in the Central Valley need to 
be redesigned for greater flood capaci-
ties by expanding the distance between 
the existing levees (levee setback) or by 
creating secondary levees behind the 

existing levees. A new trend in reserve 
design for the biological conservation 
of landscapes is to create “ecological 
networks” which are systems of core 
reserves and corridors that connect them. 
Landscape connectivity is essential to 
the long-term population viability of 
most wildlife species and is a relatively 
new legal requirement of the amended 
Natural Communities and Conservation 
Planning (NCCP) Act. Flood control 
projects should become an integral 
component of biological conservation 
planning in California because each 
requires coordinated regional solutions, 
not piecemeal project-by-project solu-
tions. Trees, shrubs, and groundcover and 
the ecological processes that sustain their 
continued renewal compose the essential 
habitats for a myriad of wildlife species 
both common and endangered. Reserves 
should be designed and managed for 
“minimum dynamic area” — the patch 
size required so natural disturbance 
regimes will not eliminate a species 

THE ROLE OF FLOOD CONTROL PROJECT DESIGN 
IN THE CONSERVATION OF FLOODPLAIN 
ECOSYSTEMS AND WILDLIFE STEVEN E. GRECO AND ERIC W. LARSEN  

UNIVERSITY OF CALIFORNIA,  DAVIS

TAKE HOME POINTS

• The land area for expanding flood 
capacity and protection levels is avail-
able.

• Flow analysis indicates adding trees is 
also possible and could contribute to an 
ecological network (reserve system).

• The northern Yolo Bypass appears to 
be a bottleneck in the system.

• The existing Sacramento Valley flood 
control system design needs a new  
vision incorporating more contempo-
rary societal values.

— in keeping with flood control objec-
tives. The Sacramento Valley provides 
examples of bypass redesign, including 
potential expansion of the Sutter and 
Yolo Bypasses.

MORE  
INFO? segreco@ucdavis.edu
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The San Luis Rey River Flood Control 
Project is located along an 11.5-km reach 
of the river between Oceanside, CA and 
the Pacific Ocean. Constructed during 
the early 1990s, the flood control project 
includes single- and double-levee reaches 
and six out-of-channel detention ponds 
that support riparian vegetation. Tall, 
structurally complex riparian habitat has 
attracted a dense population of endangered 
least Bell’s vireos (Vireo bellii pusillus.) 
Proposed operation and maintenance 
of the flood control channel includes 
periodic vegetation clearing and sediment 
removal to ensure that sufficient convey-
ance capacity is maintained. Vegetation 
clearing commenced in early 2006, at 
which time we initiated a study to evaluate 
the effects of channel maintenance on the 
population of least Bell’s vireos breeding at 
the site. We located and monitored nests 
in 2006 and 2007 to compare nest success 
and productivity of birds occupying 
treated (reaches of the channel cleared of 
vegetation in 2006) and untreated (out-of- 
channel detention basins and untreated 
reaches of the channel) areas. Overall vireo 
numbers dropped from 119 territories 
in 2006 to 105 territories in 2007 (12%); 
however, this decline was consistent with 
regional declines in vireo numbers in 2007 
and could not be attributed to vegetation 
clearing. Apparent nest success (number 
of successful nests/total number of nests) 
was significantly higher in treated than in 
untreated habitat in 2006, but did not dif-
fer between the two habitat types in 2007. 

Similarly, pairs with territories in treated 
habitat in 2006 fledged more young 
than those in untreated areas, while no 

difference was detected in 2007. Analysis 
of daily nest survival showed year to be 
the strongest predictor of nest survival, 
with little support for treatment as a 
predictive variable other than through 
an interaction with year. Proportionately 
more nests were placed in treated habitat 
in 2007 relative to 2006, likely a response 
to extreme drought conditions in 2007 
favoring proximity to the low-flow chan-
nel. Continued monitoring will allow 
us to document longer-term responses 
of both birds and vegetation to channel 
maintenance and thus contribute to 
the identification of management that 
promotes the dual goals of flood protec-
tion and preservation of biodiversity. 

MORE  
INFO? barbara_kus@usgs.gov

RESPONSE OF LEAST BELL’S VIREOS TO FLOOD CONTROL 
CHANNEL MAINTENANCE ALONG  
THE SAN LUIS REY RIVER

BARBARA E. KUS AND KIMBERLY FERREE  
US GEOLOGICAL SURVEY  

WESTERN ECOLOGICAL RESEARCH CENTER

TAKE HOME POINTS

• So far, there is no evidence of vireo 
population decline attributable to 
treatment.

• There was a slight shift of territories into  
the treatment area in 2007.

• There was no consistent or negative 
effect of treatment on nest success, 
productivity, or nest survival.

• We need to examine the effect of 
vegetation structure on nest survival at 
the territory scale.

• Between-year and among-site differ-
ences challenge our ability to detect 
treatment effects on nest survival and 
productivity.

• Continued research-focused monitoring 
will be required as the full management 
program is implemented.
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Encompassing 3,200 square miles, the  
Santa Ana River watershed is the largest  
drainage in coastal southern California, 
with a wide variety of habitats. Endangered  
species in the watershed include Santa 
Ana River woolly star, Santa Ana sucker, 
and light-footed clapper rail. Since 1997, 
the Santa Ana River Watershed Program 
has been working to reverse past damage 
to the river and give the large and grow-
ing human population an investment in 
the river’s resources. We are attempting 
to restore the natural functions of the 
river and its resources through control of 
invasive species, restoration of riparian  
habitat, and wildlife management em-
phasizing rare and endangered species.  
About half of the riparian habitat on the 
river had been replaced by giant reed, 
Arundo donax. We are attempting to 
replace the 10,000 acres of weeds with 
native cover through natural succession,  
and recover migratory songbird popula-
tions. Approximately 3,000 acres of giant 
reed and associated weeds have been 
removed and native riparian habitat 
has expanded into at least 60% of the 
reclaimed floodplain. 

Migratory songbird populations, includ-
ing the endangered least Bell’s vireo, have 
greatly benefited with the increased habi-
tat and our management efforts. By 2004, 
the vireo population on the Santa Ana 
River at 837 territories had become the 
largest in existence and had grown to 992 
territories in 2005. The vireo has ben-
efited from effective management of the 
brood-parasitic brown-headed cowbird. 
Several of the partners in these efforts 
have been the flood control districts 
because of the great benefit in reducing 
flood threats by Arundo removal.

MORE  
INFO? RZembal@OCWD.com

THE SANTA ANA WATERSHED PROGRAM,  
2007 – INTEGRATING HABITAT AND MIGRATORY 
BIRD RECOVERY WITH FLOOD CONTROL

RICHARD ZEMBAL  
ORANGE COUNTY WATER DISTRICT  

SUSAN M. HOFFMAN

TAKE HOME POINTS

• Stream corridors provide habitat for 
nesting birds, including endangered 
species, and corridors for large mam-
mals.

• Control of invasive plants like Arundo is 
possible. Initial Arundo removal on the 
upper Santa Ana watershed is nearly 
complete.

• Management requires control of inva-
sive aquatic species, including crayfish, 
bullfrogs, and African clawed frogs.

• For some species we still need to fence 
people out, but we’re also trying to 
reconnect Southern Californians with 
their outdoor resources.
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The bank swallow (Riparia riparia) is 
a colonial nesting migratory bird and 
California Threatened Species, as well as 
a Riparian Habitat Joint Venture focal 
species. More than 70% of California’s 
nesting population occurs on the 
Sacramento River and lower Feather 
River. The eroding banks along 100 miles 
of the Sacramento River between Red 
Bluff (River Mile 243) and Colusa (River 
Mile 143) contain the most important 
habitat for bank swallow colonies in 
the state, supporting about 90% of the 
Sacramento/Feather breeding popula-
tion. Bank swallow colony surveys have 
been conducted annually since 1986  
when 11,304 breeding pairs were 
estimated from 53 colonies (Red Bluff 
to Colusa). A steady decline resulted in 
4,400 pairs at 37 colonies in 1998. Since 
then, the population has slowly recovered 
to 8,010 pairs at 38 colonies. The primary 
threat is loss of nesting habitat through 
flood control and bank armoring projects. 
Federal and state riprap projects and pri-
vate rocking activities have armored over 
48% of the suitable bank swallow nesting 
habitat between Red Bluff and Colusa. 
Recent and projected Sacramento River 
bank armoring projects have destroyed, 
and will potentially destroy vital colony 
sites on private and public lands. A plan 
for bank swallow conservation is needed 
for the Sacramento River. Potential 
strategies include: protection of most 
of the existing colony sites and eroding 
river bank; a spatial analysis of 21 years 
of annual colony survey data and bank 
armoring to identify sites for potential 

rock removal and floodplain habitat 
restoration; floodplain soil sample coring 
to determine habitat suitability of poten-
tial restoration sites; continued annual 
monitoring and demographic investiga-
tions. Habitat restoration shows promise: 
following the removal of a private levee 
by the US Fish and Wildlife Service, 
2,770 pairs were recorded at Sacramento 
River NWR–Flynn Unit in June 2000. 
This represents the third largest colony in 
bank swallow survey history. In addition 
to river bluffs for nesting, grassland for 
foraging also supports bank swallow 
colonies. The Sacramento River NWR 

TAKE HOME POINTS

• Bank swallow nesting habitat is constantly created and lost as riverbanks erode.

• Bank armoring is a major cause of habitat alteration.

• Numerous small colonies are also important, since large colonies can  
suffer catastrophic losses when banks collapse during high flows.

• Flood safety projects need to consider bank swallow habitat.

• Bank swallows have responded favorably to habitat restoration.

BANK SWALLOW POPULATION  
AND HABITAT TRENDS ALONG  
THE SACRAMENTO RIVER,  
RED BLUFF TO COLUSA

JOE SILVEIRA  
US FISH & WILDLIFE SERVICE  

RON SCHLORFF  
CALIFORNIA DEPARTMENT OF FISH & GAME  

ADAM HENDERSON AND BRUCE ROSS  
CALIFORNIA DEPARTMENT OF WATER RESOURCES  

MICHAEL SINGER 
UNIVERSITY OF ST ANDREWS, SCOTLAND, UK

Comprehensive Conservation Plan iden-
tifies riparian and floodplain restoration 
and cooperative monitoring and research 
as conservation strategies for the bank 
swallow and associated species.

MORE  
INFO? joe_silveira@fws.gov

Eroding banks offer  
swallow habitat.

Riprap precludes swallow nest burrows.
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PRBO Conservation Science detected 
a breeding population of California 
State Endangered willow flycatchers 
(Empidonax traillii) at Rush Creek, a 
tributary of Mono Lake, in 2001. Willow 
flycatchers had not been found to nest in 
the region for over five decades, and EIR 
surveys in the 1990s found this species 
to be extirpated from Rush Creek. This 
population represents a return of an 
endangered species to a riparian corridor 
under restoration after decades of mu-
nicipal water diversion and subsequent 
channelization. During diversions to the 
city of Los Angeles from 1941 through 
the early 1990s, Rush Creek received, 
on average, approximately 50% of its 
natural flow. Importantly, there were nine 
years of zero flow, and multiple years of 
very heavy, scouring flows during which 
Rush Creek received up to twice its 
natural flow. Since the onset of restora-
tion, Rush Creek has received over 80% 
of its natural flow, and flow has been 
continuous since 1986. Rush Creek now 
hosts the densest known population of 
yellow warblers (a California Species of 
Special Concern) in the state, and willow 

ENDANGERED SPECIES RESPONSE TO RE-WATERING: 
FACTORS INFLUENCING THE RECOVERY OF THE 
WILLOW FLYCATCHER IN THE MONO BASIN CHRIS MCCREEDY AND SACHA HEATH  

PRBO CONSERVATION SCIENCE

flycatchers returned to Rush Creek 
roughly around the year 2000. After 
three consecutive years of population 
increases, the population has decreased 
in each year since 2004. Meanwhile, 
the closely-related dusky flycatcher 
(Empidonax olberholserii) is sympatric 
with willow flycatchers on Rush Creek, 
often sharing nest-site type and territory 
geography with its congeners. While 
willow flycatchers have steadily decreased 
in this system, the dusky flycatcher 
population has steadily increased. By 
examining demographic parameters such 
as nest success, fecundity, parasitism 
rates, and survivorship, and by compar-
ing additional factors such as nest-site 
selection and vocalization frequency 

about the nest, significant differences in 
annual productivity between dusky and 
willow flycatchers were documented. 
Our data indicate that brown-headed 
cowbird (Molothrus ater) parasitism will 
continue to present a hurdle to meeting 
population targets at restored sites in the 
arid West.

MORE  
INFO? cmccreedy@prbo.org

TAKE HOME POINTS

• Endangered willow flycatchers at Rush 
Creek are nesting not in willows but in 
Woods’ rose.

• Willow flycatchers are more affected 
by brood-parasitic brown-headed 
cowbirds than are closely related dusky 
flycatchers.

• Songbirds aren’t on the success criteria 
lists for riparian restoration. But if we 
weren’t monitoring Rush Creek, we 
wouldn’t know about the state’s densest 
population of yellow warblers.
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Habitat restoration projects are often 
designed to improve conditions for 
breeding populations of birds and 
other taxa, yet it has been recently 
reported that fewer than 10% of such 
projects are monitored for biological 
function. Demographic data linked 
to ecosystem processes are critically 
needed for effective restoration and 
conservation planning. Recently de-
veloped analytical techniques allow for 
modeling of avian nest survival using 
categorical and continuous covariates, 
time-dependent covariates, and random 
effects. In an effort to evaluate conditions 
for a breeding population of a riparian-
associated species in a habitat restoration 
context, we modeled nest survival of 
the black-headed grosbeak (Pheucticus 
melanocephalus) in relation to biotic 
and abiotic factors, including behavior, 
brown-headed cowbird parasitism, 
microhabitat, landscape composition, and 
flood regime, using the logistic-exposure 
method and an AIC model selection 
approach. Our best-supported model 
was median flood date, representing the 
“flood effects” hypothesis (wi = 0.296; 
odds ratio = 1.009; 95% CI: 1.002, 
1.014). The effect direction was positive 
for this covariate, indicating a reduction 
of nest predation with more spring flood-
ing toward the start of breeding season. 
Floods close to the breeding season may 
depress populations of nest predators, 
particularly rodents, resulting in higher 
nest survival. Our results demonstrate a 
link between flood timing and terrestrial 
bird population dynamics, indicating 
that naturalization of the flow regime 
to more closely approximate pre-dam 

FLOOD TIMING AFFECTS NEST PREDATION RATES 
IN A BREEDING RIPARIAN  
SONGBIRD POPULATION

STACY SMALL  
RIVER PARTNERS  

FRANK R. THOMPSON III  
USDA FOREST SERVICE  

GEOFFREY R. GEUPEL  
PRBO CONSERVATION SCIENCE  

JOHN FAABORG  
UNIVERSITY OF MISSOURI-COLUMBIA

hydrographs should be a primary strategy 
for protecting and restoring floodplain 
forests in the Central Valley of California 
and the breeding bird populations that 
depend upon them.

MORE  
INFO? ssmall@riverpartners. org

TAKE HOME POINTS

•	Restoration sites are comparable to 
forest sites in terms of nest predation.

•	Nest predation rates were lower with 
more spring flooding.

•	Floods may regulate floodplain preda-
tor populations.

•	Naturalization of the flow regime is 
important for floodplain ecosystem 
restoration.
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Riparian ecosystems in California have 
suffered extensive loss of habitat. The 
remaining riparian floodplain in the 
Central Valley has been altered due to 
dams and levees that constrain winter 
and spring flooding. The Cosumnes 
River Preserve provides an excellent 
opportunity to study the natural eco-
logical processes necessary to restore 
and maintain healthy riparian habitat 
because the river is undammed. PRBO 
Conservation Science has carried out an 
11-year study of the floodplain habitat 
at the Cosumnes River Preserve in order 
to evaluate the condition of the bird 
community in restored and remnant 
riparian habitat and better understand 
the value of flooding, during both winter 
and spring for the entire community. 
We analyzed data on species diversity 
and abundance of 22 landbird species in 
restored and remnant habitat (12 sites 
studied) and on reproductive success of 
the song sparrow (Melospiza melodia), the 
most abundant nesting species. 

Abundance and diversity of bird species,  
though increasing over time, were lower 
in restored habitat compared to mature. 
Strong links between reproductive 
success and hydrologic condition were 
demonstrated by song sparrows: repro-
ductive success increased with winter 
flooding but decreased as a function of 
breeding season flooding. Abundance of 
song sparrows and common yellow- 
throats (Geothlypis tichas) increased from  
one year to the next in relation to winter- 
flooding the previous year, implying 
increased recruitment of young as a 
function of winter-flooding.  In contrast, 
tree swallows (Tachycineta bicolor), 

IMPACTS OF FLOODING ON RIPARIAN SONGBIRDS: 
AN 11-YEAR STUDY OF THE  
COSUMNES RIVER FLOODPLAIN

NADAV NUR, CHRISTINE A. HOWELL,  
JULIAN K. WOOD, AND NATHANIEL E. SEAVY  

PRBO CONSERVATION SCIENCE

aerial insectivores, demonstrated greater 
abundance in the spring of the same 
year, in relation to winter flooding. 
This study demonstrates the value of 
natural-process-based restoration, and 
of maintaining connectivity between 
terrestrial and aquatic components of the 
riparian floodplain. Our study will aid in 
the planning and evaluation of riparian 
restoration projects and will provide 
information to managers, enabling them 
to manage bird populations and their 
habitat to sustain high diversity and 
stability. 

MORE  
INFO? nnur@prbo.org

TAKE HOME POINTS 

• Sites varied in abundance, trends, and 
reproductive success. Restored sites 
appear to converge on mature sites.

• Winter flooding improves conditions 
for birds, as indicated by higher nest 
success in song sparrows. In addition, 
population growth from one year to the 
next increased in relation to wintertime 
flooding. The mechanism may involve 
effects on vegetation and insects.

• Spring flooding has a deleterious effect 
on most songbirds.

• The effect of flooding depends on 
whether the site is restored or mature, 
at least for one species, song sparrows.

• The effect of flooding depends on spe-
cies. For tree swallow, this year’s winter 
floods increase population growth in 
the same year. For song sparrow and 
common yellowthroat, this year’s winter 
floods increase population growth the 
following year.
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IF YOU BUILD IT, WHO WILL COME? LANDBIRD RESPONSE 
TO RESTORATION AT THE SAN JOAQUIN RIVER  
NATIONAL WILDLIFE REFUGE KARL KRAFT AND MADHUSUDAN KATTI 

CALIFORNIA STATE UNIVERSITY, FRESNO

provide forage for some bird species, the 
entire community doesn’t necessarily 
benefit from them. In contrast to the 
ground granivores, which are habitat 
generalists, only one riparian-dependent 
avian species was frequently detected. 
Overall revegetation structure has 
increased in complexity and 58% of the 
riparian species pool has been detected 
in restored forests, but natural hydrologic 
conditions haven’t been restored yet. 
Levees need to be breached as planned 
in order to restore the natural flooding 
regime. This is needed for maintaining 
ecosystem function, structure, services 
and long-term sustainability.

MORE  
INFO? karlkraft@gmail.com

TAKE HOME POINTS

• Vegetation structure has increased in 
complexity at restored sites.

• Riparian-dependent species have been 
detected in restored forests, although 
generalist avian species (e.g., ground 
granivores) compose the vast majority 
of the community.

• Hydrology needs to be restored as part 
of the restoration process.

• Long-term monitoring is needed to see 
if restoration is following its intended 
trajectory.

Biodiversity loss under human landscape 
alteration is often sought to be reversed 
through ecological restoration. Most 
restoration projects focus on restoring 
habitat by reintroducing a subset of the 
native flora, hoping the remaining species 
from the native community return on 
their own (the “Field of Dreams” hypoth-
esis). Here we present an empirical study 
that examines bird responses to riparian 
restoration, specifically avian community 
assembly in restored riparian forests at 
the San Joaquin River National Wildlife 
Refuge. We chose to focus our study on 
birds because they are mobile and free 
to respond to restoration based upon re-
source needs. Point counts and vegetation 
assessments were employed to investigate 
forest development, habitat use patterns, 
and bird habitat relationships. The San 
Joaquin River and its tributaries flooded 
in the spring of 2006, causing some 
plantings to die and affecting natural 
recruitment by both native and non-
native plant species. Most woody species 
have showed resilience to flooding, but 
planted understory structure was not 
resilient to flooding. In three out of four 
restored fields, flood waters didn’t recede 
when the river dropped because these 
areas were bounded by levees. Standing 
water reduced the native seed bank and 
created opportunities for the coloniza-
tion of non-native grasses and forbs. In 
response to the change in understory 
structure, ground granivores were the 
most abundant and diverse functional 
group detected each season. Granivores 
are attracted to forbs and grasses that 
produce large volumes of seeds. Even 
though non-native grasses and forbs 



RHJV
68

F L O O D  C O N T R O L  A N D  T E R R E S T R I A L  W I L D L I F E

2003 to 2005 and measured vegetation 
characteristics around each point count 
station. We built predictive bird-habitat 
association models for species presence, 
abundance, species diversity and species 
richness. This is the first study of its kind 
in this region of the San Joaquin Valley. 
We found that individual species were 
influenced by a number of different local 
habitat features; some related to specific 
plant species and others to vegetation 
structure and density. Shrub cover and 	
	 water cover were positively  
	 associated with multiple bird 	
	 species whereas tree cover was  
	 negative for some and positive 	
	 for others. Overall, our results 	
	 highlight the importance of 	
	 monitoring for multiple species 	
	 and demonstrate the need to  
	 manage for a mosaic of different 	
	 habitat types.

	 MORE  
	 INFO? jwood@prbo.org  

Riparian habitat and water flows in the 
San Joaquin Valley have been seriously 
diminished, resulting in changes to the 
landbird community. Region-specific in-
formation on abundance distribution and 
habitat associations of multiple bird spe-
cies is greatly needed by land managers. 
Such information allows informed deci-
sions to be made regarding restoration 
design. We surveyed 175 individual point 
count stations three times during the 
songbird breeding season each year from 

HABITAT RELATIONSHIPS OF  
BREEDING LANDBIRDS ALONG  
THE SAN JOAQUIN RIVER

JULIAN K. WOOD, RENEE CORMIER,  
GEOFFREY R. GEUPEL, AND CHRISTINE A. HOWELL  

PRBO CONSERVATION SCIENCE

TAKE HOME POINTS

• The San Joaquin River is an important 
resource for birds.

• Individual bird species have a variety 
of needs, including general habitat 
features and specific plants.

• Research can inform restoration 
planners and land managers to help 
address the needs of multiple species.

• No one variable can predict the 
abundance of all species. Birds need a 
mosaic!

Key to San Joaquin River Study Sites
	 Transect			   Code

	 private			   BIVI

	 private			   CMAT

	 private			   CAPA

	 private			   CHCA

	 private			   FIRE

	 Friant Dam			  FRDA

	 George J. Hatfield State Park	 GJHA

	 Great Valley Grasslands (A)	 GVGA

	 Great Valley Grasslands (B)	 GVGB

	 private			   HW41

	 private			   LWSL

	 Lost Lake			   LOLA

	 Lost Lake Island	 LOLI

	 Mendota 			   MEND

	 Mendota Wildlife Management Area	 MWMA

	 Middle San Joaquin	 MISA

	 North San Joaquin	 NOSA

	 private			   QSTR

	 private			   RAMI

	 Rank Island			  RANK

	 private			   RIGO

	 Santa Rita Slough	 SRSL

	 South San Joaquin	 SOSA

	 West Bear Creek	 WBCR

	 West Bear Creek Restoration	 WCRE

	 Willow Unit			  WIUN

	 Willow Unit Nest Plot	 WUNI

	 Woodward Park	 WOPA
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has resulted in changes to restoration 
design in subsequent phases. Based on 
monitoring results, the most recent phase 
of restoration has increased the extent 
of features that have proven successful 
in prior phases, such as saving areas 
of mature vegetation, extensive scour 
channels, and backwaters. In addition, 
site assessments are being conducted 
post-floodplain construction in order to 
revise planting methods to provide ripar-
ian vegetation that provides the necessary 
nesting habitat for birds. By integrating 
avian and vegetation monitoring we have 
been able to adapt restoration designs 
to ensure that the needs of a suite of 
riparian-dependent species are being 
met. The Clear Creek restoration project 
has provided important information 
for floodplain restoration using dredger 
tailings and an effective model of moni-
toring and adaptive feedback.

MORE  
INFO? rburnett@prbo.org

RESTORING RIPARIAN HABITAT ON 
ALTERED FLOODPLAINS BY INTEGRATING 
VEGETATION AND AVIAN MONITORING

RYAN D. BURNETT  
PRBO CONSERVATION SCIENCE  

JEFF SOUZA AND GREG TREBER  
TEHAMA ENVIRONMENTAL SOLUTIONS, INC.

Much of the information on riparian  
habitat restoration in the Central 
Valley is based on intact floodplains 
with productive soils. The Lower Clear 
Creek Floodway Rehabilitation Project 
in Shasta County, California, was 
designed to restore the stream channel 
and floodplains that have been severely 
impacted by aggregate and dredger gold 
mining and altered flood flows due to 
Whiskeytown Dam. Floodplains were 
reconstructed with coarse dredge tailings 
and floodplain deposits placed on top of 
an undulating clay pan with a perched 
water table. Original restoration sites 
were designed and planted using evenly 
spaced cuttings of riparian trees (e.g. wil-
lows and cottonwood) on topographically 
uniform surfaces. This approach has been 
successful in establishing these cuttings, 
but the low productivity of the coarse 
soils coupled with sediment-starved 
post-restoration flood flows has limited 
the amount of natural recruitment. 
Monitoring results show these sites are 
only being used by a limited number of 
bird species primarily due to a lack of a 
dense understory typical of early succes-
sional riparian habitat. Densities of some 
bird species are consistently higher on 
remnant sites than restoration sites, and 
avian species richness is lower in restora-
tion sites. Integrating monitoring results 
from vegetation and avian monitoring 

TAKE HOME POINTS

• Retain remnant patches of habitat, 
especially older seral stages, in future 
restoration actions.

• Increase the number and size of scour 
channels to maximize natural recruit-
ment of riparian vegetation.

• Maximize retention of backwaters and 
other wetland features within the active 
floodplain.

• Delay riparian revegetation designs for 
one full season to allow time to evaluate 
site conditions.

• Plant in stages—start with hardwood 
cuttings followed by shrub, vine, and 
herbaceous plants once site conditions 
improve.

• Retain fine soils for use in floodplain 
sediments.

• Flood flows are critical for regenerating 
early successional stages.
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F L O O D  C O N T R O L  A N D  T E R R E S T R I A L  W I L D L I F E

The riparian brush rabbit (Sylvilagus bach-
mani riparius; “brush rabbit”) is one of 
the most critically endangered species in 
the Central Valley of California, limited 
by habitat loss, floodplain clearance, and 
loss of upland flood refugia. The contin-
ued survival of brush rabbits is tenuous 
because isolated, remnant populations 
are vulnerable to local catastrophic events 
(e.g. flood and fire) on small habitat 
fragments. The goal of the recovery plan 
for the species is to re-establish three 
new self-sustaining populations in order 
to reduce its vulnerability to stochastic 
processes. The Stanislaus River, a major 
tributary of the San Joaquin River, is 
subject to widespread ecological stress 
from flood control infrastructure and 
agricultural conversion of the floodplains. 
The historic riparian forest corridor has 
been cleared and leveled, reducing the 

amount of quality habitat (forage and 
cover) and high-ground flood refugia 
available for the brush rabbit. Design 
considerations for a habitat restoration 
plan for captive-bred riparian brush 
rabbits to be released into the wild along 
the Stanislaus River, on the San Joaquin 
National Wildlife Refuge have been 
revisited. The plan considers brush rabbit 
habitat use and behavior and builds upon 
lessons learned from earlier reintroduc-
tion efforts. The current restoration plan, 
reflecting lessons learned from high brush 
rabbit mortality in the flood of 2006, 
incorporates a network of high-ground 
refugia sites (levees, constructed mounds, 
and natural topography), basking sites, 
and dense shrubby native vegetation for 
forage and cover.

MORE  
INFO? ssmall@riverpartners. org

DESIGN CONSIDERATIONS  
FOR RIPARIAN BRUSH RABBIT  
HABITAT RESTORATION

STACY SMALL AND THOMAS GRIGGS  
RIVER PARTNERS  

KIM FORREST  
U.S. FISH & WILDLIFE SERVICE  

PATRICK A. KELLY  
CALIFORNIA STATE UNIVERSITY, STANISLAUS

TAKE HOME POINTS

• Shrubby riparian habitat is critical for 
riparian brush rabbit recovery.

• More high ground refugia are needed 
on the floodplains.

• Vegetated levees can offer important 
wildlife benefits.

• Plants can be configured to achieve 
multi-species wildlife benefits.

• Habitat can be designed for target 
wildlife.
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Amphibians and aquatic reptiles are 
dependent upon healthy aquatic riparian 
habitats for all parts of their life cycle 
and are therefore important as environ-
mental indicators. A healthy habitat can 
be defined as one with a natural water 
periodicity, natural adjacent riparian and 
upland plant cover, high water quality, 
and absence of non-native invasive 
predators and competitors. All of these 
components of their environment can be 
enhanced by effective management of the 
waterways in which they live. Managing 
for a natural hydrological regime is a key 
first step in planning for amphibian and 
reptile conservation. Amphibians adapted 
to ephemeral systems require periodic 
drying periods of their habitat in order 
to maintain natural channel character-
istics and preclude the establishment of 
invasive species. In contrast, more direct 
methods of invasive species removal may 

WATER MANAGEMENT CONSIDERATIONS 
FOR CONSERVING NATIVE HERPETOFAUNA 
IN SOUTHERN CALIFORNIA

CHERYL BREHME, ADAM BACKLIN,  
SARA SCHUSTER, AND ROBERT FISHER  

US GEOLOGICAL SURVEY WESTERN ECOLOGICAL 
RESEARCH CENTER

be required in perennial systems, such 
as eradication efforts of predatory fish, 
crayfish, and invasive turtles and frogs. 
In California, the majority of rivers are 
obstructed by dams. Dammed rivers 
require management of water releases to 
simulate natural hydrological conditions. 
These may include periodic large releases 
to mimic natural scouring events and 
smaller releases to ensure water avail-
ability, especially for breeding. Finally, 
control of contaminants is recommended 
in systems that are surrounded by urban 
or agricultural areas as many have been 
tied with disease outbreaks, malforma-
tions, and mortality. 

MORE  
INFO? cbrehme@usgs.gov

TAKE HOME POINTS

• Retaining and restoring the natural 
hydrology allows for greater resistance 
of herpetofauna to stressors. Keep 
ephemeral systems ephemeral and 
perennial systems perennial.

• Protect upland buffers.

•  Understand threatened and endan-
gered species in your local area. 
Special considerations may be ap-
propriate for rare species.

• Non-native aquatic species populations 
must be reduced.

• We need robust monitoring programs 
to track responses of ecosystems to 
impacts and management actions.
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Riparian habitats are among the rarest 
and most degraded in North America; in 
California’s Central Valley over 95% of 
the riparian habitat has been lost in the 
past century. As part of an unprecedented 
effort to restore riparian habitat and 
wildlife populations in the region, PRBO 
Conservation Science has been conduct-
ing intensive monitoring of riparian 
bird populations at restored and intact 
remnant riparian sites within the Central 
Valley to evaluate the success of restora-
tion projects. Restoration monitoring of 
birds has occurred since 1993 at multiple 
riparian sites along the Sacramento 
River, San Joaquin River, and Cosumnes 
River. This time series accounts for over 
39 “project-years” of data including 
approximately 10,000 detection oppor-
tunities in riparian habitats. These data 
allow comparison of monitoring results 
from the multi-species conservation 
strategy (used by CALFED), a focal 
species approach, and an endangered 
species approach in order to investigate 

the inferences we obtain from different 
avian monitoring strategies. For the 
endangered species approach, less than 
0.01% of our records included federally 
endangered species — in fact a single 
data point, the observation of least Bell’s 
vireo at the San Joaquin River National 
Wildlife Refuge. While these limited 
records are extremely important to the 
management of endangered species, the 
overall inferences that can be drawn from 
these data are limited. The multi-species 
conservation strategy approach is used 
by CALFED and includes all sensitive 
species (similar to Bird Species of Special 
Concern), yet this approach accounted 
for less than 5.0% of our monitoring 
records. Thus the inferences that can be 
drawn from these data are limited. 

The focal species approach includes a 
suite of species that fit into different ri-
parian and floodplain spatial features and 
habitat characteristics that collectively 
represent a healthy riparian system. This 
approach includes both common and rare 

RESTORATION AND ENDANGERED 
SPECIES: WHAT IS THE BEST 
MONITORING APPROACH? CHRISTINE A. HOWELL  

PRBO CONSERVATION SCIENCE

TAKE HOME POINTS

• Bird studies provide an excellent means 
to monitor the performance of restora-
tion activtiies.

• Focal species approach is most effec-
tive.

• Re-vegetation is working to restore a 
diversity of songbird populations.

species. Using the focal species approach 
for such metrics as bird species diversity 
and reproductive success, we were able 
to make much stronger inferences from 
our data regarding the success of riparian 
restoration efforts.

MORE  
INFO? chowell@prbo.org




