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Executive Summary
In 2008, PRBO Conservation Science conducted the tenth year of avian monitoring of
the Lower Clear Creek rehabilitation project. In this report we provide a comprehensive analysis
of data from all ten years of monitoring. Our results suggest the effects of restoration on the
avian community at Clear Creek have been mixed with some sites and species showing
increases and others showing little response or even decreases. Quantitative target levels set
in 2005 suggest the need for additional management actions to enhance habitat on restored
sites at Clear Creek. We developed results based management recommendations to enhance
riparian bird habitat across Clear Creek now and into the future.
As a whole, species richness at restoration sites through 2008 lagged behind reference
sites. However, species richness at 2A Plug and 3A North in 2008 surpassed that of reference
sites. While species richness increased initially at Reading Bar, in 2008 it had the lowest species
richness of all restoration sites and was lower than the pre-restoration level in 1999. Focal
species abundance at this site in 2008 was also less than pre-restoration levels. Most focal
species had declining abundance trends at both reference and restoration sites from 2002 to
2008. The one exception was Spotted Towhee which was increasing at restored sites at a rate
of 23.1% per year.
For the most part, focal species breeding territory densities through 2008 were lower on
restoration sites than reference. Song Sparrow and Black-headed Grosbeak, two early to midsuccessional specialists, are the two exceptions and had similar territory densities at restored
plots and reference plots. Since our study began, the number of Yellow-breasted Chat and
Spotted Towhee territories at restoration and reference plots has converged, but are still over
twice as dense at reference sites as restoration sites.
Nest success for most focal species was equal to or higher on restoration sites than
remnant sites through 2008 with the exception of Yellow-breasted Chat which was considerably
lower.
Annual adult survival from 1999 to 2008 was high for all focal species. Yellow-breasted
Chat had the lowest survival rates of any focal species, but was still considered fair.
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INTRODUCTION
Riparian habitat is the single most important habitat for landbirds in California (Gaines
1977, Manley and Davidson 1993, Davidson 1995). Great emphasis has been placed on
conserving and restoring these lands throughout the state (RHJV 2007). Unfortunately, it is
estimated that less than 5% of the states original riparian habitat remains (Smith 1980).
The loss and alteration of riparian habitat in the Central Valley of California has resulted
in major changes to the songbird communities. Least Bell’s Vireo (Vireo bellii pusillus) and
Willow Flycatcher (see Appendix 1 for scientific names and breeding status of all bird species
detected at Clear Creek), once common breeders in riparian habitat throughout the
Sacramento River Valley, have been extirpated from the region (Grinnell and Miller 1944, RHJV
2007). Several other species; including Yellow-billed Cuckoo, Yellow Warbler, Yellow-breasted
Chat, and Song Sparrow; are now rare here (Grinnell and Miller 1944, Gaines 1977, RHJV 2007).
The conversion of wetlands and riparian habitats to agriculture, urbanization,
development and hydrological modifications in Central Valley have all contributed to the
widespread alteration and loss of riparian systems and has led to a major effort to restore the
ecological integrity of these watersheds. A major component of this effort is to restore
biological communities– many of which are now imperiled – that rely on these systems. Much
of this work has been spearheaded by the California Bay Delta Authority (formerly CalFed),
which began in 1994 as an initiative with the goal of developing a long-term plan to restore the
ecological health of the Bay-Delta system.
The Lower Clear Creek Floodway Rehabilitation Project, begun in 1998 and funded
primarily through the CalFed and Central Valley Project Improvement Act, was originally
conceived in order to improve habitat for threatened and endangered anadromous fish
populations. Despite the extensive human alteration of the Clear Creek watershed, initial
surveys of the riparian habitat indicated that it supported a rather intact riparian bird
community, with several species that have disappeared from much of the Sacramento Valley
(e.g., Song Sparrow, Yellow-breasted Chat, and Yellow Warbler) breeding in relatively large
numbers.
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In order to preserve what appeared to be a fairly healthy bird population and to provide
recommendations to create higher quality habitat for birds, PRBO Conservation Science
(formerly the Point Reyes Bird Observatory), in collaboration with the Clear Creek Restoration
Team, initiated a project in 1999 to monitor the effects of restoration on the songbird
community at Clear Creek.

The principle objectives of this project are:
1. Provide “state-of-the-science” knowledge of the specific requirements of riparian birds
at Clear Creek to help guide restoration efforts.
2. Measure the effects of restoration efforts over time to specific sites as well as to the
Clear Creek bird community as a whole using quantitative targets.
3. Provide data to the Riparian Habitat Joint Venture (RHJV), Bay Delta Authority, and our
other cooperators in order to enhance the overall understanding of the status and
requirements of riparian birds throughout California.
4. Provide outreach to educate the local community about birds, conservation, restoration,
and the benefits of the Clear Creek project (see Appendix 2 for a complete description
of education and outreach activities).

In order to meet these objectives we employed a multiple method breeding bird monitoring
program that includes point counts, constant-effort mist netting, nest monitoring, and territory
mapping across numerous restoration sites and adjacent reference sites (Burnett and Geupel
2005). In this report we present comprehensive analysis of data collected from 1999 – 2008
(Table 1).
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Table 1. Monitoring methods employed at study sites at Clear Creek in 2008.
Site
2A Plug (Restoration)
2B South (Restoration)
3A North (Restoration)
3B Plug (Restoration)
Old Mill
Project Area (Proposed
Phase
3C)Bar (Restoration)
Reading
Sac. River Confluence
Saeltzer Dam
Shooting Gallery

Point
Count
X
X
X
X
X
X
X
X
X
X

Nest
Monitoring
X
X
X
X

Territory
Mapping
X
X
X
X

Mist
Netting

X
X

X
X

METHODS
Study Site
All data were collected along the lower Clear Creek Floodway, Shasta County, California,
with sites from the confluence with the Sacramento River to the bridge on Clear Creek Road
near the Horsetown Clear Creek Preserve (Figure 1). Territory densities, reproductive success,
and survival data were collected along an approximately 5.25 mile stretch of the creek from
Reading Bar (river mile 7) to China Gardens (river mile 2). Intensive study sites from upstream
to downstream are Reading Bar restoration, Saeltzer Dam, Phase 3A North restoration, Phase
2B South restoration, Phase 2A Plug restoration, Phase 3B Plug restoration, and Project Area
(proposed Phase 3C restoration).

Point Count Surveys
We censused the avian community using a standardized five minute multiple distance
band point count survey (Ralph et al. 1993, 1995). Surveys began within 15 minutes of sunrise
and were completed within four hours (i.e. peaking singing hours). We recorded all species
detected by sight or sound and placed them in categories based on their initial distance from
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observers. Distance intervals were 0-10m, 10-20, 20-30, 30-50, 50-100, and greater than 100.
Birds flying over the study site not using the habitat were noted separately. The presence of
any breeding activity was also noted for each individual. Only field biologists thoroughly trained
in species identification and distance estimation conducted surveys.
Surveys were not conducted in weather conditions that could significantly influence
observers’ ability to detect birds, such as rain or wind over 10mph. A total of 70 permanent
point count stations were established along Clear Creek from its origination at Whiskeytown
Dam to its confluence with the Sacramento River (Table 2). Point count stations were sampled
twice during the peak months of the breeding season. Because the SADA, OLMI, WHDA, 2BSO
and 3AWE stations were added after the initial survey year, not all 70 point count stations were
sampled each year.
Table 2. Clear Creek point count transect site names, 4-digit codes, number of stations, and points
surveyed each year, 1999-2008.
Number of Points Surveyed
Site
Project Area /
2A Plug
Reading Bar
Sac. River
Confluence
Shooting
Gallery
Saeltzer Dam

Code

# of
Points

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

PRAR

13

13

13

13

13

13

13

13

13

13

13

REBA

4

4

4

4

4

4

4

4

4

4

4

SACC

8

8

8

8

8

4

4

4

4

4

4

SHGA

5

5

5

5

5

5

5

5

5

5

5

SADA

5

--

5

5

5

5

5

5

5

5

5

Old Mill
Whiskeytown
Dam
2B South

OLMI

14

--

--

5

14

14

14

14

0

14

14

WHDA

13

--

--

--

13

13

13

13

0

0

0

2BSO

4

--

--

--

--

--

4

4

4

4

4

3A North

3ANO

4

--

--

--

--

--

--

4

4

4

4
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Figure 1. Location of Lower Clear Creek Floodway Rehabilitation Project in Shasta County, California with PRBO intensive study plots.
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Species Richness and Bird Abundance Calculations
Point count data was used to calculate species frequency of occurrence, site level
species richness, creek wide species richness, and site level focal species abundance. Analysis of
point count data was limited to detections within 50 meters of observers to minimize biases
caused by variation in species detectability and observers’ ability to detect. For species richness
and abundance calculations, we also limited analyses to species that are adequately sampled
using the point count method and those that are known to breed at Clear Creek. Thus species
groups such as swallows, raptors, and waterfowl were excluded from analysis as well as
migrants that do not breed locally. In addition, we did not include Brown-headed Cowbird or
exotic species (e.g. European Starling, House Sparrow) in species richness analyses as we
consider them to be negative indicators of the integrity of the avian community.
Species richness for individual sites was calculated using 4-point subsets from each
transect to allow for comparison between smaller restoration transects that only have four
points (2A Plug, 2B South, 3A North, Reading Bar) and larger remnant site transects. For the Old
Mill transect we took the average from two separate 4-point transects (not using the first four
or final two points of this 14 point transect). For the Project Area transect we used points 9-12
located within the PRAR nest plot. The first four point of the PRAR transect which are located
within the 2A Plug nest plot, were used for the 2A Plug transect. For the Shooting Gallery
transect we used data from points 1, 2, 4, and 5, point 3 was not used because of its proximity
to the road. For the Saeltzer Dam transect we used data from points 1-4. These same four point
subsets were used to compared cumulative species richness from restoration sites to reference
sites from 2005-2008.
Using all points from all transects, we compared annual changes in creek wide species
richness from 1999-2008. Because the SADA, OLMI, 2BSO, and 3AWE transects were
established after the initial survey year and the OLMI transect was not sampled in 2006, the
cumulative creek wide species richness calculations do not contain the same transects each
year.
Using the same four point transect samples described above, we calculated an index of
abundance for six focal species for each year from 2002-2008 and compared annual trends in
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this index for restoration and reference sites separately (see Table 3 for a complete list of focal
species and biometric analyses). The index of abundance was defined as the mean number of
detections per point per visits within 50m of observers. We calculated the annual rate of
change and determined significance of those trends using the incident rate ratios function of
negative binomial regression in Stata 10.0 (Stata Corp. 2008). We also used the index of
abundance to compare Phase 2A and Reading Bar prior to restoration activities in 1999 to 2008,
9 years post restoration.

Table 3. Clear Creek focal species and associated biometric analyses.
Focal Species
Bewick's Wren
Black-headed Grosbeak
Song Sparrow
Spotted Towhee
Tree Swallow
Yellow-breasted Chat
Yellow Warbler

Abundance
Index
X
X
X
X

Territory
Density
X
X
X
X

X
X

X
X

Nest
Success
X
X
X
X
X
X
X

Annual Adult
Survival
X
X
X
X
X

Spot Mapping
Territory spot-mapping is an intensive census method used for determining the density
of breeding bird territories in an established area or “plot” (Robbins 1970). The same observer
covers this plot at least eight times during peak activity hours during the breeding season.
Singing, conspecific aggression, or any other territorial behavior is noted and marked on a
detailed map. Using the data collected from all visits over the season, it is possible to estimate
the location and number of breeding pairs in an area, indicate activity centers, and delineate
the size and shape of territories of a given species. The density of breeding pairs when
combined with results from nest monitoring can be used as an indicator of habitat quality.
We mapped focal species (Table 3) breeding territories on seven plots: Project Area,
Saeltzer Dam, 2A Plug, 2B South, 3A North, 3B Plug, and Reading Bar. We present territory
densities standardized per ten hectares to allow comparisons between plots of different size.
We compare densities for each focal species on restoration plots to reference sites by taking
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the average for all sites of each. Territory data was not collected on 2B South plot until 2004,
3A plot until 2005, and 3B Plug plot until 2006. Thus, the accumulative calculations of territory
densities for all restoration compared to all reference combined do not contain the same plots
each year and may therefore confound a determination of the effect of change over time.
Adult Annual Survival
We used data from constant effort mist-netting to estimate adult survival rates for all
focal species with adequate recapture numbers to generate meaningful model estimates (Table
3). Constant-effort mist-netting occurred from 1999-2008 on the Project Area reference site
and from 2001-2008 at the Saeltzer Dam reference site. Survival estimates were obtained from
combining data from both sites. Survival analyses were performed using standard CormackJolly-Seber mark-recapture models (Cormack 1964, Jolly 1965, Seber 1965, Lebreton et al.
1992). These open population models provide estimation of both apparent survival (Phi) and
detection probability (p). Annual survival is defined as the probability that an individual alive in
time t is alive in time t+1. Detection probability is defined as the probability that an individual
alive in time t is detected (in this case, captured) in time t. These models are not able to
account for species that move outside the current study area, and thus, these individuals that
permanently emigrate outside of the population are considered “dead”. Thus apparent annual
survival is defined as the probability that an individual alive in time t is alive in time t+1 and
returns to the site where it previously was detected.
Estimates of apparent survival are also biased low if the population studied contains
transients or individuals that are detected, but just passing through (and not using the site
where detection occurred). These individuals have an extremely low probability of future
detection rates, and thus effect survival estimation similar to permanent emigration. Pradel et
al. (1997) provided a mark-recapture framework to control this bias, and this has been
formalized in a number of different model structures such as TMSURVIV (URL: www.mbrpwrc.usgs.gov/sofware.html; also see Nott and DeSante 2002).
Survival estimation was performed within RMark (Laake and Rexstad 2007). RMark is an
R-based front end for PROGRAM MARK (White and Burnham 1999) that provides significantly
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more power and simplicity to mark-recapture analyses, by utilizing the R statistical
programming language (R Development Core Team 2008).
We developed a model structure that assumed a transient/resident effect in survival,
but allowed for age, sex, and temporal variation (including interactions) in apparent survival as
well. We also allowed detection probability to vary by age, sex, and time as well. For each
model we calculated Akaike’s Information Criteria adjusted for sample size (AICc; Burnham and
Anderson 2002). Model weights were derived, for each model, from the AICc score. We report
the model averaged estimates of apparent survival, including unconditional standard error
estimates (e.g. include both sampling and model selection uncertainty). In Appendix 3, we
provide model selection results for all models that were within 5 AICc points of the best fit
(lowest AICc) model.
Nest Monitoring
Nest monitoring measures nesting success in specific habitats and provides information
on population health. Measurement of vegetation associated with nests may identify habitat
features that influence breeding productivity (see below). Examination of nests also allows
collection of life history data (e.g. clutch size, number of broods, and number of nesting
attempts) that provide important insight into “vulnerability of species to decimation or
perturbations” (Martin and Geupel 1993).
Nests were located and monitored at the two reference plots, Saeltzer Dam and Project
Area, and the five restoration plots discussed above under territory densities (Table 1). Nest
monitoring began in 1999 at the two reference plots, in 2001 on the Reading Bar and 2A Plug
restorations, in 2004 on the 2B South and 3A North sites, and in 2006 on the 3B Plug site
(though only 2008 data from this site was post-restoration). See Appendix 4 for locations of all
nests, 1999-2008, at each reference and restoration plot.
Nest finding and monitoring followed guidelines outlined by Martin and Geupel (1993).
Nests were located at all stages (construction, egg-laying, incubation, and nestling). Nests were
checked in a way to minimize human disturbance. These precautionary measures included
keeping visits brief, minimizing disturbance to the area around a nest, and staying clear of nest
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sites when predators were detected nearby. Each nest found was given a unique identification
number, geo-referenced, and monitored until the nest was no longer active.
Nest success was calculated using a modified Mayfield method (Johnson 1979). This
method uses the number of days that each found nest remained active to get a daily survival
probability, which can then be multiplied by the total number of days that a successful nest is
exposed (i.e., egg laying period, incubation period, and nestling period), which varies by
species. This method is considered a less biased estimate of nest survival than proportional
success because it incorporates exposure days. However, it requires relatively large sample
sizes in order to provide meaningful measures of the error surrounding estimates. Thus, we
compared Mayfield nest success at restoration and reference sites across years for each focal
species on the condition each year included six or more nests (Table 3).

RESULTS
Point Count Detection Frequency
A total of 131 species have been detected along Clear Creek since monitoring began in
1999. Ninety-three of these 131 were detected during official point count censuses (Appendix
1) including 68 species in 2008 (Appendix 5). In 2008, Lesser Goldfinch and Tree Swallow were
the most frequently detected species at the reference sites, each comprising 9% of all
detections. Lesser Goldfinch and Bushtit were the most frequently detected species at the
restored sites, each comprising 10% of all detections. Spotted Towhee was the most frequently
detected focal species at both the reference and restored sites, comprising 5% and 8%,
respectively, of all detections within 50m. Yellow Warbler and Black-headed Grosbeak were the
least detected focal species at the reference sites, each comprising 1% of all detections. Yellow
Warbler was the only focal species that was not detected at restored sites within 50m of
observers in 2008.
Point Count Species Richness
The average species richness from 2005 to 2008 at the five reference sites was 16.8 and
was higher than the four year average of 2A Plug, 2B South, 3A North, and Reading Bar
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restoration sites, at 15.5, 12.0, 14.3, and 14.8 species detected, respectively (Figure 2). Mean
species richness for all reference sites combined in 2008 was 16.9 compared to 17.1 in 2007.
The mean species richness for all restored sites reached a five-year high in 2008 at 16.3 up from
a five-year low in 2006 of 12.5. This increase was in large part due to species richness at three
of four restoration sites reaching a four-year high in 2008. Reading Bar was the only restoration
site that did not have an increase in species richness from 2007 to 2008. Among restoration
sites, the 2A Plug and 3A North had the greatest species richness in 2008 at 18, followed by 2B
South at 16, and Reading Bar at 13.
Figure 2. The number of species detected at each of four restoration sites compared to the average
from five reference sites, and the four year average of each restoration site compared to the four year
average from all reference sites at Clear Creek, 2005-2008. Each transect contained exactly four points.

Species richness at the 2A Plug restoration was lowest in 1999 prior to any restoration
activity with 13 species detected (Figure 3). In 2008, nine years after restoration, species richness
at this site was 18. The highest species richness at the 2A Plug was two years post-restoration in
2001 at 26. Species richness at the Reading Bar restoration in 1999 was 18. The lowest species
richness at this site was in 2007 and 2008 at 13. The highest species richness at Reading Bar was
in 2001 and 2003 at 20.
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Figure 3. The number of species detected at the 2A Plug and Reading Bar restoration at Clear Creek,
1999-2008. Each transect contained exactly four points. Unfilled shapes represent data collected prior to
restoration.

Cumulative species richness at reference sites increased from a low of 24 species in
2006 to a high of 34 in 2008 (Figure 4). Cumulative species richness at restored sites also had a
low in 2006 of 21 species and a high in 2008 of 27 species. Based on targets, reference site
cumulative species richness was good in 2008 while restoration site richness was poor, though
increasing in recent years.

Figure 4. The cumulative number of species detected within 50m of observer at four restored sites (2A
Plug, 2B South, 3A North, Reading Bar) compared to four reference sites (Project Area, Old Mill, Saeltzer
Dam, Sacramento Confluence) at Clear Creek from 2005-2008 with quantitative target levels.

Page 18 of 73

Avian Monitoring in the Lower Clear Creek Floodway Restoration Project, 1999-2008

Cumulative species richness for all sites combined in 2008 was 37, the highest richness
recorded since 2003 (Figure 5). The lowest cumulative species richness was observed in 2006 at
33. Based on our quantitative targets, species richness in 2008 was good, and has ranged from
fair to very good since 1999.

Figure 5. The cumulative number of species detected within 50m of observer at all sites combined along
Clear Creek from 1999-2008 with quantitative target levels from Burnett and Geupel (2005).

Focal Species Abundance & Trends
Bewick’s Wren
Among reference sites the abundance of Bewick’s Wren was greatest at Project Area at
0.59 detections per point and least abundant at Saeltzer Dam with 0.38 detections per point.
Abundance among restored sites was greatest at the 2A Plug with 0.50 detections per point and
least abundant at Reading Bar with 0.19 per point. Bewick’s Wren abundance decreased at the
2A Plug from a pre-treatment level of 0.50 per point in 1999 to a post-treatment level of 0.00 in
2008 (Figure 6). Their abundance increased at Reading Bar from no detections in 1999 (prior to
restoration) to 0.50 detections per point in 2008.
From 2002 to 2008 Bewick’s Wren abundance decreased at 0.6% per year while at
restoration sites it decreased at rate of 6.5% per year (Figure 7). It declined at 3.4% per year for
all sites combined over this time period. None of these trends were statistically significant
(p>0.05; Table 4).
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Yellow Warbler
Among restoration sites, Yellow Warbler abundance was greatest at the Sacramento
River Confluence at 0.36 detections per point. Among restoration sites, Yellow Warbler
abundance was greatest at Reading Bar at 0.44 per point. 2B South is the only restoration site
where Yellow Warblers were not detected from 2002 to 2008. Yellow Warbler abundance at
the 2A Plug and Reading Bar prior to restoration activities in 1999 was 0.38 and 0.75,
respectively (Figure 6). In 2008, nine years post-restoration, no Yellow Warblers were detected
at either of these sites. Yellow Warbler abundance decreased 21.5% per year from 2002 to
2008 at reference sites and 57.2% per year at restored sites and 32.3% for all sites combined;
all of these trends were statistically significant (Figure 7, Table 4).

Yellow-breasted Chat
Among restoration sites chat abundance was greatest at Old Mill at 0.40 detections per
point and least abundant at the Sacramento River Confluence at 0.02 detections per point.
Among restoration sites, Yellow-breasted Chat abundance was greatest at Reading Bar at 0.38
and least abundant at 2B South and 2A Plug, each at 0.13. Yellow-breasted Chat abundance
increased at the 2A Plug from pre-restoration level in 1999 of 0.13 to a post-restoration level of
0.25 in 2008 (Figure 6). Chat abundance decreased at the Reading Bar restoration from a prerestoration level in 1999 of 0.50 to no detections in 2008.
From 2002 to 2008 Yellow-breasted Chat abundance decreased at a rate of 10.8% per
year on reference sites and 5.5% per year at restoration sites (Figure 7). The annual rate of
change for all sites combined was a 10.9% per year decrease. The trend for all sites combined
was the only statistically significant trend for chat (p<0.05; Table 4).

Spotted Towhee
Among reference sites Spotted Towhee abundance was greatest at the Sacramento
River Confluence at 0.95 detections per point and least abundant at Saeltzer Dam at 0.18
detections per point. Among restoration sites, towhee abundance was greatest at the 3A North
site at 0.47 and least abundant at Reading Bar at 0.16. Spotted Towhee abundance increased
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from a pre-treatment level of 0.13 detections per point at the 2A Plug in 1999 to 1.13 postrestoration in 2008, and from 0.00 detections per point at Reading Bar in 1999 to 0.13 in 2008
(Figure 6).
From 2002 to 2008 Spotted Towhee abundance was decreasing at 7.4% per year at
reference sites and increasing at 23.1% per year on restored sites (Figure 7). The creek wide
trend for Spotted Towhee was a 1.1% per year decrease. The increasing trend at restoration
sites was the only statistically significant trend for this species (Table 4).

Song Sparrow
Among reference sites Song Sparrow abundance was greatest at the Sacramento River
Confluence at 0.61 per point and least abundant at the Saeltzer Dam site at 0.21 per point.
Among restoration sites, Song Sparrows were most abundant at Reading Bar at 0.64 and least
abundant at 2B South with no detections. Song Sparrow abundance at the 2A Plug remained
stable at 0.38 from pre-restoration 1999 to post-restoration 2008 (Figure 6). At the Reading Bar
restoration, Song Sparrow abundance decreased from the pre-restoration level of 1.13 to the
post-restoration level of 0.50.
From 2002 to 2008 Song Sparrow abundance declined at 2.3% per year at reference
sites and 10.7% per year at restored sites (Figure 7). For all sites combined there was a 5.9% per
year decline. None of these trends in Song Sparrow abundance were statistically significant
(Table 4).

Black-headed Grosbeak
Among reference sites Black-headed Grosbeak abundance was greatest at Saeltzer Dam
at 0.25 detections per point and least abundant at Old Mill and the Sacramento River
Confluence, each at 0.16 detections per point. Among restoration sites, Reading Bar had the
greatest abundance of grosbeaks at 0.36 and 3A North was the least abundant at 0.03. Blackheaded Grosbeak abundance increased at the 2A Plug from no detections prior to restoration
activities in 1999 to 0.25 in 2008 (Figure 6). Grosbeak abundance was unchanged at Reading Bar
from pre-restoration to post-restoration.
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Black-headed Grosbeak abundance decreased at a rate of 8.3% per year from 2002 to
2008 at reference sites and 13.9% per year at restored sites. The creek wide trend was a 10.2%
per year decrease (Figure 7). None of these trends were significant, though it was nearly for all
sites combined (p=0.08; Table 4).
Figure 6. The number of individuals detected per point per visit (<50m of observer) for six focal species
at 2A Plug and Reading Bar in 1999 before restoration activities and in 2008 five to eight years post
restoration.
Pre-restoration vs. Post-restoration Abundance
Detections per point count visit

1.20

Pre-restoration 1999
Post-restoration 2008
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0.80
0.60
0.40
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SP TO

YB CH
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2A Plug
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Table 4. Estimated annual trends in the abundance of six focal species at Clear Creek from 2002 – 2008
from the incident rate ratios function in negative binomial regression (Stata Corp. 2008).

Species

Restored

95% Confidence
Interval

Reference

95% Confidence
Interval

Trend %

Low

High

Trend %

Low

High

Bewick's Wren

-6.5

-20.6

10.0

-0.6

-10.1

Black-headed Grosbeak

-13.9

-30.0

5.8

-8.3

-21.2

Song Sparrow

-10.7

-26.1

7.9

-2.3

Spotted Towhee

23.1**

Yellow-breasted Chat

-5.5

Yellow Warbler

-57.2***

All Sites

95% Confidence
Interval

Trend

High

Low

10.0

-3.5

-11.5

5.3

6.7

-10.2*

-20.4

1.4

-13.7

10.6

-5.9

-15.2

4.4

3.3

46.7

-7.4

-15.9

2.1

-1.1

-9.2

7.6

-22.9

15.9

-10.8*

-21.3

1.1

-10.9**

-20.0

-0.8%

-69.3

-40.4

-21.5***

-31.1

-10.4

-32.3***

-40.4

-23.2

*=p<0.1, **=p<0.05, ***=p<0.01
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Figure 7. The number of individuals detected at all reference sites compared to all restored sites along Clear Creek from 2002-2008 with quantitative
target levels from Burnett and Geupel (2005).
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Focal Species Territory Densities
Bewick’s Wren
Bewick’s Wren breeding territory density (territories per ten hectares) in 2008 increased
at reference sites for the second consecutive year to a three year high of 5.20 (Figure 8). At
restored sites, Bewick’s Wren density was 2.1 in 2008, a 34% decrease from 2007, but higher
than in 2006. Among reference sites, Project Area had the greatest wren densities at 6.43 and
Saeltzer Dam had the least densities at 3.96. Among restoration sites, Reading Bar had the
greatest Bewick’s Wren density for the third year in a row at 3.50, and 3A had the least at 1.00.
Based on our quantitative targets, territory density for this species in 2008 was good for
reference sites, poor for restored sites, and fair overall.
Figure 8. Bewick’s Wren breeding territory density per 10 hectares at all reference sites compared to all
restored sites and the study area average at Clear Creek from 2006-2008 with breeding density targets
from Burnett and Geupel (2005).

Yellow Warbler
Yellow Warbler breeding densities in 2008 at reference sites was 0.50, an increase from
an eight-year low in 2006 of 0.11 (Figure 9). Yellow Warbler densities at restoration sites in
2008 were 0.22, the same as in 2007. Among reference sites, warbler densities in 2008 were
greatest at Project Area at 0.83, and least dense at Saeltzer Dam at 0.17. Among restoration
sites, Reading Bar was the only site for the third year in a row where Yellow Warblers were
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detected in 2008. All other restoration sites had densities of 0.00. Densities for this species
have been poor for all sites since 2005.

Figure 9. Yellow Warbler breeding territory density per 10 hectares at all reference sites compared to all
restored sites and the study area average at Clear Creek from 2001-2008 with breeding density targets
from Burnett and Geupel (2005).

Yellow-breasted Chat
Yellow-breasted Chat breeding density in 2008 was 4.18 at reference sites, a 15%
increase over the low of 3.65 in 2005, but considerably lower than the high of 5.76 in 2002
(Figure 10). At restored sites, chat densities decreased for the second year in a row to 1.69.
Since 2006, chat densities at restored sites have decreased by 30%. Among reference sites, chat
densities were greatest at Project Area in 2008 at 4.57 and least dense at Saeltzer Dam at 3.80.
Among all restored sites, chat densities were greatest at Reading Bar at 2.19; this is the eighth
year in a row chat densities were greatest at Reading Bar. The 3B Plug had the fewest chat
territories in 2008 at 1.16. Chat territory density for reference sites was fair in 2008 and poor at
restoration sites and across all sites.
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Figure 10. Yellow-breasted Chat breeding territory density per 10 hectares at all reference sites
compared to all restored sites and the study area average at Clear Creek from 2001-2008 with breeding
density targets from Burnett and Geupel (2005).

Spotted Towhee
Spotted Towhee breeding density at reference sites in 2008 was 4.76, similar to the
eight-year average of 4.90 (Figure 11). Towhee density at restored sites in 2008 changed little
from 2007 at 1.81, but was well below the eight year high of 2.73 recorded in 2003. Among
reference sites, Project Area had almost twice as many Spotted Towhee territories in 2008 than
Saeltzer Dam; 6.23 compared to 3.30. Among restoration sites, towhee density in 2008 was
greatest at Reading Bar for the eighth year in a row at 3.50. The 3B Plug had the fewest towhee
territories in 2008 at 0.58. Spotted Towhee density at reference sites was fair in 2008 and poor
for the eighth year in a row at restoration sites.
Figure 11. Spotted Towhee breeding territory density per 10 hectares at all reference sites compared to
all restored sites and the study area average at Clear Creek from 2001-2008 with breeding density
targets from Burnett and Geupel (2005).
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Song Sparrow
Song Sparrow territory density at reference sites reached an eight-year low in 2008 of
1.62; a 58% decrease from the high of 3.83 in 2002 (Figure 12). Song Sparrow density at
restored sites was 1.46 in 2008, a 25% increase over 2007 but substantially lower than the high
of 2.65 in 2003. Among reference sites, Project Area had the greatest density of Song Sparrows
in 2008 at 2.91 while Saeltzer Dam had the lowest density of all sites at 0.33. Among restoration
sites, 3A North had the greatest density at 2.25 while the 2A Plug had the least at 0.61. For the
sixth year in a row, Song Sparrow densities at reference and restored sites were poor.

Figure 12. Song Sparrow breeding territory density per 10 hectares at all reference sites compared to all
restored sites and the study area average at Clear Creek from 2001-2008 with breeding density targets
from Burnett and Geupel (2005).

Black-headed Grosbeak
Black-headed Grosbeak territory density at reference sites decreased to an eight-year
low in 2008 of 1.80; a 60% decrease from the high of 4.48 recorded in 2003 (Figure 13).
Grosbeak density at restored sites decreased to a six-year low in 2008 of 1.52. Among reference
sites, Saeltzer Dam has the greatest number of grosbeak territories in 2008 at 2.15 while
Project Area had the least at 1.45. Among restoration sites, the 2A Plug had the greatest density
of this species in 2008 at 3.03, while 2B South had the least at 0.32. Grosbeak densities
decreased at all reference and restored sites from 2007 to 2008 except for the 3A North
restoration site which increased from 0 to 1.75. Black-headed Grosbeak territory density was
poor for reference, restoration, and all sites combined in 2008.
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Figure 13. Black-headed Grosbeak breeding territory density per 10 hectares at all reference sites
compared to all restored sites and the study area average at Clear Creek from 2001-2008 with breeding
density targets from Burnett and Geupel (2005).

Nest Monitoring
Tree Swallow
Due to the difficulty inherent in determining the nesting stage of cavity nesters, it was
necessary to use proportional calculations rather than the less-biased Mayfield calculations
(which relies on accurately knowing the nesting stage) to estimate nest success of Tree
Swallows. A total of eighty Tree Swallow nests were monitored along Clear Creek from 1999 to
2008 of which 74% were successful. Average Tree Swallow nest success was lowest from 2006
to 2008 at 59% (Figure 14). Tree Swallow nest success at all reference sites compared to all
restoration sites from 1999 to 2008 was 70% and 100%, respectively. Proportional nest success
for Tree Swallow was good at reference sites and very good at restoration sites.
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Figure 14. Tree Swallow proportional nest success at Clear Creek comparing reference sites and restored
sites from 1999-2008 as well as across all sites from three time periods. Dashed lines represent
quantitative target levels from Burnett and Geupel (2005).

Bewick’s Wren
Sample sizes for Bewick’s Wren were too small to compare across years. Combining all
years together from 1999 to 2008 Bewick’s Wren Mayfield nest success was 71.2% at reference
sites and 73.9% on restored sites; both rated as very good (Figure 15).
Figure 15. Nest survival estimates for Bewick’s Wren at reference and restoration sites (all years
combined) at Clear Creek using a modified Mayfield method (Johnson 1979). Dashed lines represent
quantitative target levels, error bars are the 95% confidence limits, and sample sizes are presented at
the bottom.

Yellow Warbler
Due to small sample sizes we chose three time subsets and combined samples within
each to compare the variation in nest survival for Yellow Warbler across time in addition to the
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comparison of all reference sites to all restoration sites (Figure 16). Yellow Warbler nest survival
was greatest in the 1999 to 2001 time period (9.7%) and lowest in the 2005 to 2008 time period
(3.9%). Nest survival for each of the three time periods was less than 10% and rated as poor.
From 1999 to 2008 Yellow Warbler nest survival was 4.7% at reference sites compared to 16.9%
at restoration sites. Overall, nest survival was poor at reference sites and fair at restoration
sites, though the sample size for restored sites was much smaller.
Figure 16. Nest survival estimates with 95% confidence intervals over three time intervals for Yellow
Warbler at Clear Creek (all sites combined) using a modified Mayfield method (Johnson 1979). Dashed
lines represent quantitative target levels and sample sizes (n) are presented above each bar.

Yellow-breasted Chat
Yellow-breasted Chat nest survival ranged from very good to poor between 2001 and
2008. Mayfield nest survival estimates at all sites combined for Yellow-breasted Chat in 2008
was 33.2%, slightly above the average from the previous seven years (Figure 17). The highest
Chat nest survival was recorded in 2002 at 54.4% and the lowest was in 2006 at 7.9%. Chat nest
survival from 2001 to 2008 at restored sites was less than half the success at reference sites;
15.7% compared to 33.9% (Figure 18). Chat nest survival at reference sites was good and at
restored sites it was fair.
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Figure 17. Nest survival estimates by year for Spotted Towhee at Clear Creek (all sites combined) using a
modified Mayfield method (Johnson 1979). Dashed lines represent quantitative target levels and sample
sizes are presented at the bottom. Only years where six or more nests were monitored are included.
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Figure 18. Nest survival estimates for Spotted Towhee at reference and restoration sites (all years
combined) at Clear Creek using a modified Mayfield method (Johnson 1979). Dashed lines represent
quantitative target levels and error bars are the 95% confidence limits.

Spotted Towhee
Nest survival for this species ranged from poor to very good between 2000 and 2008 (no
nests were located in 1999) with marked annual variation and no clear trend. Nest survival at all
sites combined for Spotted Towhee in 2008 was 8.8%, the lowest survival rate since 2000 when
nest survival was 5.2% (Figure 19). The highest towhee nest survival was in 2004 at 34.0%. Nest
survival for this species from 1999 to 2008 at reference sites was 16.6% compared to 32.1% at
restored sites from 2001 to 2008 (Figure 20). Over eight-times as many nests were monitored
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at reference sites (n=96) than at restored sites (n=11). Nest survival was fair at reference sites
and very good at restored sites, though the sample size for restored sites was quite small
resulting in large confidence intervals.
Figure 19. Nest survival estimates by year for Spotted Towhee at Clear Creek (all sites combined) using a
modified Mayfield method (Johnson 1979). Dashed lines represent quantitative target levels and
sample sizes are presented at the bottom. Only years where six or more nests were monitored are
included.

Figure 20. Nest survival estimates for Spotted Towhee at reference and restoration sites (all years
combined) at Clear Creek using a modified Mayfield method (Johnson 1979). Dashed lines represent
quantitative target levels and error bars are the 95% confidence limits.

Page 32 of 73

Avian Monitoring in the Lower Clear Creek Floodway Restoration Project, 1999-2008

Song Sparrow
Song Sparrow nest survival has declined each year since 2002 with the exception of
2006, when the second highest nest success for this species was recorded. Song Sparrow nest
survival at all sites combined reached a seven-year low in 2008 at 4.6% (Figure 21). Nest
survival was rated as good in 2002 but has been fair to poor each year since. Nest survival at
reference sites from 1999 to 2008 was 7.7% compared to 23.1% at restored sites from 2001 to
2008 (Figure 22). Nest survival was poor for reference sites and fair for restored sites.

Figure 21. Nest survival estimates by year for Song Sparrow at Clear Creek (all sites combined) using a
modified Mayfield method (Johnson 1979). Dashed lines represent quantitative target levels and
sample sizes are presented at the bottom. Only years where six or more nests were monitored are
included.

Figure 22. Nest survival estimates for Song Sparrow at reference and restoration sites at Clear Creek
using a modified Mayfield method (Johnson 1979). Dashed lines represent quantitative target levels
and error bars are the 95% confidence limits.
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Black-headed Grosbeak
Nest survival for Black-headed Grosbeak at all sites combined reached a nine-year low in
2008 at 30.9% (Figure 23). The highest nest survival for this species was in 2006 at 56.4%.
Between 2000 and 2008 nest survival ranged from fair to very good. Nest survival across all
sites was relatively stable for Black-headed Grosbeak compared to other species. Nest survival
at restored sites from 2001 to 2008 was not significantly different than at reference sites from
1999 to 2008, at 44.3% and 45.5%, respectively (Figure 24). Nest survival was very good at
reference sites and good at restored sites.
Figure 23. Nest survival estimates by year for Black-headed Grosbeak at Clear Creek (all sites combined)
using a modified Mayfield method (Johnson 1979). Dashed lines represent quantitative target levels
and sample sizes are presented at the bottom. Only years where six or more nests were monitored are
included.

Figure 24. Nest survival estimates for Black-headed Grosbeak at reference and restoration sites (all
years combined) at Clear Creek using a modified Mayfield method (Johnson 1979). Dashed lines
represent quantitative target levels and error bars are the 95% confidence limits.
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Adult Annual Survival
From 1999 to 2008 we had a total of 532 Bewick’s Wren captures at the two constant
effort mist-netting stations. Of these, 372 were unique individuals of which 315 were juveniles
(hatched in the year captured), 54 were adults (hatched at least the year before capture), and 3
were of unknown age. Annual adult captures ranged from one individual in 2000 to 13 in 2006.
35 adults were used in our analysis of Bewick’s Wren survival (Table 5). Survival estimates
based on Cormack-Jolly-Seber were 58% for females and 61% for males, both considered very
good based on quantitative target levels (Figure 25).
There were 511 Yellow-breasted Chat captures from 1999 to 2008. 332 of these
captures were unique individuals, of which 131 were juveniles and 201 were adults. Annual
adult captures ranged from eight individuals in 1999 to 35 in 2001. 193 adults were used in our
analysis of Yellow-breasted Chat survival (Table 5). Annual survival of female and male chats
was 42% and 44%, respectively, both considered fair (Figure 25).
There were 527 Spotted Towhee captures from 1999 to 2008. 416 of these captures
were unique individuals, of which 216 were juveniles and 200 were adults. Annual adult
captures ranged from nine individuals in 2007 to 30 individuals in 2003. 197 adults were used in
our analysis of Spotted Towhee survival (Table 5). Annual survival of towhee females and males
were both 96% which was considered very good (Figure 25).
There were 342 Song Sparrow captures from 1999 to 2008, of these 294 were unique
individuals, of which 154 were juveniles and 139 were adults. Annual adult captures ranged
from five individuals in 2008 to 20 in 2002. 122 adults were used in our analysis of Song
Sparrow survival (Table 5). Annual survival of females was 51% compared to 58% for males
(Figure 25). Both of these survival rates were considered good.
There were 253 Black-headed Grosbeak captures from 1999 to 2008, of which 218 of
these were of unique individuals, of which 66 were juveniles and 152 were adults. Annual adult
captures ranged from nine individuals in 2000 to 26 in 2001. All 152 were used in our analysis of
Black-headed Grosbeak survival (Table 5). Female and male annual survival rates were both
89%, which was considered good (Figure 25).
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Table 5. Adult annual survival rates based on Cormack-Jolly-Seber mark-recapture models for five
species at Clear Creek, 1999-2008.
Species
Bewick's Wren
Bewick's Wren
Yellow-breasted Chat
Yellow-breasted Chat
Spotted Towhee
Spotted Towhee
Song Sparrow
Song Sparrow
Black-headed Grosbeak
Black-headed Grosbeak

Sex
male
female
male
female
male
female
male
female
male
female

# of
individuals
9
26
94
99
122
75
93
29
76
76

Survival
estimate
61%
58%
44%
42%
96%
96%
58%
51%
89%
89%

Standard
error
± 11.0%
± 9.9%
± 7.3%
± 8.6%
± 0.9%
± 0.9%
± 8.3%
± 9.0%
± 3.3%
± 3.2%

Figure 25. Apparent annual adult survival (male and female separate) for five focal species at Clear
Creek, 1999-2008 with standard error and quantitative target levels.
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DISCUSSION
Overview
Through 2008, the response of the avian community following restoration actions at
Clear Creek has been mixed. Species richness and the abundance of Black-headed Grosbeak and
Song Sparrow on restoration sites such as 2A Plug and 3A North are equal to or higher than at
reference sites and several species have showed increases at restoration sites compared to prerestoration levels. However, overall breeding densities of most focal species lag well behind
those found in remnant riparian habitat at Clear Creek.
Data from the Sacramento Valley indicate that it takes 10-13 years post-restoration for
metrics at restored sites to equal those at remnant sites (Gardali et al. 2006, Golet et al. 2008).
The restored sites at Clear Creek, ranging from three to nine growing seasons, lag behind
remnant sites for most avian metrics we considered and are unlikely to equal those on remnant
sites any time soon based on current trajectories.

Avian Species Richness and Focal Species Abundance
We considered avian species richness at three different scales: creek wide, all
restoration vs. all reference, and by restoration site. Richness at the creek wide scale was rated
as good in 2008, suggesting Clear Creek is still supporting a relatively diverse avian community
with relatively high large scale habitat heterogeneity. At the restoration site level, species
richness, has lagged behind that found in remnant habitat along Clear Creek. In general,
restoration sites, especially the early phases, resulted in a homogenization of the floodplain
surfaces and seral stages of vegetation, and thus it is not surprising that they still support
considerably fewer species as a whole than reference sites. However, some restoration sites are
performing better than others as is evidenced by 3A North and 2A Plug where species richness
surpassed the average species richness for all remnant sites combined in 2008.
In order to help inform future restoration actions it is worth considering what features
at 3A North and 2A Plug are influencing species richness based on our knowledge of the site
and habitat factors influencing the avian community at Clear Creek. The extensive backwater at
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3A North, natural in-stream vegetation recruitment, and surrounding mature remnant valley
oak dominated forest all supported a number of avian species. While at 2A Plug, the rapid
growth of many of the plantings, remnant dense vegetation patches along the creek and upland
edge, and extensive natural recruitment in the scour channels appear the most important
factors for the higher species richness at this site. The lowest species richness among
restoration sites in 2008 was at Reading Bar. Species richness and abundance was lower at this
site in 2008 compared to pre-restoration levels in 1999. The slow maturation of restoration
plantings on the northern end of the Reading Bar plot and the removal of the non-native
blackberry understory in 2006 at the neighboring Horsetown Clear Creek Preserve has most
likely made it difficult for the bird community to recover to pre-restoration levels.
Improving species richness at Clear Creek in the long-term should focus on promoting a
diversity of habitat elements through more frequent flooding, leave islands, more diverse
floodplain topography (e.g. more and deeper scour channels), and supplemental plantings at
restoration sites where initial plantings have matured enough to provide shade and additional
soil substrate through the decomposition of leaf litter. The mature remnant habitat
surrounding restoration sites and leave islands are vital for providing habitat for a diverse avian
assemblage for at least the first 10 years following restoration. Increasing the number and
depth of scour channels and lowering the floodplain at sites that have already been restored
would allow for greater water inundation of the floodplain during high flow events that is
critical for promoting and maintaining structural diversity and understory foliage volume (RHJV
2004). Increasing structural diversity and understory foliage volume at older restoration sites
via supplemental plantings and the introduction of fine soil polygons to promote less-hardy
herbaceous understory species are also important to increase the number of species these sites
can support. The naturally recruited vegetation in abandoned channels, oxbows, point bars,
and in-stream islands support greater diversity and abundance of species than planted areas at
Clear Creek in the first ten years post restoration; consequently, it is critical to preserve or
create these features whenever possible.
The declining trends in abundance of most focal species from 2002 to 2008 are cause for
some concern – especially those for Yellow Warbler and Yellow-breasted Chat both of which
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are California Species of Special Concern (Shuford and Gardali 2008). Although these trends are
only for seven years and do not include pre-restoration data, it still suggest that restoration
actions are not promoting increases in focal species at the creek wide scale. Because the birds
at Clear Creek appear to have high survival rates, the apparent population declines for many
species may reflect generally low reproductive rates due to low nest survival and/or a scarcity
of suitable nesting locations. Indeed, two of the largest population declines have been for
Yellow-breasted Chat and Yellow Warbler both of which have been afforded very little suitable
nesting habitat through restoration actions thus far. Management and restoration efforts
should be made to enhance habitat in ways that will lead to higher nest success at both
remnant and restoration plots. Examples of this are to create structurally complex habitat and
areas of dense cover (Driscoll et al. 2005), maintain large tracks of riparian habitat (Sinclair et al.
2005), promote dense herbaceous cover for concealing nests and flightless young (Walsberg
2005), plant species with edible fruit where juveniles often congregate in late summer (White
et al. 2005), and design restorations to promote natural fluvial processes (Kondolf 1998).

Breeding Densities, Nest Success, Adult Survival, and Habitat Use
Overview
The relatively slow growth rates of planted vegetation and lack of fine sediment in the
system to stimulate natural regeneration (Tehama Env. Sol. 2008), appear to be slowing the
creation of suitable breeding habitat for most riparian bird species at Clear Creek. Through
2008, four of six focal species breeding densities on restored plots were lower than those on
remnant plots. Song Sparrow and Black-headed Grosbeak are the only focal species that had
similar territory densities at restored plots to those at reference plots. Both of these species
are associated with early to mid-seral habitat (RHJV 2004), and not surprisingly showed an
increase in territory numbers at restoration sites the first five years of our study. However, in
the last several years, the restoration plantings may have matured beyond the point of optimal
habitat for these species, and thus Song Sparrow and grosbeak densities have decreased but
are at or still above those found on remnant sites. These results illustrate the importance of
managing for early successional habitat at older restoration sites.
Page 39 of 73

Avian Monitoring in the Lower Clear Creek Floodway Restoration Project, 1999-2008

Through 2008 nest success for most focal species was equal to or higher at restoration
sites than remnant sites. However, sample sizes were generally much lower on restored sites
than reference sites due to lower breeding densities of focal species resulting in error bars that
extended into the poor to fair range for several species. This suggests a lack of quality nesting
habitat is limiting focal species densities and reproductive success.
The remainder of the discussion will focus on of each of the focal species and what the
information gained from monitoring them at Clear Creek, as well as the state of knowledge of
riparian birds in California, suggests about the Clear Creek restoration through 2008 and the
future management actions that will ensure a diverse and productive riparian bird community
here.

Tree Swallow
Tree Swallows are secondary cavity nesting species that need cavity bearing snags or
live trees in which to build their nest. At Clear Creek, swallows most commonly choose old
woodpecker cavities in which to nest. Through 2008 none of the planted trees at the
restoration sites had matured to diameters large enough to support a cavity, and thus to date
no Tree Swallow nests have been found within a restoration planting. The eleven swallow nests
that were found at restoration sites from 2001 to 2008 were all located within remnant habitat.
As cavity nesters generally have high nest success compared to open-cup species (Martin and Li
1992), Tree Swallows had high nest success at both reference and restoration sites. Similarly,
because swallows are aerial insectivores that require open areas over water or ground to catch
flying insects (Robertson et al. 1992), appropriate foraging habitat undoubtedly exists at all sites
regardless of treatment.
Until restoration plantings mature to diameters capable of supporting cavities, leaving
large standing trees and snags on the floodplain during restoration will ensure this species and
others cavity nesters have appropriate nesting habitat the first ten to fifteen years following
restoration.
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Bewick’s Wren
Bewick’s Wrens are a secondary cavity nesting species. Their territory densities on
restoration plots lag well behind those on remnant sites as appropriate breeding habitat
features on restored floodplains such as snags and downed woody debris with cavities and
crevices are scarce. From 1999 to 2008 not a single Bewick’s Wren nest found at restored sites
was within the footprint of the restoration plantings. All twelve nests found at restoration sites
were in snags and woody debris within remnant vegetation patches. Although the restoration
plantings are not mature enough to support nesting attempts by this species, they are providing
food as is evidenced by observations of Bewick’s Wren families foraging within the restoration
footprint.
On the Sacramento River, this species began to colonize restoration sites five to nine
years following restoration (Gardali et al. 2006). With slower growth rates of planted
vegetation and few retained old trees and snags we would expect the processes that create
suitable nesting habitat for this species to be delayed at Clear Creek. Additionally, with the
presence of Whiskeytown Dam upstream, the quantity and size of large wood in the system
may be limited. Incorporating woody material on the floodplain in the form of downed trees,
brush piles, and root wads should increase suitable nesting habitat for this species. Additionally,
leaving snags and mature trees whenever possible or dropping and leaving those that need to
be removed during restoration would increase habitat complexity on newly restored
floodplains for this and other species (e.g. California quail, wintering sparrows).

Yellow Warbler
Yellow Warbler territory densities and overall abundance have decreased significantly at
Clear Creek in recent years. Breeding failure, largely due to Brown-headed Cowbird parasitism,
appears to be the primary culprit for the decline of this species at Clear Creek (Burnett and
Lindquist 2004). At the start of our study, Lower Clear Creek supported the largest breeding
population of Yellow Warbler below 1000 feet in the Sacramento River drainage below Shasta
Dam (RHJV 2007, PRBO data). Now however, with such a low estimate of nest survival due to

Page 41 of 73

Avian Monitoring in the Lower Clear Creek Floodway Restoration Project, 1999-2008

cowbird parasitism it is unlikely that Yellow Warbler populations at Clear Creek are selfsustaining.
The amount of habitat does not appear to be a population-limiting factor for Yellow
Warbler but habitat quality and landscape level factors, such as distance to disturbed habitat,
may be important. Identifying cowbird food resources in the vicinity (e.g. bird feeders, livestock
feeding) and promoting structurally complex dense patches of riparian habitat may help reduce
the cowbird impacts on this species. Interestingly, of all the sites we surveyed, Yellow Warblers
are most abundant at the Clear Creek Sacramento River confluence adjacent to a housing
development and closer than any of our sites to human development. This site is characterized
by mature cottonwood-valley oak forest with most of this habitat directly adjacent to either the
creek or the river. These two habitat elements together are those we have found this species
associating with at Clear Creek the most. Promoting mature riparian forest in close proximity to
the stream in current and future restoration actions may help curb the decline of this California
Bird Species of Special Concern at Clear Creek.

Yellow-breasted Chat
Yellow-breasted Chat, another California Bird Species of Special Concern, is still a fairly
common bird at Clear Creek as based on initial surveys. Since 2001 the number of territories on
reference and restored sites has converged, though in the last several years density changes
have stagnated at both treatments. Restoration actions through 2008 have not resulted in the
creation of habitat that supports high densities of chats resulting in poor densities based on
target levels developed in the study plan (Burnett and Geupel 2005). While chat territories
included areas of restored floodplain, nesting and foraging was largely limited to small patches
of remnant blackberry (Rubus spp.).
Yellow-breasted Chat was the only focal species that had considerably lower nest
survival at restoration sites compared to reference sites through 2008. The main cause of chat
nest failure at Clear Creek appears to be predation and not parasitism – the few nests that have
been parasitized by Brown-headed Cowbird have either successfully fledged both cowbirds and
chat young or, in at least four cases (including two in 2008) the cowbird young have
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disappeared from the nest after hatching, apparently ejected by the host parents. The small
isolated patches of remnant blackberry that chats typically have nested in at restoration sites
may be more vulnerable to predation because of the large perimeter-to-area ratio, which has
been shown to increase predation rates (Robinson et al. 1995), thus explaining the lower nest
survival rate at restored sites.
Because understory species, such as blackberry, historically have not been included in
restoration plantings and current floodplain conditions are slow to naturally recruit native
understory plants (Tehama Env. Sol. 2008), all restoration sites are lacking enough of this
critical habitat element to support high densities of Yellow-breasted Chat. Retaining patches of
mature riparian habitat with a blackberry understory whenever possible ought to provide
suitable nesting habitat for this species immediately following restoration, as is evidenced by
the initial results from monitoring the 3B restoration (Young and Burnett 2010). Supplemental
planting of California blackberry (Rubus ursinus), wild rose (Rosa californica), and vines such as
California grape (Vitis californica) and pipevine (Aristolochia californica) in areas of good soil
could increase nesting success and territory densities for this species at older restoration sites.

Spotted Towhee
In 2008, Spotted Towhee breeding territories were over two and half times as dense on
reference plots compared to restoration plots. Yet territory density has gradually declined on
both reference and restoration plots, and is now rated as fair and poor, respectively. The
decrease in territory density at restoration plots appears to conflict with the significant increase
in Spotted Towhee abundance at these plots since 2002. However, while the number of
towhees using the periphery of the restoration plots where remnant habitat exists has
increased, the majority of towhees are avoiding the actual footprint of the restoration. As adult
survival of this species is remarkably high at Clear Creek, the decline in territory densities is
likely due to poor productivity and lack of suitable habitat.
Spotted Towhee had oscillating nest survival at Clear Creek through 2008, often dipping
into the fair to poor range. Small (2005) found that predation was the most common cause of
towhee nest failure in the Sacramento Valley, and predators included Western Scrub-Jay
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(Aphelocoma californica), raccoon (Procyon lotor), Black or Norway rat (Rattus spp.), and
snakes. A similar suite of predators are most likely responsible for the majority of nest failures
for this species at Clear Creek.
Spotted Towhee was one of two focal species that had higher nest success on
restoration plots from 1999 to 2008 than reference plots. However, only eleven nests were
found on restored sites during the ten year study compared to ninety-six at reference sites.
Given Spotted Towhees preference for nesting on or near the ground in herbaceous cover and
its reliance on thick leaf litter, it’s not surprising this species is more abundant on remnant sites
at Clear Creek where these features exist than restored sites where these features have yet to
develop. Burnett and DeStabler (2001) found a positive correlation between the relative cover
of Mugwort (Artemesia douglasiana) and California Grape (Vitis californicum), both dense
herbaceous understory species, and towhee abundance at Clear Creek. While thick patches of
Mugwort and grape are present along Clear Creek remnant sites, they are generally lacking at
restoration sites.
Spotted Towhee has readily colonized restoration sites along the Sacramento River in
the first ten years (Gardali et al. 2006), but a lack of understory vegetation and a dense humus
layer due to slower tree growth at Clear Creek are delaying the development of habitat for this
species. The number of towhees using restoration plots is currently dependent on the remnant
habitat in and around the plots, as even nine year old plantings are not supporting more than
the occasional nesting attempt by this species. It is essential to incorporate leave islands of
intact dense habitat into restoration design in order to ensure habitat is available for this
species within the first ten years following restoration activities. Supplemental plantings of
mugwort, native blackberry, grape, Blue Elderberry (Sambucus cerulea), and Santa Barbara
Sedge (Carex barbarae), and Valley Oak (Quercus lobata) on flood plain terraces with deep soils
would increase the amount of suitable habitat for Spotted Towhee and many other bird
species.
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Song Sparrow
Since 2003, Song Sparrow breeding densities on reference plots and restored plots have
been relatively similar, with densities on restored plots occasionally surpassing those at
reference plots. That being said, overall Song Sparrow territory numbers are very low; densities
have been in the poor range since the beginning of our study. In 2007, prior to any restoration
activity at the 3B Plug, Song Sparrow density were considerably higher at 3B. All territories were
located around the backwater marsh at the downstream end of the site. Although large
portions of this area were saved, the filling of the backwater marsh here resulted in two of the
three territories being abandoned in 2008. It is apparent that these marshy areas dominated by
sedges, rushes, and other wetland plants are key habitat for Song Sparrow at Clear Creek.
Song Sparrow nest success has significantly declined during our study from a high in
2002 to a low in 2008. It is apparent that treatment type has greatly influenced nest survival for
Song Sparrows as nests at restored plots were twice as successful as those at reference sites
through 2008. This species has been most successful at Clear Creek when nesting in wetland
conditions such as those found within backwaters and scour channels (Burnett and Harley
2004). These features are notably absent from reference sites save for one marshy area created
by beavers within the proposed 3C project area. These results suggest that many of the
restoration sites have created habitat for this species and they are nesting in them with
considerably greater success than at remnant sites.
Cowbird parasitism accounted for only 24% of all Song Sparrow nest failures at Clear
Creek. This is a relatively low parasitism rate compared to other sites in California’s Central
Valley. For example, at the San Joaquin River National Wildlife refuge, 32% of all Song Sparrow
nest were parasitized in 2008 (Howell and Dettling 2009). However, it is possible that a greater
percentage of nests classified as predated were a result of cowbird activity, as cowbirds will
depredate Song Sparrow nests that are discovered late in the nesting period in order to create
future opportunities of parasitism (Arcese et al. 1996).
As with Yellow-breasted Chat and Spotted Towhee, Song Sparrow require dense low
herbaceous cover for nest concealment and foraging, but Song Sparrow prefer this habitat in
close proximity to the creek or wetland features. Larison et al. (1998) found that dense lateral
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cover (>90% concealment) of vegetation within 1m of the ground surrounding nests reduced
parasitism events. Dense lateral vegetation in association with the creek edge would both
conceal Song Sparrow movement around the nest and increase the time and effort of groundlevel searches by cowbirds and predators by increasing the number of potential nesting sites.
Increasing natural wetland vegetation recruitment through project design and regeneration of
early successional riparian habitat along the border of the creek through dynamic fluvial
processes and retaining and designing backwater areas for future restorations are important for
ensuring quality nesting and foraging habitat for this species into the future.

Black-headed Grosbeak
Historically Black-headed Grosbeak has been the only focal species to fully utilize the
revegetated areas of the restoration sites. While breeding densities for Black-headed Grosbeak
on reference and restored sites were similar from 2004 to 2008, they were considered fair to
poor based on breeding density target levels. In 2008 density across all sites reached an eightyear low. The drop in breeding density at restored sites is mainly attributable to declines at
Reading Bar and 2A Plug. As grosbeaks generally occur in early successional stands of dense
riparian trees, the restoration plantings at these two sites may have matured beyond the point
of optimal habitat for this species. Additionally, the beaver activity at 2A that has reduced tree
cover in the planted areas closest to the creek may have reduced nesting habitat for this
species.
Grosbeaks are one of the few open-cup focal species that consistently have nest success
higher than 30% across all plots and have been the only focal species to regularly nest in the
restoration plantings where they are just as successful as at remnant plots. However, the vast
majority of nesting attempts at restoration plots have been at Reading Bar and 2A Plug. The
tree focused plantings at this site and relatively high survival rates and growth (especially at 2A
Plug) has likely resulted in higher quality habitat for this species than at sites such as 2B South
with lower planted vegetation survival and 3A North with slower growth rates. As the planted
tree willows and cottonwoods at 3A North and 3B Plug mature to heights and foliage volumes
optimal for Black-headed Grosbeaks, we expect to see their densities increase here. At the
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same time, without large enough fluvial disturbances to recruit early successional habitat at 2A
Plug and Reading Bar, grosbeak densities may continue to decline at these older restoration
sites as they continue to mature through natural successional processes. Regeneration of dense
stands of tree willows and cottonwoods and ensuring ample fruit bearing plants such as grape,
blackberry, and elderberry should benefit this species at Clear Creek.

CONCLUSIONS
As has been shown throughout North America, we believe that low nesting success and
a lack of suitable habitat are the most important factors limiting the populations of many of the
open cup nesting species at Clear Creek (Martin 1992, Robinson et al. 1995, among others).
Through 2008, creek-wide breeding territory densities for all focal species and cumulative
Mayfield nest survival for several species are in the fair to poor range. Thus, efforts should be
made to restore habitat that will result in greater nesting locations and higher reproductive
success for the Clear Creek avian community. There are several key ways that restoration can
help improve productivity of our focal species. We strongly believe that incorporating the
following recommendations at Clear Creek would increase the value of the riparian habitat at
restoration sites to the avian community.

RESTORATION AND MANAGEMENT RECOMMENDATIONS
Limit restoration and management activities during the breeding season
Restoration activities that involve the use of heavy machinery, vegetation clearing,
mowing, grading, spraying or cutting should be confined to the non-breeding season, ideally
mid-August to mid-March. All efforts should be made to avoid the peak of the breeding season
(May – June).

Maintain and create emergent wetlands
With current restoration efforts resulting in the loss of in-stream wetlands and marsh
habitat, we recommend the retention and or restoration of other wetland sites in the floodway
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that limit negative impacts to anadromous fish. Wetland habitat provides unique and
important habitat for numerous species of birds at Clear Creek including Song Sparrow,
Common Yellowthroat, Wood Duck, Common Merganser, Belted Kingfisher, swallows, and
many wading birds.

Retain old channels as backwater marshes
Leave old channels as backwater marsh habitat, as was created as part of the 3A North
restoration. These features will increase the amount of “creek side” habitat that is favored by
many species at Clear Creek, including Yellow Warbler and Song Sparrow.

Incorporate understory species into restoration planting
Many of the riparian focal species at Clear Creek, such as Spotted Towhee, Song
Sparrow, and Yellow-breasted Chat, nest in low-lying vegetation. Areas on the floodway where
natural recruitment of herbaceous cover has already occurred are “hot spots” of focal species
activity. Incorporating understory species at restoration sites where the canopy layer has
developed enough to provide shade will provide more habitat for a higher diversity of species
and may increase the colonization rate of these sites. Additionally, planted understory species
may inhibit the colonization of sites by exotic invasive plant species.

Plant in a mosaic design
Planting dense shrub patches, interspersed with tree/shrub patches achieves a semiopen canopy and invigorates under, and middlestory growth for the many species that nest in
the lower strata.

Plant berry producing plants
Species such as California Blackberry (Rubus ursinus), California Grape, Blue Elderberry,
and Poison Oak (Toxicodendron diversilobum) are all positively correlated with riparian bird
indices. The fruiting bodies of all four of these plants are used as a food source by many
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riparian bird species. Additionally, they may provide a critical food source for fledgling birds
that have not yet learned how to forage for insect prey.

Preserve old trees and snags
At each restoration site the team should strive to maximize the amount of large trees
and snags retained, in order to provide habitat for bird species that require mature habitat such
as cavity nesters. Clear Creek supports many cavity-nesting species including four species of
woodpecker, Oak Titmouse, Ash-throated Flycatcher, and two species of swallows.

Plant and Promote Streamside Alder Habitat
Plant streamside alders in locations where bank stabilization is acceptable or needed,
such as along root wad structures, backwaters, scour channels, and the inside bends of large
meanders. White Alder (Alnus rhombifolia) is an important wildlife tree and is highly associated
with Yellow Warbler at Clear Creek. They are also nitrogen fixers that can improve the
inhospitable soil conditions at Clear Creek. When the creek changes course, streamside alders
that are no longer on the water’s edge usually die promoting openings in the riparian forest for
regeneration of early successional habitat and the snags created provide important habitat for
cavity nesting species.

Retain intact patches of habitat at restoration sites
Our data has shown that many bird species, including Yellow-breasted Chat, Song
Sparrow, and Spotted Towhee have not yet begun to nest in planted restoration habitat.
However, they are still present at all restoration sites in areas of remnant habitat. Increasing
remnant patches on the floodplain whenever possible should provide suitable nesting habitat
for a great number of species immediately following restoration activities.

Increase shrub habitat plantings
Future re-vegetation efforts should include larger portions of shrub habitat, including
Sandbar and Arroyo Willows (Salix exigua and Salix lasiolepsos), Blue Elderberry, Buttonbush
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(Cephalanthus occidentalis), Skunkbush (Rhus trilobata), and California Blackberry. Many of the
important riparian bird species we are concerned with at Clear Creek nest within two meters of
the ground. Increasing the cover in this stratum may help increase the abundance of these
species and improve the low nesting success estimates we have recorded for many of these
species.

Recommended planting mix:
Trees: Freemont Cottonwood (Populus fremontii), Valley Oak, Oregon Ash (Fraxinus
latifolia), White Alder, and Willow species (Red, Yellow, Black).
Shrubs: Blue Elderberry, California Blackberry, Wild Rose (Rosa californicum), Sandbar
Willow, Arroyo Willow, Buttonbush, Coffee Berry (Rhamanus tomentella) and Mule Fat
(Bacharis salisifolia).
Forbs, Sedges, Grasses and Vines: California Blackberry, Mugwort, California Grape,
Santa Barbara Sedge, Pipevine (Aristolichia californica), and native grasses.

Incorporate controlled adaptive management experiments in future restoration
We support the CalFed recommendation to incorporate more experiments into
restoration design and implementation. Designing and implementing future restoration in
order to test different concepts and designs will allow us to address many of the uncertainties
of restoration and allow Clear Creek to contribute to the riparian restoration body of
knowledge.
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APPENDIX 1. Common and scientific names and breeding status of all species detected at Clear Creek,
1999-2008, and those species just detected in 2008 by point count census.
Breeding
Status

2008

Melanerpes formicivorus

3

X

Allen’s Hummingbird

Selaphorus sasin

1

American Bittern

Botaurus lentiginosus

0

American Coot

Fulica Americana

2

American Crow

Corvus brachyrhynchos

1

American Dipper

Cinclus mexicanus

3

American Goldfinch

Carduelis tristis

3

American Kestrel

Falco sparverius

2

X

American Robin

Turdus migratorius

3

X

Anna's Hummingbird

Calypte anna

3

X

Ash-throated Flycatcher

Myiarchus cinerascens

3

X

Bald Eagle*

Haliaeetus leucocephalus*

0

Band-tailed Pigeon

Columba fasciata

1

Bank Swallow*

Riparia riparia*

1

Barn Swallow

Hirundo rustica

3

Belted Kingfisher

Ceryle alcyon

3

X

Bewick's Wren

Thryomanes bewickii

3

X

Black Phoebe

Sayornis nigricans

3

X

Black-chinned Hummingbird

Archilochus alexandri

1

Black-headed Grosbeak

Pheucticus melanocephalus

3

Black-throated Gray Warbler

Dendroica nigrescens

0

Blue Grosbeak

Passerina caerulea

3

Blue-gray Gnatcatcher

Polioptila Caerulea

3

Brewer's Blackbird

Euphagus cyanocephalus

3

X

Brown-headed Cowbird

Molothrus ater

3

X

Bullock's Oriole

Icterus bullockii

3

X

Bushtit

Psaltriparus minimus

3

X

California Quail

Callipepla californica

3

X

California Thrasher

Toxostoma redivivum

2

X

California Towhee

Pipilo crissalis

3

X

Calliope Hummingbird

Stellula calliope

0

Canada Goose

Branta canadensis

3

Canyon Wren

Catherpes mexicanus

1

Cassin's Vireo

Vireo cassinii

1

Cedar Waxwing

Bombycilla cedrorum

0

Chestnut-sided Warbler

Dendroica pensylvanica

0

Chipping Sparrow

Spizella passerina

0

X

Cliff Swallow

Petrochelidon pyrrhonota

3

X

Common Name

Scientific Name

Acorn Woodpecker
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Common Merganser

Mergus merganser

3

Common Moorhen

Gallinula chloropus

1

Common Nighthawk

Chordeiles minor

1

Common Raven

Corvus corax

2

Common Yellowthroat

Geothlypis trichas

3

Cooper's Hawk

Accipiter cooperii

3

Double-crested Cormorant

Phalacrocorax auritus

0

Downy Woodpecker

Picoides pubescens

3

Dusky Flycatcher

Empidonax oberholseri

0

European Starling

Sturnus vulgaris

3

Golden Eagle

Aquila chrysaetos

1

Golden-crowned Sparrow

Zonotrichia atricapilla

0

Great Blue Heron

Ardea herodias

1

X

Great Egret

Ardea alba

1

X

Great-horned Owl

Bubo virginianus

3

Greater White-fronted Goose

Anser albifrons

0

Greater Yellowlegs

Tringa melanoleuca

0

Green Heron

Butorides virescens

3

Hairy Woodpecker

Picoides villosus

3

Hammond's Flycatcher

Emipdonax hammondii

0

Hermit Thrush

Catharus guttatus

0

Hooded Merganser

Lophodytes cucullatus

0

House Finch

Carpodacus mexicanus

3

X

House Sparrow

Passer domesticus

2

X

House Wren

Troglodytes aedon

3

X

Hutton's Vireo

Vireo huttoni

3

X

Killdeer

Charadrius vociferus

3

X

Lark Sparrow

Chondestes grammacus

3

X

Lawerence's Goldfinch

Carduelis lawrencei

2

Lazuli Bunting

Passerina amoena

3

X

Lesser Goldfinch

Carduelis psaltria

3

X

Lewis's Woodpecker

Melanerpes lewis

0

Lincoln's Sparrow

Melospiza lincolnii

0

X

MacGillivray's Warbler

Opormornis tolmiei

0

X

Mallard

Anas platyrhynchos

3

X

Mourning Dove

Zenaida macroura

3

X

Nashville Warbler

Vermivora ruficapilla

0

Northern Flicker

Colaptes auratus

3

X

Northern Mockingbird

Mimus polyglottos

1

X

Northern Parula
Northern Rough-winged
Swallow

Parula americana

0

Nuttall's Woodpecker

Picoides nuttallii

Stelgidopteryx serripennis

Page 58 of 73

X

X

X
X

X

3

X

3

X

Avian Monitoring in the Lower Clear Creek Floodway Restoration Project, 1999-2008

Oak Titmouse

Baeolophus inornatus

3

Olive-sided Flycatcher

Contopus cooperi

0

Orange-crowned Warbler

Vermivora celata

3

Oregon Dark-eyed Junco

Junco hymemalis

0

Osprey

Pandion haliaetus

3

Pacific-slope Flycatcher

Empidonax difficilis

0

Peregrine Falcon

Falco peregrinus

2

Phainopepla

Phainopepla nitens

1

Pied-billed Grebe

Podilymbus podiceps

3

Red-shouldered Hawk

Buteo lineatus

3

X

Red-tailed Hawk

Buteo jamaicensis

3

X

Red-winged Blackbird

Agelaius phoeniceus

3

X

Ring-necked Pheasant

Phasianus colchicus

1

Ruby-crowned Kinglet

Regulus calendula

0

Rufous Hummingbird

Selasphorus rufus

0

Rufous-crowned Sparrow

Aimophila ruficeps

0

Savannah Sparrow

Passerculus sandwichensis

1

Say's Phoebe

Sayornis saya

0

Song Sparrow

Melospiza melodia

3

Sora

Porzana carolina

3

Spotted Sandpiper

Actitis macularius

3

X

Spotted Towhee

Pipilo maculates

3

X

Swainson's Thrush

Catharus ustulatus

0

Tennessee Warbler

Vermivora peregrina

0

Townsend's Solitaire

Myadestes townsedi

0

Townsend's Warbler

Dendroica townsendi

0

Tree Swallow

Tachycineta bicolor

3

Tricolored Blackbird

Agelaius tricolor

1

Turkey Vulture

Cathartes aura

3

Vaux's Swift

Chaetura vauxi

1

Violet-green Swallow

Tachycineta thalassin

3

Virginia Rail

Rallys limicola

3

Warbling Vireo

Vireo gilvus

0

Western Bluebird

Sialia mexicana

3

Western Kingbird

Tyrannus verticalis

3

Western Meadowlark

Sturnella neglecta

1

Western Scrub-Jay

Aphelocoma californica

3

X

Western Tanager

Piranga ludoviciana

0

X

Western Wood-Pewee

Contopus sordidulus

3

X

White-breasted Nuthatch

Sitta carolinensis

3

X

White-crowned Sparrow

Zonotrichia leucophrys

0

Wild Turkey

Meleagris gallopavo

3

Willow Flycatcher*

Empidonax traillii*

0
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Wilson's Warbler

Wilsonia pusilla

0

X

Wood Duck

Aix sponsa

3

X

Wrentit

Chamaea fasciata

3

X

Yellow Warbler

Dendroica petechia

3

X

Yellow-billed Cuckoo*

Coccyzus americanus*

0

Yellow-billed Magpie

Pica nuttalli

1

Yellow-breasted Chat

Icteria virens

3

X

Yellow-rumped Warbler
Dendroica coronata
0
Breeding Status: 3 = confirmed breeder, 2 = probable breeder, 1 = possible breeder, 0 = detected but not believed to
breed at Clear Creek. Underlined names indicate species detected during point count census. Asterisks (*) indicate
species listed as either threatened or endangered (state and/or federal). Species in bold indicate California Partners
in Flight Riparian Focal Species.
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APPENDIX 2. PRBO education and outreach events in association with the Clear Creek project, 2006 –
2008.

Education and community outreach are critical components of the riparian restoration
project a Clear Creek. Teaching the public about bird conservation and environmental
stewardship, as well as linking bird monitoring with salmonid restoration efforts will encourage
appreciation and build support for the Clear Creek Floodway Restoration project, and others
alike. From 2006 to 2008 we conducted a variety of riparian bird education and outreach
programs for the community that included mist-netting and banding demonstrations,
classroom education programs, and presentations and partnerships with local educational
organizations.

Mist-Netting and Bird-banding
To foster an appreciation for the birds of Clear Creek, to heighten understanding of resident
and migratory bird life histories and ecology, and to increase public awareness about the Clear
Creek Restoration project, we hosted groups during mist-netting and bird banding at two
permanent banding sites along Clear Creek. Our educational program included these key
components:

Meaningful learning experiences for the public that stimulate interest and
understanding of riparian habitat and its associated wildlife;
Overview of the Clear Creek restoration project including its goals, importance, and
partners;
Discussion of the importance of Clear Creek and riparian habitat to songbirds;
Teach about bird communities of Clear Creek and life history information on local and
resident songbirds of Clear Creek;
Provide information on how people can help conserve birds;
Demonstrate local scientific and monitoring activities;
Provide educational resources to educators.
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Approximately 190 visitors, including adults and students from elementary school through
college, attended mist-netting demonstrations from 2006 to 2008 (Table 1).

Table 1. PRBO mist-netting and banding outreach events at Clear Creek, 2006-2008.
Date

Group

5/13/2006
5/23/2006
5/24/2006
5/17/2007
5/7/2011
5/22/2007
5/23/2007
6/9/2007
5/15/2008
5/28/2008
5/29/2008
6/7/2008

Horsetown Clear Creek Preserve
Evergreen Charter School
Dunsmuir High School
Shasta College
Evergreen Charter School
Dunsmuir High School
Evergreen Charter School
Horsetown Clear Creek Preserve
Shasta College
Stellar Charter School
Mistletoe Elementary School
Horesetown Clear Creek Preserve

Number of
Students/Adults
8
20
30
15
7
15
20
17
18
8
20
10

Visitors to banding sites joined biologist to check mist-nets for captured birds, observed
them extracting birds from nets, and learned about all measurements and data collected on
each bird. Seeing birds in the hand and observing actual monitoring methods allow students
and adults a unique personal experience with wildlife and science that can foster a greater
appreciation of the project and its importance.
Classroom Education
From 2006 to 2008, we worked with teachers and taught approximately 400 elementary
through middle school students both in and outside of classrooms in the Redding area (Table 2).
Before every workshop, we provided students and teachers with an overview of the Clear Creek
Restoration project, summarizing its scope, purpose, and partners. Our workshops provided
hands-on activities focusing on the nest cycle of local resident and migratory birds using bird
study skins (stuffed birds), real nests, and visual tools. Students explored the following
concepts:
Local resident and migratory breeding birds;
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Timing and onset of the breeding season for birds;
The phases of the nest cycle (from finding a mate to fledging young);
Birds nest in a variety of niches, from the ground level to tree tops;
Birds build different shaped nests using a variety of materials;
Actions that we can take to help nesting birds.

In addition, local Redding teachers were provided with an activities packet for their
classroom that included birds of Shasta County.
Table 2. PRBO in-class educational workshops, 2006-2008.
Date
23-May-2006
24-May-2006
25-May-2006
22-May-2007
23-May-2007
24-May-2007
28-May-2008
29-May-2008
30-May-2008

School
Pacheco Middle School
Mistletoe Elementary School
Turtle Bay Elementary School
Turtle Bay Elementary School
Mistletoe Elementary School
Pacheco Middle School
Mistletoe Elementary School
Turtle Bay Elementary School
Pacheco Middle School

Number of Students
28
31
32
32
31
120
30
30
60

Presentations and Building Partnerships in Education
From 2006 to 2008, PRBO biologists attended conferences, local meetings, and Clear
Creek TAC meetings to present results from our avian monitoring efforts in context of the Clear
Creek Floodway Restoration Project (Table 3). In addition, in 2006 PRBO’s avian monitoring
work was featured in the Redding Record Searchlight paper and PRBO helped develop, plan,
and organize – along with the Western Shasta RCD – the highly successful “Partners Event” in
October.

Page 63 of 73

Avian Monitoring in the Lower Clear Creek Floodway Restoration Project, 1999-2008

Table 3. PRBO Clear Creek presentations, 2006-2008.
Date
14-Feb-06

Conference/Meeting
Clear Creek TAC

6-Dec-07

Riparian Habitat Joint
Venture Conference

15-Jun-07

Society of Wetland
Scientists Conference

13-May-08

Clear Creek TAC

29-Sep-08

Bay-Delta Science
Conference

Presentation Title
Landbird Response to Restoration: 2005 Field
Season Results
Restoring Riparian Habitat on Altered
Floodplains by integrating vegetation and
avian monitoring
Monitoring of Riparian Restoration on
Constructed Floodplains: Lower Clear Creek
Floodway Rehabilitation Project
Landbird Response to Restoration: Integrating
Monitoring Results into Restoration Actions at
Clear Creek
Restoring Riparian Habitat on Altered
Floodplains by Integrating Vegetation and
Avian Monitoring
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APPENDIX 3. Adult survival model selection results for all models that were within 5 Akaike’s
Information Criteria points of the best fit (lowest Akaike’s Information Criteria) model.
Model

Npar

AICc

ΔAICc

Weight

Deviance

Bewick's Wren
Phi(~age + sex + age * sex + resident) p(~sex)

10

217.79

0.00

0.72

101.53

Phi(~age + sex + age * sex + resident) p(~age + sex)

11

219.92

2.13

0.25

101.53

Phi(~age + sex + time + resident) p(~time + sex)

24

264.56

0.00

0.41

104.07

Phi(~age + time + resident) p(~time + sex)

22

265.43

0.87

0.27

109.94

Phi(~age + sex + time + resident) p(~age + sex + time)

25

267.10

2.54

0.12

104.07

Phi(~age + time + resident) p(~age + sex + time)

23

267.92

3.36

0.08

109.94

Phi(~resident + time) p(~time + sex)

21

268.74

4.18

0.05

115.72

8

370.80

0.00

0.45

161.05

Phi(~age + sex + age * sex + resident) p(~sex)

10

372.77

1.98

0.17

158.79

Phi(~age + sex + age * sex + resident) p(~age)

9

372.91

2.11

0.16

161.05

Phi(~age + sex + age * sex + resident) p(~time + sex)

18

374.41

3.62

0.07

142.96

Phi(~age + sex + age * sex + resident) p(~time)

16

374.81

4.01

0.06

147.80

Phi(~age + sex + age * sex + resident) p(~age + sex)

11

374.91

4.11

0.06

158.79

Phi(~age + time + resident) p(~time + sex)

22

956.59

0.00

0.33

444.54

Phi(~age + sex + time + resident) p(~time + sex)

24

957.06

0.48

0.26

440.71

Phi(~age + time + age * time + resident) p(~time + sex)

30

957.99

1.40

0.16

428.53

Phi(~age + time + resident) p(~age + sex + time)

23

958.80

2.21

0.11

444.60

Phi(~age + sex + time + resident) p(~age + sex + time)

25

959.23

2.64

0.09

440.71

Phi(~age + time + age * time + resident) p(~age + sex + time)

31

960.20

3.61

0.05

428.53

Phi(~resident) p(~sex)

5

293.12

0.00

0.27

86.06

Phi(~resident + age) p(~sex)

6

293.18

0.06

0.27

84.04

Phi(~resident) p(~age + sex)

6

295.20

2.07

0.10

86.06

Phi(~resident + age) p(~age + sex)

7

295.27

2.14

0.09

84.04

Phi(~resident + sex) p(~sex)

7

296.12

3.00

0.06

84.90

Phi(~age + sex + resident) p(~sex)

8

296.58

3.46

0.05

83.26

Black-headed Grosbeak

Song Sparrow
Phi(~age + sex + age * sex + resident) p(~1)

Spotted Towhee

Yellow-Breasted Chat

Page 65 of 73

Avian Monitoring in the Lower Clear Creek Floodway Restoration Project, 1999-2008

APPENDIX 4. Aerial photos of intensive study plots with locations of nests found from 1999-2008.
Saeltzer Dam Reference Plot
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Phase 2A Restoration Plot
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2B South Restoration Plot
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3A Restoration Plot

Page 69 of 73

Avian Monitoring in the Lower Clear Creek Floodway Restoration Project, 1999-2008

3B Plug Restoration Plot
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Project Area Reference Plot
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Reading Bar Restoration Plot
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APPENDIX 5. Bird species composition within a 50m radius at reference point count stations and restored
point count stations along Clear Creek in 2008. Frequency represents the proportion of total individuals of a
species divided by the total number of detections of all species. Only species with ≥ 0.01 frequency are
included.
Reference Sites

Restored Sites
Number
Detected

Frequency

Number
Detected

Lesser Goldfinch

44

0.09

Frequency

Lesser Goldfinch

24

0.10

Tree Swallow

41

Bewick's Wrentit

30

0.09

Bushtit

24

0.10

0.06

Spotted Towhee

18

California Quail

0.08

24

0.05

Anna's Hummingbird

14

0.06

Oak Titmouse

24

0.05

California Quail

14

0.06

Spotted Towhee

22

0.05

Oak Titmouse

13

0.06

Ash-throated Flycatcher

20

0.04

13

0.06

9

0.04

Species

Species

Cedar Waxwing

20

0.04

Tree Swallow
Northern Rough-winged
Swallow

European Starling

17

0.04

Song Sparrow

9

0.04

House Wren

16

0.03

Western Scrub-Jay

8

0.03

Brown-headed Cowbird

15

0.03

Bewick's Wrentit

7

0.03

Anna's Hummingbird

13

0.03

Ash-throated Flycatcher

6

0.03

Wilson's Warbler

12

0.03

Brown-headed Cowbird

6

0.03

California Towhee

11

0.02

House Wren

6

0.03

Black Phoebe

10

0.02

Yellow-breasted Chat

6

0.03

Bushtit

10

0.02

Black Phoebe

4

0.02

Song Sparrow

10

0.02

Downy Woodpecker

4

0.02

Yellow-breasted Chat
Northern Rough-winged
Swallow

10

0.02

House Finch

4

0.02

9

0.02

Western Kingbird

4

0.02

House Finch

8

0.02

Western Wood-Pewee

4

0.02

Western Scrub-Jay

8

0.02

Black-headed Grosbeak

3

0.01

Mourning Dove

6

0.01

California Towhee

3

0.01

Nuttall's Woodpecker

6

0.01

Cliff Swallow

3

0.01

Western Kingbird

6

0.01

European Starling

3

0.01

Yellow Warbler

6

0.01

Spotted Sandpiper

3

0.01

Black-headed Grosbeak

5

0.01

Violet-green Swallow

3

0.01

Bullock's Oriole

5

0.01

White-breasted Nuthatch

3

0.01

Downy Woodpecker

5

0.01

Wilson's Warbler

3

0.01

Killdeer

5

0.01

Bullock's Oriole

2

0.01

Lark Sparrow

5

0.01

Mourning Dove

2

0.01

Orange-crowned Warbler

5

0.01

Orange-crowned Warbler

2

0.01

Western Wood-Pewee

5

0.01

Common Merganser

4

0.01

Violet-green Swallow

4

0.01

White-breasted Nuthatch

4

0.01

Northern Flicker

3

0.01

Red-winged Blackbird

3

0.01

Wrentit

3

0.01
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