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ABSTRACT 

 

The Santa Ana Watershed is the largest coastal river system in Southern California. The 

Santa Ana Watershed Association (SAWA) is committed to the protection and improvement of 

natural areas within the watershed with major focus on the removal of invasive species, native 

habitat enhancement, and the monitoring and protection of endangered, threatened, and other 

sensitive species. Since 2000, populations of endangered Least Bell’s Vireo (Vireo bellii pusillus) 

have been monitored and managed during the breeding season. Data were collected on status, 

distribution, breeding chronology, reproductive success, and nest site characteristics. 

Additionally, Brown-headed Cowbird (Molothrus ater) trapping was conducted concurrently in 

or near riparian habitat as well as during the winter at four dairies in Prado Basin and three dairies 

in San Jacinto. SAWA biologists documented 1,574 Least Bell’s Vireo (hereafter “vireo”) 

territories in the Santa Ana Watershed (excluding Prado Basin) in 2020, of which 827 were known 

to be paired. This represents a 16% increase in territories from 2019 (n=1,361) and the highest 

number documented to date. One thousand two hundred ninety-one fledglings were also 

documented. Prado Basin reported another 719 vireos in 2020, a 19% increase from the 606 

documented in 2019. Nesting success was 53% overall and 247 well-monitored pairs had a 2.8 

reproductive success rate. Ninety-three percent of 519 vireo nests were placed in native 

vegetation. 

In 2020, the watershed-wide cowbird parasitism rate of vireo nests was 8%, down from 

10% in 2019. San Jacinto, Mockingbird Canyon, Santa Ana River– Upstream (Hidden Valley South 

and Goose Creek), and Santa Ana Canyon – Green River Golf Club were sites in which parasitism 

was documented in 2020. During the nesting season, 3,957 cowbirds were removed from 44 

traps in the watershed. Additionally, 4,788 cowbirds were removed from the watershed during 

the fall and winter of 2019-2020. Over 136,000 cowbirds have been removed from the watershed 

by SAWA since cowbird management began. 

Breeding Southwestern Willow Flycatchers (Empidonax traillii extimus) were not detected 

by SAWA biologists in 2020; however, 10 migrant Willow Flycatchers were documented within 

the watershed. All wildlife species detected (165 avian, 20 mammalian, 22 herpetofauna, and 

four fish) were incidentally reported by site.
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INTRODUCTION 
 

As the largest coastal river system in southern California, the Santa Ana Watershed is 

home to more than six million people and includes portions of San Bernardino, Riverside, Orange, 

and Los Angeles Counties. The Santa Ana Watershed Association (SAWA) is committed to the 

protection and enhancement of natural habitat within the Santa Ana River Watershed. Major 

focuses of SAWA are the removal of invasive species, native habitat enhancement, and 

protection of endangered, threatened, and other sensitive species. A large threat in the Santa 

Ana River Watershed is the extremely prolific invasive weed, Arundo donax (hereafter “arundo”). 

Arundo chokes riverine systems while out-competing native vegetation, resulting in a loss of 

habitat for native species and hampering flood control efforts. It can consume at least twice the 

amount of water as native plants, thereby stressing a region that already has little available 

water. In addition, arundo may contribute to the spread of fire due to its flammable nature. 

SAWA is dedicated to the restoration of the Santa Ana River Watershed with the interest of 

reestablishing natural riverine functions and enhancing riparian habitat in an effort to aid in the 

recovery of the endangered Least Bell’s Vireo (Vireo bellii pusillus) and Southwestern Willow 

Flycatcher (Empidonax traillii extimus). 

The Least Bell’s Vireo is a small, insectivorous bird that occupies riparian habitat in 

southern California and northern Baja Mexico. This sub-species is listed as endangered by both 

the State of California and the federal government due to the loss of riparian habitat and brood 

parasitism by the Brown-headed Cowbird (Molothrus ater; hereafter “cowbird”). Vireo 

monitoring and cowbird control began in 1986 with only 19 known vireo pairs in the Prado Basin 

(Pike et al., 2005). The Prado Basin population has since increased to a high of 719 territorial 

males in 2020 (Preliminary data; Bonnie Johnson, personal communication). The watershed-wide 

population (including Prado Basin) totaled 2,293 territorial males in 2020. The Southwestern 

Willow Flycatcher (SWFL) occupies riparian habitat throughout the southwest. It too is listed as 

endangered by state and federal governments due to habitat loss and cowbird parasitism. 

Unfortunately, this species has not shown a similar recovery rate and is still in severe decline. 

These two endangered species and several other sensitive species have been monitored and 

managed in the Prado Basin annually since 1986 by the Orange County Water District (OCWD) 

and throughout the rest of the watershed by SAWA since 2000. 

The work reported herein is an expansion upon the Prado Basin efforts into other portions 

of the watershed from 2000-2020 through the implementation of the Santa Ana Watershed 

Program by SAWA and OCWD. Data collected in Prado Basin are reported separately by OCWD. 

Monitoring is conducted during the avian nesting season to determine the number of vireos and 

SWFL present, breeding status, and nesting outcomes. Cowbird trapping in or near riparian 
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habitat is conducted concurrently as well as during the fall and winter at several dairies in the 

watershed. Past efforts have included nest monitoring in the major riparian corridors of the 

watershed. In 2020, nest monitoring occurred at several locations discussed here as monitored 

sites: San Jacinto, San Timoteo Canyon, Meridian Conservation Area, Mockingbird Canyon, 

proposed and current restoration areas within Santa Ana River (SAR – Upstream) from Riverside 

Ave. downstream to I-15, Norco Bluffs, and the Santa Ana Canyon (SAC) below Prado Dam. 

Abundance and distribution data were documented at Temescal Canyon and Chino Hills. Twenty-

eight additional peripheral drainages within the watershed were sampled (≥3 visits) and 

incidental sightings were documented at six sites visited on one or two occasions. Due to COVID-

19 restrictions, some locations were not surveyed in 2020.

 

 METHODS 

  

Study Location 

 

The Santa Ana Watershed is located in southern California and includes parts of San 

Bernardino, Riverside, Orange, and Los Angeles Counties and covers nearly 3,000 square miles 

(Figure 1). The watershed includes a diversity of terrain including mountains, foothills, valleys, 

and the coastal plain. The main river is the Santa Ana River, which contains more than 50 

tributaries.  

Study sites contain typical southern Californian riparian vegetation including tall canopies 

of Fremont cottonwood (Populus fremontii) and Goodding’s black willow (Salix gooddingii), sub-

stories of arroyo and red willow (Salix lasiolepis and Salix laevigata, respectively), and mulefat 

(Baccharis salicifolia). Vegetation classifications follow nomenclatures listed in A Manual of 

California Vegetation (Sawyer et al. 2009). Lush riparian habitat is abundant throughout the study 

sites; however, dispersed stands of invasive arundo are still abundant in many locations of the 

middle watershed. Other non-native plants found dispersed among the sites include perennial 

pepperweed (Lepidium latifolium), castor bean (Ricinus communis), poison hemlock (Conium 

maculatum), and tamarisk (Tamarix ramosissima). Other than natural storm flow, the river’s 

water comes from discharged treated water, urban runoff, very limited natural springs, upwelling 

in the Prado Basin, and releases from the Seven Oaks and Prado Dams. The river is subjected to 

heavy human impacts from homeless encampments, horseback riding, creation of unauthorized 

trails, swimming, fishing, off-highway vehicle (OHV) use, and trash dumping. 
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Monitored Sites 
 

Monitored sites, for the purposes of this study, are those sites where territories were 

well-monitored (> 8 visits) and regular nest monitoring occurred. Vireos were monitored in the 

Santa Ana River and tributaries from Riverside Avenue in the city of Riverside downstream 

through the Santa Ana Canyon to Weir Canyon Road, excluding Prado Basin. These sites included 

Hidden Valley - south side of the river (SBVMWD restoration sites and a control site), Goose Creek 

mitigation areas - Norco to I-15, Norco Bluffs (I-15 to River Rd.) and SAC (Upper Canyon, Green 

River Golf Course, and Featherly Regional Park). Several tributaries of the Santa Ana River were 

also monitored including San Timoteo Canyon, Meridian Conservation Area, and Mockingbird 

Canyon, as well as portions of the San Jacinto River and San Jacinto Wildlife Area (Figure 2). See 

Appendix A for specific restoration area coordinates. 

 

Sampled Sites 

 

Sampled sites include assessment sites in which three surveys were conducted during 

designated dates as well as sites that were surveyed ≥3 times anytime throughout the breeding 

season, in which no or minimal nest monitoring occurred. The objectives were to document vireo 

occupancy and quantify a minimum number of territories. Territorial males were documented as 

well as incidental observations of females and fledglings. In 2020, the first assessment surveys 

were conducted between 4/27-5/1, the second surveys between 6/1-6/10, and the third 

between 6/26-7/10. 

 

Incidental Sites 

 

Incidental sites, for the purposes of this study, are those sites that were visited on one or 

two occasions and in which no nest monitoring occurred. Sites were visited in an attempt to 

obtain number of territories, pairs, and fledglings.  

 

San Jacinto (Monitored) 

San Jacinto includes three monitored sections: the San Jacinto River from Lake Park Drive 

to State Street, the San Jacinto River from Sanderson Avenue to Bridge Street, and the San Jacinto 

Wildlife Area. These sites are located within the San Jacinto Valley in Riverside County. The San 

Jacinto Wildlife Area is managed by the California Department of Fish and Wildlife (CDFW) and 

the San Jacinto River is managed by multiple authorities.  
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The riparian zone in the San Jacinto River is classified as a Populus fremontii Forest 

Alliance, with narrowleaf willow (Salix exigua) and mulefat as co-dominants (Sawyer et al. 2009). 

The habitat is also interspersed with Goodding’s black willow. The dominant invasive plant in the 

riparian zone is tamarisk. The riparian zone in the San Jacinto Wildlife Area is classified as a Salix 

gooddingii Woodland Alliance with Fremont cottonwood as a co-dominant (Sawyer et al. 2009). 

The area is also interspersed with red willow and mulefat. Dominant non-natives in the adjacent 

upland are perennial pepperweed and Russian thistle (Salsola tragus). To date, SAWA’s non-

native management efforts have been limited to the removal of tamarisk from Mystic Lake. The 

lands surrounding these sites include upland coastal sage scrub, grasslands, dairy farms, 

agricultural land, golf courses, and residential development.  

 
San Timoteo Canyon (Monitored) 

San Timoteo Canyon is located near the city of Redlands within the counties of San 

Bernardino and Riverside. San Timoteo Creek originally contained many invasive plant species, 

most notably arundo and tamarisk. A program initiated by SAWA removed 239 acres of invasive 

plants from 1997 to 2001 and continues a maintenance program to control regrowth. Restoration 

of the native plant community through natural recruitment has taken place throughout the 

canyon resulting in a healthy riparian understory, the effects of natural storm cycles 

notwithstanding. The canyon’s immediate uplands contain citrus groves and remnants of over-

grazed coastal sage scrub and chaparral. A railroad and a two-lane road border the canyon. 

Development of portions of the uplands continues to occur. San Timoteo Creek was surveyed 

from Cooper's Creek to approximately 15 miles (24 km) downstream at the point the creek 

becomes channelized. In September 2017, the Palmer fire destroyed dozens of acres of riparian 

habitat in San Timoteo Creek and a number of vireos have not returned to the historical 

territories that were burned in the fire. In 2020, some areas of the creek were unable to be 

surveyed due to access issues. 

The riparian zone can be classified as a Salix laevigata Woodland Alliance (Sawyer et al. 

2009), with arroyo willow as a co-dominant. However, the creek is also interspersed with 

Fremont cottonwood, Goodding’s black willow, and mulefat. The dominant invasive plant in the 

riparian zone is tamarisk. Dominant invasives in the adjacent upland zone are Russian thistle, 

mustard (Brassica sp.) and perennial pepperweed.  

 

Meridian Conservation Area (Monitored) 

Meridian Conservation Area (former March SKR Preserve) is a conservation easement 

held by the Rivers and Lands Conservancy located along the eastern boundary of the city of 

Riverside in Riverside County. The riparian zone is classified as a Salix laevigata Woodland 
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Alliance (Sawyer et al. 2009), with arroyo willow as a co-dominant. Mustard and stinknet 

(Oncosiphon piluliferum) are the dominant invasive species in the adjacent upland zone. 

The Meridian Conservation Area is protected from development; however, warehouses 

are being built directly to the east. During the 2020 breeding season, active construction in this 

area created noise and disturbance near vireo habitat. Furthermore, construction, landscaping, 

and re-paving on Van Buren Boulevard created noise and disturbance near vireo territories. 

Additionally, unauthorized trails, some of which cut through riparian habitat, were used by local 

residents for OHV recreation, bicycling, jogging, hiking, and sunbathing. The entrance gate to the 

conservation area south of Van Buren Boulevard was repeatedly forced open to allow for these 

activities, which could have had a potential negative effect on nesting vireos.  

 

Mockingbird Canyon (Monitored) 

Mockingbird Canyon is located in the city of Riverside in Riverside County. Its arroyo 

serves as a drainage tributary to the Santa Ana River. The riparian zone is classified as a Salix 

gooddingii Woodland Alliance, with Fremont cottonwood as a co-dominant (Sawyer et al. 2009). 

However, red willow and arroyo willow are also interspersed within the arroyo. The dominant 

invasive plant in the riparian zone is perennial pepperweed. Mustard species are the dominant 

invasive species in the adjacent upland zone; however, stinknet is becoming more prevalent.  

Although the reservoir and basin are protected from development at this time, residential 

development remains an issue in Mockingbird Canyon. Residents extend their property into the 

arroyo, which causes damage to the habitat and potential harm to nesting vireos. Much of the 

adjacent upland habitat is lost and the arroyo is becoming more fragmented by culverts and 

bridges. The riparian habitat throughout the entire site is continually threatened by OHVs, trash 

dumping, and other illegal activities. SAWA manages an 11-acre easement in Mockingbird 

Canyon east of Roosevelt St. and Markham St. and will continue to work with local stakeholders 

to enhance and protect the canyon’s natural resources. 

 

Santa Ana River (SAR) – Upstream (Monitored/Sampled) 

The SAR-upstream section extends along the Santa Ana River from Riverside Ave. in the 

City of Riverside downstream to Interstate 15 in Norco. The site is divided into five different 

sections. These sections are Riverside Ave. to Van Buren Blvd., Lower Hole Creek, Hidden Valley 

- North side of river, Hidden Valley - South side of river, and Goose Creek-Norco to I-15 (Figure 

3). A small portion of the Goose Creek section includes a mitigation area managed by the Inland 

Empire Resource Conservation District (IERCD). Prior to 2015, these sections of the river were not 

grouped together as “upstream”. All sites were reported separately. In 2015, the upstream 

section did not include Goose Creek, Norco to I-15; however, in 2016 a change in funding source 
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incorporated this area as part of SAR - Upstream. In 2019, a previously unsurveyed site, Lower 

Hole Creek, was included as it is contiguous with the Santa Ana River ecosystem. Also in 2019, 

the Riverside Ave. to Van Buren Blvd section was modified to include approximately 87 acres of 

previously unsurveyed land in and near Fairmount Park in Riverside and approximately 20 acres 

of previously unsurveyed land near the eastern terminus of Rubidoux Ave. in Riverside. The 

Riverside Ave. to Van Buren Blvd section was analyzed as a whole and by three sub-sections (Non-

Restoration, Evans Lake Drain, and Anza/Old Ranch Creeks) to isolate two proposed restoration 

areas (Evans Lake Drain and Anza/Old Ranch Creeks). Due to safety concerns regarding the 

density of homeless encampments and COVID-19, Evans Lake Drain and Anza/Old Ranch Creeks 

were not surveyed in 2020; data reported were incidental detections from biologists traversing 

the perimeter of the sites during the course of other fieldwork. In addition, the Hidden Valley 

South section was analyzed as a whole and by two sub-sections (Hidden Valley South – 

Restoration and Hidden Valley South Non-Restoration) to isolate one proposed restoration area. 

There are a variety of vegetation types throughout the SAR - Upstream section of the 

Santa Ana River. The riparian zone can be classified as a Salix gooddingii Woodland Alliance with 

Fremont cottonwood as a co-dominant (Sawyer et al. 2009). The most common invasive plant in 

the riparian zone is arundo. Other invasive plant species include tamarisk, castor bean, perennial 

pepperweed, tree of heaven (Ailanthus altissima), golden crownbeard (Verbesina encelioides), 

poison hemlock, white sweetclover (Melilotus albus), and various palm species. 

Several land managers are engaged in different stages of restoration or mitigation along 

this portion of the river. Surrounding land use includes commercial and residential, recreational 

trails, parks, and golf courses. Within the riparian habitat, many homeless encampments occur. 

SAWA biologists often observe vegetation clearing, trash dumping, and inappropriate disposal of 

human excreta in this portion of the river. 

 

Norco Bluffs, I-15 to River Rd. (Monitored) 

Norco Bluffs is comprised of a 3-mile long riparian zone located along the river between 

Interstate 15 and River Road. The U.S Army Corps of Engineers (USACE) considers most of this 

area to be within the Prado Basin (566-foot elevation and below). In 2020, vireos were monitored 

in select areas within Norco Bluffs which excluded a 101-acre easement belonging to Riverside-

Corona Resource Conservation District. In comparison to areas surveyed from 2015-2018, the 

area monitored exclusively by SAWA in 2019 and 2020 (Figure 4) is the largest to date. Prior to 

2019 and 2020, the survey area changed from year-to year, thus data cannot be compared across 

all years; comparable population level data are as follows: 2015 and 2018, 2016 and 2017, and 

2019 and 2020.  
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SAWA removed arundo in the winter of 2006 and 2007 from a 15-acre area located 

immediately south of Eastvale Community Park. After reviewing the mitigation files in 2017, it 

was determined only 4.6 acres of habitat needed to be mitigated. Small patches of reestablished 

arundo were removed and subsequently treated with herbicide before nesting season. 

Additional monthly follow-up treatments have continued through 2020. Riparian vegetation 

growing beneath and alongside Interstate 15 was removed prior to the 2018 nesting season in 

preparation for the 15 Express Lanes Project; active construction occurred at the site throughout 

the 2019 and 2020 nesting season. In 2020, SAWA subcontractors cleared approximately 200-

acres of arundo using various heavy equipment type mulchers. The removal area is located one 

mile upstream of River Rd bridge. Additional monthly follow-up treatments were conducted by 

SAWA and monitored by a biologist as needed. 

Norco Bluffs is almost exclusively comprised of riparian vegetation without adjacent 

upland. Native species of willow, predominantly Goodding’s black willow, dominate much of the 

landscape, but large swaths are still heavily dominated by invasive arundo. The riparian habitat 

within the Norco Bluffs survey area can be classified as a Salix gooddingii Woodland Alliance with 

arundo as a co-dominant (Sawyer et al. 2009). Areas not dominated by mature Goodding’s black 

willow or arundo consist of early successional riparian woodland. These areas are where the river 

previously changed course and destroyed habitat, which has since regrown. Species in the more 

recently disturbed areas are composed of Goodding’s black willow, arroyo willow, Pacific willow 

(Salix lasiandra), and narrowleaf willow. 

 

Temescal Canyon (Sampled) 

Temescal Canyon is approximately 26 miles (42 km) long and is located along Interstate 

15 between Lake Elsinore and Highway 91 where it crosses into Prado Basin. Survey areas include 

Railroad Canyon, Lake Elsinore, and most of Temescal Wash. The wash extends from Lake 

Elsinore downstream to two miles upstream of the intersection of Magnolia Avenue where it 

becomes channelized and flows into Prado Basin. 

SAWA has monitored vireos in Temescal Canyon since 2001 when it began its arundo 

removal program. Temescal Wash is currently being managed for arundo regrowth and native 

vegetation has begun to reestablish. Five biologists covered the canyon over three visits in 2014, 

2015, and 2016 with the goal of documenting an accurate territory count and as much data on 

reproductive status as time allowed. A seasonal biologist was hired to cover the entirety of the 

canyon and collect the same data in 2017, 2018, 2019, and 2020 albeit over several more visits. 

The additional visits resulted in a more complete dataset than was possible in prior years. 

However, as in 2017 through 2019, SAWA was again unable to collect a complete dataset from 
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the riparian habitat within the Dos Lagos golf course due to denial of access to the area. This area 

has contained approximately 15% of vireo territories in Temescal in previous years. 

The habitat within Temescal Canyon is characterized by patchy, but dense riparian 

vegetation. Privately owned sand and gravel mines operate downstream adjacent to the creek. 

A commercial fishing lake is located near the middle section of the wash. Areas of complete 

channelization without riparian habitat occur downstream of Lake Elsinore and the most 

downstream section of the wash. Many sections of the wash are channelized by riprap and 

berms, but still allow some meandering for quality riparian habitat. The riparian zone in Railroad 

Canyon and the wash downstream of Lake Elsinore is classified as a Salix gooddingii Woodland 

Alliance (Sawyer et al. 2009). The riparian habitat surrounding Lake Elsinore is dominated by 

tamarisk. Semi-natural shrubland stands also occur with patches of sparse Goodding’s black 

willow. Although SAWA has been effectively treating arundo since 2000, tamarisk has now 

become a dominant exotic throughout the wash, especially in areas surrounding Lake Elsinore. 

 

Chino Hills (Sampled) 

The fragments of riparian habitat in Chino Hills along Highway 71 have been surveyed 

annually since 2003. A total of 13 riparian habitat patches were monitored in Chino Hills, 

including Butterfield Park, Alterra Park, Vellano Park, a flood basin at Brookwood Lane, and a 

patch of habitat at Slate Drive. Formerly considered assessment sites, habitat at Soquel Canyon 

and the Community Park at English Channel were also monitored in 2020. Most of these 

assessment sites occur on private property for which access is restricted. The riparian patches in 

Chino Hills are classified as a Salix gooddingii Woodland Alliance (Sawyer et al. 2009). 

 

Santa Ana Canyon 

 

SAC is located downstream of the Prado Dam to Weir Canyon Road, a distance of 

approximately nine miles (14 km). Due to the differences in the habitat throughout the canyon, 

it was divided into three sites: Upper Canyon, Green River Golf Club, and Featherly Regional Park. 

The Upper Canyon is located from Prado Dam downstream to the beginning of the Green River 

Golf Club. The Green River Golf Club covers approximately two miles (3.5 km) of the habitat and 

the remaining 4.4 miles (7 km) is in the County of Orange’s Featherly Regional Park. This location 

description and site history discuss the entire SAC. 

This site has undergone a variety of impacts in the past several years. The USACE Reach 9 

Bank Stabilization Project construction in SAC has been ongoing since 2005. In 2014, Phase 3 of 

the USACE stabilization project began and subsequently impacted the habitat of 10 vireo 

territories. In 2015, no USACE project work occurred during the nesting season in SAC. In 2016, 
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Phase 5a of the USACE project began adjacent to La Palma Avenue in Yorba Linda, impacting nine 

vireo territories, though habitat was only partially removed from two territories. Additional 

disturbances in SAC in 2016 included repeated vegetation removal and grove expansion by the 

orange grove lessee in Featherly Park and the on-going brine-line project activities in the Upper 

Canyon and adjacent to the Green River Golf Club. In 2017, activities in Phase 5a continued and 

Phase 5b began upstream, removing habitat from an additional 10 vireo territories; Phase 4 

began on the south side of the river upstream from Canyon RV Park, completely removing habitat 

from one vireo territory and partially impacting other territories. In 2018, activities from Phases 

5a, 5b, and 4 construction continued throughout the nesting season. The footprint of Phase 5b 

was expanded downstream to Brush Canyon, removing vegetation from another three and a half 

territories. In 2019, Phase 5b and Phase 4 ran throughout the season. Phase 5a concluded and 

mitigation was installed prior to nesting season. The Burlington Northern Santa Fe (BNSF) railroad 

bridge construction project commenced in 2018 and continued in 2020. This project located in 

Green River Golf Club removed vegetation from two territories and partially impacted two 

additional territories in 2018. No additional vegetation removal occurred in 2020. Each of these 

project phases are followed by habitat restoration upon completion. 

There is a variety of habitat types throughout SAC. Vireos typically inhabit the riparian 

zone along the river, but also use the adjacent upland habitats for nesting and foraging. The 

riparian zone is classified as a Salix gooddingii Woodland Alliance with Fremont cottonwood as a 

co-dominant. The least disturbed adjacent upland is classified as a Sambucus nigra Shrubland 

Alliance (Sawyer et al. 2009). Several areas adjacent to the riparian habitat are in various stages 

of restoration and cannot be classified at this time. Additionally, some adjacent areas are non-

native dominant, such as the Green River Golf Club and Chino Hills State Park areas. The dominant 

invasive plants in the riparian zone are poison hemlock and arundo. The dominant invasives in 

the adjacent upland zone are Russian thistle, mustard, and tocalote (Centaurea melitensis). Other 

invasive plant species in SAC include tamarisk, tree of heaven, castor bean, perennial 

pepperweed, gum tree (Eucalyptus sp.), and Peruvian pepper tree (Schinus molle). 

 

Upper Canyon (Monitored) 

Upper Canyon is located adjacent to Highway 91 within the County of Riverside, from 

downstream of Prado Dam to the northeast edge of Green River Golf Club. This site is the 

upstream portion of SAC. The Upper Canyon has undergone a barrage of habitat disturbances 

from native vegetation removal, subsequent restoration, additional vegetation removal, and a 

devastating fire in the last decade. Construction on a portion of the Santa Ana River trail began 

during the winter of 2018 and continued into April 2019. Trail construction did not occur during 

the 2020 spring/summer and it is not known when construction will resume. The trail is planned 
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to proceed through Upper Canyon and Green River Golf Club to connect to the existing Santa Ana 

River Trail located south of the golf course.  

 

Green River Golf Club (Monitored) 

The Green River Golf Club is located along the Santa Ana River in San Bernardino, 

Riverside, and Orange Counties between Upper Canyon and Featherly Regional Park. This site is 

the middle portion of SAC. 

Phase 3 of the USACE Reach 9 bank stabilization project started during the fall/winter of 

2011 with several acres of riparian habitat removed that included mature willow and cottonwood 

trees from this site. This area supported 13 vireo territories during the 2011 breeding season. 

The 2011 project phase was roughly 75% complete at the end of the 2012 nesting season with 

some replanting underway, but habitat loss and construction activities likely contributed to the 

27% decrease in territory numbers between 2011 and 2012. In 2014, no additional habitat was 

removed; however, construction continued adjacent to occupied habitat upstream of the 

railroad bridge in the beginning of the nesting season. On May 1 of that season, a vireo nest was 

found within 100 feet of construction activities that were moving toward the nest. The USACE 

and the U.S. Fish and Wildlife Service (USFWS) were both notified immediately, but work 

continued toward the nest. By the next week the nest had been abandoned with two eggs. 

Subsequently, other vireo nests were found near construction activities and work eventually 

stopped in this area for the rest of the 2014 season. Most recently, the BNSF rail bridge 

construction project, which began in 2018, continued into 2020. A total of four vireo territories 

were impacted prior to the avian nesting season in 2018. Riparian habitat for two territories was 

completely removed and habitat for two other territories was partially removed.  

Habitat restoration work that began in 2019 on Chino Hills State Parks property adjacent 

to the golf course continued in 2020. Mowing work was conducted during the April 2019 and 

2020 nesting seasons in the vicinity of vireo territories. Restoration work resumed this August 

and is anticipated to continue through the fall/winter. 

Preparations to replace a golf cart bridge spanning Aliso Creek began before the 2020 

nesting season. The project footprint was delineated with snow fencing and graded. Historically, 

there has been one vireo territory located along Aliso Creek; however, two new territories 

established within 100 feet of the project this season. No work in the area occurred until mid-

June, when dump trucks and other earth moving equipment mobilized to restart work in the 

area. The two closest vireo territories had just fledged and fledglings were foraging with adults 

in vegetation along the construction access roads. Due to the close proximity to the active 

territories and noise concerns, the project was paused and is anticipated to resume in the fall.  
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Featherly Regional Park (Monitored) 

Featherly Regional Park is located along the Santa Ana River, between the west end of the 

Green River Golf Club and the bridge on Yorba Linda Blvd. and Weir Canyon Rd. in the County of 

Orange. This site is the downstream portion of SAC. 

The Santa Ana River Trail and Parkway runs adjacent to the park. Public access is 

restricted; however, no fencing is in place to deter entry into the riparian habitat. Phase 4 of the 

USACE Santa Ana River Mainstem (SARM) Reach 9 reinforcement project began in 2014. Riparian 

habitat containing three vireo territories was removed on both sides of the river, upstream from 

the Canyon RV Park. This phase has since been completed and the habitat is being restored. In 

2016, Phase 5a began on the north side of the river along La Palma Road, downstream of the 

Riverbend Car Wash. Vegetation removal partially impacted five vireo territories. In 2017, 

activities in Phase 5a continued and Phase 5b began upstream, removing habitat from an 

additional 10 vireo territories. Concurrently, Phase 4 construction expanded on the south side of 

the river upstream of Canyon RV Park, completely removing habitat from one vireo territory and 

partially impacting other vireo territories. In 2018, activities from Phases 5a, 5b, and 4 ran 

concurrently throughout the nesting season. The footprint of Phase 5b was expanded 

downstream to Brush Canyon in 2019, removing vegetation from another three and a half 

territories. In 2019, Phase 5a was completed and restoration began before the breeding season. 

Phase 4 construction was completed in early 2020 and restoration was in progress during the 

nesting season. Construction activities in Phase 5b continued throughout the 2020 nesting 

season. 

 

Vireo Monitoring  
 

SAWA’s vireo management includes habitat restoration, biological monitoring, and 

cowbird control. The primary purpose of surveys at monitored sites was to locate all vireos and 

SWFL to determine accurate territory numbers, breeding status, and to enhance breeding output 

through management. Not all territories were monitored sufficiently to determine pairing 

success. Potential habitats were carefully traversed along the edges and open trails. The 

vegetation communities in areas of detection, including dominant native and exotic vegetation 

species, were documented. All vireos encountered were noted as to location, behavior, and 

reproductive status on each visit. GPS coordinates were taken in the approximate center of the 

territory, if known. Each point denotes a territory, not just a sighting. Coordinates were not 

typically taken at nest locations. Territory size range was estimated at monitored sites. Attributes 

were associated with each vireo territory location and are as follows: unique ID, notes, survey 

location, surveyor name, agency, category (monitored/sampled/incidental), breeding status, GPS 
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location, fledged (yes/no/unknown), number fledged, and parasitism (yes/no/unknown). A 

complete attribute table with detailed metadata is included in the shapefiles submitted to the 

USACE, CDFW, SBVMWD, and USFWS. Banded vireos are reported annually to the original 

bander, Barbara Kus of the U. S. Geological Survey (USGS) and the appropriate agencies. No 

playback of vireo vocalizations was used during surveys. Field data were collected using an iPhone 

with ESRI’s ArcGIS Collector and Survey 123 applications. Field biologists worked under the 

direction of the Principal Field Investigator and all surveys and nest visitations were performed 

under, and in compliance with, all terms and conditions of Federal Endangered Species Permit 

#TE-839480-5.5 and a Memorandum of Understanding with the CDFW.  

Surveys were conducted five days per week throughout the nesting season (March 

through July). Occasional visits to determine continued vireo presence occurred through August 

and September. Biologists watched for nesting behavior from a distance and did not approach 

nests during the nest-building stage. Subsequent nest visits were conducted from a greater 

distance with binoculars if possible. Otherwise, a telescopic mirror was used to observe nest 

contents. Extreme care was used to avoid leaving a trail to or scent near the nest. Nest searching 

or visitation was avoided if excessive scolding by an adult occurred or if predators were observed 

nearby (e.g. jays, crows, etc.). Nest monitoring was avoided if there was a chance of inducing 

premature fledging of nestlings, if approaching the nest would result in habitat destruction or 

trailing, and during extreme climatic factors that could cause disturbance to nesting birds. Nest 

visitation dates and times were variable depending on a pair’s reproductive stage. Nests were 

visited once every seven to eight days during incubation to check for cowbird eggs. If found, 

cowbird eggs and nestlings were removed from nests (“manipulated”). If a parasitized nest had 

fewer than three remaining vireo eggs, a non-viable vireo egg was used to replace the cowbird 

egg. Beginning 2019, nests that were predated before it could be determined if they had been 

parasitized (seven days after incubation began) were excluded from parasitism rate calculations 

(Pike et al., 1999; Sharp & Kus, 2006).  

Survey techniques and data analyses follow Pike et al. (1999). The following monitoring 

definitions, with some modifications, were taken from Pike et al. (2005): 

 

Survey: any visit to a site(s) for the purpose of collecting data regardless of the 

duration or distance traveled. The term survey is used synonymously with visit. 

Incidental: any species detection documented while conducting an unrelated survey. 

Adult: an after hatch year bird; Male: a singing individual; Female: a non-singing 

individual accompanied by a male. 

Breeding pair: only pairs for which nests were located, who were observed nest 

building or exhibiting other reproductive behavior, or were observed with at least one 

fledgling. 
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Well-monitored pair: visited frequently enough to observe and document all 

successful nesting attempts and accurately quantify number of young fledged from 

pair. Unsuccessful nests may or may not be found. Pairs that are known not to have 

fledged young may also be considered well-monitored. 

Nesting attempt: any attempt by a pair to build a nest. Includes carrying nesting 

material though never finding nest. 

Complete nest: a nest built by a pair and capable of receiving young. 

Well-tracked nest: a complete nest observed with vireo egg(s) and/or nestling(s), and 

if successful, nestling(s) were observed at ≥ 8 days old. 

Successful nest: a nest that fledged at least one known young. 

Successful pair: a pair that produced at least one successful nest. 

Failed nest: a nest that had egg(s) or nestling(s) but did not fledge young. 

Presumed failure (nest): a complete nest in which no egg(s) or eggshell(s) were 

observed; no powder from pin feathers seen in nest; adults seen without fledgling(s). 

Presumed successful (nest): a well-tracked nest with powder from pin feathers seen 

in the nest, or adults observed with fledgling(s). 

Presumed predation: the loss of all eggs or nestlings in a nest. 

Cowbird parasitism: classified as such only if a cowbird egg(s), eggshell(s), or nestling 

were found in, or below, the affected well-tracked nest. 

Reproductive failure: classified as such when loss due to known reasons other than 

predation or parasitism (e.g. abandonment, etc.). 

Unknown failure: classified as such when the cause of failure of nest could not be 

determined. 

Manipulated nest: cowbird egg(s) or nestling(s) removed from nest. 

Known fledged young: a fledgling seen out of the nest; nestlings from well-tracked 

nests, presumed fledged. 

Juvenile: a fledgling that has been out of the nest over 14 days. 

Reproductive success: the average number of fledglings produced by well-monitored 

pairs. 

 

Migrant Willow Flycatchers were documented in conjunction with visual and auditory 

searches for vireos. If a Willow Flycatcher was incidentally observed, the biologist checked the 

location weekly to determine if the individual(s) remained throughout the season. Willow 

Flycatchers are deemed migrants if they fail to remain on-site through June. In addition to vireo 

data, special attention was paid to other sensitive species found on-site, which were reported to 

the appropriate agencies. A complete list of wildlife species detected on-site is provided with 
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sensitive species noted. GPS points were taken for all listed species and cowbirds detected in 

vireo habitat. 

 

Brown-headed Cowbird Trapping 
 

In 2020, 44 traps were deployed. Thirty-six traps were deployed in or near vireo habitat 

and the remaining eight were deployed at dairy farms (Figure 5). The USACE and the USFWS 

funded 27 habitat traps and eight dairy traps. The SAWA/IERCD Reach 3B project funded four 

traps and the San Bernardino County Transportation Authority funded two traps in San Timoteo 

Canyon. One trap in Yorba Linda (Cielo Vista) was funded by the North County BRS Project, LLC. 

The remaining two traps, located at the Meridian Conservation Area, were contracted by the 

Rivers and Lands Conservancy. Thirty-eight traps were opened by March 19. All traps were closed 

by July 31. 

Traps are designed after Australian crow traps. The trap is a cubic wood frame covered in 

wire mesh and fitted with cloth to provide shade for the birds. Ideal trap locations are in 

accessible open areas near riparian habitat or near cowbird feeding areas such as stables and 

dairies. Most traps are placed in areas inaccessible to the general public to protect the trap from 

vandalism. Traps were kept free from weeds and vegetation and labeled with signs identifying 

the purpose of the trap as well as SAWA contact information. Consequences for tampering with 

the trap, according to the Migratory Bird Treaty Act, were also specified on these signs. 

Trapping procedures adhered to the “Santa Ana Watershed Association and Orange 

County Water District Cowbird Trapping Protocol” (Tenant et al., 2008). Each trap contained a 

food bowl, one-gallon water dispenser, a large paint tray for use as a bath, and perches. Cowbirds 

were fed with a basic millet seed mixture. Field assistants were hired and trained by SAWA 

biologists to perform daily maintenance, safely handle birds, and properly identify and release 

non-target species. Non-target native species were released as soon as possible to minimize 

stress. Due to permit conditions, dated August 8, 2014, SAWA is required to dispatch all European 

Starlings (Sturnus vulgaris) and House Sparrows (Passer domesticus) caught in the traps. Since 

starlings require a different type of food and do not survive well in the traps, this permit condition 

required additional resources in supplies, time, and effort. Due to these extenuating 

circumstances, some of these non-native species were released to avoid unnecessary distress to 

the birds.  

Field assistants recorded non-target species, number of cowbirds in the trap (males, 

females, and juveniles), and number of cowbirds removed. Hatch-year birds were considered 

“juveniles” even as their adult plumage developed. Traps were inspected daily for structural 

integrity. Assistants were in constant contact with their supervising biologist for quick resolution 

of any problems. 
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Traps were baited with male and female cowbirds that were captured over the fall and 

winter. The typical ratios used were two males to three females for the smaller-sized habitat 

traps and three males to four females for larger habitat traps. Large traps placed on dairies were 

typically baited with five males to nine females. The flight feathers on each cowbird were 

trimmed so that if a cowbird escaped, it may return to the trap or at least be unlikely to resume 

reproducing. A lock was placed on each trap to prevent unauthorized access. Removed cowbirds, 

starlings, and House Sparrows were transferred to a licensed falconer for dispatch or temporarily 

housed in a holding pen until the falconer could collect the birds. Holding pens contained extra 

food and water containers and were closed to entry by additional birds. If applicable, banded 

cowbirds were reported to the U.S. Bird Banding Laboratory, but only banded males were 

released. At the end of July, birds, food, and water were removed from all traps. Trap entry was 

closed and the door locked open to prevent unintended captures. SAWA removed traps from the 

field after they had been closed.

 

RESULTS 
 
Vireo Abundance 
 

In 2020, SAWA documented a total of 1,574 vireo territories, including 827 known pairs 

and 1,291 known fledglings at all monitored, sampled, and incidental sites. This represents a 16% 

increase in territories from 2019 (n=1,361). OCWD reported 719 territories in Prado Basin in 2020 

(preliminary data; Bonnie Johnson, personal communication) for a total of 2,293 vireo territories 

watershed-wide, the highest number since monitoring began (Table 1). Watershed-wide 

abundance data over time can be found in Appendix B-1 and by site in Appendix C-1.  

In 2020, monitoring efforts at most sites were similar to 2019; notable exceptions were 

San Jacinto, Hidden Valley – North, SAR – Upstream, Riverside Ave to Van Buren Blvd., including 

Evans Lake Drain, Anza/Old Ranch Creek, and Lower Hole Creek restoration areas where 

numerous homeless encampments and concerns about COVID-19 hampered observer visits. The 

decrease in territory numbers detected in SAR-Upstream, Riverside Ave. to Van Buren Blvd. are 

expected to be a result of access issues, not a true decrease in territories in this area. Additionally, 

several assessment areas were not surveyed due to COVID-19 safety concerns and park closures. 

Most monitored sites that had similar effort in 2019 were found to have increased territory 

numbers ranging from 5% to as high as 32%. Notably, the number of documented territories in 

San Jacinto increased 71% from 2019 (n=63) to 108 territories in 2020. Hidden Valley – North 

increased 21%, from 78 territories in 2019 to 94 territories in 2020 (Table 1). These two site 

increases are partially due to an increase in monitoring effort this year (see Results and Discussion 
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by Site). A total of 4,097.5 SAWA biologist hours were spent monitoring and surveying for vireos 

in 2020. 

 

 Chronology of Breeding Activity 

 

Surveys at monitored sites began between March 11 and April 2. Surveys ended between 

September 8 and September 17. Sampled sites Chino Hills and Temescal are not included in these 

date ranges. The first vireo was detected on March 16 at Featherly Regional Park. The estimated 

earliest date for the arrival of 50% of vireo males was on April 1 at Goose Creek, Norco to I-15. 

The estimated earliest date for 50% of males paired was April 9 at Goose Creek, Norco to I-15. 

The first nests were found on March 31 at San Timoteo Canyon, Hidden Valley – South, and Goose 

Creek, Norco to I-15. The first date a nest fledged was May 4 at Norco Bluffs; the last date a nest 

fledged was July 26 at Mockingbird Canyon. The last date vireos were detected was September 

16 at Meridian Conservation Area and Mockingbird Canyon (Table 2). 

 

Reproductive Success 
 

Reproductive success, as measured by productivity of well-monitored pairs, was 2.8 

watershed-wide in 2020. This rate represents a substantial decrease from 3.8 in 2019. Nest 

success was 53% (n=454), a decrease from 62% (n=364) in 2019 (Appendix B-1). Average clutch 

size was 3.6 based on 402 complete clutches (Table 3). See Appendix C-1 for individual site data 

over time. Metrics specific to San Bernardino Valley Municipal Water District restoration sites 

can be found in Table 3B. 

 

Nesting Site Preferences 

 

Nesting site preferences followed parameters previously documented in Pike et al. 

(1999). Nests were found mostly in riparian vegetation, near water, along dirt trails or roads, and 

on edges of riparian habitat. Mulefat (20%), arroyo willow (19%), and Fremont cottonwood (9%) 

were the primary plant species used for nest placement by vireos in 2020 (n=519). Three other 

abundantly used species of willow were narrowleaf willow (8%), Goodding’s black willow (7%), 

and red willow (7%). Blue elderberry (Sambucus nigra ssp. caerulea) and desert wild grape (Vitis 

girdiana) held another 6% and 4%, respectively. Thirty-five nests (7%) were placed in non-native 

vegetation. A complete list of plant species utilized by nesting vireo in 2020 can be found in Table 

4. Historical nest site preference data can be found in Appendix C-2. Other vegetation used by 

vireos in the watershed in 2020 include coyote brush, laurel sumac (Malosma laurina), tamarisk, 
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black mustard (Brassica nigra), and poison hemlock (Appendix B-2). This suggests that vireos will 

use a variety of vegetation for nesting in otherwise suitable riparian or adjacent habitat. The use 

of non-traditional riparian vegetation for nesting by vireos supports the need for careful 

monitoring of all plants during the nesting season. 

 

Predation Rates 

 
Nests are assumed predated if all eggs or unfledged young were destroyed or removed. 

In 2020, the watershed-wide predation rate for well-tracked nests was 36% (n=454), an increase 

from 29% (n=364) in 2019 (Table 3; Appendix B-1). Predation rates varied at each site and can be 

found in individual site results. At sites with five or more well-tracked nests, predation rates 

varied between 0% and 53% (Table 3). Historically, nest loss due to predation is 33% (n=3,703) 

watershed-wide (Appendix B-1). Nest losses are typically due to unknown predators. Multiple 

vireo pairs were observed scolding or chasing California Scrub-jays (Aphelocoma californica) at 

several sites. Other suspected nest predators include American Crow (Corvus brachyrhynchos), 

Common Raven (Corvus corax), long-tailed weasel (Mustela frenata), raccoon (Procyon lotor), 

gray fox (Urocyon cinereoargenteus), and various snake species. On one occasion at Mockingbird 

Canyon, a vireo heavily scolded a gray fox early in the breeding season. In both Featherly Park 

and Meridian Conservation Area, vireos were observed scolding gopher snakes in their respective 

territories. These predator species occur at most sites throughout the watershed.  

Feral pigs (Sus scrofa) are another potential predator. This species occurs in high numbers 

in San Timoteo Canyon and the upstream portion of the Santa Ana River. Feral pigs are extremely 

disruptive to habitat by creating wallows, possibly trampling or knocking over nests, and eating 

a wide range of vegetation and animals. 

 

Brown-headed Cowbird Parasitism 
 

In 2020, 8% (n=386) of well-tracked nests were parasitized by cowbirds, down from 10% 

in 2019 (n=316; Appendix B-1). Parasitism was documented in San Jacinto, Mockingbird Canyon, 

Hidden Valley South, Goose Creek, and Green River Golf Club (Table 3). The watershed-wide 

parasitism rate has ranged from 3% to 10% in the last five years; however, failure of well-tracked 

nests due to parasitism has ranged from 1% to 4% during that time. The criterion for judging nest 

failure of well-tracked nests due to parasitism is the loss or abandonment of vireo eggs in the 

presence of a cowbird egg or nestling. The low parasitism rates over the last five years are likely 

attributed to SAWA’s extensive cowbird trapping program. Nest “manipulations”, the removal of 

cowbird eggs and nestlings by SAWA biologists, account for the even lower rate of nest failure 
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due to parasitism as almost all unmanipulated parasitized vireo nests fail. Since SAWA began nest 

monitoring in 2000, 277 nests have been manipulated and 122 of these nests successfully fledged 

263 vireos (Appendix B-1). 

 

Repaired Vireo Nests 

Sixteen nests were repaired in 2020, 10 of which were ultimately successful and fledged 

27 young. Since SAWA began monitoring vireos in the watershed, 63 nests have been repaired 

and 116 young have fledged from those nests (Appendix B-1). 

Results and Discussion by Site 

San Jacinto (Monitored) 

In 2020, 108 territories were detected at San Jacinto, a 71% increase from 63 territories 

detected in 2019. This increase can partly be attributed to a section of habitat between 

Sanderson Ave. and State St. which was monitored in 2020 and previous years, but not monitored 

in 2019. This section contained 11 territories. Of the 108 territories in San Jacinto, 25 were in the 

San Jacinto Wildlife Area, 24 were in the river from Bridge St. to Sanderson Ave., 11 were in the 

river from Sanderson Ave. to State St., and 48 were in the river from State St. to Lake Park Dr. 

Eighty-three males were determined to be paired, though not all territories were monitored 

sufficiently to determine pairing success. One hundred forty-five fledglings were detected across 

all pairs in 2020, 77 of which fledged from 29 well-monitored pairs, resulting in an average of 2.7 

fledglings produced per well-monitored pair. The average number of fledglings produced per 

well-monitored pair has ranged from 1.2 in 2016 (n=5) to 5.0 in 2019 (n=7; Appendix C-1-A). 

Nest monitoring has occurred at San Jacinto at varying intensities since 2004. Sixty-nine 

nests were found in 2020, 56 of which were well-tracked. In 2020, apparent nest success was 

63% (n=56), which is lower than in 2019 (69%; n=35). Predation was the most common cause of 

nest failure, accounting for 15 (27%) nests in 2020. The cause of two (4%) nest failures was 

unknown. Although seven (14%; n=49) nests were parasitized by cowbirds, just two (4%; n=56) 

failed due to parasitism. Predation (31%; n=234) has been the leading cause of failure every year 

nests were monitored (Appendix C-1-A). 

Six of the seven parasitized nests were manipulated; one nest was found after cowbird 

hatching and vireo egg failure. Two of the six (33%) manipulated nests were successful. Parasitism 

was down from a high of 75% (n=8) in 2016 and down from 26% (n=19) in 2019. In addition to 

the parasitized vireo nests, cowbirds were observed in the habitat throughout the breeding 

season. Cowbird trapping has occurred in San Jacinto since 2003 (excluding 2015) and a total of 
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28,134 cowbirds have been removed during the breeding season over 14,078 trap days, mostly 

from local dairies (Appendix C-1-A).  

Narrowleaf willow (32%) and mulefat (25%) were most frequently used for nest 

placement in 2020. Nests were placed in invasive substrates at the following frequencies: one in 

black mustard (1%) and five in tamarisk (7%; n=69). The remaining nests were located in various 

native substrates (Table 4). A total of 541.5 biologist hours were spent monitoring vireos at the 

San Jacinto site in 2020. 

Current threats to the riparian habitat in San Jacinto primarily involve human 

encroachment, including the use of OHVs in the riverbed and trash dumping. In the San Jacinto 

River, approximately 1.5 miles upstream from State St., numerous homeless camps have been 

established, which have resulted in refuse in the habitat and vegetation clearing. Rains in 

February 2019 scoured the riverbed; however, the vegetation recovered well. Many of the 

previously standing dead trees, suspected to be a result of drought conditions, were washed 

downstream. 

Several proposed commercial, residential, and infrastructure projects may potentially 

impact the San Jacinto River and areas adjacent the San Jacinto Wildlife Area. The indirect 

impacts associated with the construction and future use of a 40-million-square-foot World 

Logistics Center (Esquivel, 2015; Patch CA, 2016), the San Jacinto Gateway (Albert A. Webb and 

Associates, 2015), and 11,350 residential units (The Villages of Lakeview, 2017) remain to be 

seen.  

 

San Timoteo Canyon (Monitored) 

 

In 2020, 139 vireo territories were documented in San Timoteo Canyon, up 12% from the 

124 documented in 2019 (Table 1). The population in the canyon is still below what it was before 

the Palmer fire that occurred in September 2017 that destroyed dozens of acres of riparian 

habitat in San Timoteo Creek; many historical territories in the burn areas have not been 

documented since. However, the population in San Timoteo has experienced a greater than 30-

fold increase in 20 years. This increase can be attributed to the removal of invasive species and 

subsequent restoration of native vegetation, nest monitoring, and cowbird management. 

One hundred five pairs and 207 fledglings were detected in 2020, though not all territories 

were monitored sufficiently to determine pairing success. Nesting success was 52%, higher than 

the 44% documented in 2019 (Appendix C-1-B). Nesting success is 55% over 20 years of 

monitoring (n=1,187). Fifty-eight well-monitored pairs had a 3.0 reproductive success rate in 

2020, down from 3.2 in 2019. Overall reproductive success based on productivity of well-

monitored pairs in the last 20 years is 3.0 (n=623). Nest losses in 2020 were primarily due to 



LBVI AND SWFL REPORT 2020 
SANTA ANA WATERSHED ASSOCIATION  RESULTS 
 

 21 

predation, accounting for 34% of total nest outcomes. Predation (36%) has been the major cause 

of nest loss in the last 20 years (n=1,187; Appendix C-1-B).  

Arroyo willow (32%) and red willow (21%) were the most frequently used substrates for 

nest placement in 2020 (n=104). Four (4%) nests were placed in non-native vegetation in 2020; 

the remaining nests were built in various native substrates (Table 4). Arroyo willow (24%), 

mulefat (24%), and red willow (17%) have been the primary plant species used for nest placement 

in San Timoteo since 2001. Only 21 nests found from 2001-2020 have been placed in non-native 

vegetation (n=1,302; Appendix C-2-B). 

Brown-headed cowbird trapping has occurred in San Timoteo Canyon since 2001 and a 

total of 2,867 cowbirds have been removed during this time. In 2020, no well-tracked nests were 

found to have been parasitized by cowbirds. In 2019, 12 nests (15%; n=80) were parasitized by 

cowbirds and subsequently seven nests (8%; n=90) failed as a result. However, in 2019 cowbird 

traps were not placed in the area in which the majority of parasitism occurred. In 2020, two traps 

were deployed in the vicinity of where most parasitism was documented in 2019 and cowbirds 

were removed from the habitat. The 2019 parasitism rate remains a marked decrease from a 

high of 75% (n=4) in 2001. Although parasitism by cowbirds still occurs at a rate of 11% (n=1,163), 

over 20 years only 3% (n=1,187) of nests have failed due to parasitism (Appendix C-1-B; Appendix 

D). A total of 517.25 biologist hours were spent monitoring vireos at the San Timoteo site in 2020. 

Although the riparian area is protected under existing laws, residential and utility 

development continues in San Timoteo Canyon. Current threats to the riparian habitat include 

removal of vegetation by landowners, human encroachment (e.g. all-terrain vehicle activity), fire, 

and cattle grazing. Feral pigs continue to disturb the habitat throughout the canyon. 

 
Meridian Conservation Area (Monitored) 

In 2020, 14 territories were detected in the Meridian Conservation Area, consistent with 

the 14 territories detected in 2019. Over the past 10 years, territory numbers on the site have 

ranged from a low of six territories in 2007 to a high of 21 territories in 2014 (Appendix D). Nine 

pairs and 24 fledglings were also documented in 2020. Reproductive success was very high at 3.7; 

however, only six pairs were well-monitored. Eight nests were discovered, seven (88%) of which 

were successful. The remaining nest was unsuccessful due to reproductive failure (Table 3). In 

2020, nests were primarily placed in arroyo willow (63%). Since SAWA began monitoring in 2004, 

39 nests have been primarily placed in arroyo willow (36%), Gooding’s black willow (28%), and 

red willow (26%; Appendix C-2-C).  

Two traps were deployed in 2020 that captured 10 cowbirds over 238 trap days. Cowbird 

trapping has occurred at this site since 2004 and a total of 258 cowbirds have been removed 

during this time. No parasitism has been documented in the Meridian Conservation Area since 
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monitoring and trapping began (Appendix C-1-C). A total of 106.75 biologist hours were spent 

monitoring vireos at the Meridian site in 2020. 

Although the Meridian Conservation Area is protected from development at this time, 

development currently occurring in the adjacent upland habitat may severely limit foraging 

opportunities for vireos and other native birds. Other current threats to the habitat are human 

encroachment from recreational activities including OHV use, biking, jogging, and littering. 

 

Mockingbird Canyon (Monitored) 

In 2020, 45 vireo territories, 17 pairs, and 26 fledglings were detected in Mockingbird 

Canyon (Table 1). The number of territories slightly increased from 43 territories in 2019. 

Measures of reproductive success have varied over the years, due in part to differential 

monitoring efforts. Reproductive success was 2.2 in 2020; however, only nine pairs were well-

monitored. This is slightly below the site average reproductive success of 2.9. In 2020, nest 

success was 35% (n=17), lower than the overall site nesting success of 51% (n=186). Nest failures 

were due to predation, reproductive failure, and unknown causes, accounting for 53%, 6%, and 

6% of total nest outcomes, respectively (Appendix C-1-D). Since nest monitoring began in 2003, 

nest placement has primarily occurred in red willow (28%), blue elderberry (17%), and 

Goodding’s black willow (16%; Appendix C-2-D). In 2020, nest placement also primarily occurred 

in red willow (22%). However, a large percentage of nests were also placed in arroyo willow (17%) 

and coyote brush (17%; Table 4).  

In 2020, one instance of parasitism was documented. The cowbird egg was removed; 

however, the nest was later depredated. Beginning in 2003, an intensive cowbird management 

program was initiated in Mockingbird Canyon. In this same year, 62% of nests (n=13) were 

parasitized, the highest recorded in all survey years (Appendix D). The parasitism rate decreased 

sharply after the trapping program began and parasitism has only occurred episodically over 

subsequent years (n=184). Since 2003, a total of 2,265 cowbirds have been removed from 

Mockingbird Canyon (Appendix C-1-D). A total of 172.5 biologist hours were spent monitoring 

vireos at the Mockingbird Canyon site in 2020. 

 There are a multitude of threats to the vireo habitat in Mockingbird Canyon. Despite 

SAWA’s efforts within its conservation easement, important habitat was bulldozed and destroyed 

in adjacent areas to both the west and east in 2016 and 2017. In the Mariposa Avenue area, 

homes are under construction, creating noise disturbance to the nesting birds and infringing 

upon riparian strips in the area. During the 2020 nesting season, much of the vegetation that had 

previously shown signs of heat and drought stress had died. In some areas, including the SAWA 

easement, large trees have died, resulting in a lack of canopy. In other areas, especially in the 

Mockingbird Canyon Archaeological Site on Harley John Road, dead understory vegetation has 
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been scoured, resulting in a lack of preferred vireo nesting habitat. Immediately southeast of the 

Mockingbird Reservoir, much of the riparian vegetation has died and upland invasive species 

have become established. Many of these areas were unoccupied by vireos in the 2020 nesting 

season and vireos were found in smaller, healthier patches of riparian vegetation. In addition to 

these threats, Mockingbird Canyon has extensive OHV use, trash dumping, hiking, dog-walking, 

and equestrian use along the narrow strips of riparian habitat. The area is also highly impacted 

by invasive species encroachment.  

 
Santa Ana River (SAR) – Upstream 

In 2020, 488 vireo territories were documented in the upstream portion of the Santa Ana 

River (Table 3B). There were likely additional undocumented territories in two sections (Evans 

Lake Drain and Anza/Old Ranch Creeks) that were not surveyed due to the high density of 

homeless camps and concerns associated with the COVID-19 outbreak. Despite a smaller survey 

area in 2020 compared to 2019, there was a 2% increase from the 477 territories documented in 

2019 (Table 1). Vireo abundance has increased throughout the upstream section since 

monitoring began in 2000 and may be attributed to increased monitoring efforts, addition of new 

survey areas in some years, removal of invasive vegetation, mowing in the Riverside Flood 

Control channel upstream, and cowbird management (Appendix D). Two hundred seventy-six 

pairs and 431 fledglings were also documented. In 2020, apparent nest success was 50% (n=146), 

lower than the 61% in 2019 (n=119; Zembal et al., 2019). The most common cause of nest failure 

in 2020 was predation (40%; n=146). The parasitism rate was 16% (n=116; Table 3B). Six cowbird 

traps were located in this section of the river and a total of 39 cowbirds were removed over 492 

trap days (Table 3). A total of 1,160.75 biologist hours were spend monitoring vireos at the SAR-

Upstream site in 2020. 

 

SAR - Riverside Ave. to Van Buren Blvd.  

Historically, SAR – Riverside Ave to Van Buren Blvd. has been analyzed as one site. Because 

of two new restoration projects, SAR – Riverside Ave to Van Buren Blvd. has been split into three 

sections: Non-Restoration, Evans Lake Drain, and Anza/Old Ranch Creeks. However, to keep 

consistency with prior years, results are reported herein for SAR – Riverside Ave. to Van Buren 

Blvd. overall, in addition to the three sub-sections. 

 

SAR - Riverside Ave. to Van Buren Blvd. Overall 

 

In 2020, 128 territories were detected at SAR – Riverside Ave. to Van Buren Blvd., a 23% 

decrease from 166 territories detected in 2019 (Table 1). The decrease in territories can be 
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attributed to parts of the site not being covered due to the large number of homeless camps and 

safety concerns regarding the COVID-19 pandemic. Fifty-four males were known to be paired; 

none of which were well-monitored. Fifty-five fledglings were observed. Eighteen nests were 

found, three of which were well-tracked. The three nests failed due to predation. No BHCO eggs 

or chicks were observed at any of the nests found and no vireos were seen feeding cowbird 

fledglings. Information specific to each sub-section can be found in the following sections and 

Table 3B. 

The COVID-19 pandemic had a substantial impact on survey activities in SAR. Due to safety 

concerns, biologists avoided areas with dense concentrations of encampments. Areas that were 

still surveyable became, in several cases, difficult to access due to the shutdown of public parks. 

Because of these closures, biologists had to park farther away and spend more time in their effort 

to access the river. Even with the closures and shutdown, large numbers of people continued to 

recreate in and near the river.  

One hundred sixty-five homeless camps, compounds, and related sites were documented 

in this stretch of the Santa Ana River in 2020. This is likely an underestimate of the actual number 

of camps, as there were areas unsafe for biologists to traverse, which precluded documenting 

potential camps in those areas. In addition, each documented camp hosts an unknown number 

of individuals and it is likely that some camps are inhabited by multiple individuals. Some camps 

were compounds with multiple tents, structures, and vehicles. Observations related to the camps 

include clearing of understory, damage to and removal of large trees, compaction of dirt, 

unleashed dogs, free-roaming cats, chicken coops, chain-link and wooden structures, solar 

panels, generators, large scale latrines, small landfills, and various types of vehicles in the habitat. 

Along the mainstem, alteration of the levee was observed, with trails and stairs cut into the levee 

leading to trails and camps in the habitat. Within the habitat near the river at the end of 

Wilderness Ave., campers have created ‘roads’ using thousands of square feet of carpet and 

plywood. Brush fires occur regularly in and near the river bottom, with Sunnyslope burning after 

the 2019 field season and encampments near the Van Buren Bridge and General Road catching 

fire during the 2020 field season. The most notable of these fires, the 46 Fire, occurred October 

31, 2019 near Sunnyslope, burning over 300 acres. Besides directly damaging the habitat, the fire 

made access into some areas easier via cleared vegetation during the fire fight and new homeless 

camps quickly appeared in those places. Further disturbance within the river bottom has been 

created via police activity related to the encampments, including officers on foot, officers driving 

OHVs through the river bottom, and low flying helicopters broadcasting announcements. While 

homeless camps have been an issue at this site for several years, the level of homeless inundation 

observed could be becoming detrimental to the habitat and vireos. 

Recreational use and human encroachment continue to be threats to the habitat. 

Recreational activity was noted in the area near the end of Wilderness Avenue and at Sunnyslope, 
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where food trash, alcohol containers, and latrines were found. Similar disturbance has been 

noted near the Van Buren Bridge. Garbage in general, including clothing, tires, tents, syringes, 

and furniture, is abundant in large portions of the survey area, especially early in the spring after 

winter flooding. This garbage likely originates from multiple sources, including homeless camps, 

dumping, and improperly secured trash receptacles. Along the mainstem, multiple discarded 

vehicles, including sedans and pickups, were noted.  

 

SAR - Riverside Ave. to Van Buren Blvd. Non-Restoration (Sampled) 

 

In 2020, 123 vireo territories were documented along the Santa Ana River from Riverside 

Avenue to Van Buren Boulevard in the Non-Restoration section. This site was a sampled site in 

2020, without focused nest searching or monitoring. Seventeen nests were found incidentally, 

three of which were well-tracked. The three nests failed due to predation. Fifty-two pairs and 52 

fledglings were detected in 2020 (Table 3B). While efforts were made to count all territories and 

pairs in this section, the dangers in some parts of this site (e.g. homeless camps, marijuana grows, 

off-leash dogs, and open drug use) limit the number of areas that can be safely monitored. 

Prior to the start of the 2014, 2016, and 2018 nesting seasons, Riverside County Flood 

Control conducted routine mowing of vegetation from Riverside Ave. to Mission Blvd. While 

there was a decline in vireo territories detected in the immediate area of mowing those years, 

the overall survey site did not see a significant decrease in territories, suggesting the vireos 

shifted to new areas downstream. In the years following mowing, monitoring efforts showed an 

increase in vireo territories. This suggests as the vireos move into different areas of the site 

immediately following mowing, the offspring, or possibly the breeding birds themselves, return 

to those newly inhabited territories, thus expanding the extent of occupied habitat. The 

exception was 2018, where there was a slight increase (6%) in vireo territories immediately 

following mowing (Table 1; Zembal et al., 2018). Research suggests vireos show strong natal-site 

fidelity, as well as strong site fidelity between breeding seasons (Greaves, 1990; Smith, 2000). 

The occupancy and distribution observed at this site appears to support these conclusions. 

Brown-headed Cowbird trapping at this site has occurred on public land, private business, 

and residential properties since 2002 and 847 cowbirds have been removed during this time 

(Appendix C-1-E). In 2020, seven cowbirds were observed within the survey area. 

 

SAR - Riverside Ave. to Van Buren Blvd. Evans Lake Drain (Incidental) 

 

Evans Lake Drain was not formally surveyed in 2020 due to concerns associated with the 

high density of homeless encampments at this site and the COVID-19 outbreak. While traversing 
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the perimeter of the site during the course of other fieldwork, one territory was incidentally 

detected. No female or fledglings were detected (Table 3B). 

 

SAR - Riverside Ave. to Van Buren Blvd. Anza/Old Ranch Creeks (Incidental) 

 

Anza/Old Ranch Creeks was not formally surveyed in 2020 due to the high density of 

homeless encampments at this site and concerns associated with the COVID-19 outbreak. While 

traversing the perimeter of the site during the course of other fieldwork, four territories, two 

pairs, and three fledglings were incidentally detected. Neither pair was well-monitored. One nest 

was incidentally found, but it was not well-tracked (Table 3B). 

 

SAR – Lower Hole Creek (Sampled) 

Two territories were detected in 2020 whereas three were detected in 2019 (Table 1). 

One male was determined to be paired and one fledgling was detected (Table 3B). A portion of 

Lower Hole Creek was cleared of vegetation sometime during the fall or winter prior to the 2020 

breeding season and could be associated with the decrease in territories. Although potential 

effects have not been quantified, homeless encampments and trash dumping may threaten 

habitat quality at Lower Hole Creek. Approximately nine encampments were documented over 

the course of the 2020 season and people frequently come to this location to illegally dump 

refuse. 

 

SAR - Hidden Valley – North (Sampled) 

 

Ninety-four territories were detected in 2020, a 21% increase from 78 territories detected 

in 2019. Sixty-one males were determined to be paired, though some territories were not 

monitored sufficiently to determine pairing success. Though no pairs were well-monitored in 

2020, 74 fledglings were detected. Nest monitoring occurred at Hidden Valley – North in 2010, 

2014, and 2016-2018, but did not occur in 2020. The average number of fledglings produced per 

well-monitored pair has ranged from 2.0 in 2014 (n=4; Appendix D) to 4.0 in 2017 (n=6; Appendix 

C-1-F). The sample sizes used to calculate these averages are low and may not accurately 

represent the vireo population at Hidden Valley – North. 

Although potential effects have not been quantified, homeless encampments and 

recreation may threaten habitat quality at Hidden Valley – North. Multiple encampments were 

observed in 2020, many of which were established prior to 2018 and likely involved habitat 

removal at the time they were established. In addition, several homeless people at Hidden Valley 

– North keep unleashed dogs, which could possibly disturb vireo breeding behavior. Improper 
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garbage and human waste disposal from the sizable homeless population adds pollutants to the 

environment, which may also have an impact on vireos. City of Jurupa Valley Park located on 

Downey Street is a popular location for swimming, barbecuing, picnicking, and occasionally for 

bands to play music. These recreational uses of Hidden Valley – North result in additional noise 

and refuse in the vireo habitat. 

 

SAR - Hidden Valley — South (Monitored) 

Historically, Hidden Valley — South has been analyzed as one site. Because of a new 

restoration project, Hidden Valley — South was split into two sites in 2019: Hidden Valley – South 

Restoration and Hidden Valley – South Non-Restoration. However, to keep comparability with 

prior years, results are reported herein for both Hidden Valley – South Overall and the two sub-

sections. 

 

SAR - Hidden Valley – South (south side of river) Overall 

In 2020, 176 territories were detected at Hidden Valley – South, a 26% increase from 140 

territories detected in 2019 (Table 1). One hundred two males were determined to be paired, 

though not all territories were monitored sufficiently to determine pairing success. Fifty-one 

pairs were well-monitored. One hundred eighty-seven fledglings were detected across all pairs 

in 2020, 126 of which fledged from 51 well-monitored pairs, resulting in an average of 2.5 

fledglings produced per well-monitored pair in 2020. The average number of fledglings produced 

per well-monitored pair has ranged from 2.1 in 2010 (n=9; Appendix D) to 4.8 in 2017 (n=4; 

Appendix C-1-G). 

Nest monitoring has occurred at Hidden Valley – South every year since 2000 with widely 

varying numbers of nests monitored. One hundred thirteen nests were found in 2020, 109 of 

which were well-tracked. In 2020, apparent nest success was 46% (n=109), lower than in 2019 

(63%; n=76). Predation was the most common cause of nest failure accounting for 47 (43%) nests 

in 2020. The cause of seven (6%) nest failures was unknown. Though 18 (21%; n=86) nests were 

parasitized by cowbirds, just five (5%; n=109) failed due to parasitism. Predation has been the 

leading cause of failure every year nests were monitored (Appendix C-1-G). 

Seventeen of the 18 parasitized nests were manipulated; one nest was abandoned at the 

time the cowbird egg was first observed, precluding manipulation. Six (35%) of the 17 

manipulated nests were successful. Parasitism was down from a high of 44% (n=9; Appendix D) 

in 2007; however, parasitism was up from 9% (n=64) in 2019 (Appendix-C-1-G). There were 39 

incidental adult cowbird observations at Hidden Valley South in 2020, though some of these 

observations could have been the same individuals observed on different days. 
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Arroyo willow (25%) and mulefat (21%) were most frequently used for nest placement in 

2020. Nests were placed in invasive substrates at the following frequencies: five in poison 

hemlock (4%), one in summer cypress (Kochia scoparia; 1%), one in perennial pepperweed (1%), 

one in tree tobacco (1%), and one in tamarisk (1%; n=113). The remaining nests were located in 

various native substrates (Table 4). 

 A portion of Hidden Valley - South had burned during the winter before the breeding 

season. Vireos were generally not detected in historically occupied areas within the burn, but 

given the significant increase in territories at Hidden Valley South overall, it is possible the vireos 

simply moved to unburned areas. Two homeless camps were found during the course of 

fieldwork at Hidden Valley - South in 2020. Both were evicted by conservation officers. Portions 

of Hidden Valley South are used by recreationists for swimming. The shore of the Santa Ana River 

in these areas often has abundant litter and human waste strewn about. Hidden Valley – South 

is also used frequently by equestrians and hikers which could plausibly disturb vireo breeding 

behavior, but the potential effect recreation has on vireos is not well studied. Lastly, an individual 

was observed carrying plant fertilizer onsite in 2020, presumably to fertilize an illegal marijuana 

crop. Though no marijuana crops were ever observed, it is possible that an illegal marijuana grow 

existed either at Hidden Valley – South or north of the Santa Ana River in Hidden Valley – North 

in 2020. 

 

SAR - Hidden Valley – South (south side of river) Restoration 

 In 2020, 31 territories were detected at Hidden Valley – South Restoration, a 29% increase 

from 2019 (Table 3B; Zembal et al., 2019). Twenty-seven males were determined to be paired, 

19 of which were well-monitored. Sixty-four fledglings were detected across all pairs in 2020, 57 

of which fledged from the 19 well-monitored pairs resulting in an average of 3.0 fledglings 

produced per well-monitored pair. Thirty-eight nests were found in 2020 and 36 were well-

tracked. Apparent nest success was 50% (n=36). The parasitism rate was 17% (n=30). Additional 

information specific to Hidden Valley – South Restoration can be found in Table 3B. 

 

SAR - Hidden Valley – South (south side of river) Non - Restoration 

In 2020, 145 territories were detected at Hidden Valley – South Non-Restoration, a 25% 

increase from 2019 (Table 3B; Zembal et al., 2019). Seventy-five males were determined to be 

paired, 32 of which were well-monitored. One hundred twenty-three fledglings were detected 

across all pairs in 2020, 69 of which fledged from the 32 well-monitored pairs resulting in an 

average of 2.2 fledglings produced per well-monitored pair. Seventy-five nests were found in 

2020, 73 of which were well-tracked. Apparent nest success was 44% (n=73). The parasitism rate 
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was 23% (n=56). Additional information specific to Hidden Valley – South Non-Restoration can 

be found in Table 3B. 

 

SAR - Goose Creek, Norco to I-15 (Monitored) 

In 2020, 88 vireo territories were documented in SAR - Goose Creek, only a 2% decrease 

from the 90 territories documented in 2019. Fifty-eight pairs and 114 fledglings were also 

documented (Table 3). Apparent nest success for 34 well-tracked nests was 68%, a decrease from 

71% in 2019 (n=24), but still higher than the site average of 66% (n=408; Appendix C-1-H). Nest 

failures in 2020 were due to predation, reproductive failure, and parasitism, accounting for 24%, 

6%, and 3% of total nest outcomes, respectively. The reproductive success rate was 3.5 fledglings 

per well-monitored pair in 2020, which is slightly above the average reproductive success rate of 

3.1 at this site (Table 3; Appendix C-1-H). The lowest recorded rate was 1.0 fledglings in 2002; 

however, only three pairs were well-monitored that year (Appendix D). In 2020, nests were 

primarily placed in arroyo willow (22%) and Fremont cottonwood (14%; Table 4). Overall, since 

2000, most nests have been placed in mulefat (30%) and arroyo willow (29%). Less frequently, 

nests have been placed in Goodding’s black willow (13%), desert wild grape (6%), and Fremont 

cottonwood (5%; Appendix C-2-H). 

Cowbird trapping has occurred at this site since 2004. Since then, five hundred eighty-

eight cowbirds have been removed over 3,018 trap days (Appendix C-1-H). In 2020, the only trap 

at the site had to be removed due to COVID-19 closures. Subsequently, parasitism was 

documented at this site for the first time since 2013. This is only the third recorded parasitism 

event in the last 10 years. Overall, parasitism is low in Goose Creek, with a rate of 4% (n=403) 

since 2001 when surveys began at the site (Appendix C-1-H).  

A new housing development near the west end of the IERCD Goose Creek mitigation 

parcels (southwest of the golf course) was finished prior to the 2020 breeding season. This 

housing development includes a neighborhood park with access to the habitat resulting in 

increased human and domestic animal use. Construction activity continues on the 1-15 bridge 

over the Santa Ana river and this year a small fire occurred in the area prior to the breeding 

season. Consequently, this small patch of habitat contains no vireo territories and could account 

for the decrease in the number of vireo territories this year. Additionally, due to COVID-19 access 

restrictions at the Goose Creek Golf Club, habitat patches within the course were not well 

surveyed this year. Feral pigs are prevalent in the area and damage the habitat. Evidence of feral 

pig trapping and hunting was also observed in the area. The site is impacted by human 

recreational use on an equestrian trail system and in areas where there is easy access to the river 

on the south side of the site. At this access point there are groups swimming in the river, littering, 
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and small structures being built. There is also significant tree die off due to polyphagous shot 

hole borer (Euwallacea sp.; PSHB). 

 
Norco Bluffs, I-15 to River Rd. (Monitored) 

In 2020, a total of 133 vireo territories were detected in Norco Bluffs, a 32% increase from 

the 101 documented in 20191. Sixty-five males were known to be paired, though not all territories 

were monitored sufficiently to determine pairing success; 159 fledged young were documented 

(Table 1). A total of 47 nests were found, 43 of which were well-tracked. Nesting success of well-

tracked nests was 70% (n=43), a large decrease from 89% (n=35) in 2019. The reproductive 

success rate also decreased from the previous high of 5.4 in 2019 to 3.2 in 2020. Average clutch 

size was 3.7 in 2020, slightly lower than 3.8 in 2019. Of the well-tracked nests, 26% (n=43) were 

lost due to predation, a large increase from 6% (n=35) in 2019. One nest failed due to 

reproductive failure in 2020, similar to 2019 with two nests; an additional nest failed for unknown 

reasons. (Appendix C-1-I). In 2020, estimated vireo territory size in Norco Bluffs ranged from 

approximately 0.4 to 2.0 acres.  

From 2013-2018, cowbird trapping at Norco Bluffs was conducted by a contractor 

retained by USACE. Due to the absence of trapping within the area in 2019 and 2020, SAWA 

placed a trap at a site previously used by the contractor and removed one male, one female, and 

one juvenile over the course of 131 trap days (Appendix C-1-I). No cowbirds were detected in 

vireo habitat over the course of the season. Parasitism was not observed in 2020 or during any 

of the previous survey years and had not been documented since 2009 (Appendix D). A total of 

290.5 biologist hours were spent monitoring vireos at the Norco Bluffs site in 2020. 

As in the past four seasons, the primary sources of habitat degradation in 2020 were 

invasive plants and the continued negative impacts of the PSHB. This beetle drills into trees and 

brings with it a pathogenic fungus (Fusarium sp.) that can infect, and kill, many different tree 

species. Fortunately, the large-scale dieback of riparian habitat, as observed in the Tijuana River 

Valley (Boland, 2016), from PSHB infestation has yet to occur; nonetheless, arroyo willows have 

been significantly impacted by PSHB in Norco Bluffs. Many arroyo willows continue to show signs 

characteristic of heavy infestation (e.g. heavy staining and branch dieback) or are completely 

dead. Goodding’s black willows infested with the beetle/fungus are declining in health as well, 

albeit at a slower rate. Over the long term, the loss of cover from these species may have a 

negative impact on the local vireo population as 47% (n=47) were placed in these two species in 

2020 (Table 4). Before the arrival of PSHB, the Norco Bluffs habitat was characterized as healthy 

where arundo had yet to become dominant. OCWD and SAWA’s arundo removal efforts that 

 
1 Prior to 2019 and 2020 vireos were monitored in select areas within Norco Bluffs and excluded a 250-acre parcel monitored the previous two seasons; vireo within 

the parcel were surveyed using a different methodology by a USACE consultant. The on-going changes in the survey area preclude the possibility of comparing all 
data across all years; comparable population level data is as follows: 2015/2018, 2016/2017, and 2019/2020.  
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occurred in Norco Bluffs through the winter of 2019-2020 removed most mature stands of the 

invasive plant. Several removal areas already have recruitment of native species, including 

willows. In addition to arundo, there is a relatively small, yet highly dense, stand of mature 

Mexican fan palm (Washingtonia robusta) that appears to have a rapid rate of recruitment. The 

understory within the stand of palms consists primarily of younger palms with little presence of 

native plant species. Much like arundo, the palms provide relatively low-quality habitat compared 

to the surrounding areas dominated by native plant species. During the winter of 2019-2020 

SAWA treated palms within OCWD property; however, numerous palms within USACE property 

will need to be treated as well. Treating the remaining arundo stands and palms would allow for 

additional natural recruitment of native riparian plant species and thereby increase functional 

habitat for vireos and other sensitive species.  

 

Temescal Canyon (Sampled) 

One hundred forty-seven territorial male vireos were detected in 2020, the highest 

number documented to date, compared to 127 in 2019 and 106 in 2018. Unlike the former high-

count year, 2013 (n=131; Appendix D), the past four survey years (2017-2020) excluded the Dos 

Lagos Golf Course as SAWA biologists were prohibited from entering the area; thus, the 2020 

count likely would have been higher. Thirty pairs and twenty fledglings were detected in 2020; 

no pairs were considered well-monitored (Appendix C-1-J).  

Five cowbird traps were open during the 2020 season in Temescal Canyon. Four traps 

were located adjacent to riparian habitat and the fifth at a small dairy near Lake Elsinore where 

the highest parasitism rates typically occur. The five traps caught a total of 324 cowbirds over 

561 trap days. Cowbird trapping has occurred during the nesting season in Temescal Canyon since 

2001 and a total of 4,674 cowbirds have been removed during this time (Appendix C-1-J). Even 

with on-site cowbird trapping, parasitism has been documented in Temescal in 11 out of the 20 

years it has been surveyed, reaching a peak rate of (42%) in 2007 (n=12; Appendix D). No 

cowbirds were detected within the habitat in 2020 that were not trapped. 

In 2020, much of the habitat throughout Temescal Canyon continues to show drought 

stress, especially downstream of Dos Lagos Golf Course where effluent outflow by City of Corona 

Wastewater Treatment Plant #3 was suspended in 2013. In 2014, a SAWA biologist familiar with 

the area reported to CDFW massive vegetation die-off due to lack of water from the historical 

water treatment outflow. This die-off has been amplified by the ongoing drought conditions and 

habitat quality has continued to decline since the effluent outflow was halted. In addition to 

these stressors, the habitat in Temescal Canyon and Lake Elsinore is regularly impacted during 

the nesting season by off-road vehicle use, illegal vegetation removal, homeless encampments, 

and understory clearing to deter the establishment of additional homeless encampments around 
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Lake Elsinore. Management recommendations for this area include increased cowbird 

management, removal of tamarisk, enforcement of illegal vegetation removal during avian 

nesting season, and reestablishing outflow to the creek near Dos Lagos Golf Course. 

 

Chino Hills (Sampled) 

In 2020, Chino Hills was not monitored extensively due to inaccessibility to all vireo 

locations. Even though fewer site visits were conducted and survey effort was reduced, 36 

territories, 10 pairs, and nine fledglings were documented in 2020, representing a 24% increase 

in territories from 2019 (n=29; Appendix C-1-K).  

No cowbird trapping occurred in Chino Hills in 2020. In 2019, a cowbird trap was located 

near the Chino Hills Community Center at English Channel and did not capture any cowbirds over 

a period of 101 trap days. The trap encountered some predator issues due to Cooper’s Hawks 

(Accipiter cooperii) utilizing it as a prey source. In 2018, 23 cowbirds were captured over 92 trap 

days. Trapping has occurred in Chino Hills since 2008 and a total of 236 cowbirds have been 

removed during this time (Appendix C-1-K). Before 2020, parasitism ranged from 0% (n=2) in 

2016 to 60% (n=5) in 2007. Since 2008, when cowbird control began, only two nests were found 

to be parasitized, in 2015 and 2018, respectively (Appendix D). No vireos were observed with 

cowbird fledglings; however, a juvenile cowbird was observed being fed by a female Hooded 

Oriole in the habitat during monitoring in 2020. Parasitism, development, human activity, cattle 

grazing, and small fragmented habitat patches are factors that may threaten vireos and reduce 

productivity throughout the Chino Hills area. 

 

Santa Ana Canyon (SAC) 

These results are compiled from three sites (Upper Canyon, Green River Golf Club, and 

Featherly Park), collectively known as SAC. One hundred eighty-five vireo territories were 

detected in SAC during 2020, an increase of 24% from the 149 territories detected in 2019 

(compiled from Table 1). Nesting success for 85 well-tracked nests in SAC was 46% overall, a 

substantial decrease from 72% (n=75) in 2019. Thirty-seven (44%) well-tracked nests were lost 

to predation, four (5%) were lost to reproductive failure, and five (6%) were unsuccessful for 

unknown reasons. The reproductive success rate in SAC in 2020 was 2.5, vastly different from the 

success rate of 4.6 in 2019 (compiled from Appendix C-1-L to C-1-N). For comparison, the 

watershed-wide rate of reproductive success in 2020 was 2.8 (n=247) and the watershed-wide 

rate of fledglings produced from 2001-2020 is 2.9 (n=2,019; Appendix B-1). One hundred eighty-

one fledglings were documented in SAC in 2020, a decrease from a record high of 230 fledglings 

observed in 2019. A total of 1,681 fledglings have been documented in SAC over the last 19 years 
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(compiled from Appendix C-1). In 2020, mean clutch size was 3.7 (n=83), unchanged from 2019. 

Vireos used a variety of plant species (n=16) for nest substrate in 2020. Of the 93 total nests 

found, the highest number of nests were found in mulefat (38%), blue elderberry (12%), laurel 

sumac (12%), and Fremont cottonwood (10%; compiled from Table 4). Vireo territory size in SAC 

is estimated to be between 0.3 acre and 3.7 acres. 

SAWA began cowbird trapping in SAC in 2001 when parasitism was documented in five 

(26%) of 19 nests. Parasitism was again documented in one (5%) of 21 nests in 2009 after five 

years of no occurrences (Appendix D). SAWA deployed two traps within a mile of that location 

and no parasitism had been recorded until 2020, when a productive trap was inaccessible 

because of the BNSF bridge project and five nests were parasitized. Since 2001, a total of 2,421 

cowbirds have been removed from the canyon over 13,695 trap days during the vireo breeding 

season (compiled from Appendix C-1-L to C-1-N). There were no un-trapped cowbirds detected 

in vireo habitat in SAC in 2020. A total of 768 biologist hours were spent monitoring vireos at the 

SAC site in 2020. 

In 2020, only one phase of the USACE Reach 9 project remained active in Featherly Park 

and the BNSF bridge project continued in Green River Golf Club. These on-going construction 

projects will continue for several years and may challenge future vireo recovery in the impact 

areas. However, proposed mitigation should expand and enhance vireo habitat in the post-

construction years. For example, several vireos have already moved into restored areas in Phase 

3, only three years after installation and in Phase 4 by the second year. 

At this time, riparian habitat in SAC is becoming infested with arundo at all three sites. 

The restoration edges between the golf course and the homes have opened new areas for arundo 

to infest along the river, while the arundo patches in the Upper Canyon continue to spread. In 

the lower section (Featherly Regional Park) the arundo had been treated with Imazapyr, which 

damaged many of the surrounding native trees. Though most of the arundo at this location is 

dead, the biomass remains, hampering native regeneration at this site. Additionally, multiple 

native trees are suffering from Imazapyr over-spray. Trees damaged by Imazapyr continue to 

suffer and many were found dead in 2016.  

PSHB is known to have infested trees in the Canyon RV Park within Featherly Regional 

Park and several trees in the riparian zone appear to have been infested (unconfirmed). There is 

no significant native tree die-off caused by the invasive PSHB observed in SAC at this time. In the 

past, SAWA deployed PSHB traps in this area to assist in a monitoring program coordinated with 

the University of California, Riverside. The County of Orange has implemented the Santa Ana 

River Canyon Habitat Management Plan and SAWA biologists sit on two subcommittees 

overseeing implementation of the plan, though no meetings have occurred in the last five years. 

Although the USACE riverbank stabilization (Reach 9) and BNSF bridge projects are expected to 

continue for several years, as well as the Santa Ana River Trail project set to resume, we hope 
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active management and restoration of the canyon will improve to maintain optimum conditions 

for native species.  

 

Upper Canyon (Monitored) 

In 2020, 45 vireo territories were documented in Upper Canyon, a 29% increase from 

2019 (n=35). Thirty territorial males were known to be paired, though not all territories were 

monitored sufficiently to determine pairing success, and 52 fledglings were documented (Table 

1). Nesting success for 11 well-tracked nests was 73%, similar to 74% (n=19) success in 2019 and 

an increase from 50% (n=10) in 2018. Two (18%) well-tracked nests were lost to predation, 

bringing the overall rate of predation from 2001 through 2020 to 28%. Eight well-monitored pairs 

successfully produced a total of 26 fledglings (Table 3). Overall success of well-tracked nests for 

this site from 2001 to 2020 is 67% (n=126) and the overall reproductive success rate of well-

monitored pairs during this time is 1.9. A total of 469 fledglings have been documented over the 

last 20 years (Appendix C-1-L). Nests were most frequently placed in mulefat (54%) and blue 

elderberry (15%; Table 4). Estimated territory size of the vireos in Upper Canyon ranged between 

0.8 to 1.5 acres in 2020.  

Cowbird trapping has occurred in Upper Canyon since 2001 when the first vireo was 

detected on-site. To date, 841 cowbirds have been removed from this area (Appendix C-1-L). 

Parasitism has only been documented two of the 20 years monitored and reached its highest rate 

(18%) in 2003. No parasitism has been detected in Upper Canyon since 2003 (Appendix D). No 

cowbirds were detected in the habitat in 2020.  

No construction activities occurred within Upper Canyon in 2020. Unfortunately, this site 

continues to be plagued by other human-related impacts including illegal fishing, trash dumping, 

and illegal trail creation, in addition to large areas of invasive species (e.g. arundo, tamarisk) 

infestation. 

 

Green River Golf Club (Monitored) 

In 2020, 61 territories were documented, an increase of 36% (n=45) from 2019 (Table 1). 

The vireo population at Green River Golf Club has increased six-fold since monitoring began in 

2001 when only 10 vireos were detected (Appendix D). Forty-two males were known to be paired, 

though not all territories were monitored sufficiently to determine pairing success, and 63 

fledglings were documented. Nesting success for 33 well-tracked nests was 48% in 2020, 

compared to a record high of 79% in 2019 (Appendix C-1-M). Overall nest success from 2001 to 

2020 is 58%. Fifteen (45%) well-tracked nests were lost to predation and two (6%) nests were 

lost for unknown reasons. The reproductive success rate decreased from 4.3 in 2019 to 2.2 in 
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2020, as compared to the lowest reproductive rate observed of 0.6 in 2018. The overall 

reproductive success rate from 2001-2020 of well-monitored pairs is 2.5. A total of 606 fledglings 

have been documented over the last 20 years (Appendix C-1-M). Nests were most frequently 

placed in mulefat (32%), blue elderberry (21%), laurel sumac (15%), and Fremont Cottonwood 

(12%). Four nests were placed in non-native vegetation which included three (9%) in Peruvian 

pepper tree and one (3%) in Carrotwood (Cupaniopsis anacardioides; Table 4). In 2020, estimated 

territory size of the vireos at Green River Golf Club ranged between 0.5 to 3.5 acres. Though no 

banded vireos were detected during surveys, five territorial males and a paired female were 

banded as part of a USGS genetic study. 

No cowbird trapping occurred in 2020 due to ongoing BNSF construction and limited 

access. Cowbird trapping has occurred at the golf club since 2001 when the first vireo was 

detected on-site and a total of 1,070 cowbirds have been removed from this area (Appendix C-1-

M). When SAWA began monitoring this site in 2000, the parasitism rate was 44%. No parasitism 

had been documented since 2001 when cowbird trapping was initiated (Appendix D). With no 

cowbird trapping in 2020, five (17%) well-tracked nests were parasitized. Cowbird eggs from 

these five parasitized nests were removed; however, only two nests were successful and a total 

of six vireos were fledged from these manipulated nests (Table 3).  

Management at the Green River Golf Club has continued its cooperative relationship with 

SAWA and is supportive of SAWA’s efforts to control cowbirds, manage vireos and other sensitive 

species, and enhance habitat. 

 

Featherly Regional Park (Monitored) 

In 2020, 79 territorial vireo were detected in Featherly Regional Park, a 14% (n=69) 

increase from 2019. Forty-seven were known to be paired, though not all territories were 

monitored sufficiently to determine pairing success, and 66 fledglings were detected. A total of 

606 fledglings have been observed over the last 20 years (Appendix C-1-N). These numbers 

emphasize the vireo population recovery at this site over the last 20 years given that no vireos 

were detected in 2001, the first year of monitoring. The population’s first major increase came 

in 2004 when it quadrupled from six in 2003 to 24 the following year (Appendix D). However, 

productivity has greatly fluctuated at this site from a high of 5.6 in 2019 to a low of 1.0 in 2016 

(Appendix C-1-N; Appendix D). In 2020, estimated territory size of the vireos in Featherly Park 

ranged between 0.28 to 3.7 acres. Though no banded vireos were detected during surveys, four 

territorial males were banded as part of a USGS genetic study. 

Nesting success for 41 well-tracked nests in 2020 was 37%, a decrease from 2019 and 

much lower than the overall nesting success from 2002 to 2020 of 45%. Twenty (49%) of 41 well-

tracked nests were lost to predation. Although parasitism was not documented at this site in 
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2020, four (10%) well-tracked nests failed due to reproductive failure, and two (5%) for unknown 

causes. Seventeen well-monitored pairs had a reproductive success rate of 2.6. The overall 

reproductive success rate of well-monitored pairs over 20 years of monitoring is 2.2 (Appendix 

C-1-N; Appendix D). Of the 46 nests found in 2020, eight (17%) were placed in non-native 

vegetation, with the highest number of native nest placement in mulefat (37%; Table 4). 

The California Scrub-Jay, a well-known avian nest-predator, occurs in large numbers 

throughout Featherly Regional Park. One such predation was observed as a scrub-jay took three 

seven-day old nestlings from one nest in 2015. Another nest invader found in large numbers 

throughout the site is the Argentine ant. One nest was found containing three nestlings covered 

in Argentine ants while the adults were frantically trying to attend to the nestlings. Other 

indications of ant predation in prior years include: in 2015, a nest found with ants entering a pip 

hole in the eggs on hatch day (a later visit found the eggs to be completely empty with only the 

same small hole in each egg); in 2016, ants were observed eating two Black-headed Grosbeak 

(Pheucticus melanocephalus) nestlings and one egg; in 2017 and 2018, ants were observed 

preying on vireo nestlings and hatch-day eggs. 

Cowbird trapping has occurred in Featherly Regional Park since 2001 when the first vireos 

were detected on-site and 510 cowbirds have been removed during this time. Parasitism has 

been documented three out of the 19 years monitored, reaching its highest rate (67%) in 2002. 

No parasitism has been detected in Featherly Regional Park since 2009 (Appendix D). 

Until the abundant winter rains in 2016/2017, the habitat at Featherly Regional Park had 

become extremely drought-stressed, with the exception of the area immediately adjacent to the 

riverbanks. The dramatic increase in breeding success in 2017 and 2019 at this site was likely due 

to the increased precipitation and resulted in higher recruitment in 2018 and 2020. PSHB has 

been detected within the park, though no large die-off has been observed. Other ongoing 

disturbances at this site include habitat destruction during nesting season by the orange grove 

lessee, illegal fishing, and sporadic homeless camps. Invasive plants continue to be a problem at 

this site. In 2020, with the late winter/spring precipitation, poison hemlock and mustard were 

dense throughout most of the site. The highly invasive arundo began re-sprouting two weeks 

after the Freeway Complex Fire in 2008 and has since spread throughout the site. In an effort to 

take advantage of the arundo biomass removed by the fire, Orange County Public Works 

management was able to spray herbicide on the rapid arundo regrowth before the following 

nesting season, which helped control a large amount of regrowth. Unfortunately, many patches 

have reestablished since that time and a large amount of dead arundo biomass remains, 

hampering native plant regeneration. Additionally, the subsequent use of Imazapyr on arundo 

was found to have damaged over 200 nearby native trees in 2013. More damage was observed 

in 2020. The USACE Reach 9 project, Phase 5B, was still active in Featherly Park during part of the 

nesting season in 2020. However, proposed mitigation should expand and enhance vireo habitat 
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in the post-construction years. In fact, vireos (n=3) have already begun inhabiting the Phase 4 

restoration area. The 8% decrease of territorial males at this site from 2016 (n=64) to 2017 (n=59) 

was likely due to habitat loss during construction. However, those numbers continue to rebound 

in 2020 (n=79; Appendix C-1-N). 

 

Sampled Sites  
 

Thirty sites were sampled in 2020 and 441 vireo territories were documented. Vireos 

were not detected at five of the 30 sampled sites. Nineteen sites sampled in 2020 reported an 

increase in detected vireo territories, while three sites reported a decrease in detected vireo 

territories. Eight sites reported the same number of territories in 2019 and 2020. Chino Hills State 

Park, that had 37 territories in 2019, was not surveyed in 2020 due to COVID-19 restrictions 

(Table 1). Cowbirds were reported in the habitat at both Chino Hills and Lake Perris sample sites. 

A total of 540.25 biologist hours were spent surveying vireos at all sampled sites in the watershed 

in 2020. 

 

Incidental Sites 

 

In 2020, 21 additional vireo territories were documented at six sites in which no formal 

surveys were conducted. Of those 21 territories, one male was incidentally determined to be 

paired and to have produced at least one fledgling (Table 1). Location names and GPS coordinates 

of incidental vireo detections can be found in Appendix A. 

 

SIGHTINGS OF INTEREST – INCIDENTAL SPECIES OBSERVATIONS 

All incidental species sightings were documented at monitored sites and only sensitive 

species were documented at sampled and incidental sites during vireo monitoring. One hundred 

sixty-five avian, 20 mammal, 22 herpetofauna, and four fish species were observed at monitored 

and sampled sites. Sensitive species were documented by site and a combined total of 39 

sensitive species were detected (Table 5). Sensitive species are defined as those listed as 

endangered, threatened, or a species of concern by resource agencies and those covered by the 

Western Riverside County Multiple Species Habitat Conservation Plan (MSHCP). Observations are 

verified detections and are considered presence at each location and should not be considered 

as a complete species list for each site. For example, California Gnatcatcher (Polioptila californica; 

CAGN) were detected at three sites adjacent to vireo habitat; however, other CAGN likely occur 

in adjacent areas of other sites where biologists do not frequent and hence there may be many 

undetected CAGN. Similarly, some species are difficult to detect, such as the long-tailed weasel 
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and may occur in locations other than those reported here. Sensitive species sightings are 

reported annually to the appropriate resource agencies. 

Southwestern Willow Flycatcher 

SWFL have been documented sporadically in Prado Basin since 1996 and a total of 37 

nests have been discovered on site from 1996-2013 (Pike et al., 2015). There were no detections 

of SWFL in the Prado Basin in 2020 (Bonnie Johnson, personal communication). In past years, the 

highest number of detections in the Prado Basin occurred in 2003, with nine individuals present. 

In 2020, SAWA biologists detected 10 individual migrant Willow Flycatchers within the 

watershed. No breeding pairs were detected. One adult was detected at San Jacinto Wildlife Area 

on 5/15. On 5/20, a singing male was found at Hidden Valley South; a second was found at the 

same location on 5/21. Another individual was detected on 5/21 within the Prado Basin. On 5/26, 

an adult was observed near Chino Creek at Prado’s Cuckoo Pond site. On 5/28, a male was found 

at the Inland Empire Utilities Agency site in Fontana. On 6/2, three flycatchers were detected at 

Lake Perris. On 6/8, an adult was observed along the San Jacinto River. 

Migrant Willow Flycatchers have been observed periodically throughout the rest of the 

watershed over the years; however, SAWA has not documented any breeding attempts at 

monitored or sampled sites. All migrant Willow Flycatcher sightings are reported to USGS 

Riparian Birds Working Group and to the California Natural Diversity Database.

 

BROWN-HEADED COWBIRD TRAPPING RESULTS 

Brown-headed Cowbird Trapping, March-July 2020 

Forty-four cowbird traps were deployed during the 2020 vireo season and 3,957 cowbirds 

were removed from all sites over 4,927 trap days. Of the 44 traps, eight were located at local 

dairies. The sex and ages of the cowbirds removed in 2020 were 2,596 adult males, 1,003 adult 

females, and 358 juveniles. SAWA biologists and field assistants spent 3,030 hours servicing traps 

during the vireo season, including installation and removal of traps from the field (Table 6). 

Cowbird captures increased by 29% (n=3,069) from 2019. Twenty-eight percent more 

males, 19% more females, and 87% more juveniles were trapped during the 2020 breeding 

season compared to 2019. In 2020, the overall capture rate was 0.80 cowbirds per trap day, an 

increase from 0.65 in 2019. Since cowbird management began in 2001, 47,602 cowbirds have 

been removed from the watershed by SAWA during the breeding season (Appendix D). In 2020, 

the Goose Creek 2 trap was shut down after four trap days because of COVID-19 related access 

issues. Additionally, the Hidden Valley South trap was broken into near the end of the trapping 

season, releasing the cowbirds, and was not re-baited. 
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Non-target Captures in Cowbird Traps, March-July 2020 

Twenty-six non-target native species and three exotic species were captured in 44 traps 

in 2020. Including all native species and the one non-nuisance exotic species, there were a total 

of 2,918 trapping occurrences (2,916 native and two non-nuisance exotic). It should be noted 

that many of these trapping occurrences are likely the same individuals returning to the same 

traps. In order of most frequently captured, the most common species were California Towhee 

(Melozone crissalis), Red-winged Blackbird (Agelaius phoeniceus), Song Sparrow (Melospiza 

melodia), and House Finch (Haemorhous mexicanus). The percent of trapping occurrences that 

resulted in mortality was 1.1% in 2020 (Table 7). Numbers of the two nuisance exotic species 

released or removed, European Starlings and House Sparrows, are also listed in Table 7. 

 

Fall/Winter 2019-2020 Brown-headed Cowbird Trapping and Non-target 

Captures 

 

Seven cowbird traps were deployed at dairies during the non-breeding season 

(fall/winter) of 2019-2020. Two dairies in the Prado Basin each had two traps and three dairies 

near the San Jacinto River each had one trap. A total of 4,788 cowbirds were removed (1,656 

adult males, 1,506 adult females, and 1,626 juveniles) over 639 trap days (Table 8). In the 

fall/winter of 2018-2019, 6,005 cowbirds were removed from four dairy traps over 666 trap days 

(Zembal et al., 2019). In 2019-2020, the capture rate was 7.5 cowbirds per trap day, a decrease 

from 9.0 in 2018-2019. Over 88,000 cowbirds have been removed from the watershed by SAWA 

during the fall/winter since cowbird management began (combined from SAWA annual reports 

2001-2020). 

Four non-target native species, consisting of 86 individual trapping occurrences, were 

captured in the seven dairy traps in 2019-2020. The most common species captured was the Red-

winged Blackbird (n=58). No non-target native species died in traps in 2019-2020. Numbers of 

European Starlings and House Sparrows either removed or released from cowbird traps are 

reported in Table 9.

 

DISCUSSION 

 

With the exception of a few years, vireo abundance has increased annually in the Santa 

Ana Watershed since monitoring began in 2000. In 2020, 2,293 vireo territories were 

documented watershed-wide (including data from Prado Basin), a 17% increase from 2019 
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(n=1,967; Figure 6). The significant population increase over 20 seasons of monitoring at four 

sites is illustrated in Figure 7. The 1,574 vireos detected by SAWA biologists, outside of Prado 

Basin, in 2020 was up 16% from 2019 (n=1,361). In 2019, the reproductive success rate was an 

unusually high 3.8 fledglings produced per well-monitored pair, which likely contributed to the 

increased abundance in 2020. Most survey sites throughout the watershed showed increased 

territory numbers, one exception being the large area of SAR – Riverside Ave. to Van Buren Blvd., 

which showed a 23% decrease between 2019 and 2020. This may be a result of decreased effort 

caused by access restrictions relating to homeless encampments during the COVID-19 pandemic. 

Survey efforts were otherwise similar at most sites with the exception of San Jacinto and SAR – 

Hidden Valley – North, which had a slightly increased effort.  

Nesting success watershed-wide was 53% in 2020, down from 62% in 2019 and lower than 

the overall nesting success of 58% (n=3,703) in the last 20 years. In 2020, the overall reproductive 

success rate (average number of fledglings produced by well-monitored pairs) was 2.8, just under 

the 20-year average of 2.9 and lower than the unusually high rate of 3.8 in 2019, which may have 

contributed to the increased abundance in 2020. Southern California received much lower than 

average precipitation during the winter of 2019-2020, which may have resulted in reduced prey 

availability for nesting vireos and potentially contributed to lower reproductive success than the 

prior year, which had higher than average precipitation (National Oceanic and Atmosphere 

Administration, 2020). Another potential factor for the lower than average reproductive success 

rate was an apparent delay in nest initiation for many pairs in several locations. Typically, the 

majority of first nest attempts are found in late March and early April. In 2020, many pairs did 

not initiate nesting until closer to mid-April. This delay may have been in response to unusually 

heavy precipitation in March/April after an otherwise dry winter. Predation remains the primary 

cause of nest failure, with an overall 36% of nests lost to predation in 2020, slightly higher than 

the 33% watershed-wide spanning all years of monitoring. The parasitism rate was 8% in 2020, 

though overall nest loss from cowbird parasitism was only 2% (20-year average of 3%). The 

watershed-wide parasitism rate has ranged from 3% to 10% in the last five years and these low 

rates can likely be attributed to SAWA’s cowbird trapping program and nest monitoring. Kus and 

Whitfield (2005) showed that cowbird trapping reduces parasitism of vireo nests, thus enhancing 

productivity of nesting pairs and in turn increasing the population level. Figure 8 shows the 

increase in vireo territories in relation to the rate of cowbird parasitism in the Santa Ana 

Watershed from 2001-2020. A comparison of watershed-wide nesting success, predation, and 

parasitism rates from 2003-2020 are shown in Figure 9. Nest loss due to reproductive failure and 

other unknown factors in 2020 was 9%. Examples of nest loss due to reproductive failure are 

failure of the vegetation to support the nest and non-parasitized egg abandonment (Appendix B-

1; Appendix D).  
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The two primary causes of vireo decline in the past, parasitism by the Brown-headed 

Cowbird and the loss of riparian habitat, are being successfully managed by SAWA through 

cowbird trapping and habitat restoration. SAWA biologists have removed over 136,000 cowbirds 

from the watershed in the last 20 years (Figure 10). SAWA has also removed over 5,000 acres of 

invasive arundo from the watershed, allowing for almost as many acres of riparian recovery.  

The lack of documented nesting SWFL in the watershed in 2020 is not surprising given the 

dwindling numbers over the last decade. No breeding activity from this species has been 

documented in the watershed below Seven Oaks Dam since 2014. The habitat in the higher 

elevations of the watershed (above Seven Oaks Dam) has had SWFL territories reported in the 

past and should be surveyed to ascertain the status of this imperiled species in the mountains. 

SAWA and OCWD have plans to survey these areas in 2021.

 

MANAGEMENT RECOMMENDATIONS 

 

Parasitism by Brown-headed Cowbirds continues to occur episodically throughout the 

watershed. Vireo monitoring and cowbird trapping should continue along with the removal of 

non-native vegetation. The removal of arundo and other invasive vegetation, in conjunction with 

cowbird management, have had a positive influence on vireo territory numbers in the watershed 

since 2000. With the removal of over 5,000 acres of arundo and other invasive plants to date and 

an additional 600 acres in the process of being removed, SAWA continues to have extraordinary 

success with riparian habitat restoration along the Santa Ana River and its tributaries. Since 

invasive plants like arundo cannot typically be eradicated within a five-year mitigation term, we 

recommend that long-term maintenance of invasive plant regrowth become a mitigation 

opportunity much like cowbird trapping.  

In recent years, large homeless encampments have become increasingly prevalent 

throughout the Santa Ana River. These encampments could have a strongly negative effect on 

habitat and water quality and cause increasing safety issues for biological monitors. In addition 

to restoration, as well as maintenance and procurement of new lands, there should be increased 

protection of lands for wildlife values. Specifically, enforcement of current laws that restrict 

illegal activities in sensitive riparian areas. Local landscapes are scarred with OHV tracks and the 

activity is damaging riparian habitat in areas such as Mockingbird Canyon, San Timoteo Canyon, 

the San Jacinto River, and the Santa Ana River. Additionally, laws meant to prevent other human 

disturbances such as streambed alteration, illegal fishing, and homeless encampments need 

increased enforcement. Enforcement of these laws can protect riparian habitat from 

degradation. There is also increasing awareness of the need to control feral pigs throughout the 
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watershed. Some multi-organizational planning attempts to control this destructive species have 

been publicized; however, a management plan has yet to be implemented.  

Although existing laws are meant to protect these resources, even on private land, we 

must strive to invest the public in these resources and identify effective ways to ensure that 

floodplains are protected for future generations of humans and wildlife. Priorities for SAWA’s 

vireo recovery program in the near future will continue to be based primarily on cowbird trapping 

and nest monitoring, which we believe provide the most immediate support for the recovering 

vireo population, the availability of ample invasive-free riparian habitat notwithstanding. SAWA 

will continue to provide accurate annual data on vireo status, distribution, and reproductive 

productivity as funding allows. 
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Figure 1. Map of the Santa Ana Watershed. 
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Figure 2. Least Bell’s Vireo survey sites in the Santa Ana Watershed, 2020.  
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Figure 3. Upper Santa Ana River Least Bell’s Vireo Sites, 2020. 
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Figure 4. Norco Bluffs Vireo Survey Area, 2020. 
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Figure 5. Brown-headed Cowbird trap locations in the Santa Ana Watershed, 2020. 
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Figure 6. Least Bell’s Vireo abundance in the Santa Ana Watershed, including Prado Basin, 2000-2020. 
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Figure 7. Least Bell’s Vireo territories at four sites in the Santa Ana Watershed, 2000-2020. 
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Figure 8. Vireo Territories vs. Parasitism Rates in the Santa Ana Watershed, 2001-2020. 



LBVI AND SWFL REPORT 2020 
SANTA ANA WATERSHED ASSOCIATION  FIGURES 

 54 

 

 

Figure 9. Least Bell’s Vireo nesting success, predation rates, and parasitism rates in the Santa Ana Watershed, 2001-2020. 
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Figure 10. Brown-headed Cowbirds removed from sites in the Santa Ana Watershed, 2000-2020. 
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Table 1. Least Bell’s Vireo abundance and distribution in the Santa Ana Watershed, 2016-2020. Numbers of territories, pairs, and fledglings 
detected.  
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Table 1 continued. Least Bell’s Vireo abundance and distribution in the Santa Ana Watershed, 2016-2020. Numbers of territories, pairs, and 
fledglings detected. 
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Table 1 continued. Least Bell’s Vireo abundance and distribution in the Santa Ana Watershed, 2016-2020. Numbers of territories, pairs, and 
fledglings detected. 
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Table 1 continued. Least Bell’s Vireo abundance and distribution in the Santa Ana Watershed, 2016-2020. Numbers of territories, pairs, and 
fledglings detected. 
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Table 1 continued. Least Bell’s Vireo abundance and distribution in the Santa Ana Watershed, 2016-2020. Numbers of territories, pairs, and 

fledglings detected. 

Site Name 2016 2017 2018 2019 2020 

Outside Watershed 

French Valley, Benton Channel8 n/s n/s 1 / 0 / 0 n/s n/s 

French Valley, Warm Springs8 n/s n/s 1 / 0 / 0 n/s n/s 

Temecula, Santa Gertrudis8 n/s n/s 6 / 1 / 0 n/s n/s 

Wildomar, Helash Mitigation8 n/s n/s 4 / 0 / 0 n/s n/s 

a. Entries correspond to numbers of territorial males/pairs/'known fledged young' for designated time period and locale.           
b. "n/a" indicates that no data were available.                          
c. "n/s" indicates that no surveys were conducted.                          
1 USACE mitigation areas of varying sizes not surveyed by SAWA in 2016-2018. Survey numbers for these areas can be found in this table 
under SAR-Norco Bluffs USACE Mitigation Areas reported by other agencies.            
2Reported by California State Parks.                          
3Ultrasystems Environmental Inc. Compiled from maps in report by Ryan Ecological Consulting. "Results of Least 
Bell's Vireo and Southwestern Willow Flycatcher Focus Surveys for the USACE in Target Areas #1-4, April-July 
2016."                
4Ultrasystems Environmental Inc. Compiled from maps in report by Ryan Ecological Consulting. "Results of Least 
Bell's Vireo and Southwestern Willow Flycatcher Focus Surveys for the USACE in Target Areas #1-4, April-July 
2017."                
5Ultrasystems Environmental Inc. Compiled from maps in report by Ryan Ecological Consulting. "Results of Least 
Bell's Vireo and Southwestern Willow Flycatcher Focus Surveys for the USACE in Target Areas #1-4, April-July 
2018."                
6Reported by San Bernardino County Flood Control biologist Theresa Sims.                       
7Preliminary data. Bonnie Johnson personal communication.                          
8Outside Santa Ana Watershed, not included in totals.                          
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Table 2. Least Bell’s Vireo survey dates and breeding chronology, monitored and select sampled sites, 2020. 
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Table 3. Least Bell's Vireo reproductive success and breeding biology data at monitored and select sampled sites in the Santa Ana River 

Watershed, 2020. 
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Table 3 continued. Least Bell's Vireo reproductive success and breeding biology data at monitored and select sampled sites in the Santa Ana 
River Watershed, 2020. 
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Table 3B. Least Bell's Vireo breeding biology data detailed for SBVMWD-funded surveys at monitored (restoration) and sampled (non-
restoration) sites in upper SAR, 2020. 
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Table 3B continued. Least Bell's Vireo breeding biology data detailed for SBVMWD-funded surveys at monitored (restoration) and sampled 
(non-restoration) sites in upper SAR, 2020. 
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Table 4: Least Bell's Vireo nest placement preferences for all nests discovered at monitored 
and select sampled sites in the Santa Ana River Watershed, 2020.  
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Table 4 continued: Least Bell's Vireo nest placement preferences for all nests discovered at 
monitored and select sampled sites in the Santa Ana River Watershed, 2020.  
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Table 5. Observations of all species by location, 2020. 
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Table 5 continued. Observations of all species by location, 2020. 
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Table 5 continued. Observations of all species by location, 2020. 
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Table 5 continued. Observations of all species by location, 2020. 
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Table 5 continued. Observations of all species by location, 2020. 
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Table 6. Brown-headed Cowbird trapping results, March-July 2020 (grouped by funding source). 
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Table 6 continued. Brown-headed Cowbird trapping results, March-July 2020 (grouped by funding source). 
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Table 6 continued. Brown-headed Cowbird trapping results, March-July 2020 (grouped by funding source). 
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Table 7. Non-target avian captures in Brown-headed Cowbird traps, March-July 2020.  
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Table 7 continued. Non-target avian captures in Brown-headed Cowbird traps, March-July 2020. 
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Table 8. Brown-headed Cowbird trapping results, winter 2019-2020. 
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Table 9. Non-target avian captures in Brown-headed Cowbird traps, winter 2019-2020. 

 
 

Exotic nuisance species captures in Brown-headed Cowbird traps, winter 2019-2020. 
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APPENDIX A – SURVEY SITES, STARTING AND ENDING COORDINATES 

[All coordinates –WGS 1984 (Zone 11S) except where noted otherwise] 
 

Monitored Locations 
 

Survey Site Starting Coordinates Ending Coordinates 
San Jacinto:      
 -San Jacinto River    506079, 3738423  493412, 3746014  
 -San Jacinto Wildlife Area   488055, 3745444  490979, 3750919  
San Timoteo Canyon: 
 -Riverside County    486193, 3761215  499865, 3753848  
 -San Bernardino County    481628, 3764975  484320, 3763100  
Santa Ana River (SAR): 
-Riverside Ave. to Van Buren Blvd.  466416, 3765008  456998, 3758228  
   -Evans Lake Drain   464761, 3761889  464031, 3761150 
  -Anza/Old Ranch Creeks   462172, 3758697  459646, 3758831  
-Hidden Valley, north side of river   456941, 3758360   451647, 3758651 

 -Hidden Valley, south side of river 456067, 3758152   451089, 3757558 
 -Hidden Valley South - Restoration 456067, 3758152  454817, 3758428 
 -Hidden Valley South - Control  454835, 3758920  451089, 3757558 

-Lower Hole Creek    457147, 3757662  456737, 3758025 
-Hidden Valley to River Rd1 

     -SAR-Goose Creek, Norco to I-15  451560, 3758574                            448772, 3756316 
     -Goose Creek Mitigation, Norco  451083, 3757763                            450045, 3757296 
     -Norco Bluffs (I-15 to River Rd, non-mitigation) 448907, 3756725  444876, 3753717 
Santa Ana Canyon (SAC): 
 -Upper Canyon            441121, 3749692  438609, 3749795      
 -Green River Golf Club    438609, 3749795  436613, 3748409 
 -Featherly Park     436604, 3748585  429512, 3747922 
  

Sampled Locations and Incidental Sighting Locations 
 

Survey Site     Starting Coordinates  Ending Coordinates 
Santa Ana River & Tributaries: 
Alessandro Arroyo/Prenda Arroyo  465500, 3754365  470391, 3751168 
      465354, 3752493  468066, 3751913 
Box Springs     471086, 3757494  472592, 3756430 
Burris Basin3     419850, 3743943  419150, 3742378 
Cajon Wash2     456784, 3796197  457285, 3791752 
Canyon Crest2     468329, 3757116  468644, 3756933 
Carbon Canyon (Chino Hills Pkwy)2  431500, 3760294  431143, 3759777 
Carbon Canyon Regional Park²   422957, 3752929  425648, 3754031 
Castleview Park2     467826, 3755173  468565, 3754997 
Chino Creek Wetlands Park2   437541, 3758309  437358, 3758832  
Chino Hills     438794, 3754812  429061, 3759386 
Chino Hills State Park (Bane Cyn)2   435061, 3757365                            435376, 3753499 
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Sampled Locations and Incidental Sighting Locations (cont.) 
 

Survey Site     Starting Coordinates  Ending Coordinates 
Chino Hills State Park (Lower Aliso Cyn)2  435288, 3753302  438033, 3749528 
Chino Hills State Park (Telegraph Cyn)2  434818, 3753694  424101, 3753165 
Chino Hills State Park (Upper Aliso Cyn)2             435111, 3753336  433834, 3755029 
City Creek (Highland)2    482136, 3775290   482454, 3777612 
Conrock Basin (FHQ)3    423314, 3746089  423465, 3746370 
Fresno Canyon2     440631, 3748012  440954, 3749370 
Golden Star     465359, 3751458  466469, 3750869 
Harrison Reservoir (aka McAllister Creek)   460113, 3749435                     460002, 3747712 
Hidden Valley Golf Club    451635, 3752238  451557, 3754114 
Highway 712     439575, 3753329  439937, 3752095 
La Sierra     457473, 3748848  457824, 3747117 
Little Sand Basin2    478157, 3779714  478805, 3780527 
Mead Valley (Cajalco/aqueduct)   471930, 3744796  469980, 3743887 
Meridian CA (former March SKR Preserve)  471761, 3749213  473403, 3750887 
Mockingbird Canyon    461624, 3750450                            469580, 3747044 
Norco Hills Park Mitigation2   449570, 3751384  449818, 3751233 
Plunge Creek     486953, 3774720   486987, 3775572 
Poorman Reservoir    476434, 3758610  477243, 3757320  
Pyrite Channel2     456489, 3762199  455222, 3760761 
Quail Run     469907, 3757374  471038, 3757541 
Riverside (Van Buren and Jurupa)   457145, 3757620  457172, 3757560  
Ryan Bonaminio Park2    463782, 3759521  463195, 3759424 
San Bernardino Flood Control   468779, 3767632  467036, 3766052 
Sun Canyon Park2    454614, 3749211  454788, 3749119  
Sycamore Canyon    470209, 3757079  473225, 3753435 
Talbert Park (Orange County)   411746, 3722974  411932, 3723803  
Tequesquite Arroyo2    467671, 3756303  468003, 3757103 
Tin Mine Road     455337, 3747953  455530, 3744748 
Van Buren Blvd. (Bountiful)    469382, 3749787  469934, 3750036 
Van Buren (Porter Road)2    467009, 3749689  466421, 3750042 
Wardlow Wash2     442819, 3748289                            441873, 3749262 
Woodcrest     464548, 3751638  464847, 3751471 
Wyle Labs (at El Paso only)   450013, 3751824  451547, 3752543 
Yorba Linda (San Antonio Rd)2   429199, 3750653  429494, 3751473 
Yorba Linda (Starlight Dr.)   431071, 3749184  431140, 3750240 
Yorba Linda Lakebed Park2   424747, 3748248  424886, 3748817 
 
San Jacinto River Sub-watershed: 
Cottonwood Canyon2    475769, 3725678  477572, 3723954 
Kabian Park2     478467, 3734032  475650, 3730501 
Lake Perris     483092, 3744484                            485461, 3748329 
Menifee (Salt Creek)    478298, 3726507  479627, 3727241 
Temescal Canyon    450725, 3746717  471425, 3720558 
 
Santiago Creek Sub-watershed: 
Irvine Lake3     432717, 3736629   434691, 3737547 
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Sampled Locations and Incidental Sighting Locations (cont.) 

 
Survey Site     Starting Coordinates  Ending Coordinates 
Irvine Trust Management Area   429805, 3738275  429786, 3738632 
Limestone Canyon2    434012, 3736548  434897, 3735784 
Peter’s Canyon     429752, 3738563  428604, 3735584 
Santiago Basin3     425344, 3740796  424678, 3740612 
Santiago Canyon (Irvine Park)   430063, 3740268  428977, 3741769 
Santiago Creek (above Irvine Lake)  437147, 3736028  435376, 3737521 
Santiago Creek (Cambridge Road)   421800, 3737876  421425, 3737985 
Santiago Creek (Chapman Ave.)   423094, 3738524  423740, 3739316 
Santiago Oaks Regional Park (to Cannon Rd)4 425540, 3741436  428769, 3742280 
Silverado Canyon2    437692, 3734768  438878, 3734047 
Smith Basin4     425362, 3741441  426377, 3741912 
 

Miscellaneous Locations 
 
Survey Site     Starting Coordinates  Ending Coordinates 
Cielo Vista3     429825, 3750579  429825, 3750579 
Moreno Valley2     475810, 3758624  474960, 3759974 
San Bernardino Flood Control3   477956, 3771549  477956, 3771549 
Van Buren and Jurupa3    457187, 3757558  457187, 3757558 
Wolfskill     498156, 3747889  497980, 3747499 

 
ˡ In 2015, Hidden Valley to River Rd was divided into separate sites due to funding constraints. These sites are SAR-Goose Creek, Norco to I-15, 

which also includes Goose Creek Mitigation (funded by IERCD), and Norco Bluffs (I-15 to River Rd, non-mitigation), which as of 2016 includes an 

additional 250 acres that was not surveyed by SAWA in 2015. 

 
² Denotes sites that were not surveyed this year. 

 
3 Incidental observations of LBVI at this site.  

 
4 In 2018, Santiago Creek (to Cannon, including Smith Basin) was broken out to make Smith Basin a separate site and Santiago Oaks Regional 

Park was expanded to include the area up to Cannon Road. 

 
5 In 2017, Rancho La Sierra West was added to SAR – Upstream, Hidden Valley south side of the river. 
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APPENDIX B: WATERSHED-WIDE ANNUAL RESULTS, 2000-2020 
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Appendix B-1: Least Bell's Vireo reproductive success and breeding biology data at 

monitored and select sampled sites in the Santa Ana River Watershed, 2000-2020 (sites 

vary by year). 
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Appendix B-2. Least Bell’s Vireo nest placement preferences at closely monitored and 
select sampled sites in the Santa Ana River Watershed, 2000-2020. 
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Appendix B-2 continued. Least Bell’s Vireo nest placement preferences at closely 
monitored and select sampled sites in the Santa Ana River Watershed, 2000-2020. 
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Appendix B-2 continued. Least Bell’s Vireo nest placement preferences at closely 
monitored and select sampled sites in the Santa Ana River Watershed, 2000-2020. 
 

 



LBVI AND SWFL REPORT 2020 
SANTA ANA WATERSHED ASSOCIATION   APPENDIX B 

 

B-6 
 

Appendix B-2 continued. Least Bell’s Vireo nest placement preferences at closely 
monitored and select sampled sites in the Santa Ana River Watershed, 2000-2020. 
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Appendix B-2 continued. Least Bell’s Vireo nest placement preferences at closely 

monitored and select sampled sites in the Santa Ana River Watershed, 2000-2020. 
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APPENDIX C: SUMMARY TABLES BY MANAGED SITE, 2000-2020 
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Appendix C-1-A. Least Bell's Vireo reproductive success and breeding biology data at 
survey sites in the Santa Ana River Watershed, California. 
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Appendix C-1-B. Least Bell's Vireo reproductive success and breeding biology data at 
survey sites in the Santa Ana River Watershed, California. 
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Appendix C-1-C. Least Bell's Vireo reproductive success and breeding biology data at 
survey sites in the Santa Ana River Watershed, California. 
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Appendix C-1-D. Least Bell's Vireo reproductive success and breeding biology data at 
survey sites in the Santa Ana River Watershed, California. 
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Appendix C-1-E. Least Bell's Vireo reproductive success and breeding biology data at 
survey sites in the Santa Ana River Watershed, California. 
 

 



LBVI AND SWFL REPORT 2020 
SANTA ANA WATERSHED ASSOCIATION   APPENDIX C 

C-7 
 

Appendix C-1-F. Least Bell's Vireo reproductive success and breeding biology data at 
survey sites in the Santa Ana River Watershed, California. 
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Appendix C-1-G. Least Bell's Vireo reproductive success and breeding biology data at 
survey sites in the Santa Ana River Watershed, California. 
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Appendix C-1-H. Least Bell's Vireo reproductive success and breeding biology data at 
survey sites in the Santa Ana River Watershed, California. 
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Appendix C-1-I. Least Bell's Vireo reproductive success and breeding biology data at survey 
sites in the Santa Ana River Watershed, California. 
 

 



LBVI AND SWFL REPORT 2020 
SANTA ANA WATERSHED ASSOCIATION   APPENDIX C 

C-11 
 

Appendix C-1-J. Least Bell's Vireo reproductive success and breeding biology data at survey 
sites in the Santa Ana River Watershed, California. 
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Appendix C-1-K. Least Bell's Vireo reproductive success and breeding biology data at 
survey sites in the Santa Ana River Watershed, California. 
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Appendix C-1-L. Least Bell's Vireo reproductive success and breeding biology data at 
survey sites in the Santa Ana River Watershed, California. 
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Appendix C-1-M. Least Bell's Vireo reproductive success and breeding biology data at 
survey sites in the Santa Ana River Watershed, California. 
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Appendix C-1-N. Least Bell's Vireo reproductive success and breeding biology data at 
survey sites in the Santa Ana River Watershed, California. 
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Appendix C-2-A. Least Bell’s Vireo nest placement preferences at survey sites in the Santa 
Ana Watershed, 2000-2020.  
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Appendix C-2-B. Least Bell’s Vireo nest placement preferences at survey sites in the Santa 
Ana Watershed, 2000-2020.  
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Appendix C-2-B continued. Least Bell’s Vireo nest placement preferences at survey sites in 
the Santa Ana Watershed, 2000-2020.  
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Appendix C-2-C. Least Bell’s Vireo nest placement preferences at survey sites in the Santa 
Ana Watershed, 2000-2020. 
 

 
 
Appendix C-2-D. Least Bell’s Vireo nest placement preferences at survey sites in the Santa 
Ana Watershed, 2000-2020.
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Appendix C-2-D continued. Least Bell’s Vireo nest placement preferences at survey sites in 
the Santa Ana Watershed, 2000-2020.  
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Appendix C-2-E. Least Bell’s Vireo nest placement preferences at survey sites in the Santa 
Ana Watershed, 2000-2020. 
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Appendix C-2-E continued. Least Bell’s Vireo nest placement preferences at survey sites in 
the Santa Ana Watershed, 2000-2020. 
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Appendix C-2-F. Least Bell’s Vireo nest placement preferences at survey sites in the Santa 
Ana Watershed, 2000-2020. 
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Appendix C-2-G. Least Bell’s Vireo nest placement preferences at survey sites in the Santa 
Ana Watershed, 2000-2020. 
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Appendix C-2-G continued. Least Bell’s Vireo nest placement preferences at survey sites in 
the Santa Ana Watershed, 2000-2020. 
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Appendix C-2-H. Least Bell’s Vireo nest placement preferences at survey sites in the Santa 
Ana Watershed, 2000-2020. 
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Appendix C-2-H continued. Least Bell’s Vireo nest placement preferences at survey sites in 
the Santa Ana Watershed, 2000-2020. 
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Appendix C-2-I. Least Bell’s Vireo nest placement preferences at survey sites in the Santa 
Ana Watershed, 2000-2020. 
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Appendix C-2-J. Least Bell’s Vireo nest placement preferences at survey sites in the Santa 
Ana Watershed, 2000-2020. 
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Appendix C-2-J continued. Least Bell’s Vireo nest placement preferences at survey sites in 
the Santa Ana Watershed, 2000-2020.  
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Appendix C-2-K. Least Bell’s Vireo nest placement preferences at survey sites in the Santa 
Ana Watershed, 2000-2020. 
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Appendix C-2-L. Least Bell’s Vireo nest placement preferences at survey sites in the Santa 
Ana Watershed, 2000-2020. 
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Appendix C-2-L continued. Least Bell’s Vireo nest placement preferences at survey sites in 
the Santa Ana Watershed, 2000-2020. 
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Appendix C-2-M. Least Bell’s Vireo nest placement preferences at survey sites in the Santa 
Ana Watershed, 2000-2020.  
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Appendix C-2-M continued. Least Bell’s Vireo nest placement preferences at survey sites in 
the Santa Ana Watershed, 2000-2020.  
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Appendix C-2-N. Least Bell’s Vireo nest placement preferences at survey sites in the Santa 
Ana Watershed, 2000-2020. 
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Appendix C-2-N continued. Least Bell’s Vireo nest placement preferences at survey sites in 
the Santa Ana Watershed, 2000-2020. 
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