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The Least Bell’s Vireo (Vireo bellii pusillus)
was a common riparian breeder throughout
coastal southern California and the Central
Valley, including the San Joaquin Valley to the
south and the Sacramento Valley to the north
(Fig. 1; Goldman 1908, Grinnell and Miller
1944). Although the Least Bell’s Vireo was
considered one of the most abundant species
in California, Grinnell and Miller (1944) noted
population declines in the Sacramento and San
Joaquin valleys as early as the 1930s. From
the 1800s to the 1970s, there was a 95% loss
of riparian habitat in the Central Valley (Smith
1977, Katibah 1984). Data on Least Bell’s Vireos
from the 1940s through the 1960s are lacking,
but extensive surveys of the Central Valley in
the late 1970s did not detect a single individ-
ual (Goldwasser et al. 1980). The Least Bell’s
Vireo was listed as state endangered in 1980
and federally endangered in 1986, with their
population decline likely due to nest parasitism
by Brown-headed Cowbirds (Molothrus ater)
and habitat conversion to agriculture (USFWS
1998). By 1986, only 300 pairs re mained, with
the majority in San Diego, Riverside, and
Santa Barbara counties and 8 or fewer pairs
or territorial males in each of the following
counties: San Bernardino, Riverside, Orange,

Los Angeles, Ventura, Inyo, and Monterey
(USFWS 1998).

After the Least Bell’s Vireo was listed as
endangered, the population grew eightfold
within southern California to an estimated 2500
pairs by 2004, likely due to extensive riparian
restoration and removal of the Brown-headed
Cowbird (Kus 1998, unpublished data by Kus
and Hayes cited in Kus and Whitfield 2005),
which is an obligate brood parasite. Within
southern California, the Least Bell’s Vireo recol-
onized the Santa Clara River (Ventura County)
to the north (B. Kus personal communication)
and the Mojave River (San Bernardino County)
to the northeast (Kus and Beck 1998). The cur-
rent breeding range is generally thought to
extend from northwest Baja California to south-
west California (Fig. 1; CDFG 1995, USFWS
1998). Although the Salinas River is mapped
by the California Wildlife Habitat Relation-
ship database (CDFG 1995) as the northern-
most breeding population, breeding has not
been confirmed there since 1983 (Roberson
2002).

Breeding records for Least Bell’s Vireos
outside of their southern California range have
been rare in the past 20 years (we define
southern California as Santa Barbara, Ventura,
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San Bernardino, and other counties to the
south, as well as southeastern Inyo County).
During extensive breeding season surveys of
the Central Valley in 1995–2003, PRBO Con-
servation Science did not detect any Least
Bell’s Vireos (RHJV 2004). The most recent
northernmost breeding records were reported
near Gilroy (Santa Clara County) in 1997 (a
breeding pair; Roberson et al. 1997) and along
the Salinas River (Monterey County) in 1983
(a nesting pair; Roberson 2002), but breeding
has never been confirmed in either area since
those records. However, there has been an

increase in riparian habitat in the Central
Valley due to habitat restoration in the Sacra-
mento Valley (2500 ha; Golet et al. 2008) and
the San Joaquin Valley (630 ha restored
since 2002 at the San Joaquin River National
Wildlife Refuge [SJRNWR; Stanislaus County]).
The restoration at the SJRNWR is notable
because the design and implementation in -
cluded recommendations from the Riparian
Bird Conservation Plan (RHJV 2004), the
Endangered Species Recovery Program (Cali-
fornia State Univer sity–Stan islaus), and the
U.S. Fish and Wildlife Service (USFWS 2006).
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Fig. 1. Current and historic Least Bell’s Vireo distributions in California and locations of 2005–2007 breeding records.
Historic distribution based on Grinnell and Miller (1944).



In this study we (1) report on survey efforts
for Least Bell’s Vireos within the SJRNWR
riparian restoration, (2) describe Least Bell’s
Vireo nest attempts at SJRNWR including
nest site characteristics, and (3) discuss an
increase in Least Bell’s Vireo sightings outside
of southern California in recent years.

METHODS

Our study site was the SJRNWR, located
16 km west of Modesto in Stanislaus County,
California, within the historic floodplain of the
San Joaquin, Tuolumne, and Stanislaus rivers
(Fig. 1). Starting in 2002, the USFWS and
River Partners, a nonprofit organization that
conducts riparian habitat restoration through-
out the Central Valley, revegetated approxi-
mately 630 ha of previously farmed land with
native riparian plants. One of the restored
parcels was a 121-ha parcel next to the San
Joaquin River consisting of 3 adjacent plots:
Hagemann’s Fields 6, 8, and 9. The Hage-
mann’s Field 9 plot (38 ha) was planted with a
cottonwood- and willow-dominated mixed
riparian series. Planting of trees began during
March 2002 with locally collected cuttings and
potted stock of Fremont’s cottonwood (Populus
fremontii), willows (Salix spp.), valley oak
(Quercus lobata), and other native riparian
trees. The trees were planted in a mosaic design
that was informed primarily by site edaphic
and hydrologic conditions and by wildlife habi-
tat objectives. Shrub planting occurred in fall
2002 from potted stock including California
blackberry (Rubus ursinus), California wildrose
(Rosa californica), and coyotebrush (Baccharis
pilularis). An understory of Great Valley gum-
plant (Grindelia camporum var. camporum),
mugwort (Artemisia douglasiana), and creep-
ing wild rye (Leymus triticoides) was planted
and seeded during fall 2003. Another 200 ha
(including Hagemann’s Field 6 plot [46 ha])
were restored during spring 2003 using a sim-
ilar planting design. The sites were flood-irri-
gated, and the understory was mowed to
control nonnative plants and help perennial
native plants become established.

We surveyed the Hagemann’s Field 6 and 9
restoration plots in 2005–2009, as part of an
ongoing landbird-monitoring effort designed
to evaluate riparian restoration actions on
SJRNWR and other locations in the Central
Valley. Following standardized protocols, we

collected breeding season (April–July) data on
avian abundance, diversity, reproductive suc-
cess, and other demographic parameters (Mar-
tin and Geupel 1993, Ralph et al. 1993). We
delayed survey efforts in 2006 until 5 July due
to extensive flooding.

The Least Bell’s Vireo search effort was
increased for the 2007–2009 breeding sea-
sons. Areas of SJRNWR which supported suit-
able Least Bell’s Vireo nesting habitat (300 ha
of early seral-stage riparian vegetation) were
extensively searched for over 62 hours in 2007
and over 80 hours in 2008 and 2009.

We searched North American Birds (1983 to
2007; also titled as American Birds, National
Audubon Society Field Notes, and American
Birding Association Field Notes), the Central
Valley Bird Club Bulletin (1998 to 2007),
PRBO unpublished data, and other sources to
locate any breeding or nonbreeding Least Bell’s
Vireo records from northern California.

RESULTS

Least Bell’s Vireo Observations

On 10 June 2005, we detected a male Least
Bell’s Vireo singing at SJRNWR during a
scheduled survey (Kreitinger and Wood 2005).
Later that day, a male and female were seen
feeding 2 dependent fledglings. On 29 June
2005, a presumed second nesting attempt was
discovered on hatching day, with 2 eggs and
2 young. No Brown-headed Cowbird eggs or
young were observed. On 1 July 2005, the nest
contained 4 young; and by 11 July, the young
had fledged. The male was later seen feeding
2 dependent fledglings within the territory.
The female and 2 other fledglings were not
found despite extensive searches in the area.
The female was last seen on 12 July. It is not
uncommon for females to disperse from the
area with one or more fledglings while the male
cares for the rest of the brood within or near
the territory (B. Kus, personal communication).
On 13 July, the male was captured in a mist net
and banded with a blue anodized leg band.
The male and young were last seen on 3
August 2005.

Despite extensive flooding during the 2006
breeding season, we saw the 2005 color-banded
male Least Bell’s Vireo singing during a survey
of Hagemann’s Field 9 plot on 11 July 2006,
approximately 100 m from the 2005 nest site.
On 17 July, we found the nest in Hagemann’s
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Field 6 plot approximately 550 m southeast of
the 2005 territory. We observed 4 eggs in the
nest on 24 July and again on 31 July, with no
cowbird eggs or young observed. We banded
3 nestlings estimated at 5–6 days old with red
anodized bands on 11 August; there was no
sign of the fourth egg or nestling. We observed
2 fledglings being fed by the female on 18
August. We were unable to confirm the pres-
ence of the male or all 3 banded young together
(i.e., only 2 seen at a time) after fledging. The
female and one fledgling were last seen on 24
August.

On 11 May 2007, we detected a single,
unbanded Least Bell’s Vireo building a nest
on the Hagemann’s Field 9 plot. This nest was

approximately 260 m northwest of the 2005
nest and 765 m west of the 2006 nest. Although
both sexes may participate in nest building,
only a single Least Bell’s Vireo was observed,
and it never sang, suggesting it was female. By
21 May, 4 eggs had been laid in the nest, which
confirmed that the adult bird was female. The
eggs were all the same size, shape, and color,
with no Brown-headed Cowbird eggs (Fig. 2).

The Least Bell’s Vireo was last seen on 1
June, with the eggs remaining unhatched; no
other Least Bell’s Vireos were observed in the
vicinity of the nest or at SJRNWR. Although
the bird was not seen after 1 June, the eggs
were rearranged in the nest at least twice prior
to 11 June, indicating that the female was
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Fig. 2. Least Bell’s Vireo nest with 4 eggs. The eggs were filled with fluid and air pockets, likely indicating the lack of
embryonic development. The photo was taken by M. Dettling on 5 June 2007, San Joaquin River National Wildlife
Refuge, Stanislaus County, California.



occasionally revisiting the nest. The eggs were
depredated between 11 and 15 June. No Least
Bell’s Vireos were detected at SJRNWR in
2008 or 2009.

Nest Site Characteristics

The 2005 nest was suspended 84 cm from
the ground in a forked lateral branch of a
cultivated 3-year-old arroyo willow (Salix lasi-
olepis) that was 450 cm high and had a 4-cm-
diameter central bole. Multiple mugwort plants
around the arroyo willow were 200 cm high
with a stem density of 16.3 stems ⋅ m–2 (number
of stems counted at 10 cm from the ground and
within a 5-m radius of the nest). Nest conceal-
ment values 1 m above, below, north, south,
east, and west of the nest were 40%, 0%, 0%,
30%, 0%, and 90%, respectively. 

The 2006 nest was suspended 101 cm from
the ground in a forked branch of a cultivated
3-year-old arroyo willow which was 500 cm
high and had a 10-cm-diameter central bole.
The nest was located within the interior of the
arroyo willow approximately 110 cm from the
edge of the plant. Additional nest conceal-
ment was provided by gumplant, sunflower
(Helianthus annuus), and creeping wild rye.
Nest concealment values 1 m above, below,

north, south, east, and west of the nest were
30%, 0%, 10%, 0%, 90%, and 30%, respectively.

The 2007 nest was suspended 72 cm from
the ground in a forked branch of a dead arroyo
willow, with some support from a silverleaf
horseweed (Conyza coulteri) stem. The nest
was mostly concealed by a Fremont cotton-
wood (Populus fremontii) that had fallen over,
but still had green leaves. Nest concealment
values 1 m above, below, north, south, east,
and west of the nest were 80%, 5%, 30%, 5%,
5%, and 50%, respectively.

Least Bell’s Vireo Records from 
Northern California 

Records of Least Bell’s Vireos in northern
California have been rare in the past 25 years,
but the number of sightings appears to be
increasing (Fig. 3).

Confirmed breeding records include the
2005–2007 nests at SJRNWR, a 1983 breeding
record in Monterey County (Roberson 2002),
and a 1997 record of a breeding pair near Gilroy
in Santa Clara County (Roberson et al. 1997).

Sightings of individual birds (generally
singing males) during the breeding season from
1983 to 2007 (Fig. 3) were recorded in Mon-
terey County in 1983 (2 individuals), 1984,
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Fig. 3. Records of Least Bell’s Vireos from the breeding and nonbreeding season in northern California from 1983 to
2007. Confirmed nesting is indicated with an asterisk. Only one bird from a breeding pair or successful nest is repre-
sented. See text for details of records.



1988, 1993, and 1996 (Bailey et al. 1988, 1993,
Roberson 2002); Kern County in 1992, 1997,
and 2006 (McCaskie 1992, 1997, Sterling 2006);
Mono County in 2002 and 2007 (Glover et al.
2002, 2007b); San Luis Obispo County in 2005
(McCaskie and Garrett 2005); Solano County
in 2005 (Cole et al. 2005); San Joaquin
County in 2006 (Glover et al. 2007a); Santa
Clara County in 2006 (Glover et al. 2007c); and
Tulare County in 2006 (Cole et al. 2006c). We
considered breeding season records as obser-
vations of a singing male or a single adult bird
between 10 April and 11 August (most records
were from May through July). However, breed-
ing was never confirmed for many of these
sightings.

Nonbreeding-season records of presumed
Least Bell’s Vireos from 1983 to 2007 (Fig. 3)
include individual sightings in Marin County
in 1985 (Bailey and Campbell 1985), Sacra-
mento County in 1993 and 1995 (Bailey et al.
1994, 1996), Monterey County in 1995 and
2003 (Bailey et al. 1996, Cole et al. 2004),
Kern County in 1996 (McCaskie 1996), Merced
County in 2004 (Sterling 2004), Tulare County
in 2005 (Cole et al. 2006a), and Fresno
County in 2006 (PRBO unpublished data; Cole
et al. 2006b). All nonbreeding-season obser-
vations occurred from September through
January. It is possible that some of these non-
breeding-season records are of other Bell’s
Vireo subspecies. For example, 2 birds banded
at Southeast Farallon Island in fall 1993 (Bai-
ley et al. 1994) and 1 bird observed in
Golden Gate Park, San Francisco, in fall
2005 (Cole et al. 2006a) were likely not pusil-
lus (Rich Stallcup personal commication) and
are not included in Figure 3.

DISCUSSION

The 2005 nest record is the first confirmed
record of a breeding Least Bell’s Vireo in the
Central Valley in over 50 years. This record is
over 350 km from the closest known breeding
population, on the Santa Ynez River, Santa Bar-
bara County (Fig. 1). The Salinas River is closer
(Fig. 1), but breeding has not been confirmed
there since 1983 (Roberson 2002). Grinnell and
Miller (1944) were the last to document the
Least Bell’s Vireo in the Central Valley. Pre-
sumably the birds they observed included nest-
ing individuals; however, the last confirmed
nest records in the valley occurred in 1919 in

La Grange, Stanislaus County (MVZ 1919),
and in Delhi, Merced County (WFVZ 1919).

Only one Least Bell’s Vireo was observed
in 2007, yet a nest was completed and 4 vireo
eggs were laid. We believe the eggs were
unfertilized because they remained fluid filled
(with some air pockets) late into the incuba-
tion period (Fig. 2), indicating a lack of embry-
onic development. Also, no male was ever
observed. Male Least Bell’s Vireos are known to
be very vocal during the breeding season
(Brown 1993). Because we surveyed the area
regularly before and after the nest was found
(approximately 30 person hours in the vicin-
ity), it is highly unlikely we missed detecting a
male.

The breeding activity from 2005 to 2007
occurred in 3–5-year-old riparian restoration
plots with conditions similar to the breeding
habitat favored in southern California: early to
mid-seral-stage riparian forests between 3 and
5 years old and a high-density understory (Kus
2002). The nest site characteristics were also
similar to those favored in southern California.
Mean nest height at SJRNWR was 85.7 cm,
comparable to the mean of 90 cm observed
in a southern California study of Least Bell’s
Vireos (n = 231; Kus et al. 2008). All 3 nests at
SJRNWR were located in arroyo willow, which
was also the most commonly used nest plant
in the southern California study.

For Least Bell’s Vireos to expand outside of
their southern California range, there must be
dispersal events and suitable available habitat.
Successful breeding in southern California
likely facilitated dispersal into a greater extent
of their historic breeding range in southern
California between 1986 and 2004 (Kus and
Beck 1998, USFWS 1998, Kus and Whitfield
2005) and may now facilitate dispersal into the
Central Valley, where riparian restoration efforts
have created suitable habitat. The nonbreeding-
season records of Least Bell’s Vireos in northern
California (Fig. 3) are likely due to dispersing
individuals, although there have been records of
Least Bell’s Vireos overwintering in California
(USFWS 1998). Additional dispersal may also
occur as southern California breeding sites
become saturated.

Franzreb (1990, page 109) felt that the Least
Bell’s Vireo “probably will not repopulate the
Central Valley through natural reinvasion”
because of the bird’s site tenacity, the long dis-
tances required to disperse, and the intervening
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mountainous habitat. Very limited data are
available on passerine dispersal in general; most
species show median dispersal distances of <10
km (Sutherland et al. 2000, Winkler et al. 2005).
Our observations establish that long-distance
dispersal is possible for Least Bell’s Vireos.
The presumed minimum dispersal distance we
observed (350 km) is not unprecedented, as sev-
eral species of passerines and near-passerines
have reported maximum dispersal distances of
approximately 400 km (Sutherland et al. 2000).
In addition, Least Bell’s Vireos have dispersed
as far as 250 km to colonize new sites along
the Santa Clara and Ventura rivers in Ventura
County (Greaves and Labinger 1997, B. Kus
personal communication).

The presence of stable or increasing popu-
lations of Least Bell’s Vireos in the Sacramento
and San Joaquin valleys is considered a cri-
terion for downlisting the species (USFWS
1998), so it is encouraging that they are being
detected in northern regions of their former
breeding range, especially in the Central
Valley. Aiding in the recovery of imperiled
species is an important restoration goal, and
riparian restoration has been successful at
increasing the number and diversity of extant
wildlife in the Central Valley (Gardali et al.
2006, Golet et al. 2008) as well as providing
breeding habitat for Least Bell’s Vireos in
southern California (Kus 2002). The growth
of the southern California Least Bell’s Vireo
population gives reason to believe that the
birds will disperse northward as breeding
habitat becomes saturated. The growing num -
ber of observations of Least Bell’s Vireo in
northern California indicates that dispersal
outside of southern California is already
occurring.

The 2005–2007 Least Bell’s Vireo breeding
records at SJRNWR highlight the critical role
of restoration in creating habitat for special-
status species and suggest that it may be
possible for dispersal (versus translocation) to
reestablish the Least Bell’s Vireo in the Central
Valley. As more riparian habitat becomes avail -
able through restoration, the odds of these
dispersing Least Bell’s Vireos encountering
suitable breeding habitat will likely increase in
the Central Valley as well as in other locations
within their historic breeding range.

Future restoration of riparian areas in the
northern portion of the historic range of the
Least Bell’s Vireo would be beneficial for that

species as well as for other taxa (Gardali et al.
2006, Golet et al. 2008). The SJRNWR Least
Bell’s Vireo nests were situated within a 121-
ha restored patch at an early to midsucces-
sional stage that was immediately adjacent to
447 ha of mature remnant riparian forest. These
observations suggest that Least Bell’s Vireos
may be more likely to colonize larger restora-
tions as well as restorations situated adjacent
to mature riparian forest. Early seral to mid-
seral riparian forests with a dense understory
provide important nesting habitat for this
endangered bird. Successful management of
this transitional habitat could be achieved by the
following: (1) continuation of restoration activ-
ities to maintain a proportion of appropriate
habitat within the landscape; (2) active man-
agement (e.g., occasional mowing, burning,
flooding, etc.) of existing habitat to maintain
appropriate successional stages; (3) enhance -
ment or restoration of natural ecological proc-
esses, such as hydrological and fire regimes, to
naturally maintain appropriate successional
stages; and (4) design of restoration to promote
and prolong early seral to mid-seral riparian
vegetation (e.g., planting more shrubby species
and fewer climax species). Most importantly,
restoration site selection and planting design
will be most successful when undertaken as a
collaborative partnership among agencies,
land managers, horticulturalists, and wildlife
biologists.
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