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ABSTRACT: In 2009, we studied the migration of the Western Yellow-billed 
Cuckoo by capturing 13 breeding birds on the middle Rio Grande, New Mexico, 
and attaching a 1.5-g Mk 14-S British Antarctic Survey geolocator to each bird. In 
2010, we recaptured one of the cuckoos, enabling us to download its geolocation 
data. The cuckoo had flown approximately 9500 km during its southward migration, 
traveling through Central America to winter in portions of Bolivia, Brazil, Paraguay, 
and Argentina. The spring migration route differed somewhat from the fall route, 
with the cuckoo bypassing Central America to migrate through the Caribbean. Ad-
ditionally, it moved between New Mexico and Mexico at the end of summer in 2009 
and again in 2010 before being recaptured at its breeding site. Our results, albeit 
from one individual, hint at a dynamic migration strategy and have broad implications 
for the ecology and conservation of the Western Yellow-billed Cuckoo, a species of 
conservation concern.

Increasingly, researchers are focusing on understanding the ecology and 
conservation of migratory birds across their entire annual cycle (Webster et 
al. 2002). Yet documenting the movement patterns of migratory landbirds, 
and thus where they occur at different times of the year, has proven difficult 
(Rappole and Ramos 1994, Rappole 1995). Direct methods of tracking have 
historically relied on techniques such as banding, requiring large numbers 
of individuals to be marked for a small percentage return (e.g., Norris et al. 
2006, Rodriguez et al. 2009); radar, which does not provide information 
on individuals (Gauthreaux 1971); satellite tracking, which is expensive and 
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the devices are currently too heavy to be used on most landbirds (Ueta and 
Higuchi 2002, Hobson 2008); or radio telemetry, which presents logistical 
difficulty in transmission of data over long distances (Kenward 2001).

Recently, miniaturized light-level geolocators have become an important 
tool in the study of avian migration, especially with seabirds (Phillips et al. 
2004, Mackley et al. 2010), but increasingly with landbirds as the technol-
ogy becomes further miniaturized (Rodriguez et al. 2009, Stutchbury et al. 
2009, Bächler et al. 2010). Light-level geolocation is the calculation of posi-
tion from readings of ambient light levels (measuring day length and times 
of sunrise and sunset to estimate longitude and latitude, respectively) with 
reference to time (Fox 2010). Studies using geolocators are just now begin-
ning to be published (see BAS 2011) and are providing important insights 
into migratory birds’ entire annual cycle, including a better understanding 
of winter ranges and migration routes (Stutchbury et el. 2009, Heckscher 
et al. 2011) and information on connectivity between winter and breeding 
ranges (Ryder et al. 2011). 

The Yellow-billed Cuckoo (Coccyzus americanus) is suffering population 
declines in both the eastern and western portions of its range (Laymon and 
Halterman 1987, Sauer and Droege 1992, DeSante and George 1994, 
Hughes 1999); however, declines in the West have been severe, and listing 
of the western subspecies (C. a. occidentalis) under the Endangered Spe-
cies Act is warranted but reportedly “precluded by higher listing priorities” 
(USFWS 2001). Data on the ecology and conservation needs of breeding 
Western Yellow-billed Cuckoos are sparse, but studies in California (Laymon 
et al. 1997), Arizona (Johnson et al. 2008, Halterman 2009, McNeil et al. 
2010), New Mexico (Sechrist et al. 2009, Ahlers et al. 2010), and northern 
Mexico (Rohwer et al. 2009) have recently provided important insights into 
their ecology, habitat requirements, and potential threats on the breeding 
grounds. In contrast, virtually nothing is known of the cuckoo’s migration 
and winter ecology (Hughes 1999). In 2009, we placed geolocators on 13 
Yellow-billed Cuckoos in central New Mexico. The following summer (2010) 
we recaptured and retrieved the geolocator from one of these individuals. 
Although from a single bird, the data presented here (1) are the first to 
document the species’ movements over an annual cycle, (2) contradict the 
suggestion (Laymon 2000) that the western subspecies winters west of the 
Andes Mountains and does not migrate through the Caribbean (Hughes 
1999), and (3) reveal heretofore unknown seasonal movements within the 
breeding range that may be related, among other things, to molt, dual nest-
ing, or possibly facultative brood parasitism (Nolan and Thompson 1975, 
Pyle et al. 2009, Rohwer et al. 2009). 

METHODS

In 2009, using mist nets and broadcast calls (Halterman 2009), we cap-
tured 13 Yellow-billed Cuckoos near Elephant Butte Reservoir on the middle 
Rio Grande in central New Mexico (33.458° N, 107.176° W). The cuckoos 
were banded, measured (after Sechrist et al. 2009), and fitted with an archi-
val light-level geolocator (model Mk 14-S at 1.5 g, British Antarctic Survey 
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[BAS], Cambridge, England; Figure 1). We determined the birds’ breeding 
status by the presence of a brood patch or palpation of eggs. We attached 
the geolocators with a Rappole and Tipton (1991) leg-loop harness, scaling 
the loop’s size to the bird’s mass (Naef-Daenzer 2007); geolocators aver-
aged 2.5% of the bird’s mass at capture. With the instrument attached, the 
birds were released at their sites of capture, then in 2010 we revisited these 
sites—and nearby areas where surveys had detected cuckoos—in an effort to 
recapture them. Yellow-billed Cuckoos have large home ranges, averaging 
52–62 ha (Halterman 2009, Sechrist et al. 2009; 95% fixed-kernel home 
range), and their detectability is low (approximately 32% in tape-playback 
surveys; Halterman 2009). Despite intensive efforts, we recaptured only 1 
of 13 birds (8%). This seemingly low rate is, however, comparable to the 
10% (5 of 52 marked birds) rate of site fidelity Halterman (2009) reported 
from a long-term study in Arizona of cuckoos that were banded but did not 
carry geolocators. Furthermore, we saw no indication of lower-than-normal 
return rates due to effects of the geolocators (Bowlin et al. 2010). 

We used the BASTrak (BAS) suite of software and a standard method 
(e.g., Heckscher et al. 2011) of analysis of the geolocator data, a single-
threshold technique, which equates a certain sun elevation with a certain 
light level). We calibrated the retrieved geolocator under an open sky, and 
the comparison of the open calibration data with the known site of deploy-
ment indicated the data points were shifted south by approximately 3° (J. 
Fox pers. comm.); this shift is likely due to heavy shading consistent with 
the riparian overstory along the middle Rio Grande and, presumably, the 

Figure 1. Yellow-billed Cuckoo with geolocator attached.
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bird’s habitats in migration and winter. We corrected for the heavy vegeta-
tion shading in BASTrak by selecting a light-level threshold value of 2, 
corresponding to a solar elevation angle of –4°. After this correction, we 
assigned confidence levels to the data on the basis of an equinox timeline 
(confidence values decreasing as the date approaches the equinoxes, when 

Figure 2. Locations of a Yellow-billed Cuckoo inferred from a geolocator deployed 
from 31 July 2009 to 2 July 2010. Location shapes (year) and colors (month) are 
coded to reflect the species’ annual cycle. To account for inherent uncertainty in exact 
locations, polygons encompass a buffered area 200 km wide around locations (see text).
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day and night are of equal length at all latitudes) and obviously anomalous 
transitions (e.g., a lower confidence value if points were more than 80 km 
from land); only data with confidence values of 9 (on a scale of 0 to 9) were 
used. The accuracy of geolocators is generally estimated at ±150 km, but it 
varies depending on the proximity to solstices and equinoxes, with periods 
around the autumnal and vernal equinoxes providing poor resolution (Fu-
dickar et al. 2011). Therefore, we excluded from our analysis latitude data 
within 15 days of the equinoxes (Hill 1994).

We then calculated migration routes and wintering areas from the post-
processed BASTrak latitude and longitude data.  We applied a conservative 
200-km buffer or “area of potential uncertainty” to all calculated positions 
in order to accommodate known error associated with calculation of posi-
tions from geolocator data (see Phillips et al. 2004, Bächler et al. 2010, 
Fudickar et al. 2011).  We smoothed the tracks by means of a polynomial 
approximation with an exponential kernel-smoothing algorithm with a 300-
m tolerance in ArcGIS (ESRI, Inc.).  Then we used these buffered tracks to 
visually assist in the interpretation of movement patterns, migration routes, 
and approximate area of error. Range and migration routes were shaded 
and delineated on the basis of the date stamp. 

RESULTS

We retrieved the lone geolocator from a female cuckoo on 2 July 2010, 
approximately 1.4 km from the site of its initial capture on 31 July 2009 
south of Socorro, New Mexico. The bird was healthy, vocal (before capture), 
and there was no visible injury from the harness or the geolocator unit. Its 
mass was barely changed, being 4% less than its 2009 weight of 60 g. We re-
moved the geolocator immediately for downloading and analysis of the data. 

The geolocator’s position data may be categorized broadly by the phases 
of the annual cycle (breeding, wintering, and migration; Figure 2). The total 
distance from the calculated northwesternmost position in New Mexico to 
the southeasternmost positions in Argentina was approximately 9500 km. 
The distance from the centroid of the summer range to the centroid of the 
winter range was approximately 8800 km. 

Summer 2009 (31 July 2009–28 August 2009)

After the instrument was attached on 31 July 2009 the bird left the middle 
Rio Grande on or about 20 August 2009 and entered Mexico, moving 
through the states of Chihuahua and Sonora over a 7-day period. It then 
returned to New Mexico, apparently using the Rio Grande prior to beginning 
fall migration (Figure 2). During this period the bird moved possibly as much 
as 1050 km, as estimated from the greatest straight-line distance between 
locations during this period.

Fall 2009 (28 August–12 November 2009)

The cuckoo began fall migration by moving from New Mexico east into 
Texas on 28 August 2009 (Figure 2). It may have followed the Canadian 
River to the Brazos or portions of the Colorado River while traveling through 
Texas to reach the Caribbean slope of Mexico in early September. In Mexico, 
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before the equinox, it visited the states of Nuevo Leon, San Luis Potosí, 
Tamaulipas, and possibly Tlaxcala. After the equinox (early October) it moved 
through the Mexican states of Queretaro, Hidalgo, and Guerrero. It then 
traveled through Central America and arrived in northern Colombia on or 
about 18 October 2009. By mid-November, the bird had traveled south along 
the east side of the Andes through central Colombia, northeastern Peru, 
western Brazil, and western Bolivia (Figure 2). The overall estimated maxi-
mum distance traveled during fall migration was 7250 km. The minimum 
estimated migration rate (maximum distance traversed divided by estimated 
numbers of travel days) was 94 km/day.

Winter 2009/2010 (12 November 2009–27 April 2010)

The cuckoo spent more than 5 months in a winter range that encompassed 
parts of Bolivia, Brazil, Paraguay, and Argentina (Figure 2). The estimated 
maximum distance it traveled during this period was 1050 km.

Spring 2010 (27 April–14 June 2010)

The cuckoo’s spring migration apparently began in Bolivia but gener-
ally passed to the east of the fall route. The bird moved through western 
Brazil and eastern Colombia, then reached central Venezuela by mid-May. 
It apparently island-hopped through the eastern Caribbean, traveling north 
from Trinidad and just west of the Lesser Antilles, then west through Haiti, 
Jamaica, and the Cayman Islands (Figure 2). It apparently arrived at the 
Mexican state of Yucatan on 1 June 2010, then within 5 days began mi-
grating north through Veracruz (Figure 2). It entered southwestern Texas on 
or about 10 June 2010 and apparently followed the Pecos River to New 
Mexico. It may have briefly used the Canadian River and its tributaries to 
reach the upper and middle Rio Grande by mid-June. The estimated overall 
maximum distance traveled during spring migration was 7750 km during 49 
days of migration, for an estimated minimum migration rate of 158 km/day.

Summer 2010 (14 June–2 July 2010)

The cuckoo did not immediately establish a territory upon arriving at 
the middle Rio Grande; instead, it appears to have traveled through New 
Mexico into the Mexican state of Chihuahua—possibly along the Conchos 
River or its tributaries—over 9 days (22 June–30 June, Figure 2). The bird 
returned to New Mexico on or about 30 June 2010 and was recaptured 
on the middle Rio Grande 2 July 2010, only 1.4 km from the location of 
its initial capture in 2010. Overall estimated distance traveled between 14 
June and 2 July was 1000 km.

DISCUSSION

Our results, albeit from one individual, hint at a flexible migration strategy 
and have broad implications for the ecology and conservation of the cuckoo. 
Western populations of the Yellow-billed Cuckoo are in decline (Laymon and 
Halterman 1987, Hughes 1999, Laymon 2000). Efforts to monitor breeding 
populations at several western sites are continuing, but these studies provide 
data relevant to only the reproductive portion of the species’ life cycle. The use 
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of geolocators to monitor migration routes, to identify the location of stopover 
sites and winter ranges, and to measure the length of stopover has obvious and 
immediate utility for the management and conservation of this species and other 
migrants (Rodriguez et al. 2009, Stutchbury et al. 2009, Bächler et al. 2010). 
Although geolocators can provide only a broad picture of location and habitat 
use because of the error currently associated with this method (Fudickar et al. 
2011), the broad-scale geographic information that our recaptured cuckoo 
provided raises some interesting questions that we think deserve further study.

Subspecific Differences in Migration Routes and Winter Ranges?

The extent to which the two subspecies of the Yellow-billed Cuckoo use 
the same migration corridors, or whether their winter ranges overlap, is 
unclear. Hughes (1999) and Laymon (2000) speculated that the eastern and 
western subspecies have distinctive, discrete migratory routes and winter 
ranges with the southward migration of the western subspecies passing along 
the Pacific slope of western Mexico and Central America to a winter range 
in northwestern Costa Rica, southern Panama, and along the west slope of 
the Andes in Columbia, Ecuador, and possibly Peru. In contrast, they sug-
gested the southward migration of the eastern subspecies (C. a. americanus) 
to pass through the islands of the Caribbean south through northeastern 
South America to a winter range east of the Andes from Venezuela, Guyana, 
and Surinam south to southern Brazil, Paraguay, Uruguay, and northern 
Argentina. Additionally, Hughes (1999) compiled evidence that migrants on 
Caribbean islands are primarily C. a. americanus, in both spring and fall. 
Despite our cuckoo breeding on the middle Rio Grande (as attested by a 
brood patch in both years) within the putative range of C. a. occidentalis, 
its migration pattern (Figure 2) suggested that of C. a. americanus since it 
wintered south of the Amazon Basin and used a Caribbean route north in the 
spring. Clearly more study is needed to reveal whether this one individual’s 
migratory path reflects that of the western subspecies; nonetheless, its route 
suggests a migration strategy more complex than previously understood. 

Significance of the Breeding-Range Movements into Mexico?

In the summer of both 2009 and 2010 the cuckoo moved from its pre-
sumed site of breeding in New Mexico south about 1000 km into Mexico 
before returning north to New Mexico. This movement appears to be real 
and directed, as it far exceeds the geolocator’s position error of 150–200 km 
(Fudickar et al. 2011). We can think of several possible explanations for such 
movement. The first, described by Rohwer et al. (2009) as “migratory double 
breeding,” involves birds that breed in the United States and then, after their 
first round of breeding, migrate long distances south, where they breed a 
second time. The Yellow-billed Cuckoo was one of several species Rohwer et 
al. (2009) suggested to have such a strategy. In 2009 our cuckoo flew south 
into Mexico near the end of the period in which it is considered resident in 
central New Mexico (Hunter et al. 1985, Sechrist et al. 2009) and spent 7 days 
(20–26 August) in Chihuahua and Sonora before returning to New Mexico to 
begin fall migration. On 14 June 2010, it returned to its site of breeding in 
2009 but a week later flew south back into Chihuahua, where it resided for 
about a week before returning north to New Mexico on or about 30 June. 
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Although we do not believe this female remained in northern Mexico long 
enough for double breeding in either year (assuming a 17-day nesting cycle, 
Hughes 1999), we cannot discount the possibility that directed movement of 
this type may facilitate a double breeding by some individuals in some years. 

Another possible explanation for this unusual movement may be related 
to molt migration, that is, the movement of birds from more northern parts 
of North America into northern Mexico to avail themselves of the seasonal 
flush of vegetation and arthropods associated with the monsoon season (Pyle 
et al. 2009). Our bird obviously could not have molted in the short periods 
it was away from its site of breeding area, and the Yellow-billed Cuckoo’s 
prebasic molt is not reported to begin until September (Hughes 1999). It 
could, however, have used these flights to prospect for suitable habitat and 
conditions where it could undergo molt at the appropriate time. 

Finally, the Yellow-billed Cuckoo is suspected of engaging in both intra- 
and interspecific brood parasitism, especially during times of abundant food 
(Nolan and Thompson 1975, Fleischer et al. 1985, Hughes 1999). Nolan 
and Thompson (1975) speculated that it may parasitize occasionally as an 
evolutionary mechanism that permits very quick exploitation of sporadically 
abundant food. Prospecting for such ephemeral resources, coupled with a 
flexible reproductive strategy in the form of facultative brood parasitism, 
could favor movements over large areas to identify areas of seasonally or 
locally abundant food. 

The limited information we have, while not supporting a cause for any 
one scenario, does indicate a connection between cuckoos occurring on 
the middle Rio Grande in New Mexico and those in the Mexican states 
of Chihuahua and Sonora. But clearly more information is needed for an 
understanding of the significance of this connection and its implications for 
the conservation of the western population of the species.
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IRRuPTIVE MIgRATION OF ChESTNuT-BACkED 
ChICkADEES TO SOuThWESTERN IDAhO
JAY D. CARLISLE, Idaho Bird Observatory, Department of Biological Sciences, Boise 
State University, Boise, Idaho 83725; jaycarlisle@boisestate.edu

ABSTRACT: I document irruptive movements of the Chestnut-backed Chickadee 
to Lucky Peak in southwestern Idaho, over 80 km from its regular range. Chestnut-
backed Chickadees were captured and/or observed at Lucky Peak in 2000, 2004, and 
2008. To evaluate the context for this phenomenon, I also examined data on capture 
of all chickadees and other irruptive species at Lucky Peak and numbers of irruptive 
species recorded on Idaho Christmas Bird Counts (CBC) from 1997 to 2011. Though 
CBCs in the winter of 2004–05 (following the largest movement of Chestnut-backed 
Chickadees at Lucky Peak in fall 2004) found high numbers of many irruptive spe-
cies, relatively low numbers of Chestnut-backed Chickadees were detected on Idaho 
CBCs that winter. Overall, I observed little correspondence between capture totals at 
Lucky Peak and Idaho CBC data for potentially irruptive species in general, and little 
correspondence between years with Chestnut-backed Chickadees and patterns of any 
irruptive species in CBC data for the the subsequent winter. The seasonal movement 
patterns of this species, their regularity, and their causes warrant greater attention.

Several North American chickadees including the Black-capped (Poecile 
atricapillus), Boreal (P. hudsonicus), and Mountain (P. gambeli) engage in 
some level of regular and/or irruptive migration (Ficken et al. 1996, Mc-
Callum et al. 1999, Foote et al. 2010), a trait also shared by numerous Old 
World relatives (van Balen and Hage 1989, Heldbjerg and Karlsson 1997). 
The Chestnut-backed Chickadee (P. rufescens) is a permanent resident of 
western North America, primarily in the states/provinces adjacent to the 
Pacific Ocean (from Alaska to California), but it also occurs in the interior, 
including southeastern British Columbia, northern Idaho, and western 
Montana (Dahlsten et al. 2002). It makes short-distance, especially eleva-
tional, movements within or close to its regular range in British Columbia, 
Montana, and Oregon, and irregular post-breeding dispersal has been docu-
mented to northern British Columbia, southwestern Alberta, and southern 
California (Grinnell and Miller 1944, Dahlsten et al. 2002, D. Casey and P. 
Hendricks, pers. comm.). Longer-distance movements are undocumented. 
Here I provide evidence for rare but regular movements in Idaho to at least 
80 km (mostly well over 150 km) from the nearest point where the species 
is resident.

METHODS

Since 1997, the Idaho Bird Observatory has operated a banding station 
in fall migration at Lucky Peak (1845 m; 43.605° N, 116.061° W), along 
a forested ridgeline near the edge of the Snake River Plain in southwestern 
Idaho (details in Carlisle et al. 2004, 2005, 2006). Three distinct habitat 
types occur in a mosaic at Lucky Peak: dry coniferous forest dominated by 
Douglas-fir (Pseudotsuga menziesii), mountain deciduous shrubland domi-
nated by bitter cherry (Prunus emarginata), and shrubsteppe dominated by 
sagebrush (Artemisia tridentata). The date on which operation of the station 
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Figure 1. Chestnut-backed Chickadee captured at Lucky Peak, Ada County, Idaho, 
7 October 2004. 

Photo by Patrick Kolar

IRRUPTIVE MIGRATION OF CHESTNUT-BACKED CHICKADEES

started advanced during the first few years from mid-August to late July but 
was standardized at mid-July in 2000; capture and banding have continued 
through October 15 in all years. Weather allowing, station’s crew captured 
birds each day from sunrise for 5 hours by using ten 12-m nets placed in the 
deciduous shrubs adjacent to conifer forest and shrubsteppe. We identified 
all captured birds to species, age, and sex (Pyle 1997) and fitted each with 
individually numbered U.S. Geological Survey aluminum leg bands. We also 
recorded the date, time, and numerous measurements of each bird captured. 

Each morning the crew recorded approximate numbers of all bird species 
observed at the study site. The combination of intensive capture and banding 
with careful observation on a daily basis has provided a thorough record of 
bird occurrence at the site. 

I examined the patterns of observation and capture of the Chestnut-backed 
Chickadee at Lucky Peak from 1997 to 2010 in the context of closely related 
species and other irruptive species. Also, because fall migration of irruptive 
species might be reflected in Christmas Bird Count (CBC) data and CBC 
data provide an independent dataset for exploring such questions, I looked 
at Idaho CBC data for the corresponding winters to determine if similar 
patterns emerged. Thus datasets used for comparison included (1) patterns 
of capture of the Black-capped and Mountain chickadees, Red-breasted 
Nuthatch (Sitta canadensis), Brown Creeper (Certhia americana), and Pine 
Siskin (Carduelis pinus) at Lucky Peak and (2) CBC data for Idaho covering 
the winters from 1997–98 to 2010–11 for a suite of species that also show 
some irruptive tendencies (National Audubon Society 2011).
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RESULTS

We captured and/or detected Chestnut-backed Chickadees only in 2000, 
2004, and 2008 (Table 1). The first was captured 25 September 2000, the 
only Chestnut-backed detected at the site that year. We detected a flock of at 
least three Chestnut-backed Chickadees on 30 September 2004, beginning 
a 2-week period during which the species was detected and/or captured on 
10 out of 14 days, including three individuals captured and banded (Figure 1) 
and 19 other observations (Table 1). In addition, the raptor-count team, who 
did not routinely record passerines, observed a flock of seven individuals 
calling and taking off from the tree tops and flying south in early October 
2004 (G. Papp pers. comm.; Table 1). The next observation was of a bird 
heard and seen by multiple observers on 29 September 2008. Thus all 
Chestnut-backed Chickadees were captured or observed at four-year intervals 
(coincidentally, in leap years): 2000, 2004, and 2008 (Table 1). Three of 
four captured birds were aged with certainty as hatch-year birds, and the 
fourth (in 2004) was also suspected to be a hatch-year bird (skull pneumatized 
but mouth lining suggested an immature) but recorded as of unknown age.

Numbers of both the Black-capped (range 2–66 captured per season) 
and Mountain Chickadees (range 15–206) have varied substantially over 
the 14-year study period (Figure 2). Although the highest number of Black-
capped Chickadees was recorded in 2000, when one Chestnut-backed was 
captured, the two other years in which Chestnut-backed Chickadees occurred 
at the site had among the lowest seasonal totals for both other chickadees 

IRRUPTIVE MIGRATION OF CHESTNUT-BACKED CHICKADEES

Table 1 Specific Dates of Capture and Detection of 
the Chestnut-backed Chickadee at Lucky Peak, Idaho

Year and date Captured Observed Total

2000   
25 Sep 1 0 1

2004   
30 Sep 0 3 3
1 Oct 0 1 1
3 Oct 0 1 1
5 Oct 0 3 3
6 Oct 0 3 3
7 Oct 2 4 6
8 Oct 1 0 1
early Octobera 0 7 7
11 Oct 0 2 2
12 Oct 0 1 1
13 Oct 0 1 1

2008   
29 Sep 0 1 1

Total 4 27 31

aThis flock of seven individuals was observed by the hawk-migration 
team but the exact date was not recorded.
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(Figure 2), suggesting that whatever factor was responsible for Chestnut-
backed Chickadee movements was not acting simultaneously on the other 
chickadee species captured at Lucky Peak. On the other hand, the total 
of Pine Siskins captured was highest in 2004, and we also captured more 
Red-breasted Nuthatches than normal in 2004 (Figure 2). Thus two other 
irruptive species dependent on coniferous forests moved to Lucky Peak in 
higher than normal numbers the same year that we saw the highest numbers 
of Chestnut-backed Chickadees.

During the 2000–01 CBC, following our first capture of a Chestnut-
backed Chickadee in September 2000, several species were recorded in 
Idaho in above average numbers. These included the Black-capped Chicka-
dee, Mountain Chickadee, Red-breasted Nuthatch, Pine Siskin, Red Crossbill 
(Loxia curvirostra), and Evening Grosbeak (Coccothraustes vespertinus), 
but only for the Evening Grosbeak was this the highest count of the study 
period (Figures 3 and 4). Interestingly, in the winter of 2004–05 (following 
the biggest movement of Chestnut-backed Chickadees at Lucky Peak in fall 
2004) CBC numbers were high for many irruptive species, including the 
Black-capped and Mountain chickadees, Red-breasted Nuthatch, Brown 
Creeper, Bohemian Waxwing (Bombycilla garrulus), Pine Siskin, and Red 

Figure 2. Patterns of capture from 1997 to 2010 of potentially irruptive species 
during fall migration at Lucky Peak, southwestern Idaho (Chestnut-backed Chickadee 
not shown because of difference in scale, see Table 1). Species codes: BCCH, Black-
capped Chickadee; MOCH, Mountain Chickadee; RBNU, Red-breasted Nuthatch; 
BRCR, Brown Creeper; PISI, Pine Siskin. Dates of study: 1997, 13 Aug–21 Oct; 
1998, 5 Aug–15 Oct; 1999, 31 July–15 Oct; 2000, 18 July–16 Oct; 2001–2010, 
16 July–15 Oct.

IRRUPTIVE MIGRATION OF CHESTNUT-BACKED CHICKADEES



16

Crossbill, but relatively low for the Chestnut-backed Chickadee! In the winter 
of 2008–09 CBC totals were relatively high for the Pine Siskin but relatively 
low for other irruptive species. 

I observed little correspondence between capture totals at Lucky Peak 
and Idaho CBC data for potentially irruptive species in general, and little 
correspondence between years with Chestnut-backed Chickadees and pat-
terns of any irruptive species in the subsequent year’s CBC data for Idaho. 
Indeed, the patterns of Chestnut-backed Chickadee capture at Lucky Peak 
did not match with CBC data for that species.

DISCUSSION

Though more common in wet forests farther north in Idaho, Chestnut-
backed Chickadees are known to be resident as far south as the McCall/
Cascade/Smith’s Ferry area of Valley and Adams counties of west-central 
Idaho (Svingen and Dumroese 1997, Sturts and Sturts 2011, D. Trochlell 
pers. comm.). Thus Lucky Peak sits approximately 80 km south of the 
nearest documented range of the species and well over 150 km from 
higher-density populations farther north. The records at Lucky Peak are the 
southernmost for the species in the state and in the interior West, as there 
are no records farther south in Idaho nor from Utah or Nevada (Nevada 
Bird Records Committee 2011, Utah Bird Records Committee 2011). The 

Figure 3. Christmas Bird Counts (birds counted per party-hour of effort) for winters of 
1997–98 to 2010–11 for potentially irruptive species that are also captured at Lucky 
Peak. Species codes: BCCH, Black-capped Chickadee; MOCH, Mountain Chickadee; 
CBCH, Chestnut-backed Chickadee; RBNU, Red-breasted Nuthatch; BRCR, Brown 
Creeper; PISI, Pine Siskin.

IRRUPTIVE MIGRATION OF CHESTNUT-BACKED CHICKADEES



17

only other out-of-range report for Idaho comes from the town of Salmon in 
December 1984 (also a leap year) (Sturts and Sturts 2011). 

The Chestnut-backed Chickadee’s pattern of occurrence at Lucky Peak 
raises several important questions: (1) Why were these chickadees moving 
so far from their permanent range? (2) Why have we only documented this 
every four years? (3) Why were Chestnut-backed Chickadee movements not 
strongly related to movements of other species? (4) Why was there so little 
apparent correlation between migration data and CBC data?

The Chestnut-backed Chickadee’s pattern of regular movement every 
four years was not seen for any irruptive species at Lucky Peak or in Idaho 
CBC data for corresponding years. There are several plausible reasons why 
its fall movements detected at Lucky Peak were apparently not correlated 
with CBC data or movements of other irruptive species; these include diet 
differences by species, the distance from the study site to the source of 
dispersing chickadees, and habitat differences between CBC locations and 
ideal habitat for Chestnut-backed Chickadees.

Patterns of irruption can vary dramatically by species, from irregular and 
unpredictable to regular with reasonably consistent intervals (e.g., Bock 
and Lepthien 1976, Koenig and Knops 2001). With CBC data, Koenig 
and Knops (2001) showed that irruptions of many species are correlated 
with large crops of conifer seeds in the year prior to irruption (likely leading 
to high winter survivorship and increased population size) followed by a 

Figure 4. Christmas Bird Counts (birds counted per party-hour of effort) for winters 
of 1997–98 to 2010–11 for potentially irruptive species that are rarely or never 
captured at Lucky Peak. Species codes: BOWA, Bohemian Waxwing; PIGR, Pine 
Grosbeak; RECR, Red Crossbill; WWCR, White-winged Crossbill (Loxia leucoptera); 
EVGR, Evening Grosbeak.

IRRUPTIVE MIGRATION OF CHESTNUT-BACKED CHICKADEES
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substantially lower seed crop during the irruption year. They also found that 
weather variables had no significant relationship with irruptive movements. 
Among the chickadees and tits, most evidence suggests that a combination 
of population density and food scarcity drives irruptions (van Balen and Hage 
1989, Ficken et al. 1996, Heldbjerg and Karlsson 1997, McCallum et al. 
1999, Koenig and Knops 2001, Foote et al. 2010).

Though one might expect migration data and CBC data to match up within 
a given year and across years, the relationship might not be so straightfor-
ward for all species. In the case of conifer-reliant species, it could be that a 
site like Lucky Peak (with conifer forest dominated by Douglas-fir) provides 
more habitat for Chestnut-backed Chickadees than do CBCs centered at 
lower elevations more accessible to surveyors in winter. Also, irruptive mi-
grants occurring during fall migration might not necessarily remain until the 
CBC season in December and January. In the case of the Chestnut-backed 
Chickadee, one could imagine a bird undertaking long-range dispersal in 
September and/or October, only to perish or return to an area closer to the 
breeding range before mid-December. Another possibility is that survey effort 
during a CBC, especially in a state with relatively few birders like Idaho, is 
not of the same intensity as the daily coverage at a site of focused study of 
migration like Lucky Peak.

It is possible that various species’ differences in diet might result in each 
species responding independently to different environmental cues. Im-
portantly, we have very little information on what tree species’ seeds the 
Chestnut-backed Chickadee relies upon (Dahlsten et al. 2002). Also, the 
U.S. Forest Service’s Northern Region, which includes most of the Chestnut-
backed Chickadee’s range in Idaho, does not track cone crops on an annual 
basis; instead, it tracks years with especially good crops and for commercial 
species only (G. Scott pers. comm.). Thus I was unable to assess whether or 
not cone crops in the region were correlated with movements of chickadees. 

Another important difference between the Chestnut-backed Chickadee 
and other irruptive species is the extent of its range. Because other irrup-
tive species like the nuthatches, creeper, and other chickadees all have 
more extensive ranges, irruptions or dispersal could originate from multiple 
populations across the range at different times (e.g., LeBaron 1999). But, 
because Chestnut-backed Chickadees observed at Lucky Peak almost cer-
tainly originate from northern Idaho or western Montana, a more restricted 
range with more similarity in environmental variables at any given time, we 
might expect a lower potential for irruption, and therefore fewer incursions, 
in this species than in others.

Finally, we cannot be certain that the pattern we observed in our somewhat 
limited data set accurately reflects a pattern of periodic movement. One 
possibility is that Lucky Peak is too far from the permanent range for us to 
detect shorter-distance or more frequent movements. There may be annual 
or biennial shorter-distance movements to areas within a few kilometers of 
the permanent range that go unobserved because of a lack of observers 
and/or long-term research sites. For example, D. Trochlell (pers. comm.) 
has observed the Chestnut-backed Chickadee during fall and winter for 
three consecutive years at a site near La Grande, Oregon, at least several 
kilometers from the known breeding range. Also, periodic downslope move-

IRRUPTIVE MIGRATION OF CHESTNUT-BACKED CHICKADEES
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ments into western valleys of Montana have been observed (D. Casey and 
P. Hendricks pers. comm.), consistent with evidence in Grinnell and Miller 
(1944) and Dahlsten et al. (2002) for regular short-distance movements. 
Such movements might relate to changes within the permanent range, 
maybe especially breeding areas, but whether fire, mast crops, or other 
unknown causes are involved is unclear. 

While the cause(s) of the longer-distance movements to a site like Lucky 
Peak remain(s) uncertain, our data provide evidence for a regular, if irrup-
tive, pattern of Chestnut-backed Chickadees moving in Idaho to over 80 
km from their permanent range. The species’ seasonal movement patterns, 
their regularity, and their causes warrant greater attention. 
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ABSTRACT: We sought to determine how disturbance may influence the behav-
ior of California Brown Pelicans (Pelecanus occidentalis californicus) at a major 
post-breeding roost. In addition to assessing the effects of natural and anthropogenic 
disturbance on Brown Pelican behavior, we investigated the effects of other potential 
explanatory variables, including year, date, time of day, weather, tide stage, and density 
of pelicans on time-activity budgets of pelicans roosting on East Sand Island in the 
Columbia River estuary from June to August, 2001 and 2002. We found that during 
the day, pelicans spent the great majority of time either resting (44%) or preening 
(41%). Time of day, density of pelicans, wind speed, precipitation, and disturbance 
accounted for 34% of the variation in resting behavior among pelicans; year, date, 
time of day, number of pelicans, and disturbance accounted for 27% of the variation 
in vigilant behavior. All three categories of disturbance (natural, research-related hu-
man, other human) were associated with significant increases in the proportion of 
vigilant behavior and reductions in the proportion of resting behavior. It took longer for 
pelicans to recover to baseline behavior following a research-related disturbance than 
after other types of disturbance. This is likely because research-related disturbances 
involved human activity on the island (i.e., land-based), whereas most other human 
disturbances were water- or air-based. The potential exists for human disturbance 
to significantly alter pelican behavior at roost sites. Therefore, restriction of human 
access to the pelican’s major roost sites and regulation of human activities at roosts 
should be considered to ensure that available sites support the continued recovery 
of this subspecies.

Physiological condition has been shown to limit the over-winter survival 
and subsequent success of breeding by some bird species (Drent and Daan 
1980, Krapu 1981). Disturbance can increase energy expenditure, affect-
ing physiological condition and the allocation of resources toward survival 
and reproduction (Burton and Hudson 1978, Stalmaster 1983, Morton 
et al. 1989). Time-activity budgets have been used to identify vulnerable 
stages or limiting factors in the life cycles of birds (Inglis 1977, Hickey and 
Titman 1983, Maxon and Pace 1992, Adams et al. 2000, Fischer and 
Griffin 2000). Some studies have used time-activity budgets to assess the 
behavioral effects of potential disturbances, particularly as they relate to 
higher energy expenditure for activity (Burger 1981, Bélanger and Bédard 
1989, Burger and Gochfield 1991, Steidl and Anthony 2000). Disturbance 
is identified as a potential threat to the California Brown Pelican (Pelecanus 
occidentalis californicus) in the recovery plan (Gress and Anderson 1983) 
for this subspecies.
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In 1970, the U.S. Fish and Wildlife Service (USFWS: 35 Federal Register, 
16047, 13 October 1970) listed the California Brown Pelican as endangered 
under the U.S. Endangered Species Act, following severe reproductive failure 
due to DDT contamination in the late 1960s (Schreiber and Risebrough 
1972, Jehl 1973, Gress and Anderson 1983). One of the three main ob-
jectives listed in the recovery plan (Gress and Anderson 1983) is to “assure 
long-term protection of adequate food supplies and essential nesting, roosting 
and offshore habitat throughout the range.” Protection of roosting habitat 
will contribute to the health and conservation of this now delisted subspecies.

Several studies have investigated the effect of disturbance at Brown Peli-
can roosts in southern California by measuring the number and frequency 
of instances of flushing, distances at which the birds flush, and the fate of 
flushed pelicans (Jaques and Anderson 1988, Jaques et al. 1996, Jaques and 
Strong 2002). A study concurrent with ours examined changes in pelican 
numbers and distribution on East Sand Island in response to disturbance 
(Wright et al. 2007), but time-activity budgets for the Brown Pelican are 
scarce (Croll et al. 1986). No published studies have quantified the effects of 
various types of potential disturbance on Brown Pelican behavior at major 
post-breeding roosts.

East Sand Island in the Columbia River estuary (between the states of 
Oregon and Washington) is now a major post-breeding roost site for the 
California Brown Pelican, with over 10,000 pelicans counted on the island 
at one time (Wright et al. 2007). The USFWS expressed concern regard-
ing the potential effects of research-related disturbance on Brown Pelicans 
roosting on East Sand Island (USFWS 2001). By recording and analyzing 
their time-activity budgets, we sought to better understand how various types 
of disturbance affect the behavior of roosting pelicans.

We investigated several sources of potential disturbance of pelicans roost-
ing on East Sand Island, including natural, research-related human, and other 
human disturbances. Bald Eagles (Haliaeetus leucocephalus) and Peregrine 
Falcons (Falco peregrinus) are two large avian predators that nest in the 
Columbia River estuary and frequent East Sand Island (Isaacs and Anthony 
2002). Both species kill and/or scavenge waterbirds nesting on the island. 
Although we know of no evidence that Peregrine Falcons prey on Brown 
Pelicans, we observed Bald Eagles killing Double-crested Cormorants (Phala-
crocorax auritus) on their nests and stooping on Brown Pelicans that were 
roosting on East Sand Island; there is at least one account of a Bald Eagle 
killing incubating an adult Brown Pelican in Georgia (Shields 2002). At 
East Sand Island, pelicans respond to both of these raptors by taking flight, 
although in the case of the Peregrine Falcon, the pelicans may be reacting 
to the alarm calls and predator-avoidance behavior of nesting gulls rather 
than perceiving a threat of predation.

Located just north of the main Columbia River shipping channel and be-
tween the harbors of Chinook and Ilwaco, Washington, the waters around 
the East Sand Island are subject to heavy traffic of recreational and commer-
cial boats. The Columbia River estuary is also used by the U.S. Coast Guard 
for helicopter and boat-rescue training, and the helicopters occasionally fly 
low over the island. Although public access to the island is not allowed, we 
did observe infrequent visits by beachcombers and birdwatchers.

FACTORS AFFECTING THE BEHAVIOR OF BROWN PELICANS



23

In addition, East Sand Island has been the site of continuing research on 
the colonial waterbirds that nest on the island. This research is focused on 
two large breeding colonies, one of the Caspian Tern (Hydroprogne caspia) 
and one of the Double-crested Cormorant (Roby et al. 2005b). The Caspian 
Tern colony is at the east end of the island, whereas the Double-crested 
Cormorant colony is at the west end of the island. Our plot for the pelican 
study was immediately adjacent to the Double-crested Cormorant colony, 
and hybrid Glaucous-winged × Western Gulls (Larus glaucescens × L. oc-
cidentalis) nest all around the cormorant colony and adjacent to the pelican 
study plot. Activities of researchers on East Sand Island occasionally disturb 
roosting pelicans. Human disturbance due to researchers differed from 
disturbance caused by other human activities in that researcher disturbance 
was generally land-based, whereas other human disturbances were typically 
water- or air-based.

We hypothesized that the magnitude of effects of disturbance on time-
activity budgets should predict the relative effect of various disturbance 
factors on Brown Pelicans at roost sites. This assessment will prove useful 
in efforts by resource managers to limit and regulate significant sources of 
disturbance around such roosts.

METHODS

Study Area

East Sand Island (46° 15' 45" N, 123° 57' 45" W) lies 8 km east of the 
mouth of the Columbia River. In the 1930s, government engineers built pile 
dikes on the south side of the island to reduce shoreline erosion (Brooke 
1942), and rip-rap consisting of large boulders was added later on the 
west end of the island to form a jetty pointing west (Figure 1). The island is 
 approximately 2 km long on an east–west axis, ranges from 10 to 300 m 
wide, and has an area of approximately 21 ha (Figure 1).

FACTORS AFFECTING THE BEHAVIOR OF BROWN PELICANS

Figure 1. East Sand Island, Columbia River estuary, showing the location of the 
observation tower and study plot near the west end of the island.
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We recorded the behavior of pelicans in a plot on the south shore of the 
island that was heavily used by roosting pelicans and visible from a nearby 
observation blind (Figure 1) with an elevated (5 m high) vantage point. In 
order to access the blind without disturbing pelicans on the plot, observers 
were dropped off by boat on the south shore of the island near the east 
end. They then walked across the island to the north shore, then west along 
the north shore to the entrance of an above-ground tunnel system (plastic 
fabric draped over a wooden framework) that led to the blind (Figure 1). 
We accessed the tunnel entrance only within 2 hours of low tide, when the 
beach was widest, or at night in order to minimize the possibility of disturb-
ing pelicans roosting on the upland portions of the island.

The study plot extended from directly to the south of the observation 
blind for 136 m along the shore to the west, where a large and clearly vis-
ible driftwood stump was lodged high on the beach. This long, narrow plot 
was bounded to the south by the water’s edge and to the north by a grassy 
meadow, which was not used by roosting pelicans. The plot ranged from 
10 to 20 m wide, depending on tide height. We categorized pelicans on 
the water within 50 m of shore directly off the study plot as “swimming.”

The substrate in the study plot consisted of large piles of flotsam and 
jetsam (mostly wood) on rip-rap boulders.  When most pelicans were resting 
during inclement weather, we could not see from the blind as many as 10% 
of the pelicans in the study plot because they were obscured from view by 
driftwood (based on comparisons with boat-based censuses). Using image-
stabilizing binoculars, we could count the total number of pelicans in the 
study plot more accurately from a skiff about 150 m offshore of the plot. 
Consequently, we used boat-based counts of pelicans roosting in the plot 
to assess seasonal trends in the pelicans’ use of the plot.

Time-Activity Budgets

We recorded time-activity data for Brown Pelicans from 1 June to 9 
September 2001 and 4 June to 21 August 2002. We used scan-sampling 
techniques (Altmann 1974) to quantify the proportion of time the pelicans 
spent in several categories of activity. We divided each day into two equal 
blocks: morning (05:30–13:29 PDT) and evening (13:30–21:30 PDT). 
We used a random-number table to select six blocks in each 2-week period 
during the field season, with either two morning blocks and one evening 
block the first week, and two evening blocks and one morning block the 
second week, or vice versa. If weather or logistics precluded scan sampling 
in a selected block, we scanned during the next available block. During 
each 8-hr block, using 10 × 50 binoculars, we recorded the activity of all 
the visible pelicans on the study plot every 30 min. Although scan samples 
are intended to be instantaneous (Altmann 1974), ours required from 15 
sec to 13 min, depending on the number of pelicans roosting in the study 
plot. We selected 30 min as the interval between samples in an attempt to 
avoid serial autocorrelation (Schreiber 1977). Using sketches from Schreiber 
(1977) as a reference, we categorized pelican activity as follows: (1) active 
(i.e., walking, agonistic behavior, stretching, picking up sticks, mounting), (2) 
vigilant (i.e., standing and alert, neck extended), (3) preening (i.e., plumage 
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maintenance), (4) resting (i.e., sitting or standing with neck not extended, 
not alert), (5) startled (i.e., standing, wings raised or flapping, flight-intention 
movements), or (6) swimming (i.e., in water within 50 m of study plot). 

Before each scan, we recorded temperature (°C), percent cloud cover 
(increments of 5%), wind direction (in degrees, converted to Cartesian co-
ordinates), wind speed (Beaufort scale), and precipitation (on a scale from 
0 to 7, ranging from no rain to steady heavy rain). We used these variables 
as covariates in the analyses in order to account for variability in the data 
due to weather conditions. 

Disturbance Monitoring

Within each 8-hr time block we monitored disturbance of the pelicans on 
the study plot between sunrise and civil evening twilight (approximately 40 
min after sunset). We recorded the times of the start and end of all observa-
tions of potential disturbances. We defined a disturbance as any event when 
one or more pelicans were flushed from the study plot. When a disturbance 
caused pelicans to flush, we recorded the date, time of day (PDT), cause 
of disturbance (if discernible), and whether or not the disturbance occurred 
during a scan sample of pelican activity.

Statistical Analyses

We used S-Plus to run multiple linear regression to determine which 
variables predicted the time-activity budgets of pelicans on the study plot. 
In these analyses, we selected the two activity categories “resting” and “vigi-
lant” as the response variables because they were common activities that we 
observed to change in response to disturbance. Vigilant behavior was some-
times a precursor to flushing from the roost, whereas resting was the most 
relaxed and least vigilant activity that we recorded. We included the following 
variables in the selection of factors potentially influencing the proportions 
of resting and vigilant pelicans: year, date, time of day (PDT), number of 
pelicans in the study plot, wind direction, wind speed, temperature, percent 
cloud cover, precipitation, tide height (meters of water from mean low tide), 
tide speed (tide data from the NOAA tide gauge at Tongue Point, Oregon, 
46° 11' N, 123° 46' W, 17 km up-river from East Sand Island), time since 
last disturbance when one or more pelicans flushed from the study plot, and 
magnitude of response (defined as the proportion of pelicans in the study 
plot that flushed in response to a disturbance).

In addition, when determining the best model, we considered quadratic 
functions of explanatory variables and interactions between these variables 
because we expected some variables, such as time of day, to have a signifi-
cant nonlinear effect on pelican behavior. The explanatory variables were 
not strongly correlated (r ≥ 0.4). We used stepwise removal of nonsignificant 
variables (P > 0.05) to identify variables that explained a significant pro-
portion of the variation in the proportion of pelicans in the plot that were 
resting or vigilant.

To meet the assumptions of parametric statistical tests, the response 
variables (proportions of pelicans on the plot) were logit transformed (log[Y/
(1 – Y]). Because of the many zero values in the response variables, to avoid 
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zero in the denominator or numerator of the logit-transformed values, we 
added 0.5 times the minimum nonzero value to the response variable. In an 
effort to avoid undue influence from single birds on the results, we excluded 
from analyses scans during which fewer than 10 pelicans were on the study 
plot. We examined graphs of residuals to ensure that autocorrelation or a 
lack of independence in the data did not confound the results (Ramsey and 
Schafer 1997).

We used odds ratios to compare the proportion of vigilant pelicans in 
2001 and 2002. Multiple-regression models of logit-transformed response 
variables tend to exaggerate predicted odds ratios greater than 2.5 or less 
than 0.5 (Hosmer and Lemeshow 2000). We present means from actual 
data (not accounting for other variables) to document changes in behavior 
when we thought this exaggeration might occur. We also used odds ratios 
to compare pelican response to the type of disturbance.

To determine if there were immediate effects of disturbance on pelican 
behavior we compared the proportion of resting or vigilant pelicans in the 
study plot in the first 30-min scan following a disturbance to the overall mean 
proportion of resting or vigilant pelicans. We evaluated the recovery times for 
each disturbance category separately to determine whether the three types 
of disturbance affected pelican behavior differently. We treated each distur-
bance to pelicans in the study plot as an independent event and examined 
pelican behavior over time following the disturbance by using the estimated 
slope of the linear trendline fit to the scan data. We weighted each event 
by the number of scans we made following the disturbance and discarded 
from the analysis disturbances followed by fewer than two behavior scans. 
We were concerned that the analysis might fail to detect small differences 
in pelican behavior caused by disturbance, so we set the level of significance 
at α = 0.10 in order to avoid type II statistical errors.

RESULTS

Number of Pelicans on the Plot

The mean number of pelicans on the study plot during boat-based censuses 
was 110 (SD = 48, n = 41) in 2001 and 202 (SD = 94, n = 35) in 2002. 
The average number of pelicans on the plot from June to August of 2002 
was consistently higher than during the same period in 2001, regardless of 
time of day (Figure 2). The number of pelicans on the plot was lowest dur-
ing early morning, increased until late morning, and declined again in late 
afternoon (Figure 2). In general, the number of pelicans roosting on East 
Sand Island increased through each summer of the study.

Time-Activity Budgets

In 2001 we recorded 522 scans of pelicans on the study plot, with 10–197 
pelicans/scan (mean = 68 pelicans); in 2002 we recorded 455 scans, with 
10–273 pelicans/scan (mean = 118 pelicans). The time-activity budgets of 
pelicans roosting in the study plot in the two years were similar (Table 1), 
although the proportion of vigilant pelicans was significantly greater in 2001. 
In both years resting and preening were the two most prevalent activities 
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Wright Pelican Figure 2. 
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Figure 2. Mean number of pelicans roosting during daylight in the study plot on East 
Sand Island during 2001 and 2002.

Table 1 Average Time-Activity Budget of Brown 
Pelicans Roosting in the Study Plot at East Sand 
Island, Oregon, 2001 and 2002 

Behavior 2001 2002

Active 11.5% 11.1%
 SE 0.4 0.4
 Paa   0.4955
Vigilant 3.5% 2.4%
 SE 0.2 0.2
 P   0.0001
Preening 40.9% 40.4%
 SE 0.7 0.8
 P  0.6266
Resting 43.1% 45.0%
 SE 0.8 0.9
 P   0.1376
Startled 0.00032% 0.000025%
 SE 0.00011 0.000025
 P   0.0578
Swimming 1.0% 1.2%
 SE 0.1 0.1
 P   0.2893

aBased on two-sample t-tests for differences between years. Signifi-
cant difference (P ≤ 0.05) highlighted in bold.
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of pelicans roosting in the study plot (Figure 3). We recorded the behavior 
“startled” infrequently (Table 1) so eliminated it from further analysis.

Resting and preening were strongly correlated (r = –0.84), making it dif-
ficult to separate effects of disturbance on time-activity budgets from a change 
in the proportion of pelicans engaged in other activities. The proportions 
of resting and vigilant pelicans were not strongly correlated (r = –0.30) and 
clearly reflected whether pelicans were relaxed or alert, so we used these 
two activities as response variables in analyses of the effects of disturbance 
on time-activity budgets.

Factors Affecting Time-Activity Budgets

Brown Pelicans in the study plot at East Sand Island spent on average 44% 
(95% confidence interval [CI]: 42% to 46%) of the day resting. Approximately 
33% of the variation in the proportion of resting pelicans was explained 
by time of day, number of pelicans on the plot, wind speed, precipitation, 
disturbance from research, other human disturbance, and natural disturbance 
(F8, 887 = 55.56, P < 0.0001). The proportion of resting pelicans was posi-
tively associated with wind speed (r = 0.22, P < 0.0001) and increased by 
a factor of 1.22 (95% CI: 1.15 to 1.33) with each 10-knot increase in wind 
speed. The proportion of resting pelicans was also positively associated with 
precipitation (r = 0.94, P < 0.0001) and increased by a factor of 1.51 (95% 
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Figure 3. The average proportion of time Brown Pelicans engaged in the top five 
categories of behavior in the study plot at East Sand Island during 2001 and 2002. 
The behavior “startled” accounted for <1% of time.
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CI: 1.41 to 1.61) with each incremental increase in precipitation intensity. 
Thus the pelicans spent more time resting during inclement weather. The 
ambient temperatures during this study ranged from 7.2 °C to 28.9 °C, 
with a mean of 16 °C; however, temperature did not significantly affect the 
proportion of resting pelicans (r = 0.09, P = 0.9689). The proportion of 
resting pelicans was negatively associated with the number of pelicans on 
the plot (r = –0.12, P < 0.0001) and decreased by a factor of 1.13 (95% CI: 
1.01 to 1.25) with an increase of 100 pelicans. The proportion of resting 
pelicans increased from early morning (05:30 PDT) to midday (11:30–13:00 
PDT: P < 0.0001), then decreased late in the evening (P < 0.0001).

Pelicans roosting on East Sand Island spent on average 3.5% (95% CI: 
3.1 to 3.9) of the day vigilant in 2001 and 2.4% (95% CI: 2.0 to 2.8) of 
the day vigilant in 2002, a significant decrease from 2001 to 2002 (t = 
3.8; P = 0.0001; Table 1). The odds of a pelican being vigilant in 2002 
decreased by a factor of 2.05 (95% CI: 1.74 to 2.42) from those in 2001. 
Year, date, time of day, number of pelicans on the study plot, research-activity 
disturbance, other human disturbance, and natural disturbance together ac-
counted for 27% of the variation in proportion of vigilant pelicans (F9, 893 
= 36.71, P < 0.0001). 

Unlike the proportion of pelicans resting, the proportion of pelicans 
vigilant was not related to any of the measured weather variables. The preva-
lence of vigilant pelicans increased slightly with date (r = 0.19, P < 0.0001). 
The proportion of vigilant pelicans was positively influenced (r = 0.32, P 
< 0.0001) by the number of pelicans in the study plot. The proportion of 
vigilant pelicans increased by a factor of 1.71 (95% CI: 1.45 to 2.01) with an 
increase of 100 pelicans in the study plot. The proportion of vigilant pelicans 
decreased from early morning (05:30 PDT) to midday (11:30–13:00 PDT; 
P < 0.0001), then increased through the evening (P < 0.0001).

Disturbances to Pelicans on the Plot

During behavioral observations, natural factors disturbed pelicans roost-
ing in the study plot (17 instances) more frequently than did research (4 
instances) or human activity not related to research (6 instances). Research-
related disturbances flushed 9.9% (median) of the pelicans in the study plot 
per disturbance (range 2 –56%, n = 4). Human disturbances not associated 
with research flushed 5.3% (median) of the pelicans in the study plot (range 
1–25%, n = 6). Natural disturbances flushed 20.5% (median) of the pelicans 
in the study plot per disturbance (range 1–100%, n = 17; Figure 4). Bald 
Eagles were responsible for 75% of the total number of pelicans flushed 
from the study plot by natural disturbances in 2001 and 2002.

Effects of Disturbance on Time-Activity Budgets

All three types of disturbance (research, nonresearch human, and natural) 
were associated with a significant increase in vigilant behavior (t = 4.2, 
1.9, 2.4; P = 0.015, 0.045, 0.015, respectively) and a decrease in resting 
behavior (t = –4.1, –3.2, –6.9; P = 0.015, 0.007, <0.0001, respectively) 
within the 30 minutes following a disturbance. There was a clear difference 
in the pelicans’ responses to research disturbances and natural disturbances, 
with a greater proportion of pelicans vigilant and a smaller proportion of 
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pelicans resting immediately after research disturbances than after natural 
disturbances. After a research disturbance in the study plot, the ratio of vigi-
lant pelicans to nonvigilant pelicans was 6.9 times greater (Tukey–Kramer; 
95% CI: 1.1 to 45.4 times greater) than after a natural disturbance.

After research disturbance of pelicans, the predicted time to recover to 
baseline vigilant behavior was 181 min (95% CI: 79 to 283 min; Figure 5A), 
to baseline resting behavior, 187 min (95% CI: 134 to 241 min; Figure 5B). 
After disturbance from nonresearch anthropogenic factors, the predicted 
time to recover to baseline vigilant behavior was 57 min (95% CI: –89 to 
202 min; Figure 5C), to baseline resting behavior, 132 min (95% CI: 27 to 
237 min; Figure 5D). After disturbance from natural factors the predicted 
time to recover to baseline vigilant behavior was 28 min (95% CI: –323 to 
379 min; Figure 5E), to baseline resting behavior, 82.5 min (95% CI: 34 
to 131 min; Figure 5F). Thus the predicted times for pelicans to recover to 
baseline (average) incidence of vigilant and resting behaviors were greater 
for anthropogenic disturbances than for natural disturbances. Differences in 
recovery times were particularly pronounced for resting, for which recovery 
to baseline behavior was much greater for disturbances caused by research 
than by natural causes.

FACTORS AFFECTING THE BEHAVIOR OF BROWN PELICANS

Figure 4. Proportion of pelicans on the study plot flushed per disturbance by research 
activities (4 instances), non-research human disturbances (6 instances), and natural 
factors (17 instances) during behavior observations on East Sand Island in 2001 and 
2002. Lines within the box plots represent the median proportion of pelicans flushed 
by each disturbance type, the top and bottom edges of the box are the upper and 
lower quartiles, respectively, and the whiskers encompass the entire range of the data.
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Figure 5. Proportion of pelicans on the study plot that were vigilant or resting during 
the first 3 hours after a disturbance caused by research-related activities (A, B), 
nonresearch human disturbance (C, D), and natural disturbance (E, F) that caused 
pelicans to flush from the study plot on East Sand Island in 2001 and 2002 (after other 
factors were accounted for). The lines in A, B, C, and F represent the average slope 
of the response weighted by the number of observations following each disturbance. 
The slopes of the response in D and E were not significant.

Proportion of vigilant pelicans Proportion of resting pelicans
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DISCUSSION

At the East Sand Island roost, Brown Pelicans were more active in the 
early morning and late evening, less active around mid-day. The proportion 
of resting pelicans was lowest in the morning and evening and peaked in 
the middle of the day. Correspondingly, the proportion of vigilant pelicans 
was highest in the morning and evening and lowest in the middle of the day. 
We interpreted this pattern as reflecting early morning departure to forage, 
periodic return to rest through the day, and a late afternoon increase in 
activity associated with the return of large numbers of pelicans to the roost 
for the night—a pattern consistent with past observational studies of pelican 
behavior. A subadult California Brown Pelican fitted with a radio transmitter 
was inactive (not flying) less than 10% of the time from 04:30 to 07:30 
and from 16:30 to 19:30, but spent approximately half its time active and 
inactive from 07:30 to 16:30 (Croll et al. 1986). At a Florida boat marina 
Brown Pelicans roosted in large numbers during the middle of the day, 
but were present in only small numbers during the mornings and evenings 
(Herbert and Schreiber 1975), indicating that the birds foraged early in the 
morning and used the marina for mid-day loafing.

Disturbance poses a risk to Brown Pelicans at their roost sites by adding 
an energetic cost and interrupting plumage drying. Pelicans have wettable 
plumage that becomes waterlogged if the birds are prevented from roost-
ing on land to dry and maintain their plumage after feeding (Rijke 1970). 
Brown Pelicans roosting on East Sand Island during the day spent 85% of 
their time either resting or preening. Similarly, in Mississippi and Louisiana 
King and Werner (2001) found that nonbreeding American White Pelicans 
(Pelecanus erythrorhynchos) spent 72 to 96% of daylight hours (06:00 
to 17:30) loafing and the remainder of the day foraging. In addition, for 
seabirds, plunge-diving is very costly; Black-legged Kittiwakes (Rissa tridac-
tyla) spend energy at a rate at least 5 times that of flapping flight (Jodice et 
al. 2003). Between forays to feed, pelicans may need to rest—particularly 
the Brown Pelican, the only pelican that plunge-dives for food (Bent 1964, 
Schreiber et al. 1975, Shields 2002).

Disturbance of Brown Pelicans could translate into undue stress and 
associated physiological displacement, as evidenced by changes in their 
time-activity budgets. Disturbances from research activity and natural 
sources led to significant declines in resting behavior and increases in 
vigilant behavior among pelicans on our study plot, which was consistent 
with our original hypothesis. A change in activity from relaxed or resting 
to alert or vigilant has been shown to double the energy expenditure rate 
of captive birds (Buttemer et al. 1986) and increase the metabolic rate 
of free-living American Black Ducks (Anas rubripes) by a factor of 1.45 
to 1.94 (Wooley and Owen 1978). Alert behavior in response to human 
presence can significantly increase birds’ heart rate above levels normal for 
walking, preening, and resting (Ely et al. 1999). In addition, wild birds may 
act normally in the presence of humans, but other physiological indicators, 
such as heart rate, may change dramatically (Bell and Amlaner 1980, Culik 
et al. 1990). Changes in avian behavior due to human disturbance can also 
lead to increased exposure to natural predators (Keller 1991) and reduced 
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time spent foraging (Owens 1977, Bélanger and Bédard 1989, Burger and 
Gochfeld 1991, Riddington et al. 1996).

The median magnitude of natural disturbances in the study plot (20.5% 
of pelicans flushed) was much higher than that of the two categories of 
human disturbance, yet its effect on pelican behavior in the half hour after 
disturbance was smaller than that of research disturbance. This suggests that 
natural disturbances, although more frequent, did not influence the time-
activity budgets of pelicans as much as research (land-based human) activi-
ties. Additionally, after a natural disturbance, resting behavior recovered to 
baseline levels in much less time than after a research-related disturbance. At 
East Sand Island pelicans may be more habituated to raptors than to humans.

While there was a significant difference between research and natural 
disturbance, there was no significant difference between nonresearch human 
and natural disturbance, suggesting that pelican behavior is more affected 
by human activities on the island than by human activities on the water near 
the island. The median magnitude of nonresearch human disturbances in 
the study plot (5.3% of pelicans flushed) was smaller than that of research 
disturbances (9.9% of pelicans in the study plot flushed), which may have con-
tributed to the effect on pelican behavior of nonresearch human disturbances 
being smaller. Additionally, pelicans may have been able to see or hear (i.e., 
through gulls’ alarm calls) nonresearch and natural disturbance factors ap-
proaching from a considerable distance. Initiation of research disturbances 
was typically abrupt, with researchers emerging from hidden tunnels or 
blinds. The sudden appearance and disappearance of researchers nearby 
may have resulted in pelicans remaining vigilant after the disturbance longer.

Disturbance could degrade the quality of the Brown Pelican’s roost sites 
and result in the birds abandoning an otherwise suitable site. Flight is the 
most energetically expensive activity we observed in response to disturbance 
(Norberg 1996, Jodice et al. 2003). Each time a pelican is flushed from 
a roost due to disturbance, it spends energy that requires compensation. 
Energy deficits in the nonbreeding season could result in a less productive 
breeding season.

It is difficult to determine the disturbance threshold above which the 
pelican’s fitness is reduced. Conomy et al. (1998) observed that waterfowl 
spent 1.4% of their time swimming, flying, and alert in response to human 
disturbance, and they concluded that this energy investment was too low to 
have a significant effect on fitness. Our study indicates that human distur-
bance at roost sites is associated with significant and potentially detrimental 
changes in the time-activity budgets of roosting pelicans, which might result 
in abandonment of roost sites and lower fitness if left unchecked. Conse-
quently, we recommend restrictions of human activity on islands that serve 
as Brown Pelican roost sites for so that roost-site availability will not be a 
factor limiting the species’ further recovery.
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Wing your way to...

PETALuMA, CALIFORNIA 
26–30 September 2012

Late September in northern California is the peak of pelagic birding, ideal for 
finding rare songbirds, and a great time to see an excellent variety of shore-

birds. WFO’s 2012 annual meeting offers field trips focusing on all these and more. 
Shearwater Journeys is offering four pelagic trips at discounted rates for conference 
registrants, including an exclusive “photographer’s pelagic” for only six participants. 

This conference offers a rich combination of science sessions, field trips, and 
workshops to improve your field skills. This year we offer ID workshops on shorebirds 
with Al Jaramillo, on pelagic birds with Jim Danzenbaker and Scott Terrill, and on 
raptors with Homer Hansen and Allen Fish. Peter Pyle will show how understand-
ing molt can enhance your time in the field, Keith Hansen will teach new ways of 
looking at birds as you learn to make field sketches, and Richard Vacha will help 
you identify tracks of birds and other wildlife. To register and see full details go to  
www.westernfieldornithologists.org and click on the “Annual Conference” banner in 
the middle of the page. You will probably want to download the Conference Details 
and Conference Planner documents to review before you begin registration.
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uSE OF NEST BOXES BY CACTuS WRENS  
IN ORANgE COuNTY, CALIFORNIA
ROBERT A. HAMILTON, Hamilton Biological, Inc., 316 Monrovia Avenue, Long 
Beach, California 90803; robb@hamiltonbiological.com

JUTTA C. BURGER and SUSAN H. ANON, Irvine Ranch Conservancy, 4727 Portola 
Parkway, Irvine, California 92620; jburger@irconservancy.org

ABSTRACT: Responding to studies identifying an apparent lack of suitable natural 
nesting sites for the Cactus Wren (Campylorhynchus brunneicapillus) in coastal 
southern California, we designed “cactus-like” nesting structures and nest boxes (1) 
to determine whether this wren would use such structures or boxes and (2) to assess 
the efficacy of different construction designs. Out of 32 nest boxes deployed, two 
supported Cactus Wren nests that successfully fledged young—one in 2010 and 
another in a different location in 2011.  In fall 2010, another box in yet a third 
location was used for a brood nest. In contrast, we observed no nesting in the 13 
cactus-like structures over three years of study. Our results provide “proof of concept” 
that Cactus Wrens will select and successfully use nest boxes even in areas of mature 
cactus scrub. Furthermore, all three boxes used by Cactus Wrens were mounted in a 
tilted position, in which the nest box was angled up to 45°, rather than level. In the 
summer of 2011, we retrieved the artificial structures and weathering nest boxes and 
mounted 21 new boxes in the tilted position and with a level floor inserted to prevent 
eggs from falling into the bottom. We expect that this and future experiments will 
evaluate the potential conservation value of nest boxes for Cactus Wrens in areas 
recovering from wildfire and at sites of cactus restoration.

The Cactus Wren (Campylorhynchus brunneicapillus) is a resident of 
spinescent scrub habitats in arid and semiarid regions in the southwestern 
U.S. and northern Mexico (AOU 1998). Although it is common across most 
of its range, populations in coastal southern California and northwestern 
Baja California have been in steep decline in recent decades (Rea and Weaver 
1990, Small 1994, Unitt 2004, 2008, Garrett et al. 2006, Mitrovich and 
Hamilton 2007, Clark and Dodero 2008, Leatherman Bioconsulting 2009). 
The causes are not fully understood but almost certainly involve multiple 
stressors, one of which is fire, which can destroy the nesting habitat (Rea 
and Weaver 1990). 

Cholla (Cylindropuntia spp.) and prickly-pear (Opuntia spp.) cacti are 
the Cactus Wren’s primary nesting substrates on the coastal slope of south-
ern California (Rea and Weaver 1990), a region where the frequency and 
scale of wildfire have been increasing in recent decades as urbanization 
and population density have steadily increased (Keeley and Fotheringham 
2001). In the past 20 years, large fires have burned extensive tracts of cac-
tus scrub, rendering the habitat unusable by Cactus Wrens until the cactus 
recovers to the meter-plus height generally required for nesting, a process 
that takes decades (Rea and Weaver 1990, Flaagan 1996, Mitrovich and 
Hamilton 2007).

Recovery strategies developed to bolster populations of imperiled species 
often include provision of substrates for nesting. Examples include artificial 
nest burrows for the Atlantic Puffin (Fratercula arctica; Kress 1977) and 
Burrowing Owl (Athene cunicularia; Olenick 1990), platforms for the 
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 Osprey (Pandion haliaetus; Poole 1989, Ewins 1994) and Great Gray Owl 
(Strix nebulosa; Nero et al. 1974), and nest boxes for the Eastern Blue-
bird (Sialia sialis; Pinkowski 1976, 1977) and Tree Swallow (Tachycineta 
bicolor; Holroyd 1975). Such an approach may prove worthwhile for the 
Cactus Wren, given that post-fire shortage of suitable nesting sites appears 
to be contributing to the species’ regional decline (Mitrovich and Hamilton 
2007, Unitt 2008). We are unaware of any other efforts to develop artificial 
nesting substrates for this species as a conservation tool, but the literature 
includes a few brief references to Cactus Wrens nesting opportunistically in 
man-made structures (Daggett 1904, Anderson and Anderson 1957, 1973).

The goal of this study was to develop an artificial substrate that Cactus 
Wrens would find acceptable for nesting, which could serve a conservation 
purpose in areas where cactus scrub is still recovering from wildfire.

INITIAL PROTOTYPE

Our first attempt at devising an acceptable nesting substrate involved 
constructing two types of “artificial cactus.” One design employed loops 
of barbed wire wrapped around a metal-pipe frame; the other consisted of 
branched PVC piping looped with barbed wire, with needles melted into the 
pipes. Both stood >1.5 m tall. We set out eight of the former and seven of 
latter structures during summer and fall of 2008, after completion of Cactus 
Wren nesting. The structures were set out in pairs at five sites in the San 
Joaquin Hills (Coastal Reserve of the Nature Reserve of Orange County/
Irvine Ranch National Landmarks, IRNL) and two sites in the foothills of the 
Santa Ana Mountains (Central Reserve/IRNL); one site received an extra 
wire structure. We chose the sites on the basis of presence of at least one 
Cactus Wren at the site during the summer before installation. At the time 
of placement we inserted several clumps of long grass into each structure 
to help emphasize the potential of these structures as nesting substrates. 
We verified that Cactus Wrens were present at each site when the structures 
were installed. In March 2009, we placed up to three V-shaped wooden 
platforms into each structure in an effort to improve the structure’s ability 
to hold a Cactus Wren nest. Formal monthly monitoring of the structures 
between January and June 2009, and in February, March, and May 2010, 
yielded no observations of nesting by any species. Subsequent informal 
checks have continued to yield no evidence of nesting. We observed Cactus 
Wrens and other birds routinely perching on the structures, and numer-
ous droppings accumulated on them, both indications that the birds were 
aware of structures but did not regard them as attractive nesting substrates. 
Therefore, we concluded that these prototype structures did not have good 
potential to serve as substrate for the Cactus Wren’s nesting.

NEST BOx DESIGN AND METHODS

The idea for a nest box arose in May 2009, when Lance Benner found 
Cactus Wrens nesting under a metal transmission box affixed to a telephone 
pole, at a height of approximately 4 m above dense cactus scrub in San 
Dimas, Los Angeles County. Similarly, Daggett (1904) reported an active 

USE OF NEST BOxES BY CACTUS WRENS
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breeding nest between the cross-arm of a power pole and an insulator 9 m 
above ground near Azusa, Los Angeles County. Farley and Stuart (1994) 
noted that in Arizona and New Mexico Cactus Wrens occasionally construct 
nests in “a variety of non-native and non-spinescent vegetation” in otherwise 
typical desert scrub habitat; they found 12 nests placed 2.0–4.0 m above 
ground in non-spinescent substrates, compared with a mean height of 1.7 
m above ground (range 1.1–2.7 m, n = 30) for nests in typical spiny veg-
etation in the same area (Farley 1995). From this we inferred that Cactus 
Wrens may select a taller substrate that affords increased protection from 
ground-based predators, even if the substrate provides less spiny armoring.

We designed the nest box to fit the size of a typical Cactus Wren nest (18 
× 30 cm; Hamilton et al. 2011). It consisted of a four-sided painted box 
constructed of pieces of pine wood 0.63 cm thick (Figure 1). Three drainage 
holes were drilled into the bottom of the box, and holes of 5.0 and 7.6 cm 
were drilled into the end boards. The top was left open to mimic natural 
conditions in cactus substrate, with “hardware cloth” (quarter-inch wire mesh) 
covering the open top to provide protection against aerial predators. Folding 
up the bottom 5–8 cm of hardware cloth provided the birds another way of 
entering and exiting the box (in addition to the holes in the end boards). To 
mimic cactus spines, we used a pneumatic gun to stud the box liberally with 
38-mm T-pin nails, and a few nails projected inward to help prevent slippage 
of the nest.  We affixed the box to the top of a 2.4-m painted galvanized 
steel pipe with two metal screw bolts. All materials were spray-painted a 
mottled green with two tints of standard green spray paint. We pounded a 
primed and painted steel pipe into the ground to a height of approximately 
2 m above ground (above the level of mature cactus in adjacent areas; see 

USE OF NEST BOxES BY CACTUS WRENS

Figure 1. Schematic drawings showing the basic dimensions of the wren box. (A) 
“Level” nest box design with dimensions. (B) “Tilted” nest box mounted at an angle 
of ~20-45° with dimensions of second exit hole. (C) Modified design with box tilted 
at ~20° and 0.6-cm-thick wooden floor glued in.  For each box, holes of two different 
sizes were drilled into the end boards and the wire mesh was bent back to leave a 
small gap, providing the birds with various choices for entering and exiting the box.
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Figure 2. The first “tilted” nest box in which Cactus Wrens nested successfully, 
Santiago Canyon, 9 June 2010. The opening of the nest is on the left. 

Photo by Robert A. Hamilton

Figure 3. Closer view of the first “tilted” nest box in which Cactus Wrens nested 
successfully, Santiago Canyon, 9 June 2010.

Photo by Robert A. Hamilton
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Figure 4. Adult Cactus Wren exiting, via the gap beneath the wire mesh, another box 
in which it nested successfully, at Irvine Regional Park, 1 June 2011.

Photo by Robert A. Hamilton

Figure 2). A metal baffle was placed approximately halfway up the pole to 
thwart predators such as snakes. We oriented the boxes so that the end holes 
were on a roughly east–west axis and inserted clumps of dry grass into the 
boxes upon installation. 

In December 2009 and early January 2010, we installed 32 nest boxes at 
16 locations in the San Joaquin Hills and foothills of the Santa Ana Moun-
tains. All but one location supported mature cactus scrub habitat dominated 
by tall (1–2 m) prickly-pear (Opuntia littoralis, O. oricola) and/or coastal 
cholla (Cylindropuntia prolifera) that had been occupied by Cactus Wrens at 
the time of installation or in the recent past. The location lacking in mature 
cactus was in the early stages of being restored from annual grasses and 
ruderal forbs to cactus scrub, and this location lacked Cactus Wrens at the 
time the boxes were installed. To compare use of the various models we set 
boxes at four of the original seven locations with artificial cactus structures. At 
each location we set two boxes, one mounted so that the base was horizontal 
(hereafter “level” nest box), the other mounted at an angle approximately 
20–45° from horizontal (hereafter “tilted” nest box).

RESULTS

On 25 May and 15 June, Hamilton and Burger encountered an active 
Cactus Wren nest at 33.793° N, 117.726° W (“Fremont” site; Table 1) in a 
tilted nest box within mature cactus scrub near the juncture of Fremont and 
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Santiago canyons in the foothills of the Santa Ana Mountains. During limited 
observations, we saw the adults bringing food to the nest, indicating the pres-
ence of nestlings; the adults were seen entering and exiting the box only via 
the gap under the hardware cloth. On 17 and 30 June, Hamilton observed 
a pair of Cactus Wrens with at least two fledglings in cactus scrub adjacent 
to this box and presumed these to be the adults and fledglings from the box. 
Inspection of the box revealed an unhatched, presumably unviable Cactus 
Wren egg that had apparently been pushed through the bottom of the nest.

On 7 October 2010 we noted a Cactus Wren roost nest at 33.692° N, 
117.684° W in a tilted nest box within mature cactus scrub adjacent to a 
grove of avocados (Persea americana) (“Agua Chinon1”; Table 1) within the 
city of Irvine’s` Open Space Preserve North, approximately 12 km southeast 
of the first wren-occupied box. This nonbreeding nest was originally observed 
two weeks prior by Q. Sorenson of the Irvine Ranch Conservancy and was 
partially completed at that time.

During the winter, we examined all boxes and, if necessary, repaired them 
so they were ready for use by February 2011. No additional monitoring 
took place until 31 May 2011, when we found an active nest at 33.798° 
N, 117.741° W (“Irvine Park West”; Table 1), in the foothills of the Santa 
Ana Mountains, approximately 2 km west of the first wren-occupied box 
observed in 2010; this nest was also in a tilted box within mature cactus 
scrub (Figures 3, 4). Adults were bringing food to the nest on 1 June and 
had at least one fledgling on 10 June. These adults also chose to enter and 
exit the box via the gap underneath the hardware cloth rather than through 
the holes in the end boards.

Cactus Wrens have not yet been found nesting in boxes at sites closer 
to the coast, in the San Joaquin Hills, but the House Finch (Carpodacus 
mexicanus) has nested in two boxes in that area.

DISCUSSION

The scrub surrounding nest boxes used by Cactus Wrens for breeding and 
roosting included extensive stands of mature prickly-pear, and several sites 
also contained mature coastal cholla. Therefore, use of the boxes provides 
“proof of concept” that Cactus Wrens will select the boxes as an accept-
able nesting substrate, even when tall, mature cactus replete with apparent 
natural nest sites is available. Presumably, the wrens should select boxes for 
nesting more frequently in scrub lacking tall cactus (unless other factors are 
preventing Cactus Wrens from settling in such an area); only one of our 
sites lacked tall cactus. Successful fledging of young from both boxes used 
for breeding suggests the suitability of the box’s design and placement. The 
boxes did not weather well, however; the boards separated and warped 
because of the use of nails to hold them together and lack of a protective 
primer coating. They have now been replaced with sturdier models held 
together with screws and hand-painted with primer and latex paint. The 
approximate cost of materials to construct a nest box by the new design is 
$50, including steel poles for installation in the field. Maintenance, such as 
cleaning out old nests, checking for warped pieces, and refastening hardware 
cloth should be done annually, before the breeding season. 
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For reasons unknown to us the wrens seem to prefer the tilted boxes. The 
second set of 21 nest boxes installed in the field in August and September 
of 2011 as part of an Eagle Scount leadership service project includes only 
the tilted model. Scout George Carpenter and his team invested a total of 
146 man-hours over 8 days to purchase supplies, construct nest boxes, 
and assist with installation. Other modifications to box’s design include the 
installation of a level floor to help prevent eggs from being pushed through 
the bottom of the nest (Figure 1C). We are attempting to thoroughly seal 
the “false bottom” of the nest to prevent this dead space from becoming a 
breeding ground for pests that could be harmful to nestlings. The new boxes 
have been placed primarily in cactus-restoration sites adjacent to more intact 
cactus in the foothills of the Santa Ana Mountains and in mature scrub in 
the San Joaquin Hills, where Cactus Wren densities are low. The goal is to 
test whether, in areas lacking suitable nest sites, the boxes can effectively 
increase the area of habitat occupied by Cactus Wrens and accelerate re-
covery of the local population.

The potential for harm to result from deploying nest boxes is remote; one 
would not expect the presence of a nest box to induce wrens to settle in a 
patch of habitat that does not satisfy other basic ecological requirements 
(e.g., food, cover). We suggest that judicious use of the boxes in burned 
habitat and at restoration sites should represent one useful component of a 
multifaceted approach to stabilizing and recovering Cactus Wren populations 
now in danger of extirpation. The boxes could also have value as a research 
tool for assessing the importance of other aspects of habitat suitability, such 
as foraging ecology and nest predation in relation to nest-site availability. 
We do not anticipate that nest boxes alone could possibly be sufficient to 
stem current declines in coastal populations of the Cactus Wren, since lack 
of appropriate nesting sites in burned landscapes represents only one of 
several potential stressors suspected of limiting the species’ productivity 
and/or survivorship in coastal southern California; others include habitat 
fragmentation, changes in habitat structure, disease, booming populations 
of Cooper’s Hawk (Accipiter cooperii), and possible food limitation. The 
Irvine Ranch Conservancy, Nature Reserve of Orange County, and others 
are pursuing additional studies in a combined effort to identify other adverse 
factors, and to develop remedies where feasible.
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EXTENSION OF ThE BREEDINg RANgE OF 
COSTA’S huMMINgBIRD IN SOuThERN SONORA
ADAM HANNUKSELA, Alamos Wildlands Alliance 20226 Neat Road S.E. Yelm, 
Washington 98597; ahannuk@gmail.com

TERESA SKIBA, 2027 Robertson Road, Albuquerque, New Mexico 87105

BENJAMIN ZYLA, 199 Haviland Park, Rochester, New York 14616

AMANDA PROUDMAN, 418 Sky High Drive, Ventura, California 93001

As currently known, the breeding range of Costa’s Hummingbird (Calypte costae) 
extends from the southwestern United States into Baja California and south to central 
Sonora, while the winter range extends south to the state of Nayarit (Baltosser 1989, 
Baltosser and Scott 1996, AOU 1998). Russell and Monson (1998) considered 
Costa’s Hummingbird a “poorly known species” in Mexico and reported evidence of 
breeding in Sonora as far south as Guásimas (27° 53' N, 110° 35' W). Cody (1983) 
reported observations of the species during the breeding season at Huatabampo, 
Sonora (26° 50' N, 109° 38' W), but did not document nesting. We report here the 
first evidence of breeding from southern Sonora.

From January through March of 2010 we located 16 Costa’s Hummingbird nests 
on an island and in adjacent coastline vegetation in the Agiabampo estuary, which 
straddles the borders of Sonora and Sinaloa on the coast of the Gulf of California 
(Figure 1). These observations extend the breeding range over 200 km south of that 
reported by Russell and Monson (1998). 

The upland vegetation around the estuary is a unique coastal thornscrub (Martin et 
al. 1998) dominated by drought-deciduous trees and shrubs and a forest of columnar 
cactus (mostly Stenocereus thurberi). Felger et al (2001) considered it one of the 
rarest and least studied ecosystems in the world. 

Average annual rainfall is ~320 mm (Friedman 1996), falling mostly in the summer 
monsoon. Fifteen of the 16 nests were found on Isla Masocarit (26° 22' N, 109° 15' 
W), an island in the estuary 0.5 km offshore from the Navopatia Field Station and the 
fishing village of Navopatia, 8 km north of the Sonora/Sinaloa border (Figure 2). Isla 
Masocarit covers approximately 740 hectares, lacks surface water, and is not settled. 
The vegetation on the island differs from that of the mainland largely as a result of 
the lack of livestock grazing. The island’s vegetation is dense and dominated by na-
tive grasses and a profusion of epiphytes (Tillandsia spp.) among the less abundant 
columnar cacti. Chuparosa (Justicia californica), a shrub that is a common food 
source for hummingbirds, is much more abundant than it is on the nearby mainland. 
The shoreline is occupied by mangroves (Avicennia germinans, Rhizophora mangle, 
and Laguncularia racemosa).

We searched for and found nests opportunistically during other surveys on the 
island and in mainland thornscrub. In this area, male Costa’s Hummingbirds com-
monly sing and display from mid-December through February. Our structured surveys 
from January to March thus encompassed the presumed peak of the nesting season. 
Although we were in the area continuously from October to April and occasionally 
from May to September, we observed no displaying Costa’s Hummingbirds from July 
through November. 

All nests were 2 m or less from the ground in nine species of shrubs or trees less 
than 3 m tall. The three most common nest plants were Bursera laxiflora (25%), 
Euphorbia californica (18%), and Jatropha cinerea (12%). The nests contained 
grasses, spider silk, and lichens (Ramalina sp.) and were built and placed as described 
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Figure 2. Agiabampo estuary and Isla Masocarit, southernmost Sonora.

Figure 1. Costa’s Hummingbird on nest in Guaiacum coulteri, February 2010.

Photo by A. Campbell

by Baltosser and Scott (1996). All completed clutches had two eggs. Of the 15 nests 
observed, at least seven were successful; we found evidence of predation at only 
one nest. 

We found only one nest on the mainland, even though our effort was equal if not 
greater there. We completed area searches, as described by Ralph et al (1993), on 

NOTES
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fourteen 4-ha plots in upland habitats. On seven plots on the mainland over three 
winters, these searches yielded 105 detections of Costa’s Hummingbirds, while the 
species was detected 254 times on our seven island plots. We believe that the greater 
density of nectar-producing plants such as Justicia californica on the undisturbed 
island likely accounts for the difference in abundance between island and mainland. 
Isla Masocarit is legally protected and is one of the few refuges from livestock grazing 
in Sonora. If similar conditions exist to the south in Sinaloa, Costa’s Hummingbird 
may nest there as well. 

We thank the staff, interns, and supporters of the Navopatia Field Station and 
the community of Navopatia for housing, field assistance, and support. Eric Antonio 
Martinez, Aaron Campbell, Juliet Frew, Sallie Herman, Margaret Lambert, and Jesse 
Vooz assisted with nest searching/monitoring and vegetation surveys. Steve Herman 
provided support, inspiration, and improvements to the manuscript. Kimball Garrett 
greatly improved the manuscript. Central Washington University provided assistance 
to A. Hannuksela in 2010. This is Alamos Wildlands Alliance contribution 2.
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EXTRALIMITAL SAgE SPARROWS ON ThE 
CENTRAL VALLEY FLOOR NORTh OF ThE 
TuLARE BASIN WITh NOTES ON SuBSPECIES 
STATuS AND IDENTIFICATION
JOHN C. STERLING, 26 Palm Ave, Woodland, California 95695;  
jsterling@wavecable.com

MATT BRADY, 9081 East Rd., Potter Valley, California 95469; podoces@gmail.com

The Sage Sparrow (Amphispiza belli) is a rare vagrant on the floor of California’s 
Central Valley north of Fresno County. The few sight records are augmented by 
specimens from the Central Valley catalogued as three subspecies in the Museum of 
Vertebrate Zoology (MVZ) at the University of California, Berkeley: Bell’s Sage Spar-
row (A. b. belli) and two interior forms, A. b. canescens (breeding in the southern 
Central Valley and Mojave Desert) and A. b. nevadensis (breeding in the Great Basin). 
However, we follow Patten and Unitt’s (2002) revision of the subspecies by regarding 
canescens as a synonym of nevadensis, here referred to as Interior Sage Sparrow. 
Although the specimens have been identified to subspecies, some sight records have 
not. Of the 37 records we have located for the Central Valley north of Fresno County, 
seven were not identified to subspecies. We echo Tim Manolis’s appeal (editor’s note 
in Stovall 1998) that birders should photograph and/or identify each extralimital Sage 
Sparrow to subspecies in order to clarify the status of each in the Central Valley and 
elsewhere. In this paper we summarize the records and provide tips to encourage 
and facilitate identification of these two distinctive subspecies.

In the Central Valley the Interior Sage Sparrow breeds, with some remaining year 
round, in saltbush (Atriplex spp.) and other lowland scrub in the Tulare Basin and 
adjacent western low foothills as far north as the Panoche Hills in Fresno County 
(Grinnell and Miller 1944, Martin and Carlson 1998). After breeding, the birds dis-
perse upslope into chaparral dominated by chamise (Adenostoma fasciculatum), 
sagebrush (Artemisia californica), and black sage (Salvia mellifera) where Bell’s Sage 
Sparrow is resident. Johnson and Martin (1992) found no evidence of interbreeding 
between the two subspecies. On the basis of measurements, specimens of interior 
Sage Sparrows from north of the breeding range in the Tulare Basin and southern 
San Joaquin Valley have been attributed to nevadensis and not canescens; differing 
externally only in average measurements, they are indistinguishable in the field or 
from photographs (C. Cicero pers. comm.). As there is no evidence that these Interior 
Sage Sparrows (canescens) disperse northward, it is likely that these birds occurring 
north of the breeding range in the Central Valley are vagrants from populations 
breeding in the Great Basin. Interior Sage Sparrows from the Great Basin are highly 
migratory, while those nesting in the southern San Joaquin Valley and Tulare Basin 
are partial migrants, some moving as far south as the lower Colorado River valley 
and the Salton Sea (Martin and Carlson 1998, Patten and Unitt 2002). Of the winter 
specimens from the southern San Joaquin Valley in the MVZ, 5 have been identified 
as canescens, 4 as nevadensis. The degree to which locally nesting Interior Sage 
Sparrows vacate the Central Valley in winter is unknown. Of 28 specimen and sight 
records from north of the breeding range, 20 are for winter (December–February) 
and three are for fall migration : 8 and 22 September and 5 October (MVZ data, D. 
Yee, J. Gain, J. Trochet, J. Davis pers. comm., Stovall 1998).

In contrast, Bell’s Sage Sparrow has been described as sedentary (Johnson and 
Marten 1992) or migratory only in the northernmost section of its range (Glenn to 



51

Shasta counties), though it may disperse elevationally in other areas (Martin and Carl-
son 1998). On the floor of the Central Valley, outside the subspecies’ breeding range 
in the surrounding hills, there are three records for spring migration (22 March–18 
April ) and three for fall migration (18–28 September; MVZ data, T. Manolis, editor’s 
note in Stovall 1998, J. Trochet, J. Davis pers. comm.), suggesting these birds were 
from the northern, migratory populations. The only winter record is from Chico, 
31 December 1972–26 January 1973 (T. Manolis, editor’s note in Stovall 1998). If 
these extralimital birds were primarily dispersing downslope, a higher percentage of 
records should be for winter. In the Central Valley, most extralimital Sage Sparrows 
of both subspecies were found in atypical habitat, primarily annual grasslands, but 
also in ruderal vegetation along roads within agricultural landscapes. 

As there are records of both Bell’s and Interior Sage Sparrows in the Central Valley, 
in the future any Sage Sparrow in the region should be scrutinized in detail, and, if 
possible, documented with photos. With care, and consideration for seasonal wear, 
these subspecies are readily distinguishable in the field. Especially when in fresh plum-
age (fall and winter; the species has only a single annual molt), Bell’s Sage Sparrow 
(lower photo on this issue’s back cover) is quite dark on the mantle and crown, with 
less contrast between the crown and facial markings. The chest spot is dark gray, 
standing out prominently on the white chest. The dark brown tail does not contrast 
markedly with the back. The streaks on the back are indistinct and can be hard to 
see without a close view.

Interior Sage Sparrows are much lighter than Bell’s Sage Sparrows, with lighter 
gray mantles, more distinct streaking on the back and flanks, smaller bills, and lighter, 
less distinct malar stripes and chest spots (upper photo on this issue’s back cover). 
Though paler than on Bell’s Sage Sparrow, the malar stripe on interior birds tends 
to contrast more with the light gray crown. The tail though paler than in Bell’s, on 
unworn birds, contrasts well with the lighter gray-brown back.

The two photos on this issue’s back cover contrast an Interior Sage Sparrow in 
fresh plumage photographed on Sherman Island, Sacramento County, California, 
22 November 2011 with a Bell’s Sparrow in worn plumage photographed along 
Rayhouse Road, Yolo County, 19 May 2007. Thus the comparison is of the subspe-
cies when their differences are muted. Bright sunlight (typical of the Sage Sparrow’s 
habitat) as well as plumage wear may make Bell’s Sage Sparrow seem paler than it 
is and be a source of confusion. In the field, observers should consider the factor of 
light as it affects perception of the paleness or darkness of the plumage.

We thank Jeff Davis, Andy Engilis, Jr., Jim Gain, Tim Manolis, John Trochet, Kent 
Van Vuren and David Yee for information on extralimital records in the Central Valley. 
Dan Williams discovered and documented the Interior Sage Sparrow on Sherman 
Island in late 2011 that prompted discussion that led to this paper. The MVZ’s online 
database was helpful in supplying information on specimen records. This paper was 
improved by the reviews of Jeff Davis, Scott Terrill, and Philip Unitt. 
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