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ABSTRACT: We used infrared video cameras to obtain the first quantitative
measurements of the frequency and details of egg-turning behavior in wild Hawaiian
Geese or Nene (Branta sandvicensis). We recorded a total of 240 hr of video, of
which 53.8% was at night, over 7 days at two nests in Kilauea Point National Wildlife
Refuge, Kauai, Hawaii. The mean of the two females’ daytime egg-turning frequency
(1.15 turns/hr) was similar to the value reported for other waterfowl and identical
with that of the Canada Goose (Branta canadensis), from which the Nene is thought
to be derived. One female turned her eggs less frequently at night, a pattern typical
of waterfowl, whereas the other did not. The total number of bouts of egg turning
per 24 hr averaged 25.7 for one female and 22.7 for the other. Waterfowl almost
always turn their eggs by rotating them solely about the long axis, yet one of these
Nene rotated one egg (occasionally two) 180° about the short axis during 21% of
egg-turning bouts. We observed a combined total of 65 incubation recesses by the
two females, of which 16.8% occurred at night. One of the birds took longer recesses
and spent substantially more time away from the nest than the other. As on other
Hawaiian islands, the Nene on Kauai tended to take recesses more frequently near
dawn and dusk. The two females’ nest attentiveness differed during the daytime but
not when averaged over 24 hr.

The Hawaiian Goose or Nene (Branta sandvicensis), Hawaii’s only extant
endemic goose, is among the most threatened of waterfowl. It was declared
endangered by the U.S. Fish and Wildlife Service in 1967. It currently inhabits the islands of Kauai, Maui, Hawaii, and Molokai but is most abundant on
Kauai, the only island lacking the introduced Indian Mongoose (Herpestes
auropunctatus), a significant predator on adults, goslings, and especially
eggs of the Nene (Black and Banko 1994). Despite the Nene’s being most
numerous on Kauai, our knowledge of its biology derives largely from stud4
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ies of wild populations on the islands of Hawaii and Maui (Banko 1988,
Black et al. 1994, Banko et al. 1999). In this study on Kauai, we examine
two aspects of incubation behavior—egg turning and nest attentiveness—in
two wild Nene that were habituated to people and draw comparisons with
previous studies of the Nene and of the Canada Goose (Branta canadensis),
from which the Nene is thought to be derived (Banko et al. 1999). For all
but a few species of birds, such as the megapodes, turning the eggs during
incubation is essential for optimal hatching. To our knowledge, no information exists on the egg-turning behavior of the Nene.
On Hawaii and Maui, Nene inhabit grassy shrublands and sparsely vegetated lava flows (Banko et al. 1999). On Kauai, they inhabit mainly lowland
pastures and other modified habitats. On Hawaii and Maui breeding productivity is low because diets are limited by insufficient protein and because
introduced mammals destroy many nests (Banko et al. 1999). Productivity
is higher on Kauai where nutritious food is readily available in managed
grasslands and where predators are fewer (Black and Banko 1994). These
differences in the islands’ habitat might affect nest attentiveness if on the
islands of Hawaii and Maui Nene have to take more frequent or longer
incubation recesses to eat sufficient food. We evaluated this possibility by
quantifying nest attentiveness and incubation recesses of the Nene on Kauai
and comparing our data with those from Hawaii and Maui.
METHODS
We monitored the incubation behavior of two female Nene at Kilauea Point
National Wildlife Refuge, Kilauea, Kauai, from 26 December 2007 through 3
January 2008. Both females and their mates were hatched in the wild at the
refuge. Nene 1 was tending her first nest of the 2007–2008 breeding season;
Nene 2 was tending her second nest. The nests were located approximately
100 m apart and within 10 m of refuge buildings frequented by refuge staff
and volunteers. The females were thus habituated to people. Both nests were
located on the ground beneath naupaka shrubs (Scaevola sericea) within
about 2 m of grass lawns (seashore paspalum, Paspalum vaginatum), where
the two Nene and others often foraged. Each nest contained three eggs.
We monitored incubation by placing an infrared charge-coupled device
(CCD) video camera near each nest and continuously recording the video
signal with a PVR-330 digital video recorder (Bolide Technology Group,
San Dimas, CA) after passing the signal through a SuperCircuits electronic
time/date stamp. We analyzed the video records with VirtualDub video
software. From the birds’ behavior and the day length at our study site, we
established daytime as the interval from 06:30 to 18:30 Hawaiian-Aleutian
Standard Time (HST), which was 6-8 min longer (depending upon the
date) than the period from the onset of morning civil twilight until the end
of evening civil twilight.
We typically initiated video recording in the morning between 10:17 and
12:23 HST (5 of 7 days) and consequently undersampled the early morning hours, which is when Nene typically take their first daytime nest recess
(Banko et al. 1999). Still, our video records encompassed the transition
from nighttime to daytime on 4 of 7 days for Nene 1 and on 3 days of 7
5
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days for Nene 2.
Our video equipment was powered by motorcycle batteries that provided
<24 hr of power. Therefore, we obtained 17.7 ± 4.7 (standard deviation)
hr (range 7.7–22.9 hr) of continuous video per 24-hr day (n = 7) for Nene
1 and 16.0 ± 3.7 hr (range 11.3–22.7 hr) per 24-hr day (n = 7) for Nene
2. We obtained six rather than seven nighttime video recordings of Nene 1
because a battery failed. We recorded a total of 126.7 hr of video for Nene
1, of which 46.1% was daytime, and 113.0 hr for Nene 2 (46.3% daytime).
Thus our records are slightly biased toward nighttime.
We quantified nest attentiveness (percent of time spent on the nest incubating), the frequency of incubation recesses (number of recesses per day), the
duration of incubation recesses (minutes off nest per recess and total recess
minutes per day), and egg-turning frequency (number of bouts of turning
per hour of incubation). We present values as means ± standard deviation
and compare means by using two-sample t-tests, assuming equal variances
and after arcsine-transforming proportions.
RESULTS
Egg Turning
A Nene turns its eggs by standing up, moving backward to the nest’s rim,
reaching down and hooking the farthest egg with its bill, then drawing the
egg backward, thereby rolling it (Figure 1). We videotaped a total of 132
egg-turning bouts by Nene 1, of which 69 (52%) were nighttime bouts, and

Figure 1. The female at nest 1 turning one of her three eggs about its short axis.
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105 bouts by Nene 2, of which 43 (41%) were nighttime bouts. Both females
avoided turning eggs during rain.
An egg’s location within the nest cup relative to the other eggs changed
during 7 of 92 bouts (8%, data for both nests combined), as one egg was
drawn over another and thereby displaced it. During 42 of 92 bouts (46%)
females intentionally manipulated all three eggs. During nine bouts only one
egg was manipulated. Yet even when females manipulated only one or two
eggs, the unmanipulated eggs usually moved at least slightly. Occasionally we
caught glimpses of eggs moving slightly as a female stood to initiate turning.
Settling back on the eggs after a turning bout was accompanied by rocking
motions and obvious movements of the female’s legs as she repositioned
herself atop the clutch. It seems likely that these movements also moved
the eggs slightly.
The number of minutes that elapsed between a female’s return to the nest
following an incubation recess and the first time she intentionally turned her
eggs did not differ for the two females (t = 0.97, P = 0.34, df = 61) and
averaged 26.6 ± 22.3 min (range 2.4–94.4 min). On one occasion, each
female departed on a subsequent recess without first turning the eggs. Nene 1
intentionally turned her eggs as soon as she uncovered them after only 5 of 31
recesses (16%); for Nene 2 these numbers were 4 of 30 recesses (13%).
The frequencies of egg turning in daytime were 1.10 and 1.20 turns/
hr for Nene 1 and 2, respectively. The nighttime frequency was 1.05 and
0.72 turns/hr for Nene 1 and 2, respectively. Nene 2 turned her eggs more
often by day than by night (1.20 versus 0.72 turns/hr), whereas for Nene 1
daytime and nighttime turning frequencies were similar (1.10 versus 1.05
turns/hr). The total number of egg-turning bouts per 24-hr day was 25.7
for Nene 1 and 22.7 for Nene 2.
Incubation Recesses
Before leaving the nest on incubation recess, both females always covered
their eggs with a mixture of downy feathers, leaves, and twigs. Nene 1 took
significantly longer to cover her eggs than did Nene 2 (58.9 ± 14.3 sec
versus 45.2 ± 13.1 sec; t = 3.91, P < 0.01, df = 62), but the difference is
small and of questionable biological significance.
We observed a total of 31 incubation recesses by Nene 1, of which 9
were taken at night, and 34 recesses by Nene 2, of which 4 were taken
at night. Nene 1 averaged 0.38 recesses per hour of daylight video versus
0.57 recesses per hour for Nene 2. Nighttime recesses averaged 0.13/hr
for Nene 1 and 0.07/hr for Nene 2. The pooled number of recesses per
daylight hour was 4.7 times the number per nighttime hour. Because our
Nene took fewer recesses at night, mean nighttime attentiveness exceeded
mean daytime attentiveness (97.0 ± 3.1% versus 82.8% ± 7.2%; t = 6.56,
P = 0.001, df=16).
Our Nene took recesses throughout the day but tended to favor either
dawn or dusk (Figure 2). Nene 2 took significantly more recesses during
the first 4 hr after dawn than at other times of day, whereas Nene 1 took
more recesses in the last 2 hr before dusk (Figure 3). Overall, the duration
of recesses (Figure 2) was not correlated significantly with time of day in
either female (Nene 1, r2 = 0.03; Nene 2, r2 = 0.00).
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Figure 2. Recess duration versus time of day (HST) for Nene 1 (dots) and Nene 2
(circles) on the island of Kauai. Arrows denote the onset and end of civil twilight.

The duration of daytime recesses ranged from 7.7 to 39.5 min and was
significantly longer for Nene 2 (22.4 ± 7.4 min) than for Nene 1 (17.7 ± 5.8
min; t = 2.41, P = 0.02, df = 50). For both females there was no significant
difference between the length of nighttime and daytime recesses (Nene 1,
t = 0.03, P = 0.98; Nene 2, t = 1.98, P = 0.06).
DISCUSSION
Some species of birds use their feet to turn their eggs (review by Deeming
2002), but in most species, the Nene included, only the bill is used to turn

Figure 3. Number of recesses taken per hour of video for the six 2-hr intervals from
dawn to dusk (1 = 06:30–08:30, 2 = 08:30–10:30, etc). Black bars denote Nene
1, shaded bars Nene 2. Asterisks denote values lying outside the 95% confidence
interval of a given female’s mean recess rate.
8

EGG-TURNING BEHAVIOR AND NEST ATTENTIVENESS OF HAWAIIAN GeeSE

the eggs intentionally. Birds typically move their eggs by reaching beneath
them with the bill and may turn them up to 180° or nudge them only slightly.
Eggs may also move when a female changes position on the nest, but these
egg movements are generally slight and seem unintentional. By observing
natural markings on the eggs, we estimate that Nene typically rotated their
eggs about their long axis by a maximum of 90° when turning them. In the
Mallard (Anas platyrhynchos), the average angle of turn about the long axis
when eggs are rolled is 61.2° (Caldwell and Cornwell 1975). Howey et al.
(1984) stated that egg rotation in waterfowl is almost always about the long
axis. Yet in 21% of bouts we observed, one egg (sometimes two) was rotated
180° about its short axis. Rotation about the short axis may be related to
the Nene’s relatively small clutch and/or large eggs.
Both females typically prodded the material covering the eggs with their
bill a few times before settling on the still-covered eggs after returning to the
nest following an incubation recess. The birds removed the material covering the eggs after settling on the nest by scraping backward with their feet
while sitting on the nest. Uncovering generally required 2.5–5 min, during
which time the females stood two to four times, turned roughly 90°, resettled
on the nest, and resumed scraping the eggs’covering away with their feet.
While uncovering the eggs, females often adjusted the nest material near
their flanks with their bills. Because while being uncovered the eggs were
not visible we could not determine if they moved.
The frequency of egg turning in daytime averaged 1.10 turns/hr for
Nene 1 and 1.20 turns/hr for Nene 2, values similar to those reported for
other waterfowl (Deeming 2002), including the Canada Goose (Branta
canadensis) (1.2 turns/hr; Kossack 1947), from which the Nene is thought
to have evolved (Banko et al. 1999). In three other species of waterfowl,
the frequency of turning at night was about half that during the day (Howey
et al. 1984). In the birds we observed, the nighttime egg-turning frequency
was 95% of the daytime frequency in Nene 1 and 60% in Nene 2.
Incubation Recesses and Nest Attentiveness
Banko (1988) and Black et al. (1994) used time-lapse photography and/or
video cameras to monitor incubation rhythms of Nene at Hawaii Volcanoes
National Park on the island of Hawaii. In comparing our data with theirs
and comparing data for the Nene with those for other geese, caution is
warranted because of small sample sizes and differences between first and
second nests of the Nene at both locations. At both sites, females spent
substantially more total time per day off second nests than they did off first
nests as a consequence of taking longer recesses. On Hawaii, they took
recesses significantly more frequently (Table 1). On Kauai, the Nene on her
first nest took more but shorter recesses than those on Hawaii (Table 1).
On Kauai, more frequent but shorter recesses could result in higher average
egg temperature and presumably result from foraging sites being nearer to
nests on Kauai than at Hawaii Volcanoes National Park.
At Hawaii Volcanoes National Park, Nene took 85% of their incubation
recesses during daylight hours, most near dawn or dusk (Black et al. 1994).
The birds we observed on Kauai were similar in taking 83% of their incuba9

EGG-TURNING BEHAVIOR AND NEST ATTENTIVENESS OF HAWAIIAN GeeSE

Table 1 Incubation Recesses of the Nene at Hawaii Volcanoes
National Park, Island of Hawaii, and Kilauea Point National Wildlife
Refuge, Kauaia
Recess
Duration (min)

Number/day

Total time/day (min)

Kauai			
First nestb
17.7 ± 5.8
6.1
109.2
Second nestb
21.8 ± 7.2
8.2
173.8
Hawaii			
First nests (n = 4)c
28.8 ± 5.18
4.0 ± 0.71
112.1 ± 11.4
First nests (n = 5)d
3.4 ± 0.81
99.0 ± 25.9
Second nest (n = 1)c
18.9
10.7
199.7
Mean of all Nenee
24.8
4.4
119
Other geesef
19.4 ± 1.3
2.9 ± 2.0
68.5 ± 57.9
Canada Gooseg
19.0 ± 5.2
3.3 ± 11.4
66.8 ± 40.3
aValues

are mean ± standard deviation.
study.
cNests monitored 1979–1984 (Banko 1988).
dNests monitored during 1991–1993 (Black et al. 1994).
eMean of values above, adjusted for differences in sample size.
fMean of seven species based on 17 studies (Afton and Paulus 1992).
gMean of four races (Afton and Paulus 1992).
bCurrent

tion recesses during daylight but distributed their recesses more uniformly
throughout the day (Figure 2). Nene resemble other geese in the duration
and number of incubation recesses per day but spent longer away from the
nest each day than the average goose, 119 min/day versus an average of 69
min/day for other geese (Table 1). Presumably, warm ambient temperatures
in Hawaii permit Nene greater flexibility in their incubation recesses.
In 34 species of waterfowl daytime nest attentiveness ranges from 72.6
to 99.5% (mean 88.1 ± 1.0% standard error; Afton and Paulus 1992). In
our Nene, daytime attentiveness averaged 83.3%, well within the range of
other waterfowl. Nest attentiveness per 24-hr day averaged 89.9 ± 4.2%
for both nests we observed.
Overall, the behavior of our Nene and that of those breeding on Hawaii
differed little. Nene spend more time off the nest per day than other geese,
which typically breed at higher latitudes (Table 1), but similarities between
the Nene and other geese are more striking than the differences.
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A NEW AND CRYPTIC CALL TYPE
OF THE RED CROSSBILL
Kenneth Irwin, 550 Union St., Apt. B 11, Arcata, California 95521; ken@
madriverbio.com
ABSTRACT: I describe a new call type (type 10) of the Red Crossbill (Loxia curvirostra complex) associated with Sitka Spruce (Picea sitchensis) in Humboldt County,
California. As with other types of the crossbill’s flight calls, the birds using this type
of call apparently constitute a subset of the species that is cohesive socially, behaviorally, and morphologically. The patterns of frequency and amplitude modulation
of flight calls of type 10 are similar to those of the second half of type 4 but change
in frequency more slowly and are given at a higher pitch. The flight calls of type 10
vary among individuals and within an individual’s repertoire, perhaps to a greater
extent than in other call types. Most type 10 birds gave toop calls distinctly different
from those of all other call types, but a few were similar to those of types 2 and 4.
Likewise, the chitter calls of type 10 differed from those of the three call types (2, 3,
and 4) found most commonly near type 10. The song repertoires of types 10 and 4
differed as well. Type 10 crossbills are intermediate in size between types 3 and 1.
Large numbers of type 10 were resident in Sitka Spruce forests from 2001 to 2010,
whereas the few type 4 birds recorded in spruce stands remained only briefly. Morphological and behavioral evidence indicates that type 10 is specialized for foraging
on seeds in Sitka Spruce cones.

Groth (1993a) categorized the extensive variation within the Red Crossbill
(Loxia curvirostra) in North America into eight call types on the basis of differences in vocalizations and morphology. Each call type differs in its flight,
excitement (“toop”), and alarm calls, but each call type is best recognized
from the flight call because it is the most commonly given and most diagnostic vocalization (Groth 1993a). Benkman (1999) subsequently identified
a ninth call type. Moreover, evidence is increasing that at least some of these
call types represent biological species (Groth 1993a,b, Smith and Benkman
2007, Benkman et al. 2009). Indeed, Benkman et al. (2009) have argued
that call type 9 represents a biological species on the basis of high levels
of reproductive isolation and morphological and genetic divergence from
other sympatric call types.
Two or more types of Red Crossbills often nest in the same area and
mate assortatively by flight-call type (Groth 1993b, Edelaar et al. 2004,
Smith and Benkman 2007, Summers et al. 2007). In one investigation <1%
of the pairs identified consisted of two flight-call types (Smith and Benkman
2007). Flight calls play a role in assortative mating. In trials of mate choice,
Snowberg and Benkman (2007) found that females preferred males that
had the same type of flight call as their own. Although there often were
many type 3 birds nearby during the formation of pair bonds, in my study
I detected no pairing of birds using different call types.
Red Crossbills usually learn the flight call of one parent, both parents, or
a sibling, imitate it, and continue to use that type of flight call (Groth 1993a,
Sewall 2008). Although individuals may, over time, modify the structure of
their flight call to a slight extent, the new forms that they produce remain
within the range of variation of that type of flight call (Sewall 2008, Keenan
12
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and Benkman 2008). Crossbills normally do not change the type of flight
call that they use and do not use two or more types of flight calls. There is
strong evidence that the type of flight call that an individual uses remains
stable over its lifetime (Adkisson 1996, Sewall 2009).
Even though most crossbills eat seeds from the cones of two or more
species of conifers, Benkman and colleagues (Benkman 1993, 1999, Benkman and Miller 1996, Parchman and Benkman 2002) found that in North
America most call types have evolved a different bill morphology adapted
to optimize efficiency of feeding on the cones of a specific “key” conifer
species that provides a reliable food source when other conifers have few
seeds. Benkman (1993) thought that the Sitka Spruce (Picea sitchensis)
could represent a key conifer species and predicted that there may be a small
form of the Red Crossbill adapted to Sitka Spruce. Here, I present my observations of the vocalizations, morphology, and behavior of Red Crossbills
and their occurrence in and use of Sitka Spruce in northwestern California.
I describe a new call type, type 10. It appears that Groth (1993a) recorded
a few type 10 birds but lumped them with type 4. This new call type differs
in morphology and habitat association from other Red Crossbills and may
represent a form adapted to Sitka Spruce.
STUDY AREA AND METHODS
I studied Red Crossbills in Sitka Spruce forests in Humboldt and Del Norte
counties, California, from 40.56° to 41.70° N and from 124.08° to 124.35°
W. Sitka Spruce, the only species of spruce in the study area, occurs on the
coastal slope from sea level to an elevation of 400 m in small pure stands
fragmented by logging, small mixed stands where it is the dominant species,
and as a rather minor component of mixed-conifer forests dominated by
Coast Redwood (Sequoia sempervirens). As elsewhere, the number of trees
is declining with logging and home building, and here it is being replaced with
redwood planted in timber holdings. In late November 2001, Red Crossbills
invaded Humboldt County, and I found crossbills with a distinctive flight call
foraging almost exclusively on Sitka Spruce seed. Red Crossbills with these
unusual vocalizations have remained in these Sitka Spruce forests through
February 2010. Most of my observations were made at Patrick’s Point and
Big Lagoon state parks, Humboldt County. Additional observations were
made at scattered sites in interior Humboldt County, along the coast of Humboldt County between Ferndale and Big Lagoon, within 8 km south from the
mouth of the Klamath River in Del Norte County, along the northern coast
of Del Norte County, along the Oregon coast as far north as Coos Bay, in
central Oregon around Crater Lake, in northwestern Washington, and in
southeastern Arizona. I observed crossbills through 10 × 40 binoculars and
a 15–40 × 60 spotting scope from dawn through early afternoon on 1917
days from 1999 to 2009.
I recorded crossbill vocalizations with a Super unidirectional microphone
and a Sony TCM-20DV tape recorder and used Cool Edit 2000 to produce
and analyze audio spectrograms from the recordings. I recorded songs from
numerous individuals that used type 10 calls and catalogued their song repertoire as well as a small sample of different songs from type 4 crossbills.
13
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I also examined a recording of type 4 song on the Cornell Laboratory of
Ornithology website at www.animalbehaviorarchive.org (Macaulay Library:
catalog number 87926) and spectrograms of a few type 4 songs published
by Adkisson (1996).
Over most of its range, Sitka Spruce produces cone crops that can vary
greatly from year to year (Harris 1990). I estimated Sitka Spruce cone crops
by arbitrarily selecting sample plots of 40 trees that appeared to be representative of the surrounding tract. I then categorized each tree as producing a
poor, moderate, or abundant cone crop so that I could make a rough estimate
of cone crops to characterize yearly and regional differences.
In June and July 2005, professional banders with more than 10 years of
experience at Redwood Sciences Laboratory (U. S. Forest Service) established a banding station in McKinleyville, California, to capture and measure
crossbills that used type 10 flight calls. They measured bill length (from the
anterior edge of the nares to the tip of the maxilla) bill depth (along a plane
perpendicular to the tomia at the anterior edge of the nares), tarsus, wing
chord, and body mass of each crossbill captured. Following the method of
Benkman (1993), I also made molds of the horny palate of two type 10
crossbills to determine the width of the bill’s husking groove. I used a dissecting microscope with a scale in the eyepiece to measure the distances
to the nearest 0.01 mm; I rounded off dimensions to the nearest 0.05 mm
as did Benkman (1993). I recorded the flight calls of each bird as it was
released, but a few did not call and so were not included in the analyses.
From their flight calls, I identified 89 measured crossiblls as type 10. Two
of type 3 and one of type 4 were also captured, but I did not include them
in the analyses.
RESULTS AND DISCUSSION
Vocalizations
I recorded calls from more than 1400 crossbills in Humboldt County. Of
these only 5 were type 1, ~185 were type 2, ~450 were type 3, ~165 were
type 4, and 21 were type 5 (Figure 1). Types 1–5 were recorded mostly during irruption years (1999, 2004, 2006, and 2008). Additionally, I recorded
crossbills of types 2–5 at other sites in the region, two of type 7 crossbills
near Crater Lake, Oregon, and one of type 6 in southeastern Arizona. Of
the nine crossbill call types previously described in North America (Groth
1993a, Benkman 1999, Benkman et al. 2009), type 8 apparently occurred
only on Newfoundland but may now be extinct (Parchman and Benkman
2002), and type 9 is restricted to two small mountain ranges in southern
Idaho (Benkman et al. 2009). I have no recordings of these last two call
types (see Groth 1993a, Smith and Benkman 2007, Keenan and Benkman
2008, and Benkman et al. 2009 for spectrograms). Groth (1993a) found
types 2–5 to be widespread in western North America, although type 3
has a more northern distribution and type 5 occurs more inland. He found
type 1 mostly in eastern North America but also in the Pacific Northwest,
type 6 in southeastern Arizona (from which it presumably ranges south into
Mexico), and type 7 on the east side of the Cascade Mountains and in the
northern Rocky Mountains. Beginning in late November 2001, I identified
14
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Figure 1. Spectrograms of representative flight calls of eight of the ten types known
from North American Red Crossbills. For types 8 and 9, see Groth (1993a) and
Keenan and Benkman (2008), respectively.

a new call type from northwestern California (type 10) as crossbills using
this call invaded Humboldt County. During observations of flocks at 48 sites
from 2002 to 2010 I recorded ~630 type 10 crossbills.
Flight calls. Inspection of Figure 1 reveals that only two known call types
resemble type 10: type 6 and type 4 both have components rising in pitch
at the end. Type 6 actually sounds nothing like type 10. Most of the energy
(amplitude) is imparted in the falling component of the call, and generally
there is very little modulation of the final rising portion of the call. Crossbills
that use type 6 calls are extremely large and rarely found north of southeastern Arizona. Crossbills that use type 4 calls, however, are abundant and
widespread in the western United States, and their calls are closely similar
to type 10. Previously, if other observers have detected type 10, they have
categorized it as type 4 (Groth 1993a, Thomas P. Hahn pers. comm.),
perhaps supposing that the bird had omitted the initial falling component.
Figure 2 shows the range of individual variation in the flight calls of type 4
and provides a comparison of the flight calls of type 4 with a representative
sample of type 10 flight calls. The most typical flight calls of type 10 are
simple in structure (Figure 2: 6–8) and resemble the last half or the rising
portion of type 4 flight calls (Figure 2: 1–5). In the field, I often failed to
detect the first half of a type 4 flight call unless I recorded and analyzed it.
Some type 4 flight calls sounded very similar to some of those of type 10,
hence my use of the term “cryptic” to describe the new type of crossbill;
refer to the recordings comparing these two flight call types on the website
at www.westernfieldornithologists.org/kirwin/ and http://madriverbio.
com/wildlife/redcrossbill.
Within type 10, the structure of the flight call varies greatly from individual
to individual (Figure 3). The male and female of a mated pair often match
the structure of each other’s call. This matching usually develops by one bird
imitating its mate’s call or each bird adjusting its call so that they both con15
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Figure 2. Comparison of the Red Crossbill’s flight calls of type 4 and type 10, showing
the range in variation of type 4 in western North America. All calls of type 4 begin
with a fall in frequency. Most typical of type 4 is trace 5, the most extreme deviation
from typical is trace 3. In type 10, the frequency rises at a rate slightly less than that
of the rising portion of western Type 4 calls. Type 10 calls are shorter that type 4
and usually given at a slightly higher frequency.

verge on a variant intermediate between the two original forms. (Mundinger
1970, 1979, Groth 1993b, Keenan and Benkman 2008, Sewall 2008). I
recorded many mated pairs that were “call matching,” and some of these
calls are the most complexly modulated calls in Figure 3, indicating that even
the calls that differed greatly from the typical form were recognized as flight
calls by other birds using type 10.
Some type 10 crossbills used two different forms or variants of type 10
flight calls, but this apparent dimorphism was difficult to quantify or even
document conclusively. I had many observations where I thought a bird had
changed from one flight call to another, but because other type 10 birds were
nearby, I could not always rule out the possibility that I may have recorded
two birds sequentially. I recorded only six birds using two variants of the type
10 flight call (Figure 4) when, to my knowledge, they were at least 60 m
from any other crossbills. I recorded over 45 individuals that changed from
one flight call to a different variant when they were giving a series of calls
when I was reasonably certain that only one bird was calling (28 of these
can be found in the section on alternate flight calls used by type 10 birds at
http://madriverbio.com/wildlife/redcrossbill).This determination was supported by the observation that all of the calls came from the same location
and were given at a constant rate. During a bout of calling, an individual
usually gives a series of calls with intervals of ~180 msec between calls with
only minor variation. This interval can vary by bout of calling or individual.
In the recordings, during a series, each bird changed from one flight call to
a different variant of type 10 without any deviation in the interval between
calls, as would be expected if only one bird was calling. I heard other birds as
16
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Figure 3. Range of variation in the Red Crossbill’s flight calls of type 10. Most
individuals’ calls are like those represented in traces 1–3, fewer are like those
represented in traces 4–6, and fewest are like those represented in traces 7–35. The
range of individual variation in crossbills using type 10 calls is greater than in any
other type.
17
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Figure 4. Red Crossbills that used two flight calls of six variants of Type 10 flight calls.
In each pair of calls, one (left) has a simple modulation pattern and one (right) has a
complexly modulated pattern.

they changed from using one variant of the type 10 flight call to another but
did not record them. It seems that many of the crossbills that gave type 10
calls used two variants of the type 10 flight call. In contrast, Groth (1993a)
reported that fewer than 10 of 700 crossbills he recorded used two variants of their type of flight call. In type 10, use of a complex call probably
enhances recognition of individuals and mates because complex calls differ
from individual to individual more than simple calls do.
Use of two variants of the type 10 flight call also varied within and among
individuals. Complexly modulated flight calls seemed to be linked to reproductive behavior. Their use declined following molt in autumn and increased from
midwinter through summer with singing and other activities associated with
breeding. In the following, the values are for the total number of calls and do
not reflect the number of birds calling. In winter (October–March), 83.6% of
all flight calls recorded were simple and 16.4% were complex (n = 1939),
whereas in the spring and summer breeding season (April–September)
58.3% were simple and 41.7% were complex (n = 4722). Many anecdotal
observations led me to infer that type 10 crossbills tend to use a simple
flight call (Figure 3: 1–3) for communicating with other flock members and
a more complex flight call (Figure 3: 5–35) for communicating with their
mates. Birds engaging in maintenance activities such as foraging tended to
use a simple call. On many occasions throughout this study I observed flocks
in which several individuals were using complex calls during breaks between
bouts of singing or when they were interacting with their mate, but when
these flocks were startled, usually by the sudden appearance of a large bird
nearby, the entire flock flushed and most, if not all, members of the flock
gave simple flight calls (Figure 3: 1–3) or, at most, a slight variation of the
simple call (Figure 3: 4). I observed a male on 11 consecutive days as he
tended a female on the nest. During this period I recorded 76 flights by the
18

A NEW AND CRYPTIC CALL TYPE OF THE RED CROSSBILL

male toward a group of crossbills foraging 70–100 m away and 73 return
flights to the nest. He used a simple flight call (Figure 4: 1) on every flight
away from the nest, but he used a more complex call (Figure 4: 2) on every
return flight to the nest and his mate. Another male, also provisioning a
nest, usually used a complex call when flying both to and away from the
nest (and mate) and used a simple call only occasionally when moving from
the nest to a foraging flock.
To determine if type 10 has been recorded elsewhere, I examined various
sources including Groth (1990, 1993a). In figure 15a,b of Groth (1993a),
calls of crossbills recorded on the central Oregon coast in Sitka Spruce and
Douglas-fir (Pseudotsuga menziesii; Groth 1990) appear to be more characteristic of type 10 (no falling component, slope and frequency band similar)
than of type 4. There also appear to be type 10 calls in Groth’s (1993a) figure
21 from the south shore of Lake Superior. These were included in Groth’s
range of type 4 calls (compare with the range in Figure 2 above). Because
of the similarity of these spectrograms to those of type 10, it seems possible
that Groth may have included measurements from some type 10 birds in his
set of type 4, which could have affected his morphological characterization of
crossbills that used type 4 calls (possibly deflating mean values; see below). I
also examined the Red Crossbill flight calls on the compact disc Flight Calls
of Migratory Birds, Eastern North American Landbirds (www.oldbird.org).
In the recordings from Minnesota, there are flight calls of 14 type 4 crossbills
in the same frequency band as those that were recorded in western North
America, but in all of these the frequency falls more rapidly then rises more
slowly than in type 4 in the West. Therefore type 10 rises more slowly than
type 4 in the West but more rapidly than those in the small sample from the
East. This CD also has recordings of many flight calls given by 17 crossbills
(reported as type 4) that have all of the characteristics of type 10 flight calls
I recorded in northwestern California. These were recorded in New Jersey,
Maryland, and Minnesota. I also examined a recording of one type 10 recorded in northwestern Wisconsin on the Bird Song Ear Training Guide
CD (www.caculo.com). On the Cornell Laboratory of Ornithology website
(www.animalbehaviorarchive.org) there are recordings from Maine of at least
nine crossbills giving type 10 calls (catalog number 12985).
Excitement or toop calls. Nethersole-Thompson (1975) described toop
calls given by the Scottish Crossbill (L. scotica) associated with anger,
alarm, or excitement. Although Groth (1993a) called them “excitement
calls,” Adkisson (1996) used the terms toop and tooping to describe these
calls. For each call type, it appears that the alarm call and the toop call are
related because toops can be used for alarm and the two calls are similar
in structure (see Groth 1993a). Alarm calls are given at a slightly lower
frequency. I heard alarm calls seldom and briefly at low amplitude, and I
recorded only a few of them. The toops of types 2, 4, and 10 differ from
each other slightly (Figure 5). Toops of types 2 and 4 often have harmonics
and rarely include a high-frequency element. I seldom recorded harmonics
with type 10 toops, and most of these consisted of a low-frequency element
given simultaneously with a high-frequency element that overlapped the last
portion of the low-frequency element. The structure of the high-frequency
element was usually reminiscent of a first harmonic. The low-frequency ele19

A NEW AND CRYPTIC CALL TYPE OF THE RED CROSSBILL

Figure 5. The toop or “excitement call” of Red Crossbills that used call types 2, 4,
and 10. Type 2 is represented by trace 1, type 4 by traces 2–4, and type 10 by traces
5–8. A few toops were so similar that identifying them to one of these three types
was difficult. Type 10 crossbills have a strong tendency to include a high-frequency
signal that overlies a lower-frequency element (produced simultaneously by the other
“voice”) and continues long after the low-frequency element has terminated (traces
5–7). Prolonged toops (trace 4) are occasionally given by type 4 crossbills. Type 10
birds also use an alternative form of toop that is prolonged (trace 8) but is unlike
type 4 toops.

ment of individual 5 in Figure 5 produced a second harmonic, and the bird
added a high-frequency element similar to a type 2 flight call. After the lowfrequency element had terminated, type 10 crossbills tended to continue this
high-frequency element longer than did birds of any other call type (Figure
5: 5–7). Some type 4 toops were unique in structure. They were longer in
duration, more modulated, and the bandwidth of their frequency was greater
than in the others (Figure 5: 4). I never heard this call from any other type
of crossbill. Type 10 crossbills sometimes used a prolonged toop that was
different in form (Figure 5: 8). It was given occasionally by one or two birds
that were in groups tooping at Northern Pygmy Owls (Glaucidium gnoma)
and was also used in the context of reproductive behavior. I recorded it once
from a female whose mate immediately responded and copulated with her.
Marler (1956) described four “social calls” (analogous to toop calls) that
Chaffinches (Fringilla coelebs) apparently modified from an alarm call.
These differ slightly in structure and are used in different contexts. Many
Pine Grosbeaks (Pinicola enucleator) use two forms of their “location call”
(Adkisson 1981), which is analogous to the crossbill’s toop call.
Chitter calls. I recorded chitter calls (see Groth 1993a, Robb 2000) from
types 2, 3, 4, and 10 (Figure 6). Most chitter calls were given by birds as
they moved from the tops of trees to bushes next to ponds where they drank.
Because their field of view was usually obscured by vegetation, crossbills gave
these calls when they seemed to be apprehensive of potential danger. They
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Figure 6. Chitter calls of Red Crossbills of type 2 (traces 1–2), type 3 (traces 3–5),
type 4 (traces 6–9), and type 10 (traces 10–14). Note in type 4 that the initial long
falling portion appears concave, whereas in Type 10 it appears convex. Then type
10 calls rise more rapidly than the corresponding portion of type 4 calls.

scanned rapidly and were skittish or nervous, and they often abandoned
the attempt to drink and flew to the top of a tree. I once recorded chitters
from a bird that was threatened then attacked by another crossbill, and once
from a bird that was close to a bird being attacked by a third crossbill. The
chitter calls of type 10 differ clearly from those of types 2 and 3 (Figure
6). Although the chitter calls of types 4 and 10 appear similar, there are
consistent differences (Figure 6). In the initial long falling portion of type 4
calls the rate of frequency change slowly increases, whereas in type 10 calls
the rate decreases. The type 4 call rises at a constant rate that is lower than
the rate in the rising portion of the type 10 chitter call. The differences
among these four call types suggest that each type may have a chitter call
that is unique. Robb (2000) identified differences in the chitter calls among
several types of crossbills in Europe. Flight calls and possibly toops that have
been modified to varying degrees can be used like chitters, as noted also by
Groth (1993a) and Robb (2000).
Songs. Most of the elements I examined in the small samples I obtained
of type 4 song are very different from anything I recorded from type 10
(not shown). In moderately large samples, these differences are similar to
those between the songs of type 2 and type 3 or between either of those
and type 10, suggesting (but far from demonstrating) a level of differentiation
comparable to that seen between other types. Each type of crossbill may
have a large song repertoire. It is not known if any repertoire varies regionally. Almost nothing is known regarding the rate of change (evolution) of a
repertoire or the magnitude of the modifications made over time.
I have established a website with recordings of Red Crossbills at http://
madriverbio.com/wildlife/redcrossbill. This site has various calls from many
call types and useful clues for distinguishing between the calls of these types
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of crossbills, as well as songs. A subset featuring calls of eight call types and
variation within type 10 is at www.westernfieldornithologists.org/kirwin/.
These recordings have also been submitted to the Cornell Laboratory of
Ornithology for archiving in its Library of Natural Sounds.
Cone Crops and Occurrence of Call Type 10
Along the coast from Ferndale, California, to Coos Bay, Oregon, I identified two patterns of cone production to the north and south of Endert’s
Beach, 3 km south of Crescent City, Del Norte County. From Endert’s Beach
south, Sitka Spruce trees produced cones abundantly every year from 1998
through 2009. From Crescent City to Coos Bay (north of Endert’s Beach), I
estimated the cone crop from 2003 to 2006 to be only ~70% of that south
of Endert’s Beach. Consequently, Sitka Spruce seed was especially abundant
in Humboldt and southern Del Norte counties (south of Endert’s Beach),
and the high relative humidity near the coast enhanced seed retention in
the cones (and see references in Benkman 1993).
The geographic break in cone-production patterns also coincided with
an even greater difference in crossbill occurrence. North of Endert’s Beach,
I did not detect crossbills during surveys along the southern Oregon coast
from 2003 to 2006 and near Crescent City from 2001 to 2007. However,
I regularly found 48 flocks containing at least 600 type 10 crossbills from
Endert’s Beach south to Ferndale; most occurred north of Trinidad. Since
most spruce trees were on private land, which I did not survey, I suspect
that the total population was much greater.
I searched for Sitka Spruce and crossbills in northwestern Washington
in August 2005. In the area from Oak Harbor to the Canadian border and
inland to the Cascade Mountains I found only a few Sitka Spruce near Puget
Sound, 5 km south of the Canadian border at Birch Bay, Washington, and
recorded six type 10 crossbills there.
I encountered Red Crossbills regularly in at least fair numbers in Sitka
Spruce forests in Humboldt County from 1971 to 1999, suggesting that
these spruce trees had produced a good crop in many of the years prior to
this study, suggesting that type 10 may have been here in the past.
Flock Sizes and Site Fidelity
I recorded distinctive flight calls at specific sites repeatedly for periods as
long as 2 years. At these sites, I did not find much variation in the sizes of
the flocks that might indicate movements of flocks or individuals between
sites. Only on rare occasions did I see one to three birds venture into the
home range of an adjacent flock, but they always returned within 12 minutes.
These observations suggest that many individuals (and perhaps major portions of flocks) remained in a limited area for extended periods. From 2002
to 2009, I monitored four flocks almost daily, four others weekly, and 40
less often. I found no evidence of any site being abandoned, even briefly.
Each flock apparently resided in its own relatively small discrete home range
throughout this period. Here, I give only the counts of the number of birds
in each flock during the winter outside of the breeding season of June to
August. By focusing on the period outside of breeding I was able to exclude
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recruitment of fledglings and dispersal of juveniles. In winter, flock sizes of
type 10 crossbills averaged 17.7 individuals. Three of the 48 winter flocks
held 9–11 birds each, and 45 had 14–21 birds. I surveyed only four areas
where there was continuous spruce forest extensive enough to contain two
or more flocks. Together these four areas held 11 flocks. Ten of the groups
used sites (home ranges) that were roughly circular with diameters that ranged
from ~640 to 750 m. The eleventh group, the eastern flock at Patrick’s
Point, used a site ~350 by ~920 m. For all 11 flocks, the distance between
the centers of adjacent home ranges varied from ~780 to 860 m.
Morphological Characteristics
The various call types of North American Red Crossbills differ morphologically. Ranked by size in order from the smallest (type 3) to the largest
(type 6) they are 3, 10, 1, 4, 7, 5, 2, 9, 8, and 6. Benkman (1993, 1999,
2003) and Benkman and Miller (1996) found a positive relationship between
the mean depth of the bill of the various call types and the pliability of the
scales on the cones of each call type’s “key” species of conifer. Crossbills
with deep bills are more efficient than smaller-billed crossbills at opening the
cones of conifers with thick and/or stiff scales. Conversely, smaller-billed
crossbills are more efficient on smaller, thinner-scaled cones. Type 3 (♂♂
= 8.19 mm; ♀♀ = 8.10 mm; mean bill depths from Groth 1993a unless
noted otherwise) is well adapted for opening the cones of the Western
Hemlock (Tsuga heterophylla) (Benkman 1993), which has papery scales
that are slightly more flexible and smaller than those of Sitka Spruce. Type
1 (♂♂ = 8.80 mm; ♀♀ = 8.72 mm) has been hypothesized to be adapted
to the Red Spruce (P. rubens) in eastern North America (Parchman et al.
2006; see also Groth 1993a). Type 4 (♂♂ = 9.00 mm; ♀♀ = 8.52 mm) is
adapted to Douglas-fir (Benkman 1993). Sitka Spruce cone scales are much
more flexible than those of Douglas-fir. By comparison, type 10 crossbills
measured in this study (Table 1) are smaller than type 4, and their mean
bill depth (♂♂ = 8.55 mm; ♀♀ = 8.37 mm) is intermediate between that
of types 1 and 3. The mean values of bill length, tarsal length, and mass
for type 10 (Table 1) are also intermediate between those of types 1 and 3
(Tables 2 and 3). The mean wing chord of males and females of type 10 is
slightly shorter than that reported for type 3 (Table 3).
Crossbills of type 10 are small, although the male in Figure 7 has a bill
that looks proportionately deep. Sean McAllister took this photograph on
9 March 2009, 3 km south of Crescent City. He also recorded the bird’s
flight call, and I identified it after examining spectrograms.
The groove on the sides of the upper mandible’s horny palate is where the
bird holds seeds while husking them (Newton 1972, Benkman 1993). The
width of this husking groove is adapted to the size of the seeds of each call
type’s “key species” (Benkman 1993). Like the other morphological characteristics, the widths of the husking grooves of types 1, 3, 4, and 10 overlap.
The samples of type 1 (n = 1) and type 10 (n = 2) are too small to allow
for a detailed comparison of the overlap. Benkman predicted that a crossbill
adapted to Sitka Spruce should have a husking groove ~1.55 mm wide. The
widths of the husking grooves of the two type 10 birds for which I made palate
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Table 1 Measurements of Red Crossbills of Call Type 10
Bill depth at
nares (mm)

Bill length from
nostril (mm)

Tarsus

Wing chord

Males
n
54
54
45
49
Minimum
8.0
12.2
14.3
78.0
Maximum
9.5
15.4
19.8
86.0
Mean
8.55
14.02
16.72
82.69
Standard deviation 0.33
0.87
1.09
1.84
Standard error
0.05
0.12
0.16
0.26
Females	 	 	 	 
n
35
35
29
32
Minimum
7.9
10.9
14.6
76.0
Maximum
9.0
15.2
17.5
86.0
Mean
8.37
13.45
16.20
81.09
Standard deviation 0.33
1.14
0.62
2.26
Standard error
0.06
0.19
0.11
0.40

Mass
53
22.1
34.4
27.99
2.03
0.28
35
23.5
37.2
27.44
2.34
0.40

molds were 1.50 and 1.55 mm, narrower than the mean value of 1.75 mm
for type 4 birds and conforming to Benkman’s (1993) prediction.
In addition to bill size and palate structure, the foraging behavior of the
type 10 crossbills I observed suggests that they have evolved to exploit Sitka
Spruce seeds. Crossbills using type 10 calls spent most of their time in Sitka
Spruce, and almost all seeds I saw them eating were of that species. The birds
flew only rarely and briefly to conifers other than Sitka Spruce and seldom
foraged on them. For example, Shore Pine (Pinus contorta contorta) was
common at most of my study sites, yet during >10,000 hours of observing
type 10 crossbills, I saw only three Shore Pine seeds eaten by them. Red
Alder (Alnus rubra) was common at all sites, but I saw fewer than 30 Red
Alder seeds consumed. After irruptions, type 4 birds spent far less time (<2
Table 2 Measurements of Red Crossbills of Call Type 1a
Bill depth at
nares (mm)

Bill length from
nostril (mm)

Tarsus

Wing chord

Mass

39
8.3
9.4
8.80
0.041

39
13.3
15.7
14.49
0.101

39
18.0
20.4
19.16
0.090

39
83.8
95.4
89.41
0.374

39
25.8
34.5
30.49
0.284

33
8.3
9.2
8.72
0.040

33
12.9
15.0
14.19
0.099

33
17.3
20.3
18.19
0.103

33
82.1
90.3
86.50
0.395

33
24.5
35.1
29.09
0.389

Males
n
Minimum
Maximum
Mean
Standard error
Females
n
Minimum
Maximum
Mean
Standard error
aSource:
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Table 3 Measurements of Red Crossbills of Call Type 3a
Bill depth at
nares (mm)

Bill length from
nostril (mm)

Tarsus

Wing chord

Mass

Males	 	 	 	 	 
n
28
28
28
28
28
Minimum
7.8
11.7
17.2
81.8
23.8
Maximum
8.7
14.3
19.9
88.5
32.2
Mean
8.19
12.74
18.80
85.88
27.32
Standard error
0.046
0.117
0.127
0.343
0.443
Females	 	 	 	 
n
33
33
33
33
33
Minimum
7.7
11.8
17.5
78.0
23.7
Maximum
8.5
13.7
19.4
85.5
29.4
Mean
8.10
12.81
18.47
82.37
26.54
Standard error
0.055
1.127
0.109
0.518
0.469
aSource:

Groth (1993a).

weeks) at sites with spruce than did any other call type, and many flocks of
type 4 crossbills spent the winter and spring at inland sites having Douglas-fir.
Conversely, I never heard type 10 in Douglas-fir. The smaller bills of type 3
birds should better enable them to forage in Sitka Spruce. The preference of
type 3 crossbills for Sitka Spruce was apparently greater than that of type 4
but less than that of type 10. During four invasions, large numbers of type
3 birds arrived in October, foraged in the spruce, but left in early June the

Figure 7. Male Red Crossbill that used call type 10, 3 km south of Crescent City,
California, 9 March 2007. This individual’s bill appears deeper than average for its
call type.
Photo by Sean McAllister
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following year. The relationship between type 10 and species of conifers in
the eastern United States is not known.
Conclusion
The combination of distinct vocalizations, the difference in average bill
depth from other call types with which it occurs (a minimum difference of
about 0.2 mm from other call types, similar to the differences between other
call types occurring together, e.g., Groth 1993a, Benkman et al. 2009), and
the use and apparent specialization of these crossbills on Sitka Spruce, the
one conifer in the Northwest that had been predicted to have a call type associated with it (Benkman 1993), all indicate that the crossbills I describe here
should be recognized as the tenth North American call type, type 10.
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ABSTRACT: During the breeding season, phoebes (Sayornis) sing vigorously at
dawn with two or three highly stereotyped, probably innate, song types. All song
types are combinations of a species-specific introductory note and a terminal phrase.
Building on a classic assessment of repertoire structure by W. J. Smith, we recognize
three phrase types for the genus (I, II, and III), all of which are used by Say’s Phoebe
(S. saya) but only two of which (I and II) are used by the Black (S. nigricans) and
another two of which (II and III) are used by the Eastern (S. phoebe) Phoebe. A recently discovered hybrid male Black × Eastern used all three phrase types and sang
like Say’s Phoebe by embedding single type II and III songs in longer strings of type I
songs. Thus, what appears to be the primitive sequencing of song types was potentiated through reconstitution of the complete repertoire via hybridization. For future
studies, we recommend replacement of Smith’s terminology with a simpler scheme
recognizing three homologous song types.

As biological lineages diversify via speciation, specific characters (e.g., skeletal organization of the hand) often evolve slowly enough that the equivalent
character is recognizable in closely related species and higher taxa. Called
“homologues,” these characters share “primitive,” i.e., unchanged, states
that have been inherited from the same character in a common ancestor.
Homologies are often recognizable even when the form and function of
the character has changed under natural selection (e.g., the hand of a dog
and a bird).
In birds, the vocal repertoire is a complex of components, like a somatic
organ, in which homologies can be recognized and evolutionary history
can be reconstructed. Vocal repertoires are richly structured compilations
of simple vocal elements, which may be combined into songs or other stereotyped signals, which may then be combined into singing performances
(Smith 1986, 1991). Combination rules assemble the static sounds into
signaling behavior (Smith 1977, 1997), just as human syntax assembles
words into speech. Like the signals themselves, the rules that govern them
are amenable to evolutionary analysis.
W. John Smith, a leading theorist on animal communication (Smith
1977, 1986, 1991), published a series of ground-breaking and now classic
studies (Smith 1966, 1969, 1988, Smith and Smith 1992, 1996), both
observational and experimental, on the singing behavior of tyrant flycatchers (Tyrannidae). These were significant not only because of Smith’s pioneering analysis of the rules used in combining acoustic units into singing
performances, thereby illuminating the messages encoded in these performances, but also because they remain among the few studies of the singing
behavior of suboscines (suborder Tyranni of order Passeriformes, but see
Murphy et al. 2008), which have been thought, on the basis of studies by
Kroodsma (Kroodsma 1984, 1985, Kroodsma and Konishi 1991; reviewed
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by Kroodsma 2005) as well as on morphological grounds (Suthers 2004,
Amador et al. 2008), to produce species-specific songs innately.
In his comparative studies of the three phoebes, the Eastern (Sayornis
phoebe), Black (S. nigricans), and Say’s (S. saya), Smith used the term
“regularly repeated vocalization” (RRV) for acoustically distinct sounds that
are typically called songs or song types. He gave each distinct song type a
numerical designator, so each species had types RR1and RR2. Other sounds
received descriptive labels such as “simple vocalization” (SV) and “initially
peaked vocalization” (IPV).
Although Smith focused on current utility and did not perform formal
analyses of homology, he did compare his results for the three species, writing, “the names assigned to different signals are intended where possible to
provide an indication of comparability in form and/or usage between signals
of this genus” (Smith 1969:286). Such a naming system implies homology,
and Smith himself occasionally used the word “homologue” (e.g., Smith
1970a:77) and the phrase “apparently homologous displays” (e.g., Smith
1970b:105) to describe these vocalizations. Subsequently, the authors of
the species accounts in the Birds of North America series (Weeks 1994,
Wolf 1997, Schukman and Wolf 1998) have referred to RR1, RR2, etc.,
of the three phoebes as though they were homologues. This assumption,
however, remains untested.
One potential problem with Smith’s analysis is that he began with a thorough study of the Eastern Phoebe and then generalized his findings to the
genus on the basis of rather limited exposure to the two western species. He
noted (e.g., Smith 1970b:105) several ways in which the Eastern Phoebe’s
repertoire is distinctive, but these differences turn out to be autapomorphies
(uniquely derived rather than primitive character states) and therefore not
suitable as bases for comparison. On the basis of mitochondrial DNA sequences Cicero and Johnson (2002) reported that Say’s Phoebe is the basal
member of this distinctive three-species clade. On the basis of this finding, as
well as our wider experience with the two western species, the abundance
of recordings now available for all three species, and the recordings of the
first known hybrid in the genus (Pieplow et al. 2008), we assessed homology
and repertoire organization in the genus Sayornis independently.
Broadly, we wished to determine which, if any, vocal elements (song
types) used by Sayornis in dawn singing are homologous and whether the
syntax revealed by dawn singing is homologous. This broad approach allowed us to evaluate whether Smith’s terminology delineates homologues
accurately—e.g., whether “RR1” is homologous across species. We limited
our investigation to noninteractive broadcast singing, typically delivered
around dawn, because patterns of song-type alternation at this time are
more likely to reflect species-wide rules rather than the socially mediated
modulations seen with daytime singing (e.g., Smith 1969, 1988, Smith and
Smith 1992, 1996, Kroodsma 1985).
METHODS
Assessing homology in any suite of characters can be difficult because
one cannot be certain whether character states are similar because they
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are homologous or appear homologous because they are similar. Remane
(1956) proposed three criteria for recognizing true homology. As repeated
by Brooks and McLennan (1991:7), these are similarity of position in an
organ system, special quality, and continuity through intermediate forms.
These three criteria are as applicable to behavioral data as they are to
morphological data (Brooks and McLennan 1991), especially for innate
vocalizations, those that develop normally in the absence of environmental
input, such as the vocalizations of the Eastern Phoebe (Kroodsma 1985,
Kroodsma and Konishi 1991). We discuss each criterion and its applicability
to our study briefly.
Similarity of position in an organ system. Although this criterion was
developed to assess morphology, it can also be adapted to the assessment of
behavioral systems. The topology of an organ system carries a phylogenetic
signal because an organ system is a co-adapted functional complex that is
likely to change only under selection. By analogy, behavioral complexes that
are essential to fitness are likely to be canalized and thereby consistent. We
propose that the syntax of dawn song in phoebes is one such complex and
that homologies of dawn-song elements can be inferred from the positions
of these elements relative to one another in a singing performance.
Special quality (e.g., commonalities in fine structure or development).
In the case of vocalizations, fine structure of sounds is clearly revealed by
high-resolution spectrograms and oscillograms, which can indicate the likelihood of similar production mechanisms. The intricacies of avian phonation
(reviewed by Suthers 2004) may carry clear phylogenetic signals.
Continuity through intermediate forms. Intermediate forms are provided by the behaviors of hybrids. The recordings of a bird morphologically
identifiable as a nigricans × phoebe hybrid (Pieplow et al. 2008) are very
useful in this regard.
We assembled a library of dawn-singing performances, daytime-singing
performances, and social interactions from numerous individuals of all
three species throughout their U. S. breeding ranges (Appendix). Included
in this sample were 68 minutes of recordings of a hybrid Black × Eastern
Phoebe (Pieplow et al. 2008). Online material from the Borror Laboratory
of Bioacoustics (BLB) and Macaulay Library (ML) public catalogues was
played as streaming media with a QuickTime player and rerecorded with
WaveDisk software (Engineering Design, Berkeley, CA). We confirmed that
compression of streaming media had not resulted in measurable distortion by
comparing spectrograms of rerecorded and original source material. McCallum’s recordings were recorded in analogue format and digitized at 50,000
points per second with NIDisk software (Engineering Design, Berkeley, CA)
with a National Instruments DAQCard 6062E analogue-to-digital acquisition
card. Pieplow’s recordings were recorded digitally in linear PCM format on
a Sony Hi-MD MZ-NH900 minidisc recorder.
To characterize singing performances, we “paged” through continuous
recordings of dawn singing spectrographically and logged the start and stop
times and the minimum and maximum frequency of each phoebe sound
with the on-screen cursor in Signal Sound Analysis Software, Version
4.02.04 (Engineering Design, Berkeley, CA). We displayed 6 sec at a time
in a 900-pixel × 400-pixel window, yielding a measurement resolution of
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7 msec × 29 Hz. Concurrently, we assigned each sound to one of the song
types or call types defined by Smith (1970a). After we had passed through
the recordings once, we revisited each identified song, checked its songtype assignment for error, and measured the duration and bandwidth of the
introductory note and song phrase from a subset of these (see Results for
these distinctions) to assess variability within and among species. We chose
this subsample deliberately to capture variation.
We used SAS Version 6 (SAS Institute, Inc., Cary, NC) to manage the
resulting data table. We used the Tables option in SAS Proc Freq to calculate
transition probabilities to and from each song type for each species and to
test these transitions for independence. We prepared histograms of the time
intervals separating each song from those immediately preceding and following it with SAS Proc Chart. Summary statistics were calculated with SAS
Proc Univariate and Proc Means. Highly skewed (to the right) distributions of
intervals between songs were the rule, but these distributions were unimodal.
We therefore used the mode (from 0.2-sec bins) to characterize the “typical” interval. We infer that the longer intervals in the tail of the distribution
resulted from interruptions or movements by the singers and therefore do
not reflect syntactical rules accurately. The mode nicely captures the shorter,
limiting intervals that are probably most reflective of singing rules. Intervals
lengthen as the day progresses (Smith 1969, 1970a, Kroodsma 1985,
2005; pers. obs.), so we restricted our analyses of dawn-singing syntax to
samples recorded within an hour of sunrise.
We used order of homologous song types (Remane’s principle 1) to address whether the patterns of combination of the song types indicated homology among entire performances, i.e., whether syntax was homologous.
RESULTS AND DISCUSSION
Descriptions of Repertoire Elements Used in Dawn Singing
We examined 93 recordings from 15 states and measured the start times
and stop times of 2248 songs from 27 individuals (Appendix). The seven
song types of the genus (Figure 1a, b, c, d, e, i, j) range in duration from
290 to 550 msec (Table 1) and, within a species, occupy the same frequency
band. Say’s Phoebe songs barely overlap in frequency with the much higher
songs of the sympatric Black Phoebe (Table 1), while the Eastern, which is
largely allopatric with both Say’s and Black, is intermediate.
An arresting characteristic of these seven sounds is that each begins with a
species-specific note, which we refer to generically as the “pip.” In all three
species the frequency trend of the pip is similar: it is a simple overslur (a rising and then falling trace on the spectrogram). The species, however, differ
strongly in the duration and bandwidth of the pip (Table 1). Species identity
is thus encoded in the acoustic characteristics of this note, and it may exist
primarily for the purpose of broadcasting the specific identity of the singer
during the dimly lit dawn. The hybrid also uttered a pip, which was intermediate in duration but narrower in bandwidth than those of the parental species
(Table 1). It had a unique double-peaked frequency contour (Figure 1g, h).
The hybrid’s pip is surprising on two counts: it was poorly stereotyped (see
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Figure 1. The seven highly stereotyped song types of the phoebes, arranged to show
similarity within species horizontally, and similarity within a song type vertically. Say’s
Phoebe, the basal species in the phylogenetic reconstruction of Cicero and Johnson
(2002), is at the top, while a hybrid Black × Eastern Phoebe (Pieplow et al. 2008) is
displayed between its parental species. Roman numerals across the top of the figure
designate the three song types we propose as homologous (see text).
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Table 1 Species-Specific Characters of Introductory Pip Notes and Entire Songsa
of the Three Phoebes and one Hybrid Black × Eastern
Song type
Variableb

Pipc

I

II

III

Duration (msec)				

Say’s
37 (9), 9.4
551(9), 6.1
279 (9), 21.3
438 (8), 7.4
Eastern
242 (10), 19.1		
506 (10), 13.9
461 (11), 13.8
Black
66 (10), 11.4
290 (11), 10.2
336 (10), 8.5
Hybrid
101 (12), 15.6
207 (10), 27.1
411 (12), 7.0
282 (17), 7.0
Bandwidth (Hz)				
Say’s
872 (9), 19.1
1435 (9), 5.4
1571 (9), 9.5
1728 (8), 20.3
Eastern
2153 (10), 9.8		
2529 (10), 10.7
2677 (11), 7.3
Black
2003 (10), 16.5
2759 (11), 13.8
2649 (10), 10.6
Hybrid
1596 (12), 11.3
1835 (10), 13.4
2599 (12), 7.6
2749 (17), 8.5
Maximum frequency (Hz)				
Say’s
3314 (9), 6.9
3748 (9), 3.8
3909 (9), 4.8
4090 (8), 8.0
Eastern
5077 (10), 5.1		
5444 (10), 5.4
5644 (11), 3.7
Black
5677 (10), 2.7
6271 (11), 6.7
5921 (10), 5.2
Hybrid
4652 (12), 3.2
4700 (10), 3.7
5570 (12), 2.5
5812 (17), 2.6
Minimum frequency (Hz)				
Say’s
2442 (9), 5.7
2317 (9), 4.9
2342 (9) 3.6
2376 (8), 4.5
Eastern
2924 (10), 5.0		
3071 (10), 5.5
3147 (11), 7.1
Black
3674 (10), 7.5
3610 (11), 5.6
3301 (10), 5.2
Hybrid
3056 (12), 5.2
2865 (10), 5.5
2970 (12), 3.5
3063 (17), 4.7

aSongs

consists of pip + intervening notes + main song phrase.
statistics are the mean of means for individual birds, number of individuals measured, and
the coefficient of variation (CV) of the individual means. The CV rather than the standard deviation is
presented to facilitate comparison. The sample sizes and CVs reported for the hybrid are for individual
songs. Sample sizes for individual means are 1–9 songs.
cData on pips are from song type II only, but results for pip from different song types within each species are highly consistent.
bSummary

Pieplow et al. 2008 for discussion), and it was completely absent from one
of the hybrid’s song types (Figure 1f; see below for discussion).
The extent of the pip is unambiguous in the Black Phoebe because it is
clearly separate from the terminal portion of the song, which we call the
“song phrase.” In the Eastern the pip of song type II is continuous with the
song phrase, as seen in Figure 1d, and the pip of song type III ends with
zero to several frequency modulations that could be considered part of the
song phrase. (These chevrons are unattached in Figure 1e, but they are often
attached to the introductory note.) For consistency with the Black Phoebe,
we defined the end of the Eastern’s pip as the low-frequency point following
the frequency maximum. In Say’s the pip may be absent or reduplicated (e.g.,
Figure 1a). We measured the largest pip available, whether it was isolated
or attached to the main song phrase.
For consistency within and across species, we defined song phrase III as
the terminal two notes seen in Figure 1c, 1e, and 1h. These were always
present, while small chevron-shaped notes, as seen in Figure 1e and 1h,
were variable in number, shape, and presence. In Say’s, Black, and the hybrid
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song phrase II typically began with an accentuated chevron, as in Figure 1,
while such a feature was absent from the evenly modulated song phrase II
of the Eastern. We included the accentuated chevron in measurements of
song phrase II.
Homologies among Song Types
The introductory pip note is clearly homologous across the genus by all
three of Remane’s criteria: position in the finished song type, similarity of
frequency trend, and continuity through the intermediacy revealed in the
hybrid. This well-supported hypothesis of homology means that the genes
that are ultimately responsible for the neurological circuitry that directs the
production of these prefixes during singing performances have in all likelihood been inherited from the common ancestor of all three phoebes. This
type of introductory note is seen not only in all species of Sayornis but also
in several pewees (Contopus) and in two species of Empidonax (McCallum
unpubl. data). Use of principle 1 (position) here, within song type, does not
invalidate our using it also for homology of syntax in analysis of complete
song types.
The existence and stereotypy of the pip reveals that the completed song
types are combinations, generated with a rule that prefixes the introductory
note to one of several terminal phrase types. Because the finished product
is generated by rules, the combining forms may vary independently, and it
is possible for the prefix to be inherited from one parent and the terminal
phrase type from another. Therefore, in order to determine homology in
the phoebes’ dawn-song system, we needed to assess it among the seven
terminal phrase types rather than among the completed song types. We
did that by using Remane’s second and third criteria, saving the positional
criterion for an assessment of the rules by which song types are combined
into singing performances.
Phrase type II. The clearest homology within the seven phrase types is
between the highly modulated “buzz” phrases of the Say’s (Figure 1b) and
of the Eastern (Figure 1d). Both feature a carrier frequency that initially rises
and then levels off and is frequency-modulated at a constant rate. Although
the note is nearly twice as long and the depth of frequency modulation is
roughly twice as great in the Eastern, the rate of modulation in the two species is actually very similar. Overall, the two types differ quantitatively but
are qualitatively very similar. These similarities in fine structure abundantly
satisfy the “special quality” criterion. We designate song types with this
“buzz” phrase song type II. (The choice of designators for the three song
types is based on syntactical relations; see below.)
One of the hybrid’s phrase types (Figure 1g) provides a link between
these periodically modulated “buzzes” and one of the phrase types (Figure 1j) of the Black Phoebe, which is shallowly and irregularly modulated
at the outset but “smooth” terminally (Pieplow et al. 2008). The hybrid’s
version is irregularly modulated at the outset, like the Black parent’s, and
more regularly modulated terminally, like the Eastern parent’s. The hybrid’s
carrier frequency rises and then falls evenly, which can be interpreted as a
pasting together of the initial half of the Eastern parent’s and the terminal
half of the Black parent’s carrier frequencies. Note that the modulation rate
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and frequency trend are not correlated with regard to parental species and
hence are probably inherited independently of each other. These assignments mean that all three species and the hybrid have song type II in their
repertoires. Assignment of Figure 1j to song type II rather than to song type
I (see below) is supported by the similarity of the semi-attached chevron that
always begins this phrase type in the Black and the unattached chevron that
begins the hybrid’s song type II.
Phrase type III. Although they appear dissimilar at first glance, the “stutter” phrases of Say’s (Figure 1c) and the Eastern (Figure 1e) are probably
homologous, on the basis of the fine-structure criterion. The last two notes
of each have similar frequency trends. The Say’s form is an elongated version of the Eastern’s form, just as the Eastern’s buzz (song phrase II) is an
elongated version of the Say’s buzz. In other words, as we have seen in both
the phrase types and in the introductory pip notes, the duration of song elements appears to be rather more labile in this genus than frequency trend.
The “stutter” song-phrase of the Eastern Phoebe, which we designate III, is
clearly the unadulterated source of one of the hybrid’s song phrases (Figure
1h), while the Black apparently lacks song phrase III.
Phrase types I and IPV. Also likely homologues are the two phrase types
with an overslurred frequency trend (Fig 1a and 1i). Although the Black’s
version is typically shorter (Table 1), an abruptly rising, then more gradually
falling frequency trend unites them. Bolstering the argument for homology is
in all three species’ giving a pipless note with this frequency trend (Figure 2),
designated IPV (“initially peaked vocalization”) by Smith (1969, 1970a, b).
As noted by Smith (1970a:80), it is highly plausible that Say’s and Black
simply generate this song type by affixing their species-specific version of
pip to their species-distinctive IPV. We therefore consider the IPV in these
two species the same as the terminal phrase of song type I (Figure 1), i.e.,
song type I is a “pipped” IPV. The Eastern has lost song type I, i.e., it does
not include the combination pip + IPV in its singing performances (Smith
1969, 1970a; pers. obs.). The Eastern does retain the IPV as a call (Figure
2b) but uses it rarely (Smith 1969, 1970b; pers. obs.).
It may have been the superficial similarity of the Eastern’s IPV (Figure 2b)
to Say’s song type I (Figure 1a), presented side by side in Smith’s (1970a)
figure 2, that led him to characterize the latter as an IPV rather than an RRV
(i.e., a song type). As we have shown, however, these “pipped IPVs” are
not just analogous but homologous to all other sounds used by the phoebes
in their singing performances at dawn, in that they are constructed according to the rule “species-specific pip + phrase I, II, or III.” The appropriate
comparison among IPVs appears in Figure 2.
At least in the Black and Say’s Phoebes, IPV, unlike the song types, constitutes a spectrum of vocal displays; it could be considered a continuum of variability with modal peaks (e.g., Gardali and Ballard 2000). These modal peaks
were classified by Smith (1969, 1970a, b) as subtypes of the IPV—e.g., the
“high-tailed” IPV (htIPV) and the “chevron-peaked” IPV (cpIPV)—that tend
to be deployed in different behavioral contexts. In the Black Phoebe, the
htIPV, without an introductory pip, is inserted occasionally in dawn singing
performances and is associated with brief pauses (Smith 1970a:80). The
cpIPV, on the other hand, occurs with a pip during bouts of singing, as the
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Figure 2. Initially peaked vocalizations (IPV) (Smith 1970a) of (a) Say’s, (b) Eastern,
(c) the Eastern × Black hybrid (Pieplow et al. 2008), and (d) Black Phoebes. Figure
2d is the “chevron-peak” (cp) variant of Smith. Recordings: (a) Wasco Co., Oregon,
by McCallum; (b) Warren Co., Virginia, by McCallum; (c) Larimer Co., Colorado, by
Pieplow; (4) Clark Co., Nevada, by Pieplow.

terminal song phrase of song type I, in both the Black and Say’s Phoebes.
A string of pipless IPVs sometimes precedes dawn bouts as well.
In addition, calling Black and Say’s Phoebes commonly utter the pipless
cpIPV after dawn (Smith 1969, 1970b; pers. obs.). These species also give
extended performances, i.e., “sing” (Smith 1991), with cpIPV alone (Smith
1970a). We would say, alternatively, that they sing by day with pipless song
type I, although Say’s often retains pips in its daytime singing (pers. obs.).
These performances are often interrupted for self-maintenance activity, as
the Eastern’s daytime singing is with RR1 (song type II) (Smith 1970a). Smith
(1970a) surmised that in the Say’s and Black Phoebes, cpIPV had replaced
the RR1 of Eastern in these contexts. Our reconstruction of homology suggests that the reverse is more likely true, i.e., that the Eastern has adopted
the pipped song type II (RR1) in contexts reserved for cpIPV (pipless song
type I) in the other two species. The near loss of IPV in the Eastern, and the
absence of an IPV-like song type (i.e., song type I) in its repertoire, exemplify
its more derived repertoire (Smith 1970b:86).
The hybrid included in its songs a phrase that, with a few exceptions,
lacked a pip prefix (Figure 1f), was much shorter than any other song type in
Sayornis, and had a much smaller bandwidth and lower maximum frequency
than the hybrid’s other two song types (Table 1). If its frequency-modulated tail
were smoothed, the frequency contour of this phrase would most resemble the
htIPV of the Black Phoebe (Pieplow et al. 2008), although that call occupies
a higher band of the frequency spectrum. The frequency-modulated tail may
be an “acoustic overlay” contributed by the Eastern parent. Modulation of
both frequency and amplitude of otherwise similar sounds often distinguishes
the vocalizations of closely related species (McCallum pers. obs).
Given the homologies we have hypothesized (Figure 1), this third song
type should closely resemble the Black’s song type I because the Eastern
lacks song type I. That is the complementary pattern seen with song type
II. An alternative prediction is for the hybrid’s song phrase I to resemble
its cpIPV, as do song type I of the Black and Say’s. Both the absence of a
pip and the structure of the song-phrase are therefore enigmatic. A third
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possibility, that this sound is the hybrid’s version of htIPV, would solve the
previous two problems but produce another: the frequency of use of this
sound in dawn bouts (Table 2) does not agree with any of the three species’
use of an IPV. We must reserve judgment, therefore, on the exact homology
of this sound, but we refer to it operationally as song type I, for the sake of
assessing the hybrid’s syntax.
The hybrid also produced sounds (Figure 2c) nearly identical to the Black
Phoebe’s cpIPV (Figure 2d), in typical cpIPV contexts (e.g., in homogeneous
strings near the beginning and end of dawn singing). These sounds resemble
the Black’s cpIPV in shape but are intermediate in frequency between the
IPVs of the two parental species (Figure 2). The emergence of an apparently distinct htIPV and cpIPV in the hybrid may support the hypothesis
that these different forms of the vocalization have separate evolutionary
histories, further underscoring the independent inheritance of many features
of a repertoire.
In summary, we hypothesize that Say’s has retained the ancestral phoebe’s
repertoire of three song phrases, and that the Eastern and Black, with two
phrase types each, have lost types I and III, respectively. Either the ancestral repertoire of three phrase types has been reconstituted in the hybrid,
because the two parental species each contributed a phrase type missing
in the other, or the htIPV was inherited from Black and is used in place of
phrase type I.
Syntax of Dawn Singing
Dawn singing is highly stereotyped in all three species of Sayornis and
can be described by simple combination rules applied to two or three highly
stereotyped song types (Table 2). Daytime singing is much more variable
(Smith 1969, 1970a, b; pers. obs.), as birds communicate at this time of
day about, for example, their openness for interaction at close quarters. A
daytime singer may give a long string of a single song type, such as RR1 (our
song type II) in the Eastern, IPV (pipless song type I) in Say’s, and cpIPV
(also pipless song type I) in the Black. Two interacting birds may interleave
various call types (Smith 1970b). Vigorous interactions are accompanied,
as in most flycatchers, by rapid-fire strings of sounds that include recognizable repertoire elements and others that are not used alone but do have the
general acoustic quality of flycatcher sounds (pers. obs.).
Our interest is interspecific comparison, so we focus on the most stereotyped behaviors, which are more likely to carry a phylogenetic signal.
We agree with Smith (1969, 1970a, b) that during dawn song the Eastern
and Black alternate their two song types in roughly equal measure (Table
2). Smith referred to each species’ two song types with identical designators, “RR1” and “RR2.” According to our reconstruction of homology,
however, RR1 and RR2 in these two species cannot be homologous. RR1
of the Black is our song type I, while RR1 of the Eastern is our song type II.
Although the homology of the Black’s song type II (Figure 1j) is somewhat
conjectural, it would be far-fetched to consider Figure 1d and Figure 1i homologues, given their great similarity to Figure 1b and 1a, respectively. By
our terminology, the Eastern sings by alternating song types II and III, the
Black by alternating I and II.
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Table 2 Syntax of Dawn Singing in Phoebesa
		
Relative
Species
Song type
abundanceb
Say’s

I

Following
song type

0.799
I
		
II
			III
II
0.082
I
III
0.119
I
Eastern
II
0.465
II
		
III
III
0.533
II
		
III
Black
I
0.487
I
		
II
II
0.508
I
		
II
Hybrid
I
0.564
I
		
II
			III
II
0.104
I
			
II
		
III
III
0.307
I
		
II
			 III

Probabilityc

Modal lagd

0.743
0.108
0.150
0.982
1.000
0.066
0.933
0.812
0.187e
0.082
0.918
0.878
0.122
0.389
0.106
0.505
0.783
0.050
0.167
0.834
0.126
0.04

1.2
1.2
1.4
1.8
1.2
2.6
1.6
1.6
2.8
2.2
1.2
1.2
1.0
1.0
1.0
1.0
2.0
2.0
2.1
1.4
1.0
2.8

aStatistics

pertain to continuous series of songs only; the very small number of calls inserted in
these dawn performances were omitted, as were the transitions to and from them. Final songs
were not scored, i.e., there are no transitions to “stop.”
bRelative abundances of song types pooled over all dawn performances examined for the species.
May differ slightly from the species totals obtained from the Appendix because of omission of
calls and final songs.
cProbability is the relative frequency of the following song type when the preceding song type
is the one listed in the song-type column. A following song type is omitted from this table if it
has a relative frequency <0.02. Transition probabilities greater than expected by chance are
in bold. For each species, the result of a test for independence of the contingency table was
highly significant.
dDistributions of lag times are highly skewed to the right, with essentially no tail on the left, so
the mode seems to capture the minimal “syntactical” lag.
eThe 0.187 probability of repetition of song type III in the Eastern Phoebe is due almost entirely
to a single bird (see Appendix).

In both species the tendency to alternate is highly nonrandom, i.e., they repeat one song type consecutively far less frequently than would be expected if
song types were drawn from the repertoire randomly (Table 2). When in these
species repetition does occur, the interval between songs is >50% greater than
between unlike song types (Table 2). In fact, these intervals are almost great
enough to allow insertion of the other song type without breaking the typical
cadence when song types are alternated. In the hybrid, this pattern is also true
of repetitions of song type III, which are separated by a gap long enough for
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insertion of song type I. The sole exception to this tendency to pause when
repeating is with song type II in the Black, which is repeated slightly more
quickly than the alternation of song types. These patterns of tempo suggest
that, at least at dawn, syntax is highly conserved, even if communication
demands that one song type be emphasized. The restriction of our sample to
dawn song is perhaps responsible, also, for our not finding pauses after song
type III in the Eastern, as reported by Kroodsma (1985, 2005).
Say’s Phoebe, on the other hand, deploys its three song types in unequal
proportions (Table 2). Song type I is by far the most frequent, and II is typically
but not always least frequent. Song types II and III are so seldom repeated
or follow each other (Table 2) that the few exceptions are likely aberrations.
Despite the abundance of song type I, repetitions of it are underrepresented,
showing again that the phoebes’ songs are constructed according to rules.
There is a brief pause after each song type II, suggesting that it marks the
end of a syntactical subunit.
Like Say’s Phoebe, but unlike both parental species, the hybrid Eastern ×
Black sang with three song types rather than two (Figure 1). One of these
song phrases (III) is essentially identical to the Eastern parent’s, one (II) is
nicely intermediate between the Eastern’s and Black’s versions, and one (I) is
somewhat enigmatic but appears to be part of the song type I–IPV complex
(Figure 1). Most of the songs in a dawn performance were of type I (Table
2), and hence, with a reconstituted repertoire of three song types, this bird,
a hybrid of the Black and Eastern Phoebes, sang in the manner of the only
extant species with three song types, Say’s Phoebe.
In summary, the nonrandomness of the song types’ order (Table 2)
indicates that some form of syntax does exist and directs the assembly of
a performance. In dawn song, the consistency of song-type ratios from
individual to individual (Appendix) suggests that at least at that time of day
the innate species-specific syntax is on display and perhaps is concerned
more with communicating fitness (e.g., Murphy et al. 2008) than openness
to interaction (e.g., Smith 1969, 1970a, 2008).
As to homology of syntax across species, the predominant [I–II] pattern
of the Black, where the brackets enclose minimum repeatable units, seems
different from the [II–III] of the Eastern. It may be, however, that rules for
combining unit elements can be homologous even when the unit elements
are not. The general pattern of dawn singing in both the Eastern and the
Black is [AB], where A and B represent the two song types in the species’
repertoires. We suggest that they follow an identical, homologous syntax
that operates on whatever it “finds” in the repertoire.
The initially surprising behavior of the hybrid supports our interpretation.
Like Say’s Phoebe, it sang [[I] II [I] III], with the caveat that neither II nor III
occurred in every iteration of this pattern. One would expect the bird to
have inherited the syntax of one parent or the other, or a blend of the two.
That its singing did not meet this expectation does not necessarily mean
it inherited the syntax of Say’s; it may mean that all three species share a
syntax that operates one way, [AB], with a two-song repertoire, and another,
[[I] II [I] III], with three songs. In this event the syntax of all three species
would be homologous. These combination rules, then, are not predicted by
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the content of the song types they organize. They are instead higher-order
operators that appear to be inherited and neurally organized independently
of the acoustic tokens they combine into a performance.
CONCLUSIONS AND RECOMMENDATIONS
Every song type used for dawn singing in Sayornis consists of a speciesspecific prefix and a terminal phrase type that is shared with at least one other
species. Thus all song types are homologous in architecture, the prefixes are
homologous, and their shared phrase types are homologous as well.
The rules for combining song types into dawn performances appear to be
identical in the sister species the Black and the Eastern, even though the repertoire elements combined by this syntax differ partially. Moreover, song type I is
not as dominant in the Black, with two song types, as it is in Say’s, with three.
Say’s Phoebe uses three rather than two song types, and, unlike its congeners,
does not use them with equal frequency. Rather, types II and III are embedded
in a matrix of type I songs. Unequal usage of song types may be “different”
syntax or it may not. We emphasize that it is a species-specific characteristic,
not a variable result of a varying context of intraspecific communication, as
in the daytime singing of the Eastern Phoebe (Smith 1969) and the Eastern
Wood-Pewee (Smith 1988). In Contopus and Empidonax as well, species vary
much more in the syntax of dawn singing than do individuals within a species,
i.e., these differences are evolved rather than situational. On the usual criterion
of reduced uncertainty (entropy) (Shannon 1948, Hailman et al. 1985) as well
as the greater number of song types, Say’s Phoebe’s performances are more
complex (contra Wolf 1997) than those of the Eastern and Black.
It is apparent from our independent assessment of homology that the labels
(e.g., “RR1”) Smith used to indicate “apparently homologous displays” (Smith
1970b:105) need revision. Possibly Smith’s RRV phrases are homologues
under Remane’s first criterion, similarity of position, but we find similarities
in special quality and intermediacy more compelling. It is important, in our
view, not to assume that Smith’s designators encode homology. We recommend instead the usage of our homologue designators I, II, and III in future
interspecific comparisons of the singing behavior of the phoebes.
Further comparisons are warranted. We have examined three recordings
of Black Phoebes from the eastern slopes of the Andes in Bolivia and northern Argentina. These birds used two song types that do not closely resemble
those of Black Phoebes in the United States. One song type resembles type
II of the Black × Eastern hybrid (Pieplow et al. 2008); the other, while clearly
consistent with other song types of the other phoebes, is unique. The pacing
of the South American birds’ singing resembles that of the Eastern Phoebe.
Like the hybrid’s, their pips are highly variable. Southern populations clearly
deserve more study, as the limited material we have reviewed suggests that
southern Andean populations (S. n. latirostris) represent a species distinct
from S. n. semiatra of western North America, as represented by our sample
(Appendix). This putative species may not, however, be equivalent to the
“latirostris group” (American Ornithologists’ Union 1998), also known as
the “White-winged Phoebe,” which comprises also subspecies S. n. angu-
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stirostris and occurs in South America and central and eastern Panama.
The spectrogram presented as Figure 2b by Smith (1970a) is equivalent
to one of the two song types sung by southernmost Black Phoebes, but
Smith’s cited recording location, Cerro Punta, is in westernmost Panama,
in the range of subspecies S. n. amnicola of the North American nigricans
group of subspecies (American Ornithologists’ Union 1998).
Finally, the hybrid turned out to be very helpful in confirming and clarifying
the song-type homologies we hypothesized on the basis of special quality.
The significance of even single hybrids to understanding repertoire organization and evolution in an entire genus is underscored by the apparent
atavism in the hybrid’s arrangement of elements in its dawn performances.
This surprising outcome suggests that the syntax of dawn song is contingent
on repertoire organization and hence that any phoebe equipped with three
song types will sing in the manner of Say’s Phoebe, [I] II [I] III. If the Black
and Eastern Phoebes continue to hybridize as their ranges expand, following
the predictions of Pieplow et al. (2008), more recordings of hybrid phoebes
should be sought. Replicate data will not only permit a test of our specific
prediction about hybrids’ syntax, they may clarify the mode of inheritance
of phoebe syntax, which currently appears to be independent of the apparent quantitative inheritance of the acoustic characteristics of the sounds on
which that syntax operates.
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Black

Black ×
Eastern

Species

26 May 1999

05:01

26 Feb 2004

06:14

18 May 1990

5 Apr 2003

10:00

05:54

25 Jun 2009

American Canyon Campground, San
Luis Obispo Co.,California
Cave Creek Canyon, Cochise Co.,
Arizona

30 Mar 2008

06:40
05:10

Red Bluff, Tehama Co., California

DAM0019a

19 Jun 2000

Lower Table Rock, Jackson
Co.,Oregon
Cosumnes Reserve, Sacramento Co.,
Californiad
Kern NWR, Kern Co., California

DAM0016b

11 Jun 2000

ML109083

ML50171

DAMdv0401

DAMdv0324

DAM0930a

DAM0808a

DAM0808a

DAM0016b

30 Mar 2008

Ic

37

26

22

7

22

54

40

7

31

22

0

0

0

0

0

0

0

0

0

0

4
15
70
93

IIIc

(continued)

37

30

20

2

22

73

42

5

43

24

5
8
24
23

IIc

Song type

NDP2007-12-01
1
NDP2007-12-03 10
NDP2007-15-01 169
NDP2007-16-01 150

Sampleb

11 Jun 2000

24 Apr 2007
24 Apr 2007
2 May 2007
6 May 2007

06:20

08:00
08:15
05:30
05:15

Red Bluff, Tehama Co., California

Co.,Colorado
Co.,Colorado
Co.,Colorado
Co.,Colorado

Date

05:00–
06:00
05:00–
06:00
06:39

Larimer
Larimer
Larimer
Larimer

Time

Sec. 34, T13N, R13W, McKinley
Co., New Mexico
Sec. 34, T13N, R13W, McKinley
Co., New Mexico
Paradise, Cochise Co., Arizona

Loveland,
Loveland,
Loveland,
Loveland,

Locality

Appendix. Samples Used for Quantitative Analysis of Acoustic Variation and Syntaxa
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44

Eastern

Species

28 Apr 2008
29 Apr 2008
28 Apr 2008
30 Apr 2008
26 Mar 2003
8 Jul 1962
28 May 1965
10 May 1975
4 Jun 1988

06:39
06:40
06:41
06:50
09:43
10:35
08:21

Blendon Township, Franklin Co.,Ohiod 07:36
04:30
06:50
06:53
05:47
05:48

Lancaster, Fairfield Co.,Ohiod

Lakewood, Oconto Co., Wisconsin

Georgesville, Franklin Co.,Ohio

Georgesville, Franklin Co.,Ohio

Zaleski, Vinton Co., Ohio

Zaleski, Vinton Co., Ohio

12 Jun 1987

12 Jun 1987

21 Apr 1973

21 Apr 1973

21 Apr 2007

23 May 1977

Date

06:25

06:05

Time

Davidson, Mecklenburg Co., North
Carolina
Montreat, Buncombe Co., North
Carolina
Montreat, Buncombe Co., North
Carolina
Montreat, Buncombe Co., North
Carolina
Montreat, Buncombe Co., North
Carolina
James Island, Charleston Co., South
Carolinad
Nobleboro, Lincoln Co., Mained

Portal, Cochise Co., Arizona

Locality

Appendix (continued)

20
7

0
BLB16705e

4

0
0

3

27

21

20

11

37

26

7

5

8

60

15

IIc

Song type

0

0

0

0

0

0

0

0

0

0

0

31

Ic

BLB16657

BLB12095e

BLB12067

BLB16915

BLB13454

BLB7621

BLB6054

DAMdv0319

DAM0812a

DAM0811b

DAM0811b

DAM0811b

DAM0704a

ML20890

Sampleb

7

21

24

14

26

20

21

10

32

25

8

6

12

61

0

IIIc
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Tijuana NWR, San Diego Co.,
California
Sheldon NWR, Humboldt Co.,
Nevada

Taylor Hwy., SE of Fairbanks, Alaska

Eureka, Juab Co.,Utah

Longlake NWR, Moffit Co., North
Dakota
Malheur NWR, Harney Co.,Oregon

Sec. 34, T13N, R13W, McKinley
Co., New Mexico
Sec. 34, T13N, R13W, McKinley
Co., New Mexico
Sec. 34, T13N, R13W, McKinley
Co., New Mexico
Arizona

Locality

28 Sep 1994
26 Apr 1996
11 Jun 1972
2 May 2002
3 Jun 1990

07:00
06:00
06:00
05:45
05:08

ML50502

ML120202

ML49907

BLB28738

ML107605

ML42215

ML61892

April
01 Jun 1988

—

DAMdv0624

30 Jun 2006

dawn

DAM0016b

11 Jun 2000

05:00–
06:00
05:26

DAM0016b

Sampleb

09 Jun 2000

Date

05:47

Time

131

48

24

93

34

94

13

85

9

41

Ic

12

16

5

1

2

10

6

4

1

8

IIc

Song type

25

8

1

0

3

15

2

21

2

9

IIIc

line represents a different individual except where indicated.
and ML accession numbers, analogue cassette tape numbers from McCallum’s personal collection, or digital track numbers
from Pieplow’s personal collection.
cNumber of songs of this type measured from this cut. Some long cuts were not completely assayed.
dSample does not represent dawn singing and is not included in Table 2.
eSame individual and recording session as in line above.

bBLB

aEach

Say’s

Species
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NOTES
GROUND-NESTING MARBLED MURRELETS
IN JUNEAU, ALASKA
Mary F. Willson, 5230 Terrace Place, Juneau, Alaska 99801
Katherine M. Hocker, 7995 North Douglas Hwy, Juneau, Alaska 99801
Robert H. Armstrong, 5870 Thane Road, Juneau, Alaska 99801
The Marbled Murrelet (Brachyramphus marmoratus) ranges from California to
the Aleutian Islands, with the center of its abundance in south-central and southeastern Alaska (Piatt and Ford 1993, Nelson 1997). In the conterminous United States,
Marbled Murrelets typically nest in old-growth forest on branches in the canopy (Nelson
1997, Piatt et al. 2007). Ground nests of Marbled Murrelets in North America have
been known since 1931 (above treeline at 580 m elevation on Chichagof Island in
southeastern Alaska), although a ground nest was not well described until 1978 (Carter
and Sealy 2005). In British Columbia and Alaska, ground nests occur with increasing
frequency to the north and west of the species’ distribution. DeGange (1996) reported
34 nests in Alaska, of which 15 were on the ground; in Southeast Alaska alone, two
of six nests were on the ground in forested areas.
Less is known, however, about the Marbled Murrelet’s ground nests than about its
tree nests. Here we describe and provide a photographic record of a ground nest in
forest in Juneau, with supplementary information (previously unpublished) about two
other ground nests in this area. We briefly discuss the use of ground nests in forested
terrain in the Juneau area.
On 30 June 2009, Hocker and Willson discovered a ground nest of the Marbled
Murrelet along Eagle Creek on Douglas Island, Juneau (58° 18.335' N, 134° 28.132'
W). An adult, flushed from the nest, flew rapidly downstream and did not return for
at least an hour.
The nest was located on a small mossy ledge close to the top of a nearly vertical
cliff adjacent to a waterfall (Figure 1), at an elevation about 127 m. Flight distance to
the nearest salt water (at low tide) in Gastineau Channel was about 1400 m and to the
nearest deep water, suitable for foraging, was about 6 km. The surrounding vegetation
was rainforest of Sitka spruce (Picea sitchensis) and western hemlock (Tsuga heterophylla), with a few Sitka alders (Alnus sitchensis) along the creek and an understory
of Vaccinium spp., Menziesia ferruginea, and devil’s club (Oplopanax horridus). This
area was apparently logged selectively about 100 years ago, as attested by numerous
large stumps, and windthrow had also left large snags and fallen logs.
The nest held one egg on June 30 (Figure 1). When we checked the nest again
on July 10, no adult was present. Although observers did not approach the nest site
closer than about 25 m, the adult may have flushed again. On the other hand, adults
are known to leave an egg unattended for several hours (Nelson and Hamer 1997).
On August 3, the nest held a small chick, possibly about 6 days old (S. Kim Nelson
pers. comm.). Armstrong photographed the chick at various stages of development
until the brown and black down was lost and the nestling, ready to fledge, had black
and white juvenal plumage (Figures 2–4). Marbled Murrelet chicks begin to lose their
natal down about halfway through the nestling period (27–40 days long), gradually
losing the down until a day or two before fledging, when the last of it is shed (Nelson
and Hamer 1997).
We observed a daytime feeding of the chick at about 11:45 on 30 August. An adult,
with a fish in its bill, was at the nest when we arrived at the lookout spot. It took at
least 5 more minutes to transfer the fish to the chick, which appeared to have some
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Figure 1. Marbled Murrelet egg in nest near Juneau, Alaska, 30 June 2009,
photographed from about 2 m away. The nest was adjacent to a waterfall with
northward access for takeoff and landing via the creek’s canyon.
Photo by K. M. Hocker
difficulty in swallowing it. It is not unusual for adults delivering food to remain at the
nest for some time and for feedings to last several minutes (Nelson and Hamer 1997).
Although prey delivery is most common in the twilight hours, daytime feedings also
occur (Nelson and Hamer 1997).
The chick fledged sometime between 16:00 on 1 September and 13:00 on 2
September, probably at night, well toward the end of the known nesting season in
Alaska (Nelson and Hamer 1997), after an estimated nestling period of about 35 days.
Fledglings typically weigh less than adults and have shorter wings; they are independent
of their parents after they fledge (Nelson 1997). The deserted nest was surrounded by
a characteristic white ring of feces and an accumulation of shed down (Figure 5).
The Marbled Murrelet’s nest success appears to be low. One set of estimates is based
on nests found by various means, which may include those that were easiest to find.
Of 11 nests of known outcome in Alaska, only two (18%) were successful; elsewhere,
only 33% of 91 nests were successful (Piatt et al. 2007). However, these values may
be underestimates of success, if there is a bias toward nests that are relatively readily
accessible to researchers. A study in British Columbia used radiotelemetry to find
nests, reducing the potential bias of detection, and reported that 48% of 108 nests
were successful (Piatt et al. 2007).
In addition to the nest we describe, two other ground nests of the Marbled Murre
let have been found in forests around Juneau. On 10 May 1999, an adult tended
an egg on a cliff ledge near the junction of Nugget and Vista creeks, upstream of
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Figure 2. Downy Marbled Murrelet nestling about 23 days old, 20 August 2009.
All photos of the nestling were taken through a telescope from a lookout about 25
m away.
Photo by R. H. Armstrong

Figure 3. Marbled Murrelet nestling about 31 days old, 28 August 2009. The chick
has shed much of its down.
Photo by R. H. Armstrong
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Figure 4. Marbled Murrelet nestling about 35 days old in juvenal plumage and ready
to fledge, 1 September 2009.
Photo by R. H. Armstrong

Figure 5. Empty nest of Marbled Murrelet after the chick fledged, with a typical ring
of feces on the perimeter and an accumulation of matted, shed down.
Photo by R. H. Armstrong
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Mendenhall Lake; this nest was at an elevation of about 320 m, at a distance of 10
km from Auke Bay, the nearest probable foraging area (Gwen Baluss pers. comm.).
However, on 30 May, both egg and adult were gone, so the nest apparently failed.
The other nest, found on 30 August 2006, was on Shelter Island near Auke Bay,
approximately 1 km from the beach, and contained a chick about ready to fledge
(Gus van Vliet pers. comm.).
Marbled Murrelets are emblematic of old-growth forest in the conterminous U. S.,
yet they are sufficiently flexible in their nesting requirements that they nest in treeless
areas in the Aleutian Islands. In Southeast Alaska, they nest both in trees and on
the ground in well-forested areas. Their use of ground nests in northern Southeast
Alaska is probably not related to absence of large conifers, because large spruce
and hemlock trees are relatively common. Instead, we suggest that the prevalence
of coastal streams with high gradients and associated openings, cliffs, and rocky
outcrops in rugged terrain may offer numerous potential nest sites with good access
for takeoff and landing, a criterion thought to be important to the Marbled Murrelet
(e.g., Nelson and Hamer 1997).
We thank Gwen Baluss, Kim Nelson, and Gus van Vliet for sharing information.
Kathy Kuletz and John Piatt commented on the manuscript.
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Two Oriental Turtle-Doves (Streptopelia
orientalis) reach California
Jon L. Dunn, 52 Nevada Street, Bishop, California 93514; cerwa@earthlink.net
Keith Hansen, P. O. Box 332, Bolinas, California 94924
The Oriental Turtle-Dove (Streptopelia orientalis), also known as the Rufous
Turtle-Dove (e.g., Cramp 1985) or the Eastern Turtle-Dove (Goodwin 1983), is a
widespread polytypic Asian species that breeds from the Ural Mountains to the Pacific
coast of the Russian Far East, including Sakhalin and the Kuril Islands. It also breeds
in Japan (south to the Ryukyu Islands) and on Taiwan. It breeds south to west-central
Asia, the Indian subcontinent, Myanmar, and northern Indochina. In the Russian Far
East its breeding range extends east to the Sea of Okhotsk and as far north as 64° N
in the Lena River valley (Wilson and Korovin 2003). Although the species is resident
in parts of its range, it vacates the entire northern portion of the breeding range (e.g.,
all of Russia) in the fall (Wilson and Korovin 2003). These migratory birds winter
mostly within the range of residency farther south. Over large portions of northern,
central, and western China, the species is only a passage migrant (see range map in
Wilson and Korovin 2003).
We report here on two records from California, both in the late fall and early winter:
29 October 1988 at Furnace Creek Ranch, Death Valley National Park, Inyo County,
and 9–31 December 2002 at Bolinas, Marin County (California Bird Records Committee 2007); archived photos and a videotape of the latter bird are stored with the
record (2003-036) in the files of the California Bird Records Committee (CBRC) at
the Western Foundation of Vertebrate Zoology in Camarillo, California.
The first California record at Furnace Creek Ranch involved a bird initially seen
in flight early in the morning. Since the identification was uncertain, a small group
(Dunn, N. Bruce Broadbooks, Brian E. Daniels, and Douglas R. Willick) searched
for it and found it perched in the central date orchard, eventually getting close views
in good light for some 5 minutes. Dunn identified it then as a Rufous or Oriental
Turtle-Dove, a species he had seen previously in Japan and Thailand. While it was
in view the observers reviewed the identification This discussion included elimination
of the smaller and paler European Turtle-Dove (Streptopelia turtur), another highly
migratory Old World species recorded on three occasions in spring and summer on
the east coast of North America (Saint Pierre Island, Massachusetts, and Florida) and
more than 200 times from Iceland (Pranty et al. 2008).
We left the bird sitting and went in search of other birders; subsequently, we had
only one view of the bird (in flight). At the time observers considered the bird a likely
escapee, but ultimately Dunn chose to submit the record to the CBRC. The record
circulated for a full four rounds before it was finally rejected in 1993 on identification
grounds (Heindel and Garrett 1995). Initially, most committee members, including
Dunn, questioned the bird’s origin as a vagrant but accepted the identification. Ultimately, three of the ten members accepted the record, four accepted the identification,
but questioned the origin, and three members questioned the identification. Those
who questioned the identification did so because the descriptions (only Dunn and
later Broadbooks and Guy McCaskie submitted details, and McCaskie’s views were
of the bird in flight only) lacked detail sufficient to substantiate a first state record.
With the appearance and acceptance (San Miguel and McGrath 2005) of the Bolinas
bird (below), the CBRC chose to re-review the earlier record; it was accepted after
one circulation, although one member still questioned the identification, and another
questioned the origin (Cole et al. 2006).
California’s second Oriental Turtle-Dove was found by Doug Gallagher in his yard
in Bolinas on 9 December 2002 (Figure 1). The next day he stopped in Hansen’s art
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Figure 1. Oriental Turtle-Dove (Streptopelia orientalis) at Bolinas, Marin County,
California, photographed on 9 or 10 December 2002. Note the stocky shape, the
black-and-white neck stripes forming a solid patch, the fringed coverts, the dark gray
rump, and the pale gray tail tip. The blackish and rounded covert centers with rufous
fringes on most of the wing coverts and on the tertials distinguish the Oriental from
the smaller European Turtle-Dove (S. turtur) and, in combination with the darker
coloration, including a dark blue-gray rump, indicate that this individual is of the
eastern orientalis group of subspecies rather than one of the more western and
southern races (including meena). Note also the darker and fresher pale-fringed inner
primaries contrasting with the browner and worn older outer primaries, indicating
a hatch-year bird.
Photo by Ryan Gallagher

gallery in Bolinas and indicated that he had found an unfamiliar dove. Hansen and
Gallagher checked the yard, and after about 15 minutes found the bird sitting on a
branch. The bird was facing the observers, and when it turned its face, showing its
red eye, Hansen postulated that it could be a White-winged Dove. But then it turned
sideways showing the beautiful scaled upperparts, and Hansen recognized it as the
same species that Dunn and others had seen in Death Valley over a decade before.
Fortunately, Hansen documented the sighting with a video camera as he and Gallagher
watched it for 20 to 30 minutes. Because the bird was on private property, only one
small group that afternoon was given permission to see it. If it remained, Gallagher
was open to letting in groups after 1 January. Those who saw it that afternoon
included Peter Pyle and Steve N. G. Howell, both of whom submitted written descriptions (Howell also took and submitted photos), David F. DeSante, W. David Shuford,
Richard W. Stallcup, and Lang Stevenson. Although it was occasionally seen after 10
December, it did not remain until January, being last seen on 31 December.
Detailed views of the Bolinas bird by Howell and Pyle revealed two generations of
feathers, including the primaries (primaries 7–10 browner and more worn, primaries
1–6 darker and fresh with pale tips). These molt limits indicated that this individual
was a hatching-year bird. The bird also had only a half-grown tail, causing some to
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wonder whether the bird was an escapee from captivity, but alternatively interpreted
as evidence of a recent encounter with a predator. CBRC members Luke Cole and
Michael M. Rogers investigated the status of the species in captivity (CBRC files);
several aviculturists they contacted indicated that the species was now only rarely kept
in captivity in the United States, though they thought the Bolinas bird was still likely an
escapee. Ironically, despite their conclusions about the Bolinas bird, their statements
that it was rarely kept helped allay many of the CBRC’s concerns regarding origin.
Lewington et al. (1991) reported the species to be kept in captivity in many places
in Europe. The record passed 8–2 on the second round, the two negative votes accepting the identification but questioning the origin.
Elsewhere in North America the Oriental Turtle-Dove has been recorded on seven
occasions; not surprisingly, five of these records come from western Alaska in late
spring and summer. In chronological order these are 23 June–18 July 1984, St. Paul
Island, Pribilofs (archived photos at University of Alaska Museum [UAM], Fairbanks;
Gibson and Kessel 1992), 20–26 July 1986, in the Bering Sea aboard a ship that was
“usually within 50 miles (80 km) of the Pribilofs” (archived photos at UAM; Gibson
and Kessel 1992), 20 May–12 June 1989, Attu Island, Aleutians (archived photos at
UAM; published color photo in Birding 23:192, 1991; Gibson and Kessel 1992), 10
June to at least 3 July 1995, Unalaska Island, Aleutians (archived photos at UAM;
published black-and-white photo in National Audubon Society Field Notes 49:964,
1995; Gibson and Byrd 2007), and 21 May–3 June 1996, Attu Island, Aleutians
(archived photos at UAM; Gibson and Byrd 2007). In addition, there are two records
from western Canada during the summer: 14–25 August 1992, Tofino, Vancouver
Island, British Columbia (Paterson 1992, Campbell et al. 2001:628; color photos
published in both sources) and 30 June 2008, Whitehorse, Yukon (North American
Birds 62:577, 2009; color photo on page 644).
Although the Alaska and Canadian records are from late spring and summer, the
two California records are for late fall and early winter, matching the timing of occurrences in Fennoscandia and northwestern Europe (Lewington et al. 1991). Some
of the records from Sweden involve birds returning for multiple winters. Near the
northern end of the breeding range in the Urals and western Siberia, fall migration
of the subspecies meena and orientalis begins during the last third of August and
peaks in mid-September, and a few stragglers occur as late as early October (Wilson
and Korovin 2003). Farther south in Hong Kong, where the species does not breed
and where there are only a few summer records, fall arrival of orientalis, the only
recorded subspecies, is not until the last week of October, with most birds arriving
after the second week of November (Carey et al. 2001). Carey et al. (2001) termed
the Oriental Turtle-Dove a common passage migrant and winter visitor with maximum
counts in excess of 700 birds.
The Oriental Turtle-Dove looks like no other North American dove or pigeon. It is
illustrated in at least one North American field guide (Dunn and Alderfer 2006) and
in many European and Asian guides. Within the Old World the most similar species
is the European Turtle-Dove; the identification of these two species is thoroughly
covered by Lewington et al. (1991), Hirschfeld (1992), Cottridge and Vinicombe
(1996), Harris et al. (1996), Beaman and Madge (1998), and Gibbs et al. (2001).
Briefly, the European Turtle-Dove is distinctly smaller and paler and has more pointed,
less rounded, dark centers to the wing coverts and scapulars with broader rufous
fringes. The Oriental Turtle-Dove is 25–75% heavier, giving it a bulkier look in the
field, accentuated by its shorter tail and proportionately shorter, more rounded wings
(Cottridge and Vinicombe 1996).
The Oriental Turtle-Dove is strongly polytypic. Five (Peters 1937, Vaurie 1965)
or six (Goodwin 1983, del Hoyo et al. 1997, Gibbs et al. 2001, Dickinson 2003)
subspecies are generally recognized, the difference being that more recent treatments
(cited above) recognize erythrocephala. There is a closely allied eastern group of
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subspecies that consists of orientalis in most of the range, breeding west in Russia
to about 87° E and south and east to Mongolia, Yunnan, and northern Indochina,
stimpsoni from the Ryukyu Islands, and ori from Taiwan. The latter two races are
both very similar to nominate orientalis, and their validity has been questioned (Gibbs
et al. 2001). To the west and south are three races, meena from western Siberia to
northern Pakistan and central Nepal, agricola from the eastern Himalayan region
of northeastern India to Myanmar, and erythrocephala of peninsular India. Two of
the races, western meena and eastern orientalis, both breed quite far north and are
highly migratory. Both have strayed well to the west, especially to Fennoscandia, but
also to northwestern Europe, including the Faeroe Islands, where one apparently
wintered (Dutch Birding 28:172, 2006), southern Europe, the Balkans, and the Middle
East (Lewington et al. 1991, Shirihai 1996). Wilson and Korovin (2003) suggested
that because of morphological and vocal differences these two groups (meena and
orientalis) might be separate species and that further detailed studies, including DNA
analysis, are warranted. Rasmussen and Anderton (2005) described the vocalizations
and indicate that the Himalayan birds (meena and agricola) all sound very similar
and are quite different from recordings of the nominate race made in Japan. Eastern
orientalis intergrades with meena in central Siberia between Achinsk and the Ob River
and with agricola from northwestern Yunnan and northern Myanmar west through
the foothills and lower mountains of the Himalayas to Sikkim (Vaurie 1965), although
Rassmussen and Anderton (2005) listed orientalis as only a vagrant to India. Wilson
and Korovin (2003) found orientalis in the Novokuznetsk district of the Kemerovo
region (about 87° E, western Siberia) and meena from the Urals to be closely similar
in habitat selection for breeding and in the timing of their migrations.
Distinguishing meena from nominate orientalis is reasonably straightforward given
decent views. Lewington et al. (1991), Hirschfeld (1992), Cottridge and Vinicombe
(1996), Harris et al. (1996), Beaman and Madge (1998), Gibbs et al. (2001), and
Wilson and Korovin (2003) provided details on their identification. The latter is slightly
larger and bulkier and is overall darker and richer in coloration with a browner crown
and back and broader and redder fringes to the blacker-centered scapulars and inner
wing coverts; it has a bluish-gray, not brownish, rump. Most references (e.g., Vaurie
1965, Goodwin 1983, Cramp 1985, Hirschfeld 1992, Cottridge and Vinicombe
1996, Harris et al. 1996, Gibbs et al. 2001, Wilson and Korovin 2003) have emphasized tail-tip color as a key feature distinguishing the eastern races of the Oriental
Turtle-Dove from the more westerly and Indo-Himalayan subspecies, but that difference has been questioned by Leader (2004, illustrated with color photos of spread
tails), who indicated from his experience with nominate orientalis in Hong Kong and
northeastern China that tail-tip color, as in meena, varies from white to dull gray and
thus can be used only as a supporting character. He concluded that other characters,
such as those detailed by Hirschfeld (1992) and Harris et al. (1996), especially size
and structure, are much more useful.
Of the nine North American records of the Oriental Turtle-Dove to date, eight have
been documented with photographs. The characters of all the birds are consistent with
the eastern group of races, and parts of the description of the Death Valley bird also
indicate that it was likely a member of the eastern group. Within the eastern group
of races—given that the nominate race is widespread and northern populations are
highly migratory while the other two are resident on the Ryukyu Islands and Taiwan—it
seems highly likely that all North American records pertain to the nominate race, but
to date there is no specimen to confirm this.
We thank Daniel D. Gibson, who carefully looked over the rough manuscript and
offered many helpful comments and advice. We thank Doug Gallagher for initially
finding the Bolinas bird and letting some in to view it and to his son, Ryan Gallagher,
for providing the best photographic documentation. Paul E. Lehman and Kimball L.
Garrett reviewed the manuscript and offered many useful comments for which we
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are grateful. We also thank Brian E. Daniels for sharing his memory concerning the
sighting of the Furnace Creek bird. We also thank the members of the California
Bird Records Committee for their comments, many based on the members’ own
thorough research.
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A Little Bunting Reaches
Baja California Sur
KURT A. RADAMAKER, 8741 E. San Pedro Dr., Scottsdale, Arizona 85258;
kurtrad@mexicobirding.com
DAVID J. POWELL, 11001 N. 7th St., #1184, Phoenix, Arizona 85020;
vireo@vireos.com
At midday on 8 October 2008, we discovered a Little Bunting (Emberiza pusilla)
at Rancho San José de Castro on the Vizcaíno Peninsula, Baja California Sur (cover
photo, Figure 1). This sighting represents the first record of this Old World species
from Mexico and only the third for North America south of Alaska.
Rancho San José de Castro is located at 27° 32′ 20.83″ N, 114° 28′ 24.29″ W,
approximately 3 km toward Bahía Asunción south of the main road from Ejido Vizcaíno to Bahía Tortugas. The ranch consists of a few small structures and dwellings,
a small livestock pen, a natural spring and a pond about 50 m wide, an orchard,
and several large trees and plantings. It is one of several small ranches that dot the
immense, xeric landscape of the Vizcaíno Peninsula, a rugged and barren promontory jutting far out into the Pacific Ocean about midway down the Baja California
Peninsula, south and west of Guerrero Negro. Its proximity to the ocean, isolation,
and barren landscape, with only a few remote ranches and fishing villages, make it
an ideal location for finding migrants and vagrants (Howell et al. 2001). Ever since
the discovery of Mexico’s first Arctic Warbler (Phylloscopus borealis) there (Pyle and
Howell (1993), it has been birded nearly annually, producing a number of noteworthy
sightings (1991–2000 results summarized by Erickson and Howell 2001).
On 8 October 2008 we arrived around noon and shortly thereafter discovered a
small emberizid about the size of a Chipping Sparrow (Spizella passerina) foraging on
the ground at the livestock pen. Because of its bold chestnut cheeks and small ear covert
spot (a field mark characteristic of some Old World buntings), Radamaker suspected the
Little Bunting, but seconds later the bird disappeared from view behind the livestock
pen. After several tension-filled minutes, Powell relocated the bird some meters from
its original location along the shore of the pond, but the bird abruptly disappeared
again. After 15 minutes, we relocated it several meters away in the orchard.
This time the bird stayed in the general area, but, frustratingly, it kept mostly hidden
in some tall dense clumps of Bermuda grass (Cynodon dactylon), betraying itself with
only teasing glimpses and slight movements of grass. We waited several long minutes,
and eventually it came into the open, where Radamaker was able to photograph it
at close range. We studied it for about an hour, taking note of the field marks: bold
chestnut face outlined at the rear and below with black, obvious white eye ring, pale
spot on the ear coverts, buffy central crown stripe, broad supercilium, strong white
malar stripe, fine black streaking on the breast and flanks, and, in flight, conspicuous
white outer tail feathers. We compared these field marks directly to the descriptions
and plates in several field guides (WBSJ 1982, Jonsson 1993, and Svensson et al.
1999)—Old World references we brought along in hopes they would be needed! The
combination of the bird’s small size, distinct pale eye ring, and chestnut face eliminated confusion with other similar looking Old World buntings, such as the Rustic (E.
rustica) and Reed (E. schoeniclus) buntings. The bird likely was an immature on the
basis of the shape of the rectrices and condition of the primary coverts (P. Pyle pers.
comm.), grayish back, pale and indistinct lateral crown stripes and supercilium, and
the dense black streaking on the breast (Cramp and Perrins 1994). For a thorough
treatment of the identification of and age criteria for the Little Bunting see Wallace
(1980), Bradshaw (1991), and Cramp and Perrins (1994).
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Figure 1. Little Bunting at Rancho San José de Castro, Vizcaíno Peninsula, Baja
California Sur, 8 October 2008.
Photo by Kurt Radamaker

Because of the bird’s erratic movements and flighty behavior when initially seen,
followed by its settling down and staying in one place, allowing close approach until
we walked away from it, we surmise the bird had arrived recently, probably that
morning. Furthermore, the location had been checked for birds three days earlier on
5 October 2008 by R. A. Erickson, M. J. Billings, and P. A. Gaede, who did not see
the bunting (Erickson pers. comm.).
Other migratory birds at Rancho San José de Castro that day were one Long-billed
Dowitcher (Limnodromus scolopaceus), one Red-naped Sapsucker (Sphyrapicus
nuchalis), one Hermit Thrush (Catharus guttatus), two Yellow-rumped Warblers
(Dendroica coronata), and one vagrant from eastern North America, a Blackburnian
Warbler (Dendroica fusca). However, earlier that morning at the nearby coastal town
of Bahía Asunción, we observed a noteworthy 17 species of warbler, indicating an
influx of migrants.
The Little Bunting breeds across the far northern part of Eurasia from the Russian
Far East to northern Scandinavia. Southward migration begins in mid-August, with
the majority of birds leaving the breeding grounds by mid-September and arriving
on the wintering grounds mostly in October (Cramp and Perrins 1994). The winter
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range extends from China to eastern Nepal and northeastern India. The Little Bunting
is a vagrant to most European and Middle Eastern countries (Byers et al. 1995) and
is a regular migrant and winter visitor to Japan (Brazil 1991). The first documented
occurrence in North America was of one found 6 September 1970 on a U.S. Coast
Guard icebreaker operating in the Chukchi Sea 150 miles off Icy Cape, Alaska (Watson
et al. 1974). The Little Bunting is now casual during fall in western Alaska, with 13
reports of 26 individuals (ABA 2008). With the advent in the late 1990s of regular
fall coverage of western Alaska, the Little Bunting has been found from 25 August to
3 October in most years at Gambell, St. Lawrence Island (P. Lehman pers. comm.),
with a high of 10 individuals in 2007 (Tobish 2007). In contrast, there is only one
spring record for Alaska and North America, of one bird photographed at Gambell 2–4
June 2008 (P. Lehman in litt.). The only previous North American records south of
Alaska are of single Little Buntings photographed at Point Loma, San Diego County,
California, 21–24 October 1991 (McCaskie 1993) and at Southeast Farallon Island,
San Francisco County, California, 27–28 September 2002 (Hamilton et al. 2007).
We thank Peter Pyle for his help in aging this bird, Paul E. Lehman for his input on
the status of Little Bunting in coastal western Alaska, and Richard A. Erickson, Daniel
D. Gibson, Guy McCaskie, and Lehman for their comments on the draft manuscript.
We also wish to thank our companions, Cindy Radamaker and Jan Nesburg, for their
continuing understanding and support.
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Avian Invasions: The Ecology & Evolution of Exotic Birds, by Tim M.
Blackburn, Julie L. Lockwood, and Phillip Cassey. 2009. Oxford University Press.
305 pages, numerous figures and tables. Paperback, $55.00. ISBN 978-0-19923255-0.
Over the past 20 years, there has been an explosion of interest in the ecology and
evolutionary biology of introduced species, particularly birds. The aim of Avian Invasions: The Ecology & Evolution of Exotic Birds is to summarize the current state
of knowledge of birds introduced outside their native range. Given the large number
of papers that have been published on this topic during the past few decades, this
goal is ambitious.
As the cover states, the target audience is “professional avian biologists and
ornithologists, invasion ecologists, and graduate students of ecology, evolution and
conservation.” Avian Invasions is essentially a short textbook on the biology of
non-native birds that focuses on identifying areas of agreement (and disagreement)
in papers published in this field over the past few decades. Unlike Long’s 1981 Introduced Birds of the World, Avian Invasions does not provide a catalog of introductions around the globe. Instead, it describes our current state of knowledge on the
patterns and processes of avian introduction, establishment, and (for some species)
range expansions. It cites numerous studies of established exotics in the Hawaiian
Islands, for example, but offers little detailed information on introduced birds on the
mainland of western North America.
The book is divided into ten chapters. The first briefly introduces the topic of exotic
birds and explains why studying non-native species is of interest. The second discusses
patterns of transport and release of exotic birds and discusses in some detail the role
of acclimatization societies in introducing and establishing them. Chapter 3 discusses
how sporadic events such as unusually high mortality caused by an unusually cold
winter may interact with the number of individuals introduced and the number of
repeated introductions to help explain why some introductions succeed while others
fail. Chapter 4 examines which traits of a species affect the success of establishment,
while Chapter 5 examines whether traits of a locality can help predict that success.
Chapter 6 discusses mathematical models of spread. Chapter 7 looks at patterns of
species richness and diversity in space and considers whether islands are more easily
invaded than the mainland and whether biotic resistance may limit an invasion’s success. Chapter 8 addresses the extent of genetic diversity in introduced species, while
Chapter 9 focuses on evidence for microevolution in introduced populations. The final
chapter summarizes the highlights of each of the nine preceding chapters and suggests
that a coherent picture of the biology of avian invasions is beginning to emerge.
Overall, the book does a nice job of discussing numerous studies of avian ecology
and summarizing areas of agreement. In particular, I was impressed that the authors
reiterated multiple times that the number of individuals introduced into an area (what
they term “propagule pressure”) needs to be controlled for when other factors that may
influence the introduction’s success are examined. I also liked how they broke invasion
ecology into four stages: (1) transport, (2) introduction, (3) establishment, and (4) spread.
This framework is useful for several reasons, not least because it helps identify characters
that may influence an invasion’s success at each stage. The authors also do a good job
of describing potential avenues of research for other investigators at each stage.
The authors are to be commended for mentioning important papers and concepts
without going into too much detail in each chapter. I found Chapter 6 a bit weak,
however, as it contains only a cursory overview of some of the more recent advances
in mathematical modeling of range expansions (for example, hierarchical Bayesian
models receive only a sentence in this chapter).
Western Birds 41:61–61, 2010
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Each chapter is methodical and well researched, although the prose is generally a
bit dry. Nonetheless, I found a few sections that elicited a smile. For example, in the
concluding chapter the authors wrote, “In other words, the study of the early invasion
stages is ecologically boring and nearly impossible to obtain funds to explore from
basic science initiatives that value experimental scientific approaches.” While this may
be a bit of an overstatement, there is a substantial body of literature on the variables
that influence an introduction’s success.
Overall, this book does a good job of summarizing areas of agreement, disagreement and avenues of potential research on introduced birds. It will be a valuable reference for anyone who is interested in studying the ecology of avian invasions.
Chris Butler

Birds of the US–Mexico Borderlands: Distribution, Ecology, and Conservation, by Janet Ruth, Tim Brush, and David Krueper, editors. 2008. 165 pages, over
60 black-and-white photos, tables, maps and figures. Three color maps and figures.
Paperback, $20.00. ISBN 978-0-943610-84-9. Order through http://cooper.org.
Birds of the US–Mexico Borderlands: Distribution, Ecology, and Conservation is
the latest Studies in Avian Biology from the Cooper Ornithological Society. This
volume is an assemblage of the papers presented at the North American Ornithological Conference held in Veracruz, Mexico, on October 2006. It is organized into four
sections of two to four papers addressing the topics of changes in distribution and
abundance, population trends and ecology of riparian and wetland birds, population
trends and ecology of grassland birds, and new technological applications and birdconservation planning.
The preface provides an excellent overview of the geography, human population
statistics, and bird and other biotic communities of the borderlands region. The section includes two maps of the region, one general and the other in color, of the biotic
communities. The preface also lists the species recognized as being of concern in the
region. It also clarifies one important question: what defines the “borderlands region”?
The inevitably arbitrary definition is anything within 325 km (202 miles) of the US–
Mexico border. The selection includes all of the habitats typifying this region.
The first two papers in the first section describe the recent shifts in the breeding
status of the avifauna of the lower Rio Grande Valley and Big Bend National Park,
respectively. Surveys in the lower Rio Grande Valley by Timothy Brush from 2003
to 2007 revealed that populations of 19 breeding species have increased whereas 9
species have declined, ceased breeding, or have been extirpated. The paper on Big
Bend National Park presents similar results for an additional 30 species found there.
The third paper is a more complete overview of the bird life of northern Sonora, and
the last documents the long-term declines, along with the recent increase, of breeding
Royal Terns along the Pacific coast of southern California and Baja California.
In the second section, addressing riparian and wetland species, two of the papers
are somewhat general analyses of avian habitat use and interactions, one of wintering
birds in riparian habitat of Sonora, and the other of all species using riparian habitat
along the lower Colorado River, site of some of the region’s worst man-made environmental disasters though also some recent limited regeneration of native riparian
vegetation. The third is a more detailed analysis of trends in the population of the
Yuma Clapper Rail (Rallus longirostris yumanensis) along the Colorado River, and
another paper looks at how granivorous birds such as sparrows are exploiting seeds
during the winter in the deserts of southwestern New Mexico. The final paper in
this section reports the results of surveys in New Mexico and Arizona of the Arizona
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Grasshopper Sparrow (Ammodramus savannarum ammolegus), a subspecies listed
as endangered in New Mexico.
The study reported in the first of the two papers in the final section takes advantage
of the recent technological advances in surveillance of weather by radar, using data
from weather stations to monitor the direction, speed, and altitude of spring and fall
migrants and inferring routes of passerines migrating over the borderlands region. The
last paper provides a comprehensive conservation plan for the Chihuahuan Desert
Ecoregion, which extends from Guanajuato in the south to New Mexico in the north
and includes the enigmatic and threatened Worthen’s Sparrow.
The paper on the status of the birds of the lower Rio Grande valley will be of interest
to readers in the ABA area: it presents updates on the current status of a number of
Mexican species that barely make it over the border in this region, including recent
colonists such as the Ferruginous Pygmy-Owl, Tamaulipas Crow, and Mangrove
Yellow Warbler. On a more serious note, the paper on Big Bend National Park documents the recent and precipitous decline of park’s population of the Montezuma
Quail, the causes of which are unknown. Along the Colorado River, sporadic floods
and inflows of fresh water have allowed for the recovery of some native riparian
vegetation, and Hinojosa-Huerta et al. demonstrate that certain vulnerable riparian
bird species have been able to recolonize this habitat, providing some hope for this
severely threatened ecosystem.
Although the two sections on specific habitats cover what are arguably the region’s
most threatened habitats, grasslands, wetlands, and riparian, the borderlands encompass many other habitats, some also threatened. The partiality to certain habitats is
no fault of the authors but instead highlights the work yet to be done on the other
endangered species and habitats of the borderlands region. It is in fact this incredible
variation in habitats of the borderlands region that is highlighted in figure 2 of the
preface, and along with the species of concern also listed in the preface, illustrates
the damage that has been inflicted on the habitats of this area.
Being a detailed examination a few selected topics, this publication is directed to
an audience narrower than the general birder. But for those with an interest in conservation and ecology, or who are looking to do research in this region so changed
by human activity, its baseline data on birds’ status, distribution, and ecology are an
essential resource. With any luck this publication will provide a greater incentive to
protect this unique region.
Oscar Johnson

Wing your way to...
Palm Desert, Coachella Valley, California
13–17 October 2010
for the 35th annual meeting of Western Field Ornithologists
Embassy Suites Hotel, 74700 Highway 111
Palm Desert, California 92260
Please check www.westernfieldornithologists.org/conference.php for details
on registration, workshops, field trips, and updates as they become available.
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BLACK-CHINNED SPARROW: NOTES ON
BREEDING BEHAVIOR AND NESTING ECOLOGY
IN SAN DIEGO COUNTY, CALIFORNIA
LORI HARGROVE, Department of Biology, University of California, Riverside,
California 92521 (current address San Diego Natural History Museum, P. O. Box
121390, San Diego, California 92112); Lori.Hargrove@email.ucr.edu
Although the Black-chinned Sparrow (Spizella atrogularis) is fairly widespread in
the Southwest and locally abundant, it is one of the least studied passerines in North
America (Tenney 1997). This is perhaps due to its preference for large tracts of undisturbed chaparral or successional scrub in remote and rugged terrain. Over much
of its range its population density tends to be low and its occurrence is erratic. The
main breeding populations are in southern to central California, Arizona, New Mexico,
southern Nevada and Utah, southwestern Texas, and Mexico. Occasional irruptions
are reported north as far as Oregon (Gilligan et al. 1994). The Black-chinned Sparrow
is a partial migrant, with the distribution shifting southward during winter and into
desert scrub mostly in northern to central mainland Mexico and Baja California Sur.
As far as known, all populations breeding in the U.S. are migratory, and only a few
birds winter in southern Arizona, southern New Mexico, and southwestern Texas.
In southern California it is very rare as a winter visitor and as a migrant away from
nesting habitat (Unitt 2004). Results of the North American Breeding Bird Survey
suggest a national trend of overall decrease in Black-chinned Sparrow abundance
of –5.4% per year 1966–2007 (P = 0.001), but many regions of its range are not
adequately covered (Sauer et al. 2008).
The individual featured on this issue’s back cover was at 900 m elevation on the
west slope of the Cuyamaca Mountains, San Diego County, California, in successional
chaparral five years after the Cedar Fire of October 2003. It is a singing adult male
with substantial black around a pinkish bill and unstreaked gray breast. Females have
no black around the bill or only a small amount, making the Black-chinned Sparrow
the Spizella with the strongest sexual dimorphism. Juveniles have no black around
the bill and are lightly streaked on the breast. The Black-chinned Sparrow was one
of the most numerous birds in the successional chaparral in this area along Boulder
Creek Road, with up to 45 in a day counted in 2007 along two survey routes totaling
5 km (P. Unitt pers. comm.).
I targeted this species as part of a study of distributional change and nesting ecology
along an elevational gradient in the Laguna Mountains, San Diego County. Here I
present descriptive findings on its breeding behavior and nesting ecology.

Methods
My study took place along the desert slope of the Laguna Mountains (Figure 1),
within an elevation range of 190–1852 m. The habitat was mostly chaparral but
included Sonoran desert scrub at lower elevations and montane scrub mixed with
coniferous forest at upper elevations. The chaparral varied from very open with
scattered shrubs on the desert edge to nearly impenetrable in canyons and at higher
elevations. It included one area burned in the Pines Fire of July–August 2002. From
2006 to 2008, 26 plots, each 1200 m × 200 m, were surveyed weekly throughout
the nesting season. Numerous people helped with field work (see acknowledgments).
We observed pairs for evidence of nesting activity from vantage points that were
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Figure 1. Location of Laguna Mountain study area in southern California.
Map source: California Department of Fish and
Game Wildlife Diversity Project 2005
unlikely to cause disturbance and avoided approaching nests during construction or
egg laying. Nest checks were as brief and unobtrusive as possible, typically at intervals
of 3–8 days. We returned after the breeding season was completed to measure nests
and vegetation.

Arrival and territory establishment
In this study area, Black-chinned Sparrows were found within an elevation range
of 896–1852 m. Most birds arrived by mid-April. Males were often seen singing
continuously or nearly continuously without a female partner. Once paired, males
continued to sing nearly continuously but alternated between singing and following
the female or assisting with nesting. Males often sang from exposed perches but were
also observed singing while foraging, preening, and carrying nest material or food.
Counter-singing of neighboring males was often synchronized, with neighbors singing
in alternation or rotation. Aggressive chasing of one male by another was common.
Territory size and density were highly variable. The highest density I estimated was
37 singing males per 40 hectares, substantially greater than the highest density previously reported in southern California of 21 birds per 40 hectares (Weathers 1983). In
areas of denser population, however, there seemed to be a surplus of males and more
frequent chasing, so territory size was difficult to estimate. In areas of low population
density, pairs occurred singly without neighbors, and paired males sang from perches
over areas of at least 2 hectares.

Nest placement and construction
Nests were found within an elevation range of 1213–1816 m (n = 64). Nests were
placed in various shrubs and subshrubs, often in patches that were structurally heterogeneous or in post-fire succession (Figures 2, 3). Nests were placed most commonly
in chamise, Adenostoma fasciculatum (n = 26), big sagebrush, Artemisia tridentata
(n = 16), and California buckwheat, Eriogonum fasciculatum (n = 8). Other plants
supporting nests included manzanita (Arctostaphylos glandulosa), scrub oak (Quercus
spp.), mountain mahogany (Cercocarpus betuloides), desert ceanothus (Ceanothus
greggii), holly-leaf cherry (Prunus ilicifolia), and redberry (Rhamnus ilicifolia). Nests
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Figure 2. Examples of Black-chinned Sparrow nests: (A) nest with eggs placed in big
sagebrush; (B) adult feeding nestlings in a nest placed in California buckwheat.
Photos by Joe Barth (A) and Anthony Mercieca (B)
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Figure 3. Examples of habitat of Black-chinned Sparrow nests: (A) Chaparral in
post-fire succession, dominated by manzanita and scrub oak (elevation 1650 m); (B)
heterogeneous patch of chaparral dominated by chamise and California buckwheat
(elevation 1350 m).
Photos by Lori Hargrove
tended to be placed toward the middle of shrubs, mostly well concealed, at an average
nest height of 44.9 cm (range 20.1–87.6 cm, standard deviation [SD] 15.3 cm, n =
62). Nest dimensions were as follows: outer height 5.8 cm (range 3.6–8.0 cm, SD 1.0
cm, n = 46), outer diameter 8.1 cm (range 7.0–10.0 cm, SD 0.8 cm, n = 46), inner
depth 3.3 cm (range 2.0–5.0 cm, SD 0.8 cm, n = 43), and inner diameter 4.7 cm
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(range 3.5–6.0 cm, SD 0.5 cm, n = 43). Average nest height was somewhat lower
and nest dimensions were smaller than previously reported for southern California by
Tenney (1997) on the basis of data in the Western Foundation of Vertebrate Zoology
(WFVZ). Nests were simple cups, often constructed of grasses, yucca fibers, herbaceous
stems, shredded bark, and occasionally a few small twigs or leaves, and were often
lined with finer material. Some nests were built of yucca fibers exclusively. There was
no evidence of re-use of nests or nest sites.

Nesting dates
On the basis of estimated dates of laying, most nests were initiated from the second week of May through the third week of June (87%, n = 62). The earliest nest
was found on 3 May with nestlings that appeared to be at least one week old, and
an adult was seen feeding a young fledgling near the nest on 11 May. The eggs in
this nest were evidently laid near 16 April, before all birds had arrived. Nest building
continued through the end of June. The latest nest building was noted on 26 June,
eggs on 3 July. The nestlings of this late nest hatched probably on 13 or 14 July but
did not fledge successfully. These records are close to previously reported egg dates
ranging from 23 April to 7 July for California (n = 91; Newman 1968). I estimated
incubation periods at 13–14 days and nestling periods at 11–13 days, which are
slightly longer than the only published record of 12 days for incubation period and
10 days for nestling period (Wheelock 1904).

Clutch size and nest success
Where it could be determined with certainty, average clutch size was 3.2 (range
2–4, SD 0.6, n = 25). This is similar to the previously reported mean clutch size of
3.4 for southern California (range 2–4, SD 0.6, n = 36, WFVZ data in Tenney 1997).
Sixteen of 55 nests fledged young, for an apparent nest-success rate of 29% (n = 55).
Since many nests failed early, biasing estimates of nest success when not all nests are
found early, the true nest success rate is likely much lower. Expressed by the exposure
method (Mayfield 1961), the daily survival rate was 0.89, meaning that a nest had an
89% chance of surviving from day i to day i +1, and if the total exposure period was
24 days, then nest success was 5.9%. The only previously reported estimate of nest
success was a somewhat higher daily survival rate of 0.94 and an apparent success rate
of 39% in southern California (n = 31, USDA Forest Service 1997). Nest failures were
due mostly to depredation of eggs and nestlings. Suspected nest predators included
Western Scrub-Jays (Aphelocoma californica), ants, snakes, lizards, and rodents.
Western Scrub-Jays were often scolded and seen in the vicinity of depredated nests. On
three occasions freshly hatched chicks were found covered with ants. Snakes, lizards,
and rodents were seen near nests, and rodent scat was found in a few depredated nests.
Though Brown-headed Cowbirds (Molothrus ater) were present in the study area, no
nests were found parasitized, but parasitism rates for all species in this study area were
low. We observed four nests where a single egg failed to hatch and two nests that were
abandoned at the egg stage for unknown reasons. Birds were frequently observed building a new nest near a recently failed nest. In at least two instances we observed pairs
that were feeding fledglings while they were building a second nest (26 June 2006 and
15 June 2008). Both second nests failed (nestling and egg stages, respectively), but this
is the first evidence of Black-chinned Sparrows attempting multiple broods.

Nestlings and fledglings
Nestlings were pink and bare when first hatched or occasionally had a few small
patches of dark gray down. They often begged quietly but called more loudly as they
neared fledging. Fledglings were often seen up to two weeks within 50 m of the nest.
Compared to adults, fledglings had short tails, yellow gapes, faintly streaked breasts,
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paler gray heads, and darker bills. They often called conspicuously while following
parents and begged while being fed.

Adult attendance
It appeared that females did all incubation and brooding and most nest building.
On two occasions females were observed incubating a single egg, with a final clutch
size of three eggs observed at a later date. Males often assisted with nest building, fed
females on or near the nest, and participated equally in feeding nestlings and fledglings
and removing fecal sacs. During nest building and incubation males often engaged in
“escort” behavior, following females and perching near the nest as the female entered
or exited the nest area. This puts the male in a position to guard females from other
intruding males and possibly to provide vigilance and distraction for nest predators.
On a few occasions females gave calls from the nest when the male was near. Very
few behavioral data have been published on this species, but these observations are
consistent with previous notes that females appear to do all incubation and brooding
while males assist with feeding young (Tenney 1997). Incubation before the clutch
is complete, mate guarding, and this degree of male assistance have not been previously reported.
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